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Abstract
This research focuses on lexical knowledge patterns indicating conceptual relations of
CAUSE–EFFECT

and ASSOCIATION in specialized medical texts in English and French, for

semi-automatic extraction of knowledge-rich contexts (KRCs) that can assist users such
as terminologists in conceptual analysis and terminological description. Lists of patterns
— prototypically composed of a lexical marker (i.e., a lexical unit or series of lexical
units) that indicates the presence of a relation between two concepts (represented in a
text by terms or other linguistic expressions) — may be compiled and used by computer
tools to identify information-rich segments in corpora automatically or semiautomatically.
The objectives of this study were twofold: to evaluate possibilities and
challenges for pattern-based tools in English and French, in order to study the feasibility
of developing tools that can process corpora in the two languages; and to identify
potential sources of interlinguistic variation that may affect these possibilities and
challenges and require adjustments in pattern-based KRC extraction strategies to
achieve comparable, high-quality results (i.e., acceptable precision and recall).
After a review of several research projects that evaluated the usefulness of
lexical knowledge patterns in various domains, languages and applications, a number of
issues affecting pattern-based tools were identified. These included the number of
relation occurrences observed and of different markers indicating these relations, as well
as their relative frequencies in the corpora, the types of markers observed, the precision
with which they identify relations, the variability of the structures in which they may
occur, the type and form of the elements they link, and the prevalence of a number of
challenges for identifying useful and reliable information, including interruptions of one
or more constituents of a pattern or the non-contiguity of the pattern elements, and the
presence of expressions of uncertainty of information that may be extracted from the
context.
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These issues were then evaluated in a set of contexts extracted from corpora in
each language using a candidate-term-based approach. The data gathered in the two
languages in this analysis were then compared in order to evaluate the impact each issue
may have on specific types of pattern-based tools and on the productivity of a patternbased approach to semi-automatic KRC extraction in general.
Strong similarities in the data in the two languages were identified in respect to
many of the criteria evaluated, confirming that pattern-based approaches are promising
in both languages and that the development of bilingual tools seems to be both a
worthwhile and an achievable goal.
Nevertheless, some differences noted indicate a need to carefully consider the
strategies implemented when developing pattern-based tools, in order to satisfy the
requirements of situations in which these tools may be used and to maintain acceptable
performance in both languages. Awareness of specific characteristics of patterns and
their components and some other elements of contexts that may affect the form of
patterns and/or the usefulness of information they convey can help developers to make
more informed choices when creating tools, whether for use in mono-, bi- or
multilingual environments.

Keywords: conceptual relations, knowledge patterns, corpus-based terminology,
medical language, interlinguistic comparison
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Résumé
La présente recherche évalue les possibilités d’exploiter des patrons de connaissances
lexicaux indiquant des relations conceptuelles de

CAUSE–EFFET

et d’ASSOCIATION dans

des corpus médicaux en anglais et en français, et ce à des fins d’extraction semiautomatique de contextes riches en connaissances qui peuvent aider des utilisateurs (par
exemple,

des

terminologues)

dans

l’analyse

conceptuelle

et

la

description

terminologique. Ces patrons sont prototypiquement constitués d’un marqueur lexical
(unité lexicale ou séquence d’unités lexicales) qui indique la présence d’une relation
entre deux concepts, à leur tour réalisés sous forme de termes ou d’autres expressions
linguistiques; ils sont exploités par des outils informatiques pour identifier des segments
riches en information au sein de corpus.
Cette étude vise deux objectifs. Le premier est d’évaluer certaines possibilités
d’élaboration et d’exploitation d’outils à base de patrons ainsi que les défis rencontrés
en anglais et en français, afin d’étudier la faisabilité de développer des outils qui
peuvent traiter des corpus dans les deux langues. Le deuxième est de repérer et de
caractériser les éventuelles variations interlinguistiques qui influenceraient ces
possibilités et ces défis et qui nécessiteraient une modification des stratégies
d’extraction pour produire des résultats comparables et de haute qualité (c'est-à-dire, une
précision et un rappel acceptables).
Grâce à une analyse de divers projets de recherche qui ont évalué l’utilité de ces
patrons de connaissances lexicaux dans différents domaines, langues et applications,
certaines questions reliées aux applications faisant appel aux patrons ont été identifiées.
Parmi celles-ci on trouve : le nombre d’occurrences des relations observées et de
marqueurs distincts associés, les fréquences relatives de ceux-ci dans les corpus, les
types de marqueurs trouvés, leur précision, la variabilité des structures dans lesquelles
ils participent, le type et la forme des éléments qu’ils relient, et la prévalence des défis
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en ce qui concerne l’identification et l’utilité de l’information extraite (par exemple, la
non contiguïté des composantes du patron ou la présence d’indications d’incertitude).
Ces facteurs sont évalués dans des contextes extraits de corpus dans les deux
langues à l’aide de candidats-termes. Les observations sont par la suite comparées dans
les deux langues, permettant d’évaluer leur influence éventuelle sur des outils faisant
appel à des patrons, ainsi que sur la productivité générale de cette approche à
l’extraction semi-automatique de contextes riches en connaissances.
Des similarités frappantes entre les données anglaises et françaises sont
observées par rapport à plusieurs des critères évalués, confirmant le caractère prometteur
d’une telle approche dans les deux langues. D’après ces résultats, le développement
d’outils bilingues serait un but à la fois intéressant et atteignable.
Néanmoins, certaines différences notées indiquent un besoin d’évaluer des
stratégies de développement d’outils faisant appel à des patrons, afin d’adapter
l’approche aux exigences des situations spécifiques d’utilisation et ainsi maintenir une
efficacité satisfaisante dans les deux langues. Une connaissance des caractéristiques des
patrons et de leurs composantes ainsi que d’autres éléments contextuels influençant la
forme des patrons ou l’utilité de l’information véhiculée peut aider des créateurs d’outils
à prendre des choix éclairés dans la conception d’outils uni-, bi- ou multilingues.

Mots-clés : relations conceptuelles, patrons de connaissances, terminologie basée sur
corpus, langue médicale, comparaison interlinguistique
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Typographical conventions
Throughout this document, the following typographical conventions will be used.
I.

Conventions used in the text:
•

English translations of terms in other languages: Eng. plus square
brackets, e.g., marqueur de relation [Eng. relation marker]

•

Relation names: small capitals, e.g., CAUSE–EFFECT

•

The class of markers: [MARKER]

•

Elements related by pattern markers: X, Y, Z, W, U…

•

Specific markers and marker forms referred to in the text: italics,
e.g., lead to

•

Terms and other lexical items referred to in the text: italics,
e.g., atherosclerosis

•

Concepts: quotation marks, e.g., “knowledge-rich context”

•

Vocables: all capitals, e.g., CAUSER

•

Parts of speech: small capitals, e.g., NOUN

•

Paraphrases of semantic components and senses: single quotation marks,
e.g., ‘cause’

•
II.

Lexical functions: Courier New 11 pt, e.g., Caus

Conventions used in the examples:
•

Markers: bold, e.g., lead to

•

Elements of the examples being discussed: underlining, e.g., possible
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adjective
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candidate term
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corpus-based terminological knowledge base
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English
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Key to interpreting Chi-square tables in this thesis
The Chi-square tables in this thesis present the figures that were used to calculate the
proportions of cases evaluated in which a given criterion was observed in the English
and French data, so that these proportions could then be compared using the Chi-square
test. The proportions are calculated by comparing the numbers of cases in which a given
criterion was present with the total number of cases evaluated. A model of the standard
Chi-square table used in this thesis is shown below, with a key explaining its contents.
Table 1: Comparison of the proportions of relation occurrences containing item A
(A) in English and French
A+
ATotal

Symbol
A
A+
AEN
FR
a
b
c
u
v
x
y
z
w

EN
x
z
u

FR
y
w
v

Total
a
b
c

Description
Represents the criterion being evaluated.
Indicates the row presenting numbers of cases in which item A was observed.
Indicates the row presenting numbers of cases in which item A was not observed.
Indicates the column presenting the English data.
Indicates the column presenting the French data.
Total number of cases in which item A was observed in the two data sets. Unless otherwise
indicated, this is a number of relation occurrences.
Total number of cases in which item A was not observed in the two data sets. Unless
otherwise indicated, this is a number of relation occurrences.
Total number of cases analyzed. Unless otherwise indicated, this is the total number of
relation occurrences in the two data sets together.
Total number of cases analyzed in the English data. Unless otherwise indicated, this is the
total number of relation occurrences in the English data.
Total number of cases analyzed in the French data. Unless otherwise indicated, this is the
total number of relation occurrences in the French data.
Number of cases in which item A was observed in the English data. Unless otherwise
indicated, this is a number of relation occurrences.
Number of cases in which item A was observed in the French data. Unless otherwise
indicated, this is a number of relation occurrences.
Number of cases in which item A was not observed in the English data. Unless otherwise
indicated, this is a number of relation occurrences.
Number of cases in which item A was not observed in the French data. Unless otherwise
indicated, this is a number of relation occurrences.

Introduction
This research was carried out with a view to acquiring knowledge that will contribute to
the development of bilingual computer tools for analyzing corpora that can assist users
such as terminologists, terminographers and others carrying out conceptual analysis and
related tasks in specialized domains (specifically the field of medicine). As such, it
draws on aspects of traditional terminology, as well as the somewhat newer fields of
computer-assisted and corpus-based terminology.
Computer tools and knowledge patterns
A vast amount of information is now available in text form, and this resource is
constantly growing. However, as the volume of texts increases, it is becoming more and
more challenging to find specific kinds of information in the mass of data quickly and
easily. This is very evident in domains such as medicine, in which a high volume of
constantly evolving information is available.
One of the strategies for more efficiently exploiting data available to users in text
form is the development of computer tools to aid in identifying specific types of
information in texts. This research focuses on one technique that has been studied for
developing such tools: the use of lexical knowledge patterns for the semi-automatic
extraction of knowledge-rich contexts.
Knowledge-rich contexts (Meyer 2001) are contexts that provide information
that is useful for conceptual analysis (e.g., information about a conceptual relation or a
concept’s attributes). Knowledge patterns may be used to identify such contexts in texts,
so that these contexts may be presented to users seeking a specific type of information,
for interpretation and evaluation.
Knowledge patterns (Meyer 1994, 2001) are linguistic structures that commonly
indicate information that is pertinent for conceptual analysis. These generally involve
two elements that are linked by some kind of relationship (e.g., a concept and one or
more of its attributes, two or more concepts); these are realized in the text by terms or
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other linguistic expressions and a marker of the relationship that exists between them.
These markers may take various forms; this research will be concerned with lexical
knowledge patterns, in which the marker takes the form of a lexical unit or sequence of
lexical units. Thus, English knowledge patterns for the CAUSE–EFFECT relation include X
causes Y, X results from Y, and stimulation of X by Y, in which the two elements linked
by a relation are represented by the variables X and Y and the markers causes, results
from and stimulation of… by indicate the presence of a

CAUSE–EFFECT

relation.

Similarly, in the knowledge patterns association between X and Y, X correlates with Y
and X characterized by Y, the markers association between… and, correlates with and
characterized by indicate the presence of an ASSOCIATION relation.
Knowledge patterns in semi-automatic knowledge extraction for terminology
work thus can help users locate potentially useful contexts, and moreover provide them
with further information about of the type of relation present and the elements it links.
This kind of approach saves users time and effort, since they are not obliged to
read and analyze a corpus in its entirety. Moreover, by giving users a general overview
of the kinds of contexts that are most likely to indicate a given type of information in the
corpus, the tool may bring out regularities and recurrences that might go unnoticed if
each occurrence of a potentially interesting term or relation were analyzed individually.
This can allow for more comprehensive and consistent conceptual analysis and
description. Even information that is potentially pertinent but not certain enough to
allow users to draw firm conclusions may be valuable, since once this information has
been brought to their attention, users can pursue further research as needed.
Knowledge patterns cannot, however, indicate categorically that a given type of
information is present or that this relation is necessarily pertinent for a given application.
These decisions, along with many linked to the finer nuances of the information
contained in a given context, are considered best left to terminologists (or domain
experts), who can take into account the specific context in which research is being
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carried out and thus better evaluate whether a given piece of information is useful —
and reliable enough for use — in a given context.
The involvement of users in the evaluation of the results of extraction thus
ensures that the highest quality product may be obtained; human interpreters of language
will always be able to provide a more informed interpretation of that language than even
the most highly developed automatic application, and can thus identify and correct many
problems in automatic analysis. Moreover, human users are the best judges of the
complex extralinguistic factors surrounding the results produced by an automatic tool,
which in large part determine the pertinence of any piece of information in a use
situation. An automatic tool is rarely equipped to judge whether a given piece of
information may be useful for a specific user group or goal, while human users should
be able to do so.
At a methodological level, applications that are intended for use in a semiautomatic context with the participation of users in the evaluation of the results of
extraction can often retain a wider range of potentially useful information than more
automated applications, which must strictly limit the information that is retained in order
to minimize noise in the results.
For all of these reasons, a semi-automatic approach knowledge extraction was
considered for the purposes of this research to be the most realistic and productive
starting point for evaluating the usefulness of pattern-based tools in concept analysis and
description in terminology work. It capitalizes on the strengths of both human and
machine, taking advantage of the machine’s ability to process large amounts of
information quickly and uniformly, and the human’s to carry out a detailed analysis of
linguistic information that takes into account both intra- and extralinguistic factors.
On a concrete level, computer tools may identify knowledge-rich contexts using
sets of knowledge patterns. They compare these with texts, in order to identify segments
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of the text that correspond to these patterns and are thus likely to contain expressions of
a specific type of information, such as a conceptual relation. The performance of these
kinds of tools is generally evaluated on the basis of two main criteria: their recall (i.e.,
the proportion of useful contexts present in corpora that are identified by the tool), and
their precision (i.e., the proportion of the contexts identified by the tool that are useful).
These measures generally vary inversely, since restrictions imposed on applications to
ensure that they provide precise results generally entail the exclusion of some pertinent
contexts. Additionally, another factor that is important to evaluate is the investment of
time and effort in the development and use of patterns.
In their simplest form, patterns used in computer tools may take the form of
character strings representing the marker (e.g., caus* to represent markers such as cause
(VERB) or cause (NOUN)). However, in order to improve the performance (and
particularly the precision) of these tools, patterns may be further developed with
additional information and represented by more complex structures such as regular
expressions. These may specify a term or terms of interest for a given research task
(e.g., by searching for character strings representing terms in (relative) proximity to
those representing pattern markers), or — in the case of what are often referred to as
lexico-syntactic knowledge patterns — the part of speech classes of the pattern marker
and potentially of the lexical items surrounding it (e.g., in structures such as
PHRASE

NOUN

+ to cause (CONJUGATED VERB) + NOUN PHRASE to represent cases in which the

verbal marker to cause is preceded by a noun phrase, generally indicating the cause in
question in a given context, and followed by another noun phrase, generally representing
the effect).
In some types of applications, a tool may take on more responsibility for sorting
contexts and attempting to identify those that contain pertinent information, and what
that information might be. This may involve tasks such as sorting contexts according to
the relation or sub-relation present or the potential usefulness of the information the
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contexts contain (as indicated, for example, by expressions of uncertainty such as
negation or modal verbs occurring in and around the patterns), or attempting to identify
the elements that participate in a relation automatically by analyzing contexts’
structures. Of course, with each additional task carried out by the tool, the complexity of
representing markers and the structures in which they occur increases exponentially, and
the precision and recall that can be expected of a tool may vary substantially.
Extracted knowledge-rich contexts may be used in many different applications.
This research focuses on information that would be useful for conceptual analysis in the
context of terminology work. Terminologists may use the information identified in
knowledge-rich contexts to assist them in a variety of tasks, including the acquisition of
domain knowledge, conceptual analysis of concepts covered in terminological
resources, the construction of concept systems, the linking of related terms and term
records, the formulation of definitions, and the selection of contexts for inclusion in
term records. In addition, in bi- or multilingual work, these contexts may also be useful
for the comparison of term and conceptual systems constructed in two or more
languages and the establishment of equivalence between terms in multiple languages.
Need for bilingual research
The current situation in the field of terminology in Canada and around the world, with a
strong focus on bi- and multilingual work, creates an obvious need for tools to assist
terminologists with analysis in two or more languages. Tools that enable users to
process languages in parallel may be invaluable for tasks such as those mentioned
above. However, little is known about how different languages compare in terms of the
number, types and characteristics of knowledge patterns used to express conceptual
relations (for example, the relative frequencies of pattern markers, the part of speech
classes of these markers, the nature and forms of elements they link), and how these
factors will affect the development and use of semi-automatic knowledge extraction
tools and the ultimate usefulness of the contexts extracted using them.
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Conventional wisdom about interlinguistic differences (often reflected in works
such as Vinay and Darbelnet (1958)) nevertheless raises questions that need to be
considered. For example, if French is generally recognized to have a lower tolerance for
repetition of lexical units than English, will more variety be found in the markers used to
denote relations, therefore reducing the productivity of individual markers and patterns
and requiring more of these in French to obtain comparable results in the two
languages? Will the ways in which elements linked by relations are expressed in texts
also show more variation (e.g., increased use of anaphoric expressions), therefore
creating challenges for identifying and interpreting contexts? Is a general tendency to
use nouns in French and verbs in English in certain contexts reflected in the markers that
indicate conceptual relations, and if so, how should this be taken into account when
designing pattern-based tools? If English sentence structures are more variable than
those in French, will pattern structures be more variable in this language as well,
requiring larger sets of pattern forms? Will the available means for expressing
uncertainty about a statement affect possibilities for evaluating these levels of certainty
automatically in extracted contexts?
Moreover, while all researchers in the field agree that pattern-based tools may
confront difficulties, there is a lack of data on both the frequency with which these
difficulties may occur, and the forms that they may take in the two languages. This lack
of knowledge means that expectations for the development of bi- and multilingual tools
cannot be set realistically, and it is — at best — very difficult to develop strategies for
dealing with the adjustments that will need to be made and the problems that may occur.
Some previous work carried out on markers of conceptual relations in English
and French (Marshman 2002, 2002a, 2004; Marshman et al. 2002) did provide some
information that may be used as the basis for a preliminary evaluation of the potential
for observing interlinguistic variation in knowledge patterns, through the comparison of
markers observed in the two languages and the identification of a number of
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characteristics of patterns and their markers that may differ from one language to
another — including, for example, the types of markers observed (including the part of
speech classes to which they belonged) and the frequency of these markers. These
studies also provided data for the observation of additional challenges that may be
encountered by pattern-based tools in one or both of the languages.
However, given the limited nature of these previous discussions, there is not yet
sufficient data available to answer questions such as the following: How many and what
kinds of markers are useful indicators of relations such as
EFFECT

ASSOCIATION

and

CAUSE-

in the two languages? How often, and in what kinds of structures do they occur?

What kinds of elements are linked by these markers? What kinds of external elements
can occur within the pattern structures and contexts, how often, and how will they affect
the identification, processing and usefulness of these contexts? Given these factors, can
pattern-based tools be expected to perform differently in the two languages? If so, in
what ways? What aspects of the application development and use will be affected? What
factors could be further investigated — and ultimately what strategies could be
developed — to adapt pattern-based tools to these realities in order to obtain
comparable, high-quality results in the two languages?
This research will aim to gather information that sheds light on these issues in
the context of bilingual work in English and French. We hypothesize that the analysis of
data related to these questions will reveal differences between the types of markers used
in English and French, the structures and contexts in which they appear, and the
difficulties likely to be encountered in the identification, processing and use of these
contexts, which will be pertinent for the development and use of pattern-based tools.
Objectives
The main objectives set for this research were thus twofold: to observe the types and
characteristics of candidate knowledge patterns and their markers in English and French,
as well as the challenges encountered in their identification and likely to occur in their
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use and the use of the results they produce; and to compare these in the two languages to
observe similarities and differences in respect to pertinent criteria in order to determine
whether these similarities and differences may be expected to have an impact on the
development and use of pattern-based tools for terminology work in a bilingual context.
Originality and contribution of the research
This research constitutes a rare systematic and comparative look not only at the types
and characteristics of knowledge patterns, their markers and their occurrences in two
languages but also at some challenges in their use in pattern-based approaches, which
will begin to provide information that can help application developers to adjust
expectations of pattern-based tool performance in a bilingual context, and to start to
research and develop strategies that may be used in different languages in order to
improve efficiency and obtain comparable results in the two languages.
In accordance with its descriptive and comparative orientation and the primary
application envisaged (i.e., semi-automatic extraction of knowledge-rich contexts for
terminology work), the research begins with a broad definition of what constitutes
potentially useful information and the forms that this information may take, allowing for
a comprehensive analysis of the issues that may be observed in pattern-based
applications.
The semi-automatic extraction of knowledge-rich contexts nevertheless also
constitutes the starting point for further automated processing of potentially useful
contexts as determined by the application for which a tool is intended, and thus provides
opportunities to evaluate the conditions that would surround these additional processing
tasks and the possibilities and difficulties that would be encountered. Moreover, this
kind of analysis also provides an opportunity to evaluate not only the contexts that
would be retained in applications involving more highly developed processing of
identified contexts, but also those that would be excluded, in order to estimate the
proportion of potentially useful data that might be lost in such approaches in the two
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languages. As such, while the methodology used in the research and the patterns
retained were chosen as a function of an approach geared to semi-automatic extraction,
the analysis of the observations may also form the basis for a discussion of the
possibilities and difficulties likely to be observed in tasks such as the sorting of contexts
or the automatic identification of the elements linked by a relation.
Details of the work and its methodology
The subject fields
Among the medical sub-domains of great interest today — and the objects of vast
amounts of research that is then reported in text form — are heart disease and cancer.
These two sub-domains (and more specifically atherosclerosis and breast cancer) were
chosen as the subjects of the texts analyzed in this research. These texts focused on the
development, effects, progression, diagnosis, prevention and treatment of the diseases.
The relations
Medical texts are rich in many types of information; in this research the focus will be
placed on conceptual relations, and specifically the relation of
CAUSE–EFFECT

relation.

ASSOCIATION

ASSOCIATION

and the

is defined in this work as the significant co-

occurrence of two variables, and is often a precursor to conclusions of

CAUSE–EFFECT

relations between these variables. As such, it is intrinsically linked — but not identical
— to the CAUSE–EFFECT relation. The CAUSE–EFFECT relation is taken in this research to
denote a relationship between two concepts in which one, the cause, exerts an influence
that determines the existence or occurrence of the other, or changes this existence or
occurrence. It includes several more specific types of influences, including
DESTRUCTION, MAINTENANCE
DECREASE

and

or

PRESERVATION

CREATION,

PERMISSION, PREVENTION, MODIFICATION, INCREASE,

(according to a subdivision established by Barrière

(2002), which in turn calls upon an analysis by Talmy (1985)).
The research will focus on the identification of these conceptual relations as they
are manifested in texts. This process may thus be informed not only by the description
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and classifications of the relations from a conceptual perspective — that most coherently
associated with the use of knowledge patterns in (relatively traditional) terminology
work, as reflected in the work of researchers such as Meyer (Meyer et al. 1999; Meyer
2001), whose approach is closest to that used in this study — but also by analyses of the
relations as reflected in the semantics of the two languages studied in this research.
Methodology
The first step in the study involved constructing corpora of English and French texts,
and identifying in these corpora a set of contexts in which
ASSOCIATION

CAUSE–EFFECT

and

relations were present and were indicated by lexical knowledge patterns.

These contexts were then analyzed and annotated according to a set of criteria —
established by calling upon previous observations in other research projects and
supplemented and refined in the light of the observations in this work — to identify
knowledge patterns and pattern markers and their pertinent characteristics, as well as
potential difficulties in pattern identification and use. The data thus obtained were
analyzed quantitatively and qualitatively in each language, and finally the results in the
two languages were compared, in order to identify similarities and differences. The
potential pertinence of these for pattern identification and use, as well as for the
subsequent use of the extracted contexts, was then evaluated.
Pattern based applications: Factors affecting design and performance
By considering the most basic of applications and knowledge pattern forms (i.e., the use
of character strings to identify KRCs) as the starting point for this research, it is possible
to observe not only the basic elements necessary for pattern-based tool development, but
also characteristics of the markers observed and the contexts in which they occur that
may affect possibilities for further refinements to pattern forms and further processing of
contexts. The effects these may have on the development and performance of
applications, as well as on the ultimate use of the information extracted, will be briefly
presented below. They will be addressed in two main groups: first the characteristics of
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the patterns themselves — i.e., that involve the form and nature of the markers and of
the elements that they link, and their placement relative to one another — and second
the additional challenges related to external elements that may be found within or
around the structures of these patterns.
Before these groups are described, however, a more general factor is important to
introduce: the number of relation occurrences observed in the initial process of
identifying relation occurrences indicated by lexical markers in the two languages. This
may indicate the relative densities of pattern occurrences that met the criteria for this
research, which in turn reflects the potential productivity of pattern-based tools.
The pattern characteristics analyzed included the variety of the markers
themselves and the number of occurrences of these markers, the types of markers
observed, the variability of pattern forms, and the number and form of the elements that
these markers link in a given context.
The range of markers used to express a given relation in a language affects the
number of markers required for a tool to achieve a given level of recall: the more
different markers are used, the more patterns will be necessary to locate the contexts
containing a relation. An additional criterion for evaluating marker variety is the
distribution of relation occurrences among the various markers, which can also indicate
the number of markers required to attain a certain level of productivity in pattern sets.
The frequency of markers is likely to be closely connected to marker variety: if
relatively few different markers are used to express a relation, these markers are likely
to be used relatively frequently, and thus to allow a tool to find a relatively large number
of relation occurrences with relatively few patterns. Markers that are infrequent in
general are of course not as useful for identifying KRCs as their more frequent
counterparts. These two factors together thus are indicators of the expected productivity
of pattern sets, and can help to guide pattern set development.
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Characteristics of markers that can affect the development and performance of
pattern-based applications include the part of speech classes to which they belong, their
form (either simple or complex), and the variation that may be observed in marker form.
All of these affect the design of pattern forms, and may also be linked to challenges for
application performance, as variations from forms accounted for in pattern sets (e.g.,
changes in the form of markers or the order of their elements) can interfere with KRC
identification. The process of pattern design and application performance are also
affected by the variability in pattern structures (i.e., in the placement of pattern elements
relative to one another), for similar reasons.
Two additional factors that affect tool design and performance are the precision
of relation markers for identifying relations, and the closely related issue of marker
polysemy. Clearly, not all occurrences of every potential marker will retrieve contexts in
which complete information about the desired relation is present, and the reliability of
individual markers for locating these useful contexts will affect the productivity of these
markers — and thus of pattern-based tools — for extracting KRCs. The number of
relations that are associated with a given marker also affects both the choice of patterns
and the performance of pattern-based tools. Some markers may not denote only a single,
specific relation or sub-relation, but may be used to express other (sub-)relations or
other meanings entirely; this of course can lead to noise in the results of KRC extraction
and/or to problems in classifying contexts according to the relation present.
The number and form of related elements linked by pattern markers may also
affect the development and performance of pattern-based tools, as well as the ultimate
usefulness of the contexts they extract. For example, in some cases, two or more
elements share a role in a relationship (e.g., two or more causes or two or more effects
are described in a single context, as in X causes Y and Z). Such contexts are generally
more informative than basic structures because they indicate additional participants in
the relation, in addition to the relationship that exists between these participants. This
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phenomenon must be reflected in the design of patterns that include representations of
related elements, and particularly by those that attempt to identify related elements
automatically, or pertinent contexts may be missed or incorrectly analyzed. The ways
these structures may differ in different languages (including the number and variety of
the lexical units that indicate the relationships between the related elements that cooccur in a given role) may affect the complexity of developing such pattern forms.
The form of related elements themselves may also pose some challenges,
particularly for applications that impose restrictions on these forms. For example, while
in most cases related elements occur in noun form, in some contexts concepts may be
expressed by other types of units (e.g., adjectives, verbs, clauses); moreover, in some
contexts they may be represented by anaphoric expressions (e.g., pronouns). Patternbased approaches must either use forms that allow for such variations or accept silences
in the results of extraction.
Additional challenges for pattern-based tools include the interruption of pattern
forms by external elements and the presence of expressions of uncertainty in the
contexts in which the patterns occur.
Pattern forms — particularly lexico-syntactic patterns — that specify the
structures in which markers occur may not recognize potentially useful contexts if these
structures are interrupted by external elements (e.g., modifiers, relative clauses,
references) that occur between the related elements and the marker. The situation
becomes even more complicated if the interruptions of these pattern structures take the
form of other patterns or pattern markers (e.g., as in X leads to the suppression of Y);
this phenomenon may not only affect the form of the context, but also the type of
relation that is expressed, and thus may pose challenges for the sorting and/or ultimate
use of extracted contexts. (For example, the marker lead to generally indicates the
CAUSE–EFFECT

sub-relation of

CREATION,

illustrated above indicate PREVENTION.)

but contexts that contain the structure

14
The presence of expressions of uncertainty within KRCs affects the usefulness of
a given context for various applications. These expressions may take various forms,
including quantification of related elements (e.g., some Xs play a role in Y), hedging
(e.g., X plays a minor role in Y), modal verbs (e.g., X may play a role in Y), or negation
(e.g., X does not play a role in Y). For example, for some uses, only contexts in which
no doubt about the relation present is expressed may be pertinent, while in other cases
relations that are expressed as doubtful — or even denied — may be useful. However,
the variability in the form and semantic impact of these expressions may pose
significant challenges for automatic sorting of contexts according to the reliability of the
information they express.
It is thus clear that a large number of factors may be pertinent in various kinds of
applications for relation identification and context extraction, and may have varying
impacts depending on the types of patterns used and the extent to which tools attempt to
process the information located for users. An evaluation of the possibilities and
challenges of pattern-based extraction of KRCs in multiple languages should thus
consider as wide a range as possible of these factors in order to provide a comprehensive
portrait of how pattern-based tool design and performance may be affected by
similarities and differences in the two languages, and what impact these factors may
have on the usefulness of the information extracted.
Structure of the thesis
This thesis is divided into five chapters. The basic concepts pertinent in this research
(including descriptions of knowledge patterns and conceptual relations, and specifically
those studied in this work) will be presented in Chapter 1. In Chapter 2, previous work
on knowledge patterns and pattern-based applications will be presented and some
pertinent aspects of these research projects compared with one another; more details of
the objectives of this work and how it differs from previous research will also be
presented in light of this comparison. Chapter 3 will present the methodology used in
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this work, and Chapter 4 the results obtained, focusing on the interlinguistic comparison
of the data gathered. Chapter 5 will present a discussion of the similarities and
differences observed in the English and French data and the impact they may have on
various aspects of the development and use of pattern-based tools, complemented by
some additional observations. This will be followed by some conclusions and ideas for
future research.

1 Basic concepts
This Chapter will present an overview of some basic concepts pertinent to this research.
In Section 1.1, some basic concepts in terminology will be described briefly. Section 1.2
will present the definition of the term knowledge pattern, and Section 1.3 will introduce
the subject of conceptual relations. Section 1.4 will present a selection of relation
typologies used in terminology, and Section 1.5 will describe the relations studied in
this research, ASSOCIATION (Section 1.5.1) and CAUSE–EFFECT (Section 1.5.2).

1.1 Basic concepts in terminology
The field of terminology is concerned with the study and description of communication
in specialized fields, and the terms used in it. These fields, areas of human interest and
study, can be identified using several criteria. Two of these involve the setting of what
have been characterized as horizontal and vertical limits (e.g., Hoffmann 1976; Sager et
al. 1980; Kocourek 1991). The former involve the delineation of these areas of study as
opposed to others; this task is becoming more and more complex as interdisciplinary
fields of study develop and the borders between different fields become more flexible
and porous. The latter involve the distinction of levels of specialization, which may be
characterized by criteria such as the background knowledge and training possessed by
the participants (both senders and receivers) in communication and the goals of this
communication (e.g., Pearson 1998). Delineating specialized domains involves choosing
to set borders at a given point along the continua established according to these criteria,
and this choice generally depends on the situation and goals of a given task.
Terms constitute the primary focus of terminology, and may be viewed from a
number of different perspectives that target particular aspects of their natures and their
roles in specialized discourse; perspectives include the communicative (e.g., Cabré
1992), sociocognitive (e.g., Temmerman 2000), and lexico-semantic (e.g., L’Homme
2004). All of these may reveal important aspects of terms and their functioning. For the
purposes of this research, however, the focus will be placed on the role of terms as
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linguistic units that represent concepts, and that are thus a means of referring to these
concepts in communication. This is a perspective that is very close to that of traditional
terminology (typical, for example, of the Vienna School and particularly of Wüster (e.g.,
1981), and observable to a lesser extent in Sager (1990)), although it is somewhat
softened from the more dogmatic view in which “[t]he primary objects of terminology,
the terms, are perceived as symbols which represent concepts” (Sager 1990: 22). The
point of view in this research does not deny that terms are more complex and
multifaceted than simple symbols for concepts; rather, it focuses on the role of terms as
representing concepts in specialized discourse. Moreover, the view taken in this research
is also somewhat removed from the more restrictive views of traditional terminology, in
that the prescriptive principles requiring bi-univocal relations between terms and
concepts are considered here to be unduly restrictive. The reality of terminological
variation in specialized discourse (e.g., Gaudin 1993; Daille 2005) is undeniable;
concepts may clearly be denoted by various terms or term variants, and even by nonterminological linguistic units. As Daille observed, the scope of the variation that is
acceptable and pertinent for a given project depends in large part on the goals of that
project; for the purposes of information retrieval, it is important to take into account a
wide range of such phenomena.
Terms then are seen here as (one of the) access points to knowledge in the form
of concepts, i.e., units of thought that are created by a process of abstraction and
generalization from observations of reality. Sager (1990: 22) describes the process that
leads to the creation of a concept — and thus a starting point for a definition of what a
concept is — as follows:
Concept formation is a process of variously grouping and ordering the
material and immaterial objects which we sense, perceive or imagine into
abstract categories. In a first stage of observation of our environment we
identify a number of individual objects as having certain properties or
characteristics in common. From the individual objects we have
identified as having certain common features, we abstract some of these
properties in order to arrive at types of objects…. In a further stage of
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ordering, we may then group the already abstract types of objects into
broader classes…. An important distinction is thus created between the
individual objects of our sensation, perception and imagination and the
abstract categories, i.e., the concepts which represent them. We therefore
define concepts provisionally as ‘constructs of human cognition
processes which assist in the classification of objects by way of
systematic or arbitrary abstraction’.1
Concepts are linked by various types of relationships, which determine the
structures of knowledge in a given domain. In traditional terminological description,
these systems have generally been represented using hierarchical,

GENERIC–SPECIFIC

relations between concepts, creating tree structures. However, concepts may also be
related by a number of other pertinent relations, including those evaluated in the context
of this research, CAUSE–EFFECT and ASSOCIATION.
The analysis of the structures in which concepts participate is the prototypical
starting point for conceptual description in traditional terminology. Terminological
resources such as term banks have traditionally been concept-centred, including entries
(e.g., term records) that represent a single concept. They generally establish definitions
of concepts in large part according to their place in a concept system (e.g., the generic
concept to which they are linked, the characteristics that differentiate them from other
specifics of this generic). Terms are then associated with these concepts, and
equivalence between terms (within a language or between languages) evaluated in light
of the term–concept relationship identified. Thus, the identification and analysis of the
links between concepts constitutes a critical step in terminological research and
development of terminological resources: these relations help to delineate, define and
differentiate between concepts.
Moreover, conventional term bases and their representation of knowledge in
structures focusing on
1

GENERIC–SPECIFIC

relations may be considerably enriched by

The use of object here should be noted particularly: the term does not refer exclusively to concrete
entities, but includes those that are both material and immaterial, realities that are sensed, perceived or
imagined. (cf. also Wüster (2003) on this point).
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information about additional relations. This kind of development can be carried out
within a more classical terminological resource structure (e.g., by including this
information in definitions or contexts in term records), or in one that is specifically
developed with this kind of approach in mind. One proposal for this kind of
development involves the creation of what Meyer et al. (1992) called the terminological
knowledge base (TKB), a resource that could integrate a much larger part of the
knowledge (e.g., about relations between concepts) that terminologists acquire in the
process of domain research than is usually the case in conventional resources. By
representing various kinds of relations between concepts, resources can reflect the kinds
of links that have a particularly important role in defining the knowledge structure in a
specific domain, and provide a more complete portrait of concepts and the roles they
play in knowledge structures. Information of this kind can be particularly valuable for
the description of concepts that lend themselves less easily or less well to definition by a
classical model consisting of a generic and specific characteristics; these are likely to
include in particular those that represent events such as processes and activities rather
than concrete entities. An approach such as that used in a TKB can thus improve users’
understanding of these concepts and help them to better express knowledge in the
domain.
Given terminology’s focus on communication in specialized domains, subjectfield specialists have always been precious sources of information for terminologists
and terminographers. However, given the limitations imposed by reliance on these
specialists (e.g., their availability for consultation and ability to effectively convey
information about a wide variety of aspects of terms, concepts and their usage), textbased resources are generally the primary resource for terminology work in the field
today. Documents provide concrete, readily available and usable examples of
specialized communication. Moreover, by collecting various types of documents,
terminologists are able to develop a comprehensive view of a field and its discourse.
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As a result, there is ever-growing interest in corpus-based terminology work
(e.g., Meyer and Mackintosh 1996; Pearson 1998; Bowker and Pearson 2002). The
creation of corpora of representative texts that can be used to evaluate the characteristics
of the discourse in a field as a whole is a challenging and complex task (described in the
works mentioned above, among others), but one that provides a wealth of information
that can be used in many ways in terminology work.
The advantages of this kind of approach — as of any approach — are
nevertheless accompanied by certain difficulties. Ensuring that a sample of texts is
representative of the greater whole requires careful evaluation and selection according to
a number of criteria, and it may not always be possible to include as wide a range of
texts as desired or to eliminate all potential sources of bias in results. (Moreover, in
projects with a bilingual or multilingual orientation, ensuring comparability between
corpora in different languages increases this complexity substantially.) In addition,
corpus texts may contain errors or other elements that can be difficult to interpret or
even misleading to users. As with the use of any resource, a certain amount of both trust
and critical evaluation are required in corpus-based approaches.
Redundancy in corpora is often helpful in confirming the validity of the
information extracted; when information (be it factual or related, for example, to term
form or usage) is identified repeatedly in a variety of texts and contexts, its validity is
more certain. Because large corpora can provide more opportunities to observe a wider
range of phenomena more frequently, they are particularly useful. However, as the size
of corpora increases so does the need for tools that can provide quick and easy access to
the information contained in them. Computer tools such as concordancers offer
terminologists and terminographers one strategy for accessing specific kinds of
information. More specialized tools may use techniques such as knowledge patterns to
target specific types of information.
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1.2 Knowledge patterns
Referred to under various names by different researchers (including Cruse’s (1986)
diagnostic frames, Ahmad and Fulford’s (1992) knowledge probes, Bowden et al.’s
(1996) triggers, Condamines’ (2002) conceptual relation patterns, and the term that will
be used here, Meyer’s (Meyer et al. 1999; Meyer 2001) knowledge patterns), linguistic
structures that indicate the presence of semantic and conceptual relations have been
widely recognized as extremely useful tools.
In 1992, Ahmad and Fulford described knowledge probes as forms (in their case,
character strings) that could be used in developing tools to aid in searching for
information about relations in text corpora, as they reliably identify contexts in which
relations are discussed. They identified sets of probes that could be used to identify a set
of relations, including HYPERONYMY and HYPONYMY, PART–WHOLE and CAUSE–EFFECT.
In a 1994 article in Terminology Update, Meyer stressed both the importance and
the challenges of concept analysis in terminography. She introduced the idea of
“knowledge-rich context” and the possibilities that lie in “exploiting the many
regularities in the way that ‘linguistic patterns’ found in specialized texts encode
conceptual information” (1994: 8). In 1994, Meyer defined knowledge-rich contexts as
“free (i.e., non-collocational) language combinations that frequently identify a particular
conceptual relation or attribute” (8), giving examples such as X is a kind of Y and As
include Bs, Cs and Ds as indicators of generic-specific relations, and X is characterized
by Y and the features of an X include Y and Z for the association of a concept and its
attributes. She also cited Ahmad and Fulford (1992) and their suggestion that such
linguistic items could be used as search patterns for discovering conceptual information
in corpora.
In her later work (e.g., Meyer et al. 1999; Meyer 2001), Meyer further developed
this terminology, dividing what was first described in the 1994 definition of the
knowledge-rich context into two separate concepts: “knowledge-rich contexts,” text

22
segments that provide at least one piece of information about a concept (e.g., one of
its attributes or a relation in which it participates), and “knowledge patterns,” linguistic
structures that frequently indicate a relation (or, more rarely, an attribute) (e.g., X is a
kind of Y).
Knowledge patterns have been classified by Meyer (e.g., Meyer et al. 1999) into
three categories: lexical, grammatical and paralinguistic. Lexical knowledge patterns
prototypically take the form X + [MARKER] + Y (e.g., X is a kind of Y for the relation of
HYPERONYMY),

i.e., including two elements linked by a relation (here represented by the

variables X and Y), and a lexical unit or sequence of lexical units that indicate the
relation between them.2 Grammatical (syntactic) patterns, which involve parts of speech
or combinations thereof (e.g.,

NOUN

+ VERB for the

FUNCTION

relation), and

paralinguistic patterns, involving for example formatting and punctuation (e.g.,
parentheses used to introduce a synonym, in a structure such as X (Y)), may also indicate
relations. 3
In many research projects, lexical markers and/or knowledge patterns are subject
to syntactic restrictions, e.g., indicating the part of speech class to which the markers
and potentially other elements of the structures in which they participate may belong; in
this case a fourth category of lexico-syntactic knowledge patterns may be identified.

2

In some cases, items such as derivational affixes (e.g., pro-, anti-) may also be included in this category,
although they are not strictly speaking lexical units.
3

It has been observed (e.g., L’Homme, personal communication) that grammatical knowledge patterns
are somewhat different from the other two categories in that the link between the two elements
participating in the relation is present at the level of the senses of the units that denote them, rather than
external to them as in the case of lexical and paralinguistic knowledge patterns. (Lexical patterns may be
seen then as equivalent to paraphrases of the relation that is inherent in the senses of the two items in
grammatical knowledge patterns, e.g., the computer processes data / the function of a computer is to
process data.) Grammatical knowledge patterns are nevertheless indicators of the presence of a given
relation in a text segment, which is of course the application envisaged in the establishment of the
categories of knowledge patterns.
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As described in the Introduction, these patterns may then be used by computer
tools to aid in the gathering of information for applications such as terminology work;
most projects have focused on the identification of conceptual (or semantic) relations.

1.3 Conceptual relations
In the traditional view of terminology, the centre and starting point of any research is a
conceptual system constructed with clearly delineated and described concepts. That is to
say, research begins with mental images of classes of entities, processes, qualities, etc.
in the real world and move on from there to study their attributes, the relations between
them in the conceptual system of the domain, and finally the terms used to denote these
concepts.
Sager’s (1990) description of concept analysis is based on attributes and
relations. Attributes are qualities or properties associated with the concept in isolation.
These may include such things as colour, measurements, and other properties of the
real-world element the concept represents. Relations are the ways in which the concept
relates to other concepts, which determine its place in a concept system (knowledge
structure). The most commonly studied relations are those of specific to generic,
sometimes called

HYPERONYMY,

and of whole to part, or

MERONYMY.

However, other

important conceptual relations also exist, including among many others those of
FUNCTION

and CAUSE–EFFECT. In medicine, as in any domain, important information can

be provided by both concept attributes and conceptual relations.
In the less traditional theories of terminology, the conception of terminology as
onomasiological and concept-based has been challenged, and the gaps between
traditional theory and current practice have been recognized. It has been accepted that
terminology work in the real world often takes a semasiological approach, which starts
with the term itself. Accompanied by a drastically reduced insistence on the bi-univocity
of the relation between term and concept, there has been increased study of the different
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kinds of synonymy in terminological systems, and a recognition that some terms are
polysemous. More study is being devoted to the collocational and combinatory
properties of terms. Moreover, there has been more recognition of terms’ complex and
inter-related meanings, in contrast to the traditional view of terms as no more than labels
for concepts organized in a clear-cut, hierarchical structure.
Thus, although this study is primarily concerned with conceptual relations —
that is, relations between the concepts denoted by terms — it is impossible to
completely separate many of these from semantic relations, which hold between the
meanings or significations of terms, as reflected by their place in the system of signs in
a language.
From a terminological perspective, Condamines and Rebeyrolle (2001: 131)
discussed the importance of relations between concepts:
The search for conceptual relationships plays an important role in
building a CTKB [corpus-based terminological knowledge base] as long
as it is mainly a model of the text content. From this point of view, the
most important knowledge within the text is conveyed by conceptual (or
semantic) relationships.
As conceptual and semantic relations are of course closely linked, there is a
certain variation in the use of these terms. In analyzing previous research, it is common
to see variations in the terminology used to describe the same project, even occasionally
within the same work. This complexity, and the reasons it must be confronted, are
reflected in the description by Ahmad and Rogers (1997: 749):
Since terminology management and terminology research emphasizes the
conceptual organization of subject fields, the semantic relations between
terms assume considerable importance. According to the traditional
terminological view, the knowledge of the domain is represented by
concepts and the relations between them. However, these relations cannot
be directly accessed but must be conveyed by largely linguistic means.
The relations between terms, [sic] as labels for concepts are therefore a
means of accessing this knowledge (and its structure) through text.
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This description conveys the inextricable links between the linguistic and
conceptual levels in texts, and the need to study not only the links between concepts in
their conceptual system — the knowledge structure of the domain — but also the terms
that are used to denote these concepts, which provide access to this conceptual system
while participating in relations of their own.
The type of approach used in this work, inspired by Meyer and oriented towards
identifying knowledge-rich contexts to assist in conceptual analysis, was originally
associated with the more traditional view of terminology. However, as Ahmad and
Rogers note, it is terms (and other linguistic items) and the relations between them in
texts that provide access to this conceptual information.
Moreover, it would be impossible to ignore the fact that terms’ linguistic nature
will also influence the ways in which they are used in texts. Thus, the analysis here will
provide knowledge not only about the concepts denoted by the terms found in texts, but
also about the place of these terms in the linguistic system.

1.4 Relation classifications in terminology
While there is general agreement among scholars about the importance of
SPECIFIC

(or

HYPERONYMY)

and

PART–WHOLE

(or

MERONYMY)

GENERIC–

relations in conceptual

and terminological systems, there is no widely accepted list of possible relations or a
system for classifying them (cf. Chaffin and Hermann 1988).4 However, relation
classifications have been constructed by various authors; below, those presented in two
general classifications in terminology — by Sager (1990) and Nuopponen (2005) — and
two specific to medicine and related fields — by Feliu (2004) and the Unified Medical
Language System (UMLS) (2005) — will be described. Before these classifications are
presented, however, some criteria useful for their development may be examined.

4

Moreover, as Feliu noted (2004: 27), there is little agreement between relations and their denominations
used in the field of terminology and those in lexical semantics.

26

1.4.1 Some criteria for classifying conceptual relations
A number of criteria may be used to characterize and classify semantic and conceptual
relations in order to facilitate their differentiation, definition and description (cf. Section
1.4.4 on Feliu (2000, 2004), who used some of these in developing and describing her
relation typology).
The first of these is the distinction between hierarchical and non-hierarchical
relations. The first type, hierarchical relations, involve relations that hold between
superordinate and subordinate concepts and include the
WHOLE

GENERIC–SPECIFIC

and

PART–

relations; these may be used as the basis for creating tree-like concept structures.

Non-hierarchical relations, in contrast, link concepts in ways that do not permit this kind
of structuring; these relations include those of

FUNCTION, CAUSE–EFFECT

and

ASSOCIATION.

Another criterion for relation classification is the distinction between what Cruse
(1986: 113) calls symmetric and asymmetric relations. In symmetric relations such as
SYNONYMY

and

ASSOCIATION,

the link is bi-directional: if A is a synonym of B, then B

is a synonym of A, and if A is associated with B, then B is associated with A. In
asymmetric relations, such as GENERIC–SPECIFIC and CAUSE–EFFECT, the relation is unidirectional: if A is the generic of B, then B cannot be the generic of A; by the same
token, if A causes B this does not imply that B causes A.5
Finally, there is the criterion of transitivity. As Cruse (1986: 114) stated, “A
relation is said to be transitive if the fact that it holds between two elements A and B,
and also between B and a third element C, guarantees that it holds between A and C.”
He gives the example of the relation

IS LONGER THAN

to illustrate this, since if A is

longer than B and B is longer than C, then A must be longer than C. Conversely Cruse

5

In certain specific cases of cyclical processes, this might in fact be the case, but the expression of the
relation is concerned only with the relation of X leading to Y, and in order to describe such a cycle it
would be necessary to state separately that Y in turn is the cause of X.

27
states (114) that intransitive relations are those in which the fact that the relation
holds between A and B and between B and C entails that it does not hold between A and
C. Since if A is the father of B and B is the father of C, A cannot be the father of C,
Cruse identifies the relation FATHER OF as intransitive.

1.4.2 Sager
In his textbook A Practical Course in Terminology Processing, Sager (1990) describes
the cognitive importance of relations in concept systems. He presents a list of possible
relations (Table 1), and also notes (1990: 35) that these relations may be further subdivided by placing the concepts involved into conceptual reference classes (e.g., objects,
methods, properties, qualities, states, processes), or into more general classes (e.g.,
entities, activities, qualities, relations (cf. 1990: 26–28)). Sager states (1990: 35) that:
The relationship between two concepts is bound by the conceptual class
of each. For example, relationships of product or material can only exist
between material entities; in this way a pattern emerges which shows
restrictions on the nature of the relationships between concepts by virtue
of their categories. Examining concepts in this way may lead to greater
insight into ways of establishing conceptual relations.
Sager presents some complexities of relation classification, observing (1990: 29)
that limiting the study of conceptual relations to

GENERIC–SPECIFIC, PART–WHOLE

and

the generic “other” is not sufficient in terminology, and that there are exceptions to the
seeming simplicity of the

GENERIC–SPECIFIC

relation (1990: 31–32): the existence of

facets, and of quasi-GENERIC relationships. He notes that concepts are classified into
types on the basis of a given criterion, which may be only one of many possibilities. It is
necessary to specify the criterion used for classification in order to properly classify
concepts. Sager uses the term facetted classification to denote classification of concepts
on the basis of a particular characteristic (e.g., by parts, by process, by method, by
function). He also notes that a given concept may be subdivided according to different
facets. In addition, some assignments of concepts to types may be more “solid” (1990:
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32) than others. For this reason, quasi-GENERIC relationships may also be identified,
using the test below (1990: 32). Sager applied this text to the classification of the
concept “dandelion,” considered to be a weed by some, a medicinal plant by others, and
a vegetable by still others, but consistently classified in the same botanical family:
Generic relationship:
•
All dandelions are members of the family of Compositae.
•
Some members of the family of Compositae are dandelions.
Quasi-generic relationship
•
Some people consider that dandelions are vegetables.
•
Some vegetables are dandelions.

Sager (1990: 33–4) also notes the existence of polyvalent relationships, in which
a concept may have several possible places in a conceptual system (i.e., may be part of
more than one hierarchy in a given subject field).
This classification, although not detailed in its description of the nature and
possibilities of different relations, presents an initial portrait of the possibilities that may
be envisaged for classifying concepts. In addition, Sager points out (1990: 29) that the
most useful classification for a given project will be determined in part by the context in
which it will be used, i.e., the subject field being studied, and the type of research in
which the classification is to be applied.
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Table 1. Summary of Sager’s conceptual relations (adapted from Sager 1990: 29–37)
Relation

Description
A hierarchical relationship in which concepts belong to the same category, and
in which the broader (generic) concept is said to be the superordinate of the
narrower (specific) concept(s).

GENERIC (29–32)
Formulae:
X is a type of A; X, Y and Z are types of A; A has the specific concepts
X, Y and Z; A has the subtype X
A hierarchical relationship that serves to indicate the connection between
concepts consisting of more than one part and their constituent parts.
PARTITIVE (32–33)

COMPLEX

CAUSE–EFFECT
MATERIAL–PRODUCT
MATERIAL–PROPERTY
MATERIAL–STATE
PROCESS–PRODUCT
PROCESS–INSTRUMENT
PROCESS–METHOD

Formulae:
X is a constituent part of Y; X, Y and Z are constituent parts of A; A
consists of X; A consists of X, Y and Z
Complex interrelations between concepts that cannot be conveniently captured
by straightforward generic or partitive structures. These may be not only as
important in a conceptual system as the hierarchical relationships, but also more
revealing about the nature of the concepts they involve. There are many possible
complex relations:
Formula:
Y is caused by X
Formula:
Y is a product of X
Formula:
Y is a property of X
(no formulae indicated)
Formula:
Y is a product of X
Formula:
Y is an instrument for X
Formula:
Y is a method of X

Example

periodical publications –
newsletter, journal, magazine

wheel – hub, spokes, rim

fallout – nuclear explosion
steel – girder
paper – wood pulp
glass – brittle
iron – corrosion
weaving – cloth
petrol – oil refining
incision – scalpel
data processing – computer
storage – freeze-dry
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PROCESS–PATIENT
PHENOMENON–
MEASUREMENT
OBJECT–
COUNTERAGENT
OBJECT–CONTAINER
OBJECT–MATERIAL
OBJECT–QUALITY
OBJECT–OPERATION
OBJECT–
CHARACTERISTIC
OBJECT–FORM
ACTIVITY–PLACE

(no formulae indicated)
Formula:
Y is a [quantitative/qualitative] measure of X
Formula:
Y is a counteragent of X
Formula:
Y is a container for X
(no formulae indicated)
(no formulae indicated)
(no formulae indicated)
(no formulae indicated)
(no formulae indicated)
Formula:
Y is a place for X

dyeing – textile
light – Watt
heat – temperature
poison – antidote
insects – insecticide
tool – tool box
bridge – iron
petrol – high octane
drill bit – drilling
fuel – smokeless
book – paperback
coalmining – coal mine
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1.4.3 Nuopponen
As recently as 2005, Nuopponen observed (2005: 127) that (despite previous
observations by Sager (1990), among others) standard applications in terminology still
make use of a limited number of relations, primarily
WHOLE,

GENERIC–SPECIFIC

and

PART–

although the often vague category of “association relations” — which will be

further discussed below in Sections 1.4.4 and 1.4.5 — may also be used in some cases.
She also pointed out that for many applications in terminology, including Semantic Web
applications and concept modelling, there is a need for a much wider and finer typology
of relations. For this reason, she updated and enlarged a classification originally
developed in 1994.6
Nuopponen recalled several observations also made by a number of other
researchers (once again including Sager (1990)). She noted that the relations that are
pertinent in the context of a given research project or domain may vary, and that users
may choose among the proposed relations those that are most useful for their purposes,
and may choose to draw finer distinctions or to add new relations as necessary (2005:
128).7 Nuopponen also noted (2005: 130) close links between categories of concepts
(e.g., entities, activities, processes, methods, properties) and the ontological relations in
which they may participate.
Nuopponen’s typology of relations is rooted in the distinction made by Wüster
(1974, 1985) between logical (i.e.,

GENERIC–SPECIFIC)

and ontological relations, on the

basis of these relations’ directness (logical) or indirectness (ontological) and the
definition of ontological relations as simplifications of relations observed between
individual objects in reality. Her relation classifications for logical and ontological

6

In carrying out this task, Nuopponen referred frequently to the relation hierarchy used by Madsen et al.
(2001, 2002, 2002a) in their OntoQuery project, as a basis for comparison and for expansion of her own
hierarchy.
7

This comment was intended in part to address some criticisms of her previous research, in which the
usefulness of such a detailed relation classification for practical terminology work was questioned.
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relations are shown in Table 2 and Table 3 respectively. The author attempted to
provide a unique place in the hierarchy for each relation, but also noted that some
relation types could belong to several different classes (2005: 134).
Nuopponen noted that logical relations can be classified according to two
dimensions, the relative positions of concepts in a concept system or hierarchy (as in the
case of

SUPERORDINATION, SUBORDINATION

and

COORDINATION)

or by the comparison

of concepts according to their intensions or extensions (as in the case of relations of
IDENTITY, INCLUSION, OVERLAPPING

and DISJUNCTION).

Table 2. Nuopponen's logical concept relations (2005: 129–130)
1.1 SUPERORDINATION
1.2 SUBORDINATION
1.3 COORDINATION

1.1.1 DIRECT SUPERORDINATION
1.1.2 INDIRECT SUPERORDINATION
1.2.1 DIRECT SUBORDINATION
1.2.2 INDIRECT SUBORDINATION
1.3.1 DIRECT COORDINATION
1.3.2 INDIRECT COORDINATION

1.4 DIAGONAL RELATION
1. LOGICAL CONCEPT RELATIONS
1.5 INTENSIONAL RELATION

1.6 EXTENSIONAL RELATION

1.5.1 INTENSIONAL IDENTITY
1.5.2 INTENSIONAL INCLUSION
1.5.3 INTENSIONAL OVERLAPPING
1.5.4 INTENSIONAL DISJUNCTION
1.6.1 EXTENSIONAL IDENTITY
1.6.2 EXTENSIONAL INCLUSION
1.6.3 EXTENSIONAL OVERLAPPING
1.6.4 EXTENSIONAL DISJUNCTION

Causal concept relations appear in this typology under the classification of
ONTOLOGICAL INFLUENCE

relations (a category defined by the presence of some kind of

causal component in the relation, i.e., a one-sided or mutual influence). (See Section
1.5.2.5 for a detailed description of Nuopponen’s analysis of the CAUSE–EFFECT relation
in 1994.) The

CORRELATION

sub-type of

INTERACTIONAL

relations identified in

Nuopponen (2005) can be considered to be a type of ASSOCIATION relation (see Section
1.5.1 for a discussion of ASSOCIATION and CORRELATION).
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Table 3. Nuopponen's ontological concept relations (2005: 130–135)
2.1.1.1 PARTITIVE

2.1.1.1.1 CANONICAL
SUPERORDINATION

SUPERORDINATION

2.1.1.1.2 FACULTATIVE
SUPERORDINATION

2.1.1.2.1 CANONICAL
2.1.1 PARTITIVE

COMPOUND
8
RELATION

2.1.1.2 PARTITIVE
SUBORDINATION

2.1.1.3.1 DIRECT PARTITIVE
2.1.1.3 PARTITIVE
COORDINATION

2.1 CONCEPT
RELATIONS OF
CONTIGUITY

COORDINATION

2.1.1.3.2 INDIRECT PARTITIVE
COORDINATION

PARTITION RELATION
SET RELATION

SET–ELEMENT RELATION
ELEMENT–ELEMENT RELATION

2.1.2 ENHANCEMENT RELATION
2.1.3 LOCATIVE RELATION
2.1.4 MATERIAL COMPONENT RELATION
2.1.5 PROPERTY RELATION
OWNERSHIP RELATION
2.1.6 RANK
2.1.6.1 RELATION OF ORDER
RELATION
2.1.6.2 RELATION OF EQUIVALENCE
2.1.7.1EVENT RELATION
2.1.7 TEMPORAL
2.1.7.2. SUCCESSION RELATION
RELATION
2.1.7.3 SIMULTANEOUS RELATION
2.1.7.4 CONSECUTIVE RELATION

8

2.1.1.2.2 FACULTATIVE
SUBORDINATION

RELATION

2. ONTOLOGICAL
CONCEPT
RELATIONS

SUBORDINATION

Relations indicated in italics without numbering are additions to the concept relation typology since the 1994 version.
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2.2.1.1 CAUSAL
2.2.1 CAUSAL

SEQUENCE

RELATIONS

2.2.1.2 CAUSAL
COORDINATION

2.2.2 DEVELOPMENT
RELATIONS

2.2 CONCEPT
RELATIONS OF
INFLUENCE

2.2.3 FUNCTIONAL
RELATIONS

PRODUCING CAUSE – EFFECT
EXPLANATORY CAUSE – EFFECT
CAUSAL AGENT – EFFECT
CAUSE – RESULTING EVENT
CAUSE – RESULTING STATE
CAUSE – RESULTING PRODUCT
2.2.1.2.1 MULTICAUSALITY
2.2.1.2.2 MULTIPLE EFFECT RELATION

2.2.2.1 PHYLOGENETIC RELATION
2.2.2.2 ONTOGENETIC RELATION
2.2.2.3 GENEALOGIC RELATION
2.2.2.4 MATERIAL DEVELOPMENT RELATION
2.2.2.5 ROLE CHANGE
2.2.3.1.1 AGENT RELATION
2.2.3.1.2 OBJECT RELATION
2.2.3.1.3 TOOL RELATION
2.2.3.1 ACTIVITY
2.2.3.1.4 LOCATIONAL RELATION
RELATIONS
2.2.3.1.5 TEMPORAL ACTION RELATION
TELEOLOGICAL RELATION (ACTION – PURPOSE)
RESULTATIVE RELATION (2.2.3.2.3)
2.2.3.2.1 ORIGINATOR RELATION
2.2.3.2.2 PRODUCT – INSTRUMENT RELATION
2.2.3.2.3 RESULTATIVE RELATION
2.2.3.2
ORIGINATION
2.2.3.2.4 INGREDIENT RELATION
RELATION
2.2.3.2.5 ORIGINATION PLACE RELATION
2.2.3.2.6 ORIGINATION TIME RELATION
PRODUCT – PURPOSE OF CREATION
AGENT – INSTRUMENT
FUNCTION RELATION (ENTITY – WAY OR WORKING)
INSTRUMENTAL
TOOL RELATION (2.2.3.1.3; ACTIVITY – TOOL)
RELATIONS
PRODUCT – INSTRUMENT RELATION (2.2.3.2.2)
LOCATIVE RELATION (2.1.3 OBJECT – LOCATION)
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2.2.4.1.1 DIRECT TRANSMISSION RELATION (SENDER –
RECEIVER)

2.2.4.1.2.1 SENDER –
2.2.4.1.2 SEQUENTIAL
TRANSMISSION RELATION

2.2.4
INTERACTIONAL

2.2.4.1
TRANSMISSION
RELATION

INTERMEDIARY

2.2.4.1.2.2 INTERMEDIARY –
RECEIVER

2.2.4.1.3 SOURCE
RELATION

RELATIONS

2.2.4.1.3.1 SENDER / PLACE OF
DEPARTURE – OBJECT
2.2.4.1.3.2 INTERMEDIARY –
OBJECT

2.2.4.1.4 TARGET
RELATION

2.2.4.1.4.1 OBJECT –
RECEIVER/DESTINATION
2.2.4.1.4.2 OBJECT –
INTERMEDIARY

2.2.4.2 DEPENDENCY RELATION
2.2.4.3 CORRELATION RELATION
2.2.4.4 REPRESENTATIONAL RELATION
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1.4.4 Feliu
In research projects that focused on analyzing Catalan corpora in the fields of heart
disease and genomics, Feliu (2000, 2004) addressed the lack of a unified relation
typology in terminology. She noted that although lexical semanticians such as Cruse and
Lyons and terminologists such as Wüster had identified a certain number of relations
(between lexical units in the case of Cruse and Lyons, and between concepts in the case
of Wüster), their lists were not exhaustive, and most studies had focused largely on the
hierarchical relations of HYPERONYMY and MERONYMY. In order to fill this gap as far as
possible, Feliu identified relations described in the literature, and complemented these
with observations from a specialized corpus as required. She produced the relation
typology presented in Table 4 (adapted from Feliu 2004: 51).
Feliu (2004: 25–7) described relations between concepts as one of the
fundamentals of human perception and cognition, and — referring to Otman (1996: 55–
6) — noted on the subject of conceptual relations that:
•
•

A conceptual relation is a conceptual link between concepts;
In a relational model, a concept is defined by the relations that hold between it
and other concepts;
• A conceptual relation consists of:
o
A name or identifier specifying the type of relation;
o
The specification of the types of objects the relation admits;
o
The attribution of specific properties to these objects; and
o
Sometimes, conditions of validity.
Feliu also noted (2004: 27) that relations are at least binary, involving two or
more concepts, and that a given relationship could conceivably be described using more
than one relation name (e.g.,

ELEMENT–QUALIFICATION

or

CHARACTERISTIC–ACTIVITY),

although she reduced her list of relations as much as possible to eliminate redundancies
(2004: 31).
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Table 4. Summary of Feliu's relations9
Relation
RESEMBLANCE

Elements
POSITIVE RESEMBLANCE

Description
A symmetric and transitive relation.
Marker: ser semblant a

TOTAL
EQUIVALENCE,

SYNONYMY
PARTIAL
EQUIVALENCE,
RESEMBLANCE

A symmetric and transitive relation.
Marker: ser diferent de

NEGATIVE
RESEMBLANCE

OPPOSITENESS
PARTIAL
OPPOSITENESS,
CONTRAST

INCLUSION

HYPONYMY

SEQUENCE

SPATIAL

GENERIC–SPECIFIC

An asymmetric and transitive
relation.
Marker: ser (un tipus) de
An asymmetric relation.
Markers: ser en; ser
davant; ser darrere; anar
de x a y

LOCATION
DIRECTION
An asymmetric and transitive
relation.
Marker: ser
simultani/anterior/
posterior a

TEMPORAL
SIMULTANEITY
ANTERIORITY–
POSTERIORITY
CAUSALITY

CAUSAL
CAUSE–EFFECT

PROCESS–
RESULT

9

10

An asymmetric relation.
An explicit cause gives rise to a
given effect. (33–4)
Markers: causar; ser la
causa de; ser l’efecte de
A process produces a result,
although it may not be seen as a
true cause. (33–4)
Marker: produir; fer que

Translations from the Catalan are mine.

10

Feliu also noted in a previous version of the typology (2004: 44–45) that the manifestation of PROCESS–
relations may vary at the surface level, depending on the specificity with which the type of change
that occurs in the process is indicated.
RESULT
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INSTRUMENT

MERONYMY

ASSOCIATION

An asymmetric and intransitive
relation.
Markers: servir per a; ferse amb
Markers: ser una
part/element de; tenir +
SN; estar format / fet per;
incloure; constar de;
pertànyer a

INSTRUMENT–
FUNCTION

PART–WHOLE
COMPONENT–
OBJECT

An asymmetric relation.

MEMBER–
COLLECTION

An asymmetric relation.

PORTION–MASS

An asymmetric relation.

MATERIAL–
OBJECT

An asymmetric relation.

STAGE–PROCESS

An asymmetric relation.

CHARACTERISTIC–
ACTIVITY

An asymmetric relation.

LOCATION–AREA

An asymmetric relation.

GENERAL
SPECIALIZED

Marker: correlacionar-se
amb

11

Unsurprisingly, Feliu identified the

CAUSE–EFFECT

relation as important in her

domains. She also distinguished different types of this relation depending on the nature
of the causes that participate in them, citing in particular processes and their results. The
presence of the

ASSOCIATION

relation in Feliu’s typology, defined as a “relació que

s’estableix per la corelació entre dos o més elements” [Eng. a relation of correlation
between two or more elements] (39), may also be noted. (See Section 1.5.1 for a
discussion of this relation.)

1.4.5 UMLS
The goal of the Unified Medical Language System (UMLS) Semantic Network (2005) is
to represent concepts in the medical field, and to link them together using a set of
relations that are pertinent in this domain. The relations used and their definitions are

11

See Section 1.5.1.2 for a discussion of the distinction made in the case of this relation.
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illustrated below in Figure 1 and Table 5. The list of possible relations and their
organization may be observed to be distinctly different from those illustrated in Sections
1.4.2 to 1.4.4.

Figure 1. Relations in the UMLS Semantic Network (UMLS 2004)
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Table 5. UMLS semantic relations and definitions (UMLS 2005)
Relation
ISA
ASSOCIATED_WITH
PHYSICALLY_RELATED_TO
PART_OF
CONTAINS
CONSISTS OF
CONNECTED_TO
INTERCONNECTS
BRANCH_OF
TRIBUTARY_OF
INGREDIENT_OF
TEMPORALLY_RELATED_TO
CO-OCCURS_WITH
PRECEDES
FUNCTIONALLY_RELATED_TO
MANIFESTATION_OF
AFFECTS

Definition
The basic hierarchical link in the Network. If one item "isa" another item then the first item
is more specific in meaning than the second item.
Has a significant or salient relationship to.
Related by virtue of some physical attribute or characteristic.
Composes, with one or more other physical units, some larger whole. This includes
component of, division of, portion of, fragment of, section of, and layer of.
Holds or is the receptacle for fluids or other substances. This includes is filled with, holds,
and is occupied by.
Is structurally made up of in whole or in part of some material or matter. This includes
composed of, made of, and formed of.
Directly attached to another physical unit as tendons are connected to muscles. This includes
attached to and anchored to.
Serves to link or join together two or more other physical units. This includes joins, links,
conjoins, articulates, separates, and bridges.
Arises from the division of. For example, the arborization of arteries.
Merges with. For example, the confluence of veins.
Is a component of, as in a constituent of a preparation.
Related in time by preceding, co-occurring with, or following.
Occurs at the same time as, together with, or jointly. This includes is co-incident with, is
concurrent with, is contemporaneous with, accompanies, coexists with, and is concomitant
with.
Occurs earlier in time. This includes antedates, comes before, is in advance of, predates, and
is prior to.
Related by the carrying out of some function or activity.
That part of a phenomenon which is directly observable or concretely or visibly expressed,
or which gives evidence to the underlying process. This includes expression of, display of,
and exhibition of.
Produces a direct effect on. Implied here is the altering or influencing of an existing
condition, state, situation, or entity. This includes has a role in, alters, influences,
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INTERACTS_WITH
DISRUPTS
PREVENTS
COMPLICATES
MANAGES
TREATS
OCCURS_IN
PROCESS_OF
USES
INDICATES
RESULT_OF
BRINGS ABOUT
PRODUCES
CAUSES
PERFORMS
CARRIES_OUT
PRACTICES
EXHIBITS
CONCEPTUALLY_RELATED_TO

predisposes, catalyzes, stimulates, regulates, depresses, impedes, enhances, contributes to,
leads to, and modifies.
Acts, functions, or operates together with.
Alters or influences an already existing condition, state, or situation. Produces a negative
effect on.
Stops, hinders or eliminates an action or condition.
Causes to become more severe or complex or results in adverse effects.
Administers, or contributes to the care of an individual or group of individuals.
Applies a remedy with the object of effecting a cure or managing a condition
Takes place in or happens under given conditions, circumstances, or time periods, or in a
given location or population. This includes appears in, transpires, comes about, is present in,
and exists in.
Action, function, or state of.
Employs in the carrying out of some activity. This includes applies, utilizes, employs, and
avails.
Gives evidence for the presence at some time of an entity or process.
The condition, product, or state occurring as a consequence, effect, or conclusion of an
activity or process. This includes product of, effect of, sequel of, outcome of, culmination
of, and completion of.
Acts on or influences an entity.
Brings forth, generates or creates. This includes yields, secretes, emits, biosynthesizes,
generates, releases, discharges, and creates.
Brings about a condition or an effect. Implied here is that an agent, such as for example, a
pharmacologic substance or an organism, has brought about the effect. This includes
induces, effects, evokes, and etiology.
Executes, accomplishes, or achieves an activity.
Executes a function or performs a procedure or activity. This includes transacts, operates on,
handles, and executes.
Performs habitually or customarily.
Shows or demonstrates.
Related by some abstract concept, thought, or idea.
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PROPERTY_OF
CONCEPTUAL_PART_OF
EVALUATION_OF
MEASURES
DIAGNOSES
ISSUE_IN
DERIVATIVE_OF
DEVELOPMENTAL_FORM_OF
DEGREE_OF
MEASUREMENT_OF
METHOD_OF
ANALYZES
ASSESSES_EFFECT_OF
SPATIALLY_RELATED_TO
LOCATION_OF
ADJACENT_TO
SURROUNDS
TRAVERSES

Characteristic of, or quality of.
Conceptually a portion, division, or component of some larger whole.
Judgment of the value or degree of some attribute or process.
Ascertains or marks the dimensions, quantity, degree, or capacity of.
Distinguishes or identifies the nature or characteristics of.
Is an issue in or a point of discussion, study, debate, or dispute.
In chemistry, a substance structurally related to another or that can be made from the other
substance. This is used only for structural relationships. This does not include functional
relationships such as metabolite of, by product of, nor analog of.
An earlier stage in the individual maturation of.
The relative intensity of a process or the relative intensity or amount of a quality or attribute.
The dimension, quantity, or capacity determined by measuring.
The manner and sequence of events in performing an act or procedure.
Studies or examines using established quantitative or qualitative methods.
Analyzes the influence or consequences of the function or action of.
Related by place or region.
The position, site, or region of an entity or the site of a process.
Close to, near or abutting another physical unit with no other structure of the same kind
intervening. This includes adjoins, abuts, is contiguous to, is juxtaposed, and is close to.
Establishes the boundaries for, or defines the limits of another physical structure. This
includes limits, bounds, confines, encloses, and circumscribes.
Crosses or extends across another physical structure or area. This includes crosses over and
crosses through.
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The division of all of the relations into two main categories, the

GENERIC

relations and all others (which thus fall under the general heading of the
ASSOCIATION_WITH

relations), parallels the division established by Wüster (cf.

Nuopponen’s use of this distinction as described in Section 1.4.3, specifically Figure 2)
and illustrates the emphasis that is placed on this former relation. Every other type of
relation is considered to be a kind of ASSOCIATION; this classification includes temporal,
spatial, functional and causal relations. In addition, a number of domain-specific
relations related to the medical field, such as

TREATS

and

DIAGNOSES,

which did not

appear in Feliu’s classification, are also identified.
Within the relation sub-category

FUNCTIONALLY_RELATED_TO,

several relations

including an element of causation may be identified, including:
•

AFFECTS, and its sub-types
o
DISRUPTS
o
PREVENTS
o
COMPLICATES, and
MANAGES
o

•
•

RESULT_OF,

and

BRINGS_ABOUT, with
o
CAUSES, and
o
PRODUCES.

However, these

its sub-types

CAUSE–EFFECT

relations are not clearly defined as such, and do

not constitute their own category. Moreover, among sub-types of the AFFECTS relation, it
may be difficult to determine the presence of a causal element (e.g.,
This seems to indicate that although

CAUSE–EFFECT

INTERACTS_WITH).

relations are important enough in

the domain to be identified and distinguished in large number, the causal element is not
one that is a priority in the classification.
One interesting aspect of the relation definitions given in the UMLS is the
reliance on linguistic indicators (essentially lexical markers) in order to explain the
nature of the various relations (e.g., citing composed of, made of, and formed of for the
CONSISTS_OF

relation, and component of, division of, portion of, fragment of, section of,
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and layer of for the PART_OF relation). This illustrates that although the perspective of
this resource is far more conceptually than linguistically oriented, there is nevertheless a
close connection between concept and language that cannot be severed, and that this link
is a valuable tool for identifying relations as described in texts.12
However, it should be noted that the distinctions made in this classification (e.g.,
the one above, between the relations

CONSISTS_OF

generally be subsumed under the heading of

and

PART_OF,

MERONYMY,

which would both

though perhaps in different

sub-types, but here are separated) may be too fine for some semi-automatic knowledge
extraction applications. In addition, these relations are specifically adapted to the
medical domain and as such would not be appropriate for use in many other fields.

1.4.6 Comparison
Two important observations can be made in analyzing these classification systems —
and particularly the UMLS. First, the various relations identified are closely linked.
Second, a given pair of concepts may be considered to be related in many different
ways. Thus, in classifying a given occurrence of a relation, it may be difficult to
precisely determine which relation is the best fit. Moreover, by comparing a system such
as the UMLS to the others presented in this Section, various levels of granularity with
which different relations may be characterized may be observed. This reinforces the
statements made, for example, by Nuopponen (2005: 128) and Sager (1990), observing
that the subject field being studied may influence the choice of relations considered.
The classifications described above reveal how intended applications can affect
the relations identified and how they are organized. Those dealing with the medical
domain, and particularly the UMLS, identify a certain number of sub-relations that are

12

Feliu (2004: 232), however, identifies the lack of distinction between relations at a semantic or
conceptual level and the markers of these relations at a textual level as a source of fundamental difficulties
in the development of relation typologies, stressing the necessity of appreciating the difference between
the two levels.
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missing from Sager’s (1990) and/or Nuopponen’s (2005) more general classifications.
Feliu’s and Sager’s more terminologically oriented classifications are far simpler and
less atomized; from the point of view of semi-automatic identification and/or
classification of relation occurrences in texts, these provide a more reasonable level of
detail — and certainly of organization at an intuitive level — than the UMLS.13 All four
sources refer to varying extents to the elements that may participate in the various
relations identified, reflecting the importance of this aspect in relation identification and
classification on a fine-grained level.
Some distinctions and relations are common to all or most of the classifications
identified; the distinction between the

GENERIC–SPECIFIC

observable in all of the classifications, and the

PART–WHOLE

and other relations is
relation is also clearly

identified. All of the classifications except for Sager’s identify relations of SPATIAL and
TEMPORAL CONTIGUITY

as important. In terms of the relations considered in this

research, the centrality of the CAUSE–EFFECT relation is made evident by its inclusion (in
some form) in all four classifications. The relation of

ASSOCIATION

is also relatively

common in the classifications, with Nuopponen, Feliu and the UMLS identifying
relations that correspond at least in part to the definition used for this research.

1.5 Important conceptual relations in medicine
The importance of a wide range of relations for properly, precisely and comprehensively
representing knowledge structures in the field of medicine is illustrated, for example, by
the long and complex list of relations used in the UMLS (Section 1.4.5). While
GENERIC–SPECIFIC

and MERONYMY relations are clearly central, others are also critical.

Researchers such as Nuopponen (1994) have recognized the importance of the
CAUSE–EFFECT

13

relation in scientific and technical fields, and in particular in medicine.

However, as noted in the description of the UMLS’s relation definitions, linguistic markers are used as
an aid to understanding, and these might serve as a starting point for semi-automatic applications.

46
In fact, in many ways, the CAUSE–EFFECT relation can be considered to be the central
one in this domain: medicine is, after all, the study of the causes of disease and health,
the effects diseases have, and the intended and side effects of treatments. All of these
can be represented — in a simplified manner, of course — by the

CAUSE–EFFECT

relation. This relation is not only critical, but also complex, and has been studied in the
context of several research projects (Nuopponen 1994; Cabré et al. 1996, 2001; Garcia
1996, 1997; Barrière 2001, 2002; Marshman 2002, 2002a, 2004, 2004a; Feliu 2004;
Bodson 2005). However, compared to the relations of
the

CAUSE–EFFECT

HYPERONYMY

and

MERONYMY,

relation has not received as much attention in the field of

terminology.
Although the ultimate goal of much medical and epidemiological research is the
identification of

CAUSE–EFFECT

relations, in a field with such critical implications for

human health and welfare, conclusions about the existence of

CAUSE–EFFECT

relations

(which always rely to some degree on the judgment of those interpreting data) must be
drawn cautiously and on the basis of large amounts of data — and moreover specific
kinds of data (i.e., data obtained using specific study designs). Thus, the relation of
ASSOCIATION

(including

CORRELATION)

is particularly important in the field. This

relation, involving a significant co-occurrence of factors, is relatively frequently
expressed in medical texts (and particularly research articles). While important in itself
(for example, in identifying risk factors for particular illnesses), it may also become the
basis for hypotheses of a

CAUSE–EFFECT

relationship between the two elements it links.

It is important to stress, however, that this kind of relationship is not one of
EFFECT

CAUSE–

in itself, but rather a potential precursor of it (a fact that is illustrated in Hill’s

criteria for

CAUSE–EFFECT

relations in medicine, reproduced below in Section 1.5.2.1,

which begin with an analysis of observed co-occurrence — i.e.,

ASSOCIATION

— and

then analyze this co-occurrence according to various criteria in order to determine if a
conclusion of a

CAUSE–EFFECT

relation on the basis of these observations is justified).

Thus, identifying such relations in medical texts may be very important in the
information-gathering process.
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The

ASSOCIATION

and

CAUSE–EFFECT

relations may thus be identified as

important in the medical field, and provide a pertinent context for the study of
knowledge patterns and their use for terminological knowledge extraction in this
domain.
These relations can of course be characterized according to the criteria described
in Section 1.4.1. Both the

CAUSE–EFFECT

and

ASSOCIATION

relations are non-

hierarchical. In contrast, ASSOCIATION is symmetric, while the CAUSE–EFFECT relation is
asymmetric. Finally, it can be argued that the CAUSE–EFFECT relation may be considered
to be transitive (making reference, for example, to the concept of the causal pathway
often mentioned in the context of disease etiology and development (e.g., Friedman
1994: 209), in which each link in a causal chain contributes to the eventual outcome).
The

ASSOCIATION

relation, however, is less easily classified according to this criterion;

given that the presumptions that A is associated with B and B is associated with C can
guarantee neither that A is associated with C nor that it is not,

ASSOCIATION

cannot be

considered to be either transitive or intransitive.
With these relations selected, they can be defined and described in more detail in
the context of the research. Sections 1.5.1 and 1.5.2 will present more detailed
information about various analyses and possible classifications for the ASSOCIATION and
CAUSE–EFFECT

relations respectively.

1.5.1 Association

It is common knowledge that statistical
associations do not necessarily imply causation.
Friedman (1994: 213)

Given the delicacy of identifying

CAUSE–EFFECT

relations, as described above, medical

texts and especially research articles generally contain many references to ASSOCIATIONS
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between factors or variables in addition to statements of

CAUSE–EFFECT

relations.

Two examples of this are shown below:
1. First, with the notable exception of cardiac toxicity associated
with anthracyclines, unexpected toxicities to combination
therapy have not been identified. (Burstein 2003)
2. The first association between CRP and cardiovascular disease
was in the context of acute myocardial infarction. (Shah and
Newby 2003)

However, although the distinction between

ASSOCIATION

and

CAUSE–EFFECT

relations may be “common knowledge” in epidemiological circles, for non-specialists
the term association may appear general and vague. Moreover, despite the importance
of this relation in scientific domains, few research projects have attempted to identify
and define the

ASSOCIATION

relation from a terminological perspective. As a result, the

relation is most precisely defined in the context of specialized resources in medical and
scientific domains such as epidemiology. Below, the definition of the relation used for
the purposes of this project (Section 1.5.1.1) — based primarily on descriptions from
Hennekens and Buring (1987), who define the relation as identified in epidemiology —
will be discussed, followed by a brief review of references to

ASSOCIATION

in

terminology from Nuopponen (2005) and Feliu (2004) (Section 1.5.1.2).

1.5.1.1

Definition of ASSOCIATION

In this project, ASSOCIATION will be defined as a significant co-occurrence between two
factors or variables. The definition given by Hennekens and Buring (1987: 30) —
although expressed using terms specific to the calculation of incidence or prevalence of
diseases in populations with a given exposure — illustrates this view:
Association refers to the statistical dependence between two variables,
that is, the degree to which the rate of disease in persons with a specific
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exposure is either higher or lower than the rate of disease among those
without that exposure.14
This kind of relationship, however, is not necessarily indicative of a

CAUSE–EFFECT

relation. Hennekens and Buring (1987: 30) stress this, stating that “The presence of an
association… in no way implies that the observed relationship is one of cause and
effect,” and continuing on to say that “[a] causal association is one in which a change in
the frequency or quality of an exposure or characteristic results in a corresponding
change in the frequency of the disease or outcome of interest.” [emphasis added]15
The observation of relationships such as the causal one mentioned in the
quotation above may generally be recognized as the ultimate goal of studying
ASSOCIATION
EFFECT

(although

ASSOCIATION

must nevertheless be distinguished from

CAUSE–

relations). Given this goal, specific types of these relationships that are clearly

relations of temporal or spatial contiguity (cf. e.g., Nuopponen 2005) are not included in
the definition, since here the focus is on the possibility that a CAUSE–EFFECT relationship
of some type will ultimately be identified (and, clearly, strictly temporal or spatial
relationships are not likely to lead to such observations).
Determining

ASSOCIATIONS

between variables is often the goal of various types

of medical — and especially epidemiological — research, including identifying risk

14

As in the case of the citation describing causal ASSOCIATIONS, it seems perfectly acceptable to replace
disease with outcome and exposure with characteristic to reflect other possible contexts of ASSOCIATION.

15

To this discussion, the observations of Garcia (1997: 10) may be added. In her study of CAUSE–EFFECT
relations in the specialized domain of electricity, Garcia describes what she calls — in an allusion to the
terminology of Aristotle (Physics II) — relations causales formelles (Engl. formal cause relations),
characterizing these relations as those in which:
… la notion de cause et d’effet sont abandonnées au profit d’une régularité
mise en évidence entre des actions (Le niveau de la puissance produite par
l’usine varie dans le temps en fonction de l’hydraulicité…) (1997: 10)

She identifies four different sub-types of these relations (1997: 11). On the basis of this description,
however, these are considered here to be types of ASSOCIATIONS. The propensity to interpret such
relationships as causal observed here is also reflected in the observations of Nazarenko (2000: 47; see
Section 1.5.2.3) in her lexico-semantic analysis of CAUSALITY in French.
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factors for disease and death, and evaluating the effectiveness of treatments.
Essentially, the results of research exploring the connection between two variables can
be represented in their simplest form in a four-cell contingency table such as Table 6.
By convention, in this table, each of the cells is assigned a letter for reference, a,
b, c or d. For the purposes of this description, V1 and V2 represent the variables being
studied, + the presence of a variable, and - its absence. x, y, z and w represent the
numbers of cases in which these specific combinations of variables were observed (with
x, appearing in cell a, thus being the number of cases in which V1 and V2 were both
present, y in cell b being the number of cases in which V1 was absent but V2 was
present, and so on).
Table 6: Example of an epidemiological 2 x 2 contingency table
V1+
x

V2+

V1y
a
c

V2-

z

b
d

w

This kind of table then forms the basis for calculations of various measures of
ASSOCIATION

between the variables (e.g., incidence, prevalence, relative risk) according

to specific formulae (see Streiner and Norman 1998: 83–107 for more details). To state
the case very simply, a positive

ASSOCIATION

between the two variables V1 and V2

exists when the value of x — that is, the number of cases in which both variables are
present — is significantly greater than would be expected given a random distribution; a
negative

ASSOCIATION

is present when this value is significantly lower than would be

expected for a random distribution.16

16

In this sentence we use significantly in the sense of statistical significance, usually represented by a p
value (expressing the probability of obtaining a given result by chance) of less than p = 0.05 (i.e., less than
five chances in 100 that the findings could be the result of chance).
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Expressions of ASSOCIATION are important in the field for many reasons. First,
since they are often used to express hypotheses that may later be confirmed on the
strength of more data, they may allow terminologists to identify items that participate in
a potential

CAUSE–EFFECT

relationship, to use this knowledge to monitor new data

connecting a given pair of elements, and thus to identify more easily when a causal
connection is considered to be proven.17 Second, as it is relatively difficult to determine
the precise point at which

ASSOCIATION

is accepted as a

CAUSE–EFFECT

relation, some

authors may continue to refer to a connection as an ASSOCIATION between two variables
when a causal connection has been accepted by others. Accessing these occurrences will
help to obtain additional data about the pair. Third, even in the absence of an
established, direct CAUSE–EFFECT relation ASSOCIATIONS are of interest, since they could
be used to link terms denoting concepts that are evidently related in some way (for
example, that may be shown in light of further data to share a common underlying
cause, rather than being involved in a direct CAUSE–EFFECT relation with one another).
Thus, to recap the distinction between ASSOCIATION and CAUSE–EFFECT relations
in medicine, a finding of

ASSOCIATION

between two variables often motivates further

research that establishes that one of these is a cause of the other; however, an
ASSOCIATION
EFFECT

between two variables does not share all of the characteristics of

CAUSE–

relationships. ASSOCIATION involves the co-occurrence of two variables, but not

necessarily a direct causal connection between them; rather, both may result from a third
factor, or they may prove to be related in a non-causal way. (Of course, their observed
co-occurrence may be coincidental and they may not in fact be related at all; however,
tests for statistical significance and efforts to ensure the reproducibility of results aim to
minimize these cases.) As revealed, for example, in Hill’s criteria for identifying causal
relations in epidemiology, described in Section 1.5.2.1, more information about the
strength and nature of
17

ASSOCIATIONS

is necessary before a

CAUSE–EFFECT

relation can

This may be clearly observed in the description of the criteria for conclusions of CAUSE–EFFECT
relationships cited in Section 1.5.2.1, as the observation of an ASSOCIATION between the two factors is the
starting point for at least the first four, most significant criteria.
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be established. To put it another way,
CAUSE–EFFECT

ASSOCIATION

is a necessary condition for

relations, but not a sufficient one.

In addition,

ASSOCIATION
18

associated with A),

while

is symmetric (i.e., if A is associated with B, then B is

CAUSE–EFFECT

relations are asymmetric (i.e., if A is the

cause of B, we cannot say that B is the cause of A). If only the association between A
and B is observed, there is no way of knowing if A is the cause of B, if B is the cause of
A, or if both result from another factor altogether. (Of course, most experiments begin
with a hypothesis of a

CAUSE–EFFECT

relationship and therefore an expected

directionality in the relationship between the two variables, but it remains just that — a
hypothesis — until enough experimental evidence obtained through studies meeting
specific design criteria allows for a conclusion to be drawn.19)
It is nevertheless important to note that a few more complex cases in the
expression of this relation may be observed. These will be described below, and include
some specific types of

ASSOCIATIONS

that differ somewhat from the basic definition of

the relation chosen for this project. These special cases of the
include

CORRELATION

and

RISK;

ASSOCIATION

relation

these will be described below in Sections 1.5.1.3 and

1.5.1.4. These distinctions are also introduced in the discussions of

ASSOCIATION

in the

terminological relation classifications of Nuopponen (2005; cf. Section 1.4.3) and Feliu
(2004; cf. Section 1.4.4).

1.5.1.2

ASSOCIATION in terminology

Although terminological discussion of

ASSOCIATION

may be found in the relation

typologies of Feliu (2004) and Nuopponen (2005), both of these correspond most
closely to a specific case of the

ASSOCIATION

as described in the medical literature.

Nuopponen’s (2005) definition of INTERACTIONAL concept relations — said to be “based
18

There are some exceptions in special cases, which will be discussed in Section 1.5.1.4.
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on the interplay of referent phenomena” and divided into relations of
DEPENDENCY

TRANSMISSION,

and REPRESENTATION in addition to CORRELATION — may be compared to

that of the ASSOCIATION relation as defined by Feliu (2004).
The description of the

ASSOCIATION

relation in Feliu’s revised typology, as a

“relació que s’estableix per la corelació entre dos o més elements” [a relation of
correlation between two or more elements] (2004: 39), is based not on any resemblance
between the two connected elements (2004: 34), but rather on the presence of a point of
contact between them. While this description is more general, as are many of the
markers indicated as potential indicators of this relation (2004: 47), the definition and
the marker of this relation indicated in Table 4 correspond to what will be considered
here as a specific sub-type of this relation, CORRELATION.
Feliu notes (2004: 48, 133) the difficulty of distinguishing between ASSOCIATION
relation and others such as the

CAUSE–EFFECT

relation or relations of

SIMULTANEITY

in

the case of some markers; she also notes that her class of ASSOCIATION relation markers
includes some that are indicative of symmetrical relations, while others are not; this
suggests that there is some variability within this relation as she considers it on the basis
of this criterion. She concludes (2004: 50) that there may be two sub-types of
ASSOCIATION,

one which is more general, and a second, indicated by markers such as

correlacionar-se amb, which corresponds to a specific relationship in specialized
domains.
It may thus be concluded that Nuopponen’s (2005) and Feliu’s (2004) relation
classifications refer to similar relationships, although their insertion within wider classes
is not equivalent, given the far larger scope of the INTERACTIONAL concept relations (as
may be observed in the descriptions reproduced in Table 3). Moreover, both refer most
particularly to relations of CORRELATION, further discussed below in Section 1.5.1.3.

19

For further discussion of this point, see the descriptions of dependent and independent variables in
Section 1.5.1.4.

54
1.5.1.3

CORRELATION

As noted above, Feliu’s (2004) observations of the potential for observing variation
within the class of

ASSOCIATION

relations reflects in large part the possibility of

observing a CORRELATION between two variables. Moreover, the CORRELATION sub-type
of

INTERACTIONAL

relations identified in Nuopponen (2005) can also be considered

from this perspective. Nuopponen classifies the CORRELATION relation under the heading
of INTERACTIONAL relations (a subtype of the INFLUENCE relations), and defines it as one
in which there is some kind of causal connection between “entities” (i.e., “variables”)
(2005: 136) that have a reciprocal relationship, in the sense that as one variable changes,
the other is likely to change in a corresponding way (2005: 136).
This closely reflects the definition that will be used in this research. For the
purposes of this work,

CORRELATION

is defined as a type of

ASSOCIATION

involving the

systematic variation of two variables in relation to one another, indicating
interdependence. In this case, the values of the two variables are dynamic — that is to
say, rather than being categoric, having one of a set number of discrete values and
presenting a static dichotomy as illustrated above in (Table 6), they are continuous, with
values that fall along a graded scale — and can be compared over a series of changing
values.20 This can be observed in the definition of correlation given in the Oxford
English Dictionary (OED Online 2006):
correlation, n.: In Statistics, an interdependence of two or more variable
quantities such that a change in the value of one is associated with a
change in the value or the expectation of the others… [emphasis added]
Thus, in the case of

CORRELATION,

as the value of one variable moves along the scale,

the value of the other will also vary proportionally.

20

For an explanation of the distinction between categoric and continuous variables, see Streiner and
Norman (1998: 82). Examples of categoric variables that might be studied in epidemiological research
include male/female and married/single/divorced/widowed; examples of continuous variables might
include blood pressure readings and serum levels of a particular molecule. See Streiner and Norman for
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The correlation coefficient “indicates the degree to which a set of observations
fits a linear relationship” (Friedman 1994: 195). As Friedman states (1994: 195):
Plotted on a graph showing the relationship between two variables, data
points would follow a slanted straight line if the correlation coefficient is
+1 or -1. Where there is some, but not complete, correlation, the data
points would appear to cluster about a line. If there is no correlation at all,
data points would form a regular or irregular clump with no underlying
slanted line apparent.
This constitutes a more specific type of relation than that described above for
ASSOCIATION,

but nevertheless can be considered as belonging to this category of

relations because it shares its essential characteristics.
This relation is described by Nuopponen as “rare” (2005: 136), a statement that
would likely be controversial in the domains of medicine and epidemiology. (However,
it is possible that this conclusion was based on an analysis of concepts belonging to
categories or domains in which this kind of relationship is less frequent.) Feliu’s (2004)
identification of the relation among those most central in medicine and related fields
provides an interesting contrast to Nuopponen’s statement.
In texts, CORRELATION can be observed in contexts such as Example 3:
3. … pour chaque augmentation du rapport albumine/créatinine
urinaire de 0,4 mg/mmol, ce risque augmentait de 5,9 %.
(Fredenrich et al. 2004)

However, it should be noted that the usage of vocabulary does not always reflect the
distinction identified here between CORRELATION and ASSOCIATION, as may be observed
in Examples 4 and 5, which indicate a more general type of

ASSOCIATION

between the

two items identified as being related but uses the verb to correlate or corréler.
4. Cell adhesion molecules have also been correlated with CHD.
(Rackley 2004)
more on ASSOCIATIONS involving categoric variables (1998: 83-107) and continuous variables (1998: 107117).

56
5. … ses changements peuvent être corrélés avec une activation
ou une répression de la transcription. (Chailleux et al. 2000)

In other cases, such as Example 6, it may be difficult to tell which of the two is
intended:
6. … increased circulating IGF-1 concentrations correlate very
closely with the relative risk for the development of several
common cancers, including breast, prostate, colon, and lung.
(McCance and Jones 2003)

Given this variability, this sub-type of the relation will be analyzed as part of the
set of ASSOCIATION relations.

1.5.1.4

RISK

In the second special case of the

ASSOCIATION

identified as contributing to the

RISK

relation considered here, a variable is

of a disease or outcome, as in the following

sentence:
7. Nous avons recherché chez tous les patients les facteurs de
risque d’athérosclérose (diabète, hypertension artérielle,
tabagisme,
hormonothérapie,
intoxication
alcoolique,
dyslipidémie, hérédité)... (Desauw et al. 2002)

As illustrated in the definition of etiology shown below, taken from the U.S.
National Library of Medicine’s Medical Subject Headings (MeSH) (2006; cited in the
UMLS Metathesaurus 2006), not only causes (necessary, sufficient, or otherwise), but
also some types of

ASSOCIATIONS

(e.g., predisposing factors,21 risk factors) may be

central in the study of disease:
etiology: The relating of causes to the effects they produce. Causes are
termed necessary when they must always precede an effect and sufficient
when they initiate or produce an effect. Any of several factors may be
associated with the potential disease causation or outcome, including
predisposing factors, enabling factors, precipitating factors, reinforcing
factors, and risk factors.
21

Cf. Nuopponen’s (1994) explanatory causes, described in Section 1.5.2.5.
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As Streiner and Norman note (1998: 95–96),

RISK

is a measure of the

likelihood of occurrence of a given event. Accordingly, using the values in Table 6, for
the population with the characteristic V2, the RISK of developing V1 is calculated using
the formula:
x
(x + y )
Relative risk measures the strength of an association (Friedman 1994: 214). It is
the “ratio of the disease rate in those with the factor to the rate in those without”
(Friedman 1994: 214),22 and can be calculated using the formula:
x
(x + y )
z
( z + w)
Thus when relative risk is greater than 1, the RISK associated with the presence of
a given variable is considered to be elevated as compared to the

RISK

in the absence of

that variable.
RISK is then essentially a measure of the probability of

ASSOCIATION

of two

factors or variables, and thus fits into this relation category. However, from the
perspective of this research,

RISK

is different from some other kinds of

ASSOCIATION.

One difference lies in the directionality of this kind of relationship, a postulated
precondition and effect or outcome (e.g., in Example 7, diabete, hypertension artérielle
or tabagisme and athérosclérose respectively), rather than a symmetric

ASSOCIATION

between two variables. This corresponds to the description given in Friedman (1994:
55), in which he states that “[i]n a two-variable relationship one is usually considered
the independent variable which affects the other, or dependent variable.” (That is, the
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link expressed in Example 7 is that smoking, for example — the independent variable
— appears to increase the chances of developing atherosclerosis — the dependent
variable — and not that atherosclerosis increases the chances of smoking.) Thus, in the
vast majority of cases, research involving two variables will involve the investigation of
a relationship between the variables based on a hypothesis in which one is presumed to
be independent, and the other dependent. Data may be presented using lexical markers
that make this distinction clear (as in the case of risk) or not (as in the case of
association). Whether the choice is being made on a conceptual level (i.e., based on
knowledge that, for example, one factor precedes the other) or a linguistic one (i.e., a
function of marker choice alone) may not always be clear. Regardless, this kind of
distinction is pertinent for the end user of a KRC, in that when markers clearly
corresponding to RISK are used, the postulated cause and outcome are clearly identified,
while in the case of markers of ASSOCIATION they are not.

1.5.2 CAUSE–EFFECT relation
Perhaps due to its fundamental role in human perception, the

CAUSE–EFFECT

relation is

generally easier to recognize than to decompose, define and classify. Readers can easily
identify one or more such relations in sentences such as those below:
8. Taken alone and without interruption, however, estrogen causes
cell division in the uterus, which in many women leads to
uterine cancer. (Watkins 2003)
9. … trials may shed light on the mechanisms by which influenza
triggers cardiovascular complications. (Madjid et al. 2003)
10. Asymmetrical dimethylarginine (ADMA) is an inhibitor of
nitric oxide synthase and thereby causes vasoconstriction and
hypertension, and increases atherogenesis. (Stevens and Levin
2003)

22

That is to say, it is a measure of the likelihood of occurrence of a given disease or outcome in
individuals with the presence of a variable versus those with the absence of that variable.
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However, there is very little agreement as to the definition of what it is to cause
something, and what different kinds of causing may exist. This is in large part due to the
many complexities and variants of relationships between causes and effects.
Many possible methods of analyzing

CAUSE–EFFECT

relations exist; these have

been addressed from many points of view, among them those of philosophy, lexical
semantics, and terminology. Each of these studies has focused on aspects of this relation
that are considered pertinent for a given goal.
The literature on causal relations is abundant and it would be futile to attempt to
provide broad coverage of the reflections on the subject here. Rather, the focus in this
discussion will be placed largely on some works that outline criteria useful for
identifying and characterizing different sub-types of the relation in research projects
such as this one.
As described in Section 1.3, various points of view on relations may be pertinent
for text-based approaches to identifying conceptual information. The relations studied in
this research are indicated by lexical units of a language — often of general language,
although some are specialized or have acquired specialized meanings — and these units
thus have their own lexical meanings and places in the semantic system of the language.
These meanings may provide a basis for the classification of the relationships these units
express. Given that these lexical units are the access points through which conceptual
relations may be identified in text-based — and particularly pattern-based —
applications, it is interesting to consider the ways in which relations have been seen
from the perspective of lexical semantics, to observe how the semantics of the language
may reflect the conceptual constructs that are in turn the product of human perception
and cognition.
Thus, the conceptual perspective of this research may be complemented by and
contrasted with cognitive and semantic analyses of the relations in question.
Interestingly — but not surprisingly, given the process of evolution described above —
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analyses from these different points of view often present significant similarities. This
Section will present some analyses of the

CAUSE–EFFECT

relation in medicine and

epidemiology (Hill), lexical semantics (Lyons, Nazarenko, Mel’čuk et al.), and
terminology (Nuopponen).

1.5.2.1

Hill

Before addressing the study of the CAUSE–EFFECT relation as described by linguists and
terminologists, a more conceptual and empirical approach to identifying this relation
may be presented. As several philosophers (e.g., Hume 1739/1985) have noted, the
relation between a cause and an effect is perceived, rather than known objectively. In the
field of medicine, much thought has been given to criteria that can be used in order to
confirm intuitions about CAUSE–EFFECT relations.
Sir A. Bradford Hill (cited in Streiner and Norman 1998: 121–8; cf. also
Hennekens and Buring (1987: 39–43) and Greenhalgh (2001: 87)) identified nine
criteria that are widely used in medical research in order to justify a conclusion that
there is a

CAUSE–EFFECT

relationship between two variables (here identified as a

postulated cause and an outcome). These criteria, presented in descending order of
importance, are:
1. Strength of association: how closely the postulated cause and outcome are
associated;
2. Consistency of association: whether the association has been observed in numerous
studies carried out by different researchers, in different circumstances;
3. Specificity of association: how closely the observed relationship comes to the ideal
of one postulated cause being associated with one outcome, and that outcome with a
single postulated cause;
4. Temporality of association: whether the (exposure to) the postulated cause
precedes the outcome;
5. Biologic gradient: how direct the correlation is between changes (increases,
decreases) in the postulated cause and changes in the outcome;
6. Biologic plausibility: how plausible the postulated mechanism for causation is from
a biological perspective;
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7. Coherence: whether there are any conflicts between the postulated cause and
existing knowledge;
8. Experimental evidence: whether there is evidence from in vitro and/or in vivo
experiments that support the presumed causal relationship;
9. Analogy: whether there are similarities with known causal relationships.
Clearly, the perception of CAUSE–EFFECT relations begins with an observation of
an ASSOCIATION between two variables. On the basis of a sufficient amount of data from
appropriately designed studies (the gold standard being randomized controlled trials),
researchers attempt to determine whether the two are connected in a causal relationship.
While not all of the criteria indicated above must be met in order for the existence of a
CAUSE–EFFECT

relation to be accepted, the more of them that are met — and the higher

their rank in the list — the more certain the existence of a CAUSE–EFFECT relationship.
Having

observed

these

terminological perspectives on

domain-specific
CAUSE–EFFECT

criteria,

more

linguistic

and

relations that will be useful for

identifying these kinds of conclusions in texts using linguistic cues may be examined.

1.5.2.2

Lyons

Lyons (1977: 490) describes CAUSALITY by stating that “agents are seen as the causes of
situations which, by their actions, they bring into existence,” and also goes on to state
that in another type of CAUSALITY, a situation can also lead to another.
He notes that this portrait is compatible with the description of agency, which he
describes (1977: 483) as follows: “animate entity, X, intentionally and responsibly uses
its own force or energy, to bring about an event or to initiate a process.” He also states
that “the paradigm instance of an event or a process in which agency is most obviously
involved will be one that results in a change in the physical condition or location of X or
some other entity, Y.” (1977: 483)
Lyons differentiates between
latter involves both

CAUSALITY

CAUSALITY

and

CAUSATIVITY

by stating that the

and agency (1977: 490). Lyons also notes that due to
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this interrelation, it may be possible to identify different elements as causes in a given
situation, for example, either the agent or the agent’s action.

1.5.2.3

Nazarenko

In her portrait of

CAUSALITY

in the French lexicon, Nazarenko (2000) highlights not

only the fundamental nature of this kind of relationship in human reasoning, but also the
limited nature of previous descriptions of how it is expressed in language. While she
notes (2000: 13) that its prototypical markers (i.e., causal connectors such as parce que
and à cause de) are relatively few compared to those of some other relations (such as
temporal relations), Nazarenko observes that the linguistic expression of CAUSALITY can
go beyond these simple causal connectors and can also include other lexical units,
syntactic means, and what she refers to as interprétation causale [Eng. causal
interpretation], in which

CAUSALITY

is not directly asserted, but is inferred by the

receptor, generally on the basis of statements that explicitly indicate other relations.
In a description of

CAUSALITY

on a conceptual level, Nazarenko notes (2000: 3)

that definitions are commonly circular, defined by the relationship between a cause and
an effect, which are often defined in terms of one another. Thus, she prefers to analyze
causal relationships according to their properties, citing (2000: 5–6) five major
elements: 1)

CAUSALITY

is subject to temporal requirements, in that the cause must

precede the effect; 2) there is a general applicability of the law of causation, which may
itself be hard to define, but is nevertheless intuitively understood to cover a range of
specific cases; 3) it is possible to understand this relation as a function of deductions and
reasoning based not only on events that did occur, but also on those that did not (e.g., to
deduce that if a given event was the cause of another event, that if this event had not
occurred, the resulting event also would not have occurred); 4) conclusions of
CAUSALITY

are based on approximations, with an identified cause constituting only one

of multiple factors that may contribute (by their presence or absence) to the occurrence
of an effect; and 5) the perception of

CAUSALITY

is subjective and dependent on the
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interpretation of the perceiver. Nazarenko thus defines “causality” as a relation of
cause to effect, or causal relation (2000: 10). Causes and effects are viewed as roles in
such relationships, rather than entities in their own right; these roles may be played by
various types of events, including situations and processes (2000: 10).
Although the recognition of causal relations is a fundamental element in the
reasoning that allows humans to interact with and affect the world around them, and
therefore often constitutes a guide for intentional human action, Nazarenko notes (2000:
6, also citing Russell 1914: 227) that, contrary to some definitions of causation, the
question of volition is not a necessary component of the concept “cause,” a reflection
that Russell notes is particularly obvious in scientific fields such as physics.23
Nazarenko also analyzes some of the criteria that may be used to identify subtypes of

CAUSE–EFFECT

relations, citing for example (2000: 123–124) a distinction that

may be made between direct and indirect causes, punctual and durable causes, and
voluntary and involuntary causes (which bring to bear the criteria of awareness and
intention). She notes that these kinds of distinctions are essentially based on the type of
cause that is present and on the nature of the causal relationship. These distinctions are
often linked to differences in the linguistic manifestations of the relationships; she
provides more details about possible nuances of causal relations in her discussion of
lexical markers (see below).

Nazarenko notes (2000: 8) the close links that exist between the conceptual and
linguistic levels in the comprehension of CAUSALITY, noting that one of the few ways of
identifying and describing the notion of “cause” is by using a linguistic test: a cause may
be identified by its possible function as the answer to a question introduced by
pourquoi…? [Eng. why…?]. Utterances that contain such an element are thus considered
to provide causal information (2000: 10).

23

In our opinion, this is also true of medicine, as in the case of the corpora analyzed in this research.
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In a discussion of causal connectors and their role in causal utterances,
Nazarenko observes, citing the example of comme (2000: 79), that some causal
connectors may be quite polysemous, introducing ambiguities for the interpretation of
the relation underlying a given utterance. She additionally argues (2000: 86–91) that in
some interpretations, connectors may indicate the presence of causal information
without explicitly expressing this relation (this may be the case in utterances containing
markers such as sans que), while others may regularly present causal information
applying to causes that are either negated or uncertain (e.g., as indicated by non que,
which rejects a cause or an explanation of a given event, or soit que… soit que, which
presents two alternative causes or explanations). Finally in her discussion of causal
connectors, Nazarenko stresses (2000: 91) that the use of these connectors can be
idiosyncratic, and may also vary by text type.
Nazarenko stresses (2000: 124–140, 145) that although causal connectors are
relatively limited in number, many other lexical items may also indicate that a causal
relation is present; these indicators may be nouns (e.g., cause, raison, rôle, facteur, and
origine), adjectives (e.g., nécessaire, efficace, responsable) and verbs (e.g., causer,
provoquer, occasionner). (She also notes (2000: 125) that in many cases a given item
may form the basis of series of derived forms belonging to other part of speech
categories but conveying the same notion of cause, e.g., responsable, responsabilité,
être responsable de). She observes (2000: 137) that among these categories, verbs are
the most productive indicators of causation; however, she also notes that a causal
relationship cannot be observed in a verb in isolation — it is a function of both the verb
and its arguments.
Within each category, various lexical indicators of causation may convey
information about the specific type of causal relation present, detailing the type of cause
or effect involved or the nature of the causal process. For example, the nouns rôle,
facteur, and origine specify the way that the cause participates in the production of the
effect; adjectives such as nécessaire, while not necessarily directly expressing causation,
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indicate that causes are present and may be characterized using traditionally identified
attributes such as “necessary” or “sufficient” (while in contrast adjectives such as
spontané or fortuit may explicitly deny the presence of a cause). Verbs may emphasize
various aspects of the relation: the process of causation (as in the case of the examples
above); the types of effects that result (e.g., indicators of quantitative variation as in the
case of augmenter and renforcer for increases, réduire for decreases, créer and
engendrer for appearance (i.e., coming into being) and annuler and supprimer for
disappearance (i.e., ceasing to be); indicators of qualitative variation as in the case of
améliorer or détériorer in general senses, or agrandir, limiter or assurer, which indicate
the involvement of a particular characteristic of the effect (in these cases size, space and
certainty respectively));24 or the role of the cause. This classification by causal role may
be reflected in the use of different markers depending on: the orientation of the causal
relation (i.e., with a focus on the cause, as in the case of entraîner and provoquer, or the
effect, as in provenir de, être du à); the degree of causation, which may be complete
(e.g., causer, conduire à) or partial (e.g., influencer, contribuer à, favoriser, intervenir
dans, aider à, participer à); the value of the causation, which may be positive (e.g.,
causer, encourager) or negative (e.g., empêcher, gêner); or the temporal relationship
between the cause and effect, in which the cause may intervene early in the production
of the effect (e.g., susciter, être à l’origine de) or may be prolonged by the effect (e.g.,
aboutir à). These types of nuances may be pertinent not only for the expression of the
causal relationship, but also for the analysis of the relation itself.
In terms of the expression of the causes and effects involved in causal
relationships, Nazarenko notes (2000: 147–148) that while at a conceptual level a cause
or effect must be an event, situation or process, at a linguistic level these elements may
be realized in various forms, including propositions, nouns or noun phrases, and so on.
The choice of indicator of the relation may influence the manner in which one of these
elements is expressed. For example, the marker parce que often introduces a
24

Cf. Feliu (2004) and her distinction between different types of PROCESS–RESULT relations.
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propositional cause, while nominal causes are often linked to markers such as à cause
de (2000: 59–61). The expression of the cause or effect present may also affect the
amount of information conveyed: propositional expressions of causes or effects tend to
involve the explicit expression of many more elements of the event than nominal ones.
Moreover, causal relations may be expressed within a single proposition or between
propositions.
Nazarenko is careful to note (2000: 125, 143–144) that given the diversity of the
possibilities for expressing CAUSALITY, and the subjective nature of the interpretation of
this relation, the list of possible expressions and the classification of the relations present
are necessarily incomplete and may be viewed differently by different individuals. In
taking a broad view of what may constitute CAUSALITY (including any occurrence which
may be considered to provide an answer to a question introduced by pourquoi), she
chose to present an inclusive description of the possibilities of expressing this relation.
Nazarenko also discusses (2000: 13–49) some cases in which

CAUSALITY

is not

explicitly stated but may nevertheless be interpreted by a receptor from statements that
explicitly provide information about other types of relationships, including temporal
relations (such as anteriority and simultaneity) and correlation.25 She observes that there
is a strong tendency to interpret statements of these relations as causal, to the point that
it may often be necessary to explicitly deny the existence of a causal relationship in
utterances involving such relations in order to block a causal interpretation (2000: 47).

25

Nazarenko notes first (2000: 43) that there is an important difference between correlation at a
conceptual level (in which two situations or events vary in relation to one another), and linguistic
correlation (also called in French systèmes corrélatifs), in which two propositions are involved in a
reciprocal relationship of implication; she notes that while linguistic correlation may express conceptual
correlation, it may also indicate other types of relations, while a conceptual correlation may be expressed
by means other than those of linguistic correlation. Nazarenko is concerned solely with conceptual
correlation in her discussion, because this kind of relationship may often be interpreted as causal.
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1.5.2.4

Mel'čuk et al.

In the context of Meaning ↔ Text Theory, Mel'čuk and his colleagues (Mel'čuk et al.
1995) have formalized various types of relations between the meanings of lexical units
that involve causation, using lexical functions (LFs). Some of these LFs describe
syntagmatic relationships between lexical units at least one of whose meanings includes
a causal component (e.g., Caus, Liqu, Perm), while others describe paradigmatic
relationships between lexical units that are linked by a semantic relationship that
includes an element of causation (e.g., Sres, Result).
In associating different types of causation with the LFs Caus, Liqu and
Perm, the authors have shown that accurately representing relationships between

meanings of lexical units requires a breakdown of different types of causation.
In addition, LFs representing these relationships include an indication of the
aspect of the effect, represented by Incep (designating beginning), Fin (designating
ending) or Cont (designating continuation). (In the case of causal LFs, Incep is seen
as a default value, and thus is understood if neither of the other aspectual functions is
specified.)
Caus represents the basis of the semantic relationship, what would

prototypically be thought of as causation and can be paraphrased as ‘cause’ or ‘do
something so that a situation begins occurring’ (Mel'čuk in preparation: 53). Liqu can
also be represented as Anti(Caus) (Mel'čuk in preparation: 25), that is, the negation of
Caus or of one element of its meaning, or CausFin (Mel'čuk in preparation: 22). This

can be paraphrased as ‘liquidate’ or ‘do something so that a situation stops occurring’
(Mel'čuk in preparation: 53). Finally, the third function of this type is Perm, paraphrased
as ‘permit’ or ‘allow,’ that is, ‘do nothing that would cause that a situation stops
occurring.’ It can also be seen as the negation of Liqu (Mel'čuk in preparation: 53), or
as a double negation of Caus, that is, Perm(P) = NonCaus(NonP).
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These relationships are often seen in complex lexical functions involving
support verbs, such as Oper and Func, as in the following examples (Mel'čuk in
preparation):
CausFunc0(crisis) = bring about [ART ~]
PermFunc0(aggression) = condone [ART ~]
LiquFunc0(traces) = wipe out [ART ~]
CausFunc1(hopeN) = raise [~ in NX]

As a supplement to the LFs mentioned above, it is also worth noting that others
may provide additional modifying information, representing some fundamental
meanings in quantitative (e.g., Plus, ‘more’, and Minus, ‘less’) or qualitative (e.g.,
Bon, ‘good,’ and AntiBon, ‘bad’) modification. Such LFs are commonly combined

with causal LFs (often linked by the LF Pred, which can be paraphrased as ‘be an (L)’)
in order to provide additional information about the type of change that occurs.
In addition to these syntagmatic lexical functions, which have as their values
lexical units (often verbs) that express different types of causation that are relatively
regular and useful for grouping together various occurrences of lexical relations with a
causal component, a number of paradigmatic lexical functions that represent links
between the meanings of lexical units that can be seen as a “cause” and an “effect” may
be observed.
Sres represents a circumstantial noun designating the standard result of a

situation described by a meaning (generally the meaning associated with a noun or a
verb) (Mel'čuk in preparation: 35). Examples are found in the pairs below, taken from
the DiCo (Mel’čuk and Polguère 2005):
Sres (coup de foudre) = amour
Sres (labeur) = fruit
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Result represents verbs meaning ‘the expected result of L’ (Mel'čuk in

preparation: 39). Examples include the following:
Result (buy) = ownV
26

Result (have learnt) = know

The identification of the semantic relationships represented by these LFs as some
of the most fundamental in languages emphasizes the importance of the sense of ‘cause’
in lexical semantics — as representative of the equally fundamental relation between
causes and effects that may be perceived in reality. In addition, the choice of the criteria
used to distinguish between the various causal sense relationships that may exist
identifies a number of aspects of causation that are important. First, a number of
different types of causation may be identified: causing something to exist, causing
something not to exist, and allowing something to exist. Second, another important
distinction involves whether this “something” begins or continues to exist, or whether it
stops existing. In order to gain a complete picture of causation in language it is
necessary to take into account the cause, the effect, the aspect of the effect, and the type
of relation between the cause and effect. It may furthermore be argued that these
linguistic distinctions reflect important ones at a conceptual level as well.
In a forthcoming article, Kahane and Mel’čuk describe causation (once more
from the point of view of lexical semantics) and evaluate the conditions that apply to a
representation of a real-world situation in order that this situation can be described using
the linguistic sense ‘cause,’ as well as the conditions that must be satisfied in order to
describe a situation in terms of specific linguistic means. They thus very clearly
differentiate their work from that of philosophers and logicians, who attempt rather to
identify the real-world situations that correspond to the concept of “causation,” or what
mental constructions and knowledge must be present in order for an individual to use the
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concept “causation” in reasoning (Kahane and Mel’čuk forthcoming: 2).
Nevertheless, they note that these different levels of analysis are inseparable links in a
chain from real-world situation to a conceptual representation of that situation, which is
then transformed into a semantic representation of sentences in a given language, and
finally represented formally in these sentences (Kahane and Mel’čuk forthcoming: 3).
In their analysis, Kahane and Mel’čuk identify a number of pertinent elements in
a causal relationship, as well as two separate senses representing causation, and thus two
senses of the French verb CAUSER.27 The first, ‘causer1,’ is non-agentive causation,
which can be paraphrased by ‘être la cause de.’ The second, ‘causer2’ is agentive
causation, paraphrased by ‘être le causateur de.’ In this latter case, there is both volition
and a given goal for the causation (Kahane and Mel’čuk forthcoming: 25). Thus, the
major differentiating criterion used in this analysis is agency (which links to the
observations made in Lyons (1977) above, and also reflects observations made by
Nazarenko (2000)).
In the case of ‘causer1,’ the participants in the causal situation can be classified
as an effect, a cause, and an elaboration of the cause (cf. Lyons’ (1977) action of the
agent). This third, less obvious element in the situation represents an event involving the
cause (specifically, it is a predicate with the cause as its first actant). The elaboration of
the cause may or may not be realized at the surface level, but is always present at some
level. The effect must also be an event. Various representations of a situation involving
‘causer1’ may be observed in Examples 11 to 13 (Kahane and Mel’čuk forthcoming: 6):
11. Les voitures causent l’irritation de Zoé.
26

While the infinitive form learn is more usual in lexical functions, the perfect form used here reflects the
fact that ‘knowing’ is a result of a finished process of ‘learning,’ rather than of the process as it is
occurring (Mel’čuk 2006, personal communication).

27

The authors also mention briefly other complicating aspects of causation that they did not address in
this article (Kahane and Mel’čuk forthcoming: 4), notably the difference between direct and indirect
causation, the distinctions between different types of causation — including ‘cause,’ ‘make possible,’
‘permit’ and ‘prevent’ — and the case of internal causation (in which, to use a primitive decomposition of
the meaning, an agent causes itself to do something).
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12. Les voitures causent l’irritation de Zoé par leur va-et-vient incessant.
13. Le va-et-vient incessant des voitures cause l’irritation de Zoé.

Thus either two or three of the elements, the cause (les voitures), the elaboration of the
cause (le va-et-vient) and the effect (l’irritation de Zoé), are realized in descriptions of
the situation, in different surface syntactic structures. This means that there are two
possible surface realizations of the actantial structure of ‘causer1,’ one bi-actantial, the
other tri-actantial (Kahane and Mel’čuk forthcoming: 6): X cause Y et X cause Y par
Z(X), where Z is a predicate that has X as its first actant (e.g., an attribute or action of X,
as in the va-et-vient des voitures).28 Moreover, this variation is recursive — that is, can
be expanded almost infinitely — so that it is possible to identify many different
interconnected “causes” (e.g., Le bruit du va-et-vient des voitures cause l’irritation de
Zoé). The third actant is characterized as escamotable [Eng. syntactically optional], i.e.,
compulsory in the semantic representation of the situation, but not necessarily realized
at the surface level. The authors note (Kahane and Mel’čuk forthcoming: 8) that this
reflects the fundamental nature of causation, which relies on human (subjective)
judgment to identify not only a single cause among a multitude of contributing factors
(e.g., necessary conditions for an event, the absence of other factors that could prevent
the event, other contributors to the situation, etc.), but also the correct level of detail to
use when describing the cause of an event (e.g., the choice not to express the situation
described in the examples above using a sentence such as L’activité des synapses du
cerveau de Zoé en réponse à la stimulation de ses nerfs auditifs par le bruit du va-etvient des voitures a causé l’irritation de Zoé.). In addition, there are several possible
combinations of semantic classes to which these surface actants may belong. This and
other types of variation (e.g., metonymy) ensure that there is likely to be a need for a
certain amount of flexibility in describing relations between lexical units participating in
causal variations.

28

The semantic structure underlying these surface representations of course remains the same and always
has three actants; the form X cause Y [par Z(X)] accounts for both possible surface forms.
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In the case of agentive causation, ‘causer2,’ four possible actants may be
identified: the causal agent (which might be designated in French by the terms auteur or
responsable), the cause (the action taken by the causal agent), the effect, and the
instrument used in the action. The causal agent in this case is either a person or an entity
or event that is seen in a personified way (e.g., an animal, an “intelligent” machine, a
natural disaster, or even a disease). The authors stress (Kahane and Mel’čuk
forthcoming: 26–7) that the cause here is not the same as the elaboration of the cause in
‘causer1,’ although there may be a superficial resemblance.
Example 14 illustrates the use of ‘causer2’ (Kahane and Mel’čuk forthcoming:
26):
14. Zoé a causé2 la mort de la grenouille avec une fourchette en la
lui enfonçant dans l’œil.

The authors go on to expand on this analysis by describing several transitive
verbs that have one of these two causal senses as their communicatively dominant
semantic component (i.e., when represented as a semantic network, can be minimally
paraphrased

by

this

component);

these

include

NETTOYER,

ÉLIMINER,

EXPLIQUER, IRRITER and TUER. Moreover, some of these items also have (at least)
two senses (corresponding to two separate acceptions), one that contains ‘causer1’ and
another than contains ‘causer2’; these thus parallel the distinction made between the two
senses of CAUSER.
In discussing these lexical units, the authors have also found it useful to make
another distinction, this one between verbs of causation and causative verbs (Kahane
and Mel’čuk forthcoming: 29–35). The first group, such as DÉCLENCHER and
ENTRAÎNER, express causation alone, while the second, such as TUER and
CONSTRUIRE, also include in their meaning the effect of the causation. This
distinction reflects a number of differences that may be seen on both a semantic and
formal level.
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1.5.2.5

Nuopponen

As observed in Section 1.4.3, in Nuopponen’s 2005 relation classification
EFFECT

CAUSE–

conceptual relations are identified as a type of ONTOLOGICAL INFLUENCE relation

(a category defined by the presence of some kind of causal component in the relation,
i.e., a one-sided or mutual influence). Although the classification surrounding them has
evolved and the terminology used changed slightly, that of the

CAUSE–EFFECT

relations

themselves is not obviously different from Nuopponen’s 1994 classification of the
relation. (In fact, very little description of these relations is given in the article.)
In 1994, Nuopponen highlighted the importance of the

CAUSE–EFFECT

relation

between concepts from a terminological perspective, particularly in the domains of
science and medicine.29 She developed a classification of the

CAUSE–EFFECT

relation

(1994: 37–8) that, as illustrated in Figure 2, may be grafted onto Wüster’s classification
of ontological concept relations (which appears above the dotted line), and then
introduces a classification of the CAUSE–EFFECT relation that she characterizes as largely
based on Mackie (1974) (below the line). Figure 3 provides another representation of the
relationships between various types of causes and effects, while Figure 4 gives an
example of some CAUSE–EFFECT relationships involving the concept “measles.”
Nuopponen recognizes that not all

CAUSE–EFFECT

relations involve a single

cause and a single effect. In fact, many effects — perhaps especially in medicine — may
be associated with a number of causes, and many causes with a number of effects.
Nuopponen thus chose to define a category of relations involving more than one
cause or effect (causal concept coordination), to subdivide this category into cases of
multiple cause and multiple effect, and then to subdivide it further in the case of
multiple causes into relations involving alternative causes (with either one or the other
of the possible causes producing the effect), and those involving co-operating causes
(which come together to produce the effect). In the case of multiple effects, Nuopponen
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identifies those that are alternative (in which one of the possible effects occurs) or cooccurring (in which two or more effects occur as a result of the cause).
In addition, the author identifies three different components of cause that may be
identified (1994: 39–40). The first is the causative agent, “substances, materials or other
elements that cause an effect” (1994: 39), as in the case of allergens causing allergies.
The second is the producing cause, commonly seen in philosophy as an event that
causes another event, as in the case of the action of an agent or the exposure to an agent
that causes disease. Producing causes can be further classified into causative events,
causative actions and causative processes. Nuopponen notes (1994: 40) that the patient
in a causal event (e.g., the metal in the case of corrosion) is also a pertinent element in
the description of the causal system. The third component is the explanatory cause, a
fact or a state. The example given by Nuopponen (1994: 40) is the case of existing
allergies, which are triggered by the producing cause of exposure to an allergen. Finally,
Nuopponen cites counteracting causes, i.e., agents, events, states or facts that counteract
the causal process and prevent the effect, as taking allergy medications may interrupt the
reaction of a person with allergies to exposure to an allergen. She also notes that the
absence of such counteracting causes may in itself be considered to be a causal factor.
In a discussion of effects, Nuopponen also identifies several components (1994:
40–41). These include resulting states (e.g., disease or damage in the case of
pathological functions), resulting products (e.g., rust in the case of corrosion) and
resulting events (e.g., immunization in the case of vaccination).

29

Similar classifications have also been used by other authors (e.g., Cabré et al. 1996).
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Figure 2. Conceptual relations (Wüster 1974; Nuopponen 1994)
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Figure 3: Nuopponen’s causes and effects (1994: 41)
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Figure 4: Nuopponen’s diagram of the causal concept system for the concept “measles” (1994: 42)
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Nuopponen also identifies what she calls complications, indirect effects of a
first effect (as in the case of respiratory and neurological complications from measles).
In the same vein, she notes that often a given relation participates in a chain of CAUSE–
EFFECT

relations, with the effect in one relation becoming the cause in another, and so

on. Nuopponen thus differentiates between simple causal concept sequences and causal
concept chains.

1.5.2.6

Synthesis

A number of criteria used by these authors to describe different kinds of relationships
involving causation can thus be identified. In her conceptually-oriented analysis,
Nuopponen (1994) classifies relations in part according to the number of causes and the
number of effects involved in the relation, and on whether these occur together (in the
case of co-operating causes and co-occurring effects) or separately (in the case of
alternative effects and causes).
These classifications may be compared to other commonly identified
classifications of causes, which deal with causes that are necessary and/or sufficient. For
example, in the MeSH definition of etiology cited in the UMLS Metathesaurus (see
Section 1.5.1.4), it becomes apparent that cases of multiple causes, as well as necessary
and sufficient causes, are all considered pertinent in the medical domain. Their absence
from other classifications noted here (except for brief mentions, for example in
Nazarenko 2000) may be linked to the rarity with which these characteristics are
reflected in the meanings of lexical units expressing causal relationships, the perspective
of most of these studies.
Types of elements that may occur in the roles of causes and effects are also
mentioned both from a conceptual perspective (by Nuopponen (1994)) and a lexicosemantic one (by Lyons (1977), Nazarenko (2000), and Kahane and Mel’čuk
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(forthcoming)).30 The granularity of the classification ranges from very precise, as in
the case of Kahane and Mel'čuk — who describe various possible combinations of
semantic classes in

CAUSE–EFFECT

relations — to relatively general in the case of

Nazarenko (2000) and of Nuopponen (1994), who limits the discussion to relatively
general classes considered individually. Particularly important in many contexts is the
distinction made between causal agents and causing events; as noted by several authors,
either or both of these types of causes may be indicated in contexts expressing

CAUSE–

EFFECT relations.

Another pertinent characteristic of the description of

CAUSE–EFFECT

relations is

the possibility of a cause potentially — but not necessarily — acting consciously and
voluntarily. Kahane and Mel’čuk’s distinction of agentive and non-agentive causation is
pertinent here, demonstrating that from at least some perspectives, both possibilities
may be valid. Analyses by Nuopponen (1994) and by Nazarenko (2000) reflect an
acceptance of both types of relationships as causal. As noted in the citation from Russell
(1914: 227) provided by Nazarenko (2000: 7), the role of voluntary causation may be
very limited in some scientific fields, such as physics (and, we may argue, medicine).
Perhaps the most pertinent criterion for classification, however, is by the nature
of the change that occurs to the effect. From a lexico-semantic perspective, this aspect is
the central one used in Mel'čuk’s lexical functions (Mel'čuk et al. 1995; Mel'čuk in
preparation), and is also one of those identified by Nazarenko (2000) that is reflected in
lexical markers of CAUSALITY. This is also reflected in Nuopponen’s (1994) description
of counteracting causes at a conceptual level, which lead to the non-existence or nonoccurrence of an effect. While these classifications differ in their specific distinctions of
different types of relationships, general commonalities are observed in the

30

Nazarenko, for example, notes that causes may be events, situations or processes (2000: 147–148), but
that in some expressions of CAUSALITY agents of processes may also be viewed as causes of those
processes’ results (2000: 140).
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differentiation between, for example, cases in which events occur or cease to occur, in
which they increase or decrease, and so on.
These diverse points of view on various ways of analyzing

CAUSE–EFFECT

relations provide an opportunity to discuss the perspective used in this research, before
the classification of the relation used for the work is presented in Section 1.5.2.8.5.

1.5.2.7

Definition of the CAUSE–EFFECT relation in this research

For the purposes of this research, the CAUSE–EFFECT conceptual relation will be defined
as a relation between two concepts, i.e., a cause and an effect, in which the cause exerts
an influence that determines the existence or occurrence of an effect or changes the
existence or occurrence of that effect. These may include relations in which the
influence exerted by a cause leads to either the existence or the non-existence of an
entity effect or the occurrence or non-occurrence of an event effect (e.g., coming to be
or happen, as indicated for example by produce or produire, or ceasing to be or happen,
as in destroy or détruire), in addition to cases in which the qualitative or quantitative
nature of a cause’s influence on the effect identified in the context (e.g., modifying as in
change or modifier, increasing as in increase or augmenter, and decreasing as in reduce
and diminuer) are specified.
In this study, a choice was made not to limit the study of CAUSE–EFFECT relations
to those involving the voluntary action of a causal agent, for a number of reasons. First,
in the subject field and text types used in the work, the proportion of relations in which
there is both volition and a specific goal, and in which this agency is clearly manifested,
is likely to be relatively small, and interest in other types of causes widespread (cf.
Nuopponen 1994; Nazarenko 2000). Secondly, this volition is most likely to be
associated with human causal agents, who are not as likely to be named by terms
included in standard terminological resources, and thus for which the extraction of
CAUSE–EFFECT

relations is probably of limited usefulness in terminology work.

Moreover, the involvement of human subjects has been observed to be downplayed in
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scientific and medical texts, making the likelihood of observing such contexts
minimal. Thus, while the validity of these distinctions for fine-grained semantic analysis
is recognized, they will not be made in this work.
Following this decision, it was also not considered to be necessary to limit
consideration to specific types of causes, elaborations of cause, and causal agents; all of
these were considered pertinent in the research.
In contrast, the analysis in this research was restricted to what may be referred to
as basic or “core”

CAUSE–EFFECT

relations, and the markers that indicate them.31

Nazarenko (2000) and Kahane and Mel’čuk (forthcoming), in their analyses of
causation in lexical semantics, observed that the meanings of a large number of lexical
units (for example, a very large number of transitive verbs) contain a component of
causation. Kahane and Mel’čuk, for instance, differentiate between verbs of causation
and causative verbs, which distinguishes between items whose senses include “pure”
causation from those that include components corresponding both to causation and to its
effect. As such, at a semantic level it would be possible to identify very specific subtypes of causation conveyed by a vast range of lexical units, potentially accompanied by
expansion of corresponding relations at a conceptual level.
However, the complexity and specificity of these relationships also compromises
the usefulness of these markers for extracting KRCs indicating conceptual relations of
use in terminology work. The goal of using pattern-based tools in this field —
principally the identification of conceptual relations in extracted contexts — involves
the identification of links between two elements realized in the text. The complex causal
relations in the cases described above do not meet these criteria, as they often involve
relations that hold not between the items realized in the context but between one of these
items and another element not realized separately or explicitly in the context.

31

A discussion of this choice and some of its effects may be found in Section 5.5.3.1.
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In addition, at a practical level, the investment of time and effort in developing
marker forms for use in pattern-based tools for such a wide range of lexical units
indicating these more complex causal relations would be prohibitive, as would that
required to develop strategies for evaluating the information retrieved using such
markers.
Finally, restrictions on the usefulness associated with more complex relations are
also clear when one considers the range of contexts in which a lexical item such as
CAUSER

may be found, as compared to one such as

NETTOYER

or

IRRITER,

and the

informative value of systematically including information about the former type of
connection between concepts described in a terminological resource, as compared to
that of the latter types.
All of these observations led to the decision to limit the evaluation of
EFFECT

1.5.2.8

CAUSE–

in this research to the basic “core” varieties that will be described below.

Classification of CAUSE–EFFECT relations

In this Section, two classifications of

CAUSE–EFFECT

relations, by Garcia (1997)

(Section 1.5.2.8.2) and Barrière (2002) (Section 1.5.2.8.3), will be presented. These will
be preceded by a brief description of the analysis used by Talmy (1985), called upon by
both of these classifications (Section 1.5.2.8.1). Then, in Section 1.5.2.8.4, the two
classifications will be compared and contrasted with one another and with the analyses
of CAUSE–EFFECT relations presented in Section 1.5.2. The motivations for the choice of
classification used in this research will then be discussed in Section 1.5.2.8.5.

1.5.2.8.1 Talmy
In developing classifications of

CAUSE–EFFECT

relations for use in pattern-based tools,

both Garcia (1997) and Barrière (2002) refer to an analysis developed in the context of
the theory of force dynamics, as described by Talmy (1985). This analysis is based on a
model in which CAUSE–EFFECT relations involve the interaction of two forces, an agonist
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and an antagonist, which — as their names suggest — are in opposition. The type of
effect that results depends on the initial state of the element affected, the relative
strength of the forces, and the final state of the element affected given this opposition of
forces (i.e., rest or motion). Talmy outlines two possible sets of situations, cases in
which the strengths of the opposing forces remain constant (steady-state dynamics), and
cases in which the strength of one of these forces changes (shifting-state dynamics).
Talmy (1985) asserts that this kind of classification forms the conceptual basis of
many of the distinctions reflected at a semantic level in languages. This makes the
classification particularly interesting for use as the basis of relation classifications in
pattern-based applications, as these should reflect important conceptual distinctions in a
way that mirrors those manifested in the choice of markers themselves as closely as
possible, maximizing the possibilities for identifying relations at a conceptual level
using their expression in texts (e.g., through the markers of these relations).
This conception of

CAUSE–EFFECT

relations thus permits the evaluation of

relationships that result not only in the occurrence of a situation (cf. motion), but also of
its non-occurrence (cf. rest), as well as the onset, end or continuation of these situations.
Moreover, it may allow for varying degrees of influence on a situation (as illustrated, for
example, by the discussion of hindrance). As such it provides a relatively broad portrait
of various types of causal relationships.

1.5.2.8.2 Garcia
Garcia (1996, 1997) discusses relations involving efficient causes (cf. Aristotelian
terminology for

CAUSE–EFFECT

relations, Physics II, illustrated in Appendix A). Her

perspective is that of computer-assisted terminology, and more specifically the
development of a tool, called COATIS, for the extraction of

CAUSE–EFFECT

relations

from text corpora in the field of electricity. Garcia’s approach relies on the observation
of verbs in a corpus, which she calls indicateurs linguistiques of

CAUSE–EFFECT

relations (1997: 10), verbes indicateurs de causalité or simply indicateurs (1997: 12).
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She notes (1997: 10) that these markers may simply indicate the presence of a
CAUSE–EFFECT

relation (essentially of the semantic primitive ‛cause,’ as in the case of

verbs such as causer, provoquer, and résulter), or may also give information about the
nature of the effect produced or of the causal action that produced it.
Garcia’s classification of the efficient CAUSE–EFFECT relation (shown in Figure 5
and in more detail in Table 7), is largely based on that of Talmy (1985), and also reflects
many of the aspects of Nuopponen’s (1994) analysis (Section 1.5.2.5). In the case of
relations in which a marker gives added information about a cause, she identifies a subcategory of relations involving contributing causes (indicated by markers such as
participer dans and contribuer à), and within it another of collaborating causes
(indicated by markers such as coopérer à and collaborer à). Garcia thus separates
CONTRIBUTION

from other types of

CAUSE–EFFECT

relations, in which the cause is

(presumably) sufficient to lead to the effect.32
For efficient causes in which additional information about the nature of the effect
produced is indicated, Garcia defines (1997: 11–12) a classification of

CAUSE–EFFECT

relations between two actions, associated with some typical verbal markers:
•
•
•

32

(e.g., déclencher, produire);
EMPÊCHEMENT (e.g., empêcher, bloquer);
MODIFICATION (e.g., changer, influencer);
o
LAISSER-FAIRE (e.g., permettre, autoriser), a neutral modification;
FACILITATION (e.g., favoriser, faciliter), a relatively positive modification;
o
−
MAINTIEN (e.g., conserver, garder), an extreme case of facilitation in
which the cause not only facilitates but also is necessary to the effect;
GÊNE (e.g., entraver, gêner), a relatively negative modification;
o
−
SOUMISSION (e.g., accepter, souffrir de), in which the effect submits
to the influence of the cause; and
RÉACTION (réagir à, résister à), in which the effect resists the
−
influence of the cause.
CRÉATION

Nuopponen’s (1994) co-operating causes can also be considered to form a category of contributing
causes (although her alternative causes cannot, as each of these individual causes could be sufficient to
bring about the effect).
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Figure 5. Garcia’s efficient causes (adapted from Garcia 1997: 11)
CAUSE efficiente

nature de la cause

nature de l’effet

CONTRIBUTION

EMPÊCHEMENT

MODIFICATION

COLLABORATION

GÊNE

LAISSER FAIRE

SOUMISSION

FACILITATION

RÉACTION

Garcia chose to limit her discussion to cases of
INTERACTION,

CRÉATION

MAINTIEN

CAUSE–EFFECT

relations, i.e.,

INFLUENCE

or

between actions in order to separate the discussion of

CAUSALITY

from that of agency, although she noted that in discussions of verbal

polysemy these aspects are both important and closely connected (1997: 13). She noted
that various types of causes may nevertheless be realized in a given utterance, including
the action itself, its result, and the agent of the action, although rarely are all of these
expressed in a single utterance; rather, the focus is usually placed on one of the three.
Again evoking terminology used by Aristotle, Garcia also mentioned formal
causes (12) (cf. footnote 15 in Section 1.5.1.1).
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Table 7. Garcia’s classification of CAUSE–EFFECT relations (1997)
Type de causalité
Cause efficiente
nature de la cause

CONTRIBUTION

COLLABORATION

nature de l’effet

EMPÊCHEMENT
MODIFICATION

GÊNE
SOUMISSION
RÉACTION
LAISSER-FAIRE
FACILITATION
MAINTIEN
CRÉATION

Indicateurs
lexicaux
causer, provoquer,
résulter
participer
dans,
intervenir
dans,
contribuer à
coopérer
à,
concourir
à,
collaborer à
éviter,
empêcher,
bloquer
changer,
métamorphoser,
influencer
bouleverser,
entraver, gêner
accepter,
pâtir,
souffrir de
réagir à, résister à,
s’opposer à
permettre, laisser,
autoriser
aider,
favoriser,
faciliter
maintenir,
conserver, garder
déclencher,
faire
naître, produire
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1.5.2.8.3 Barrière
Barrière’s (2001, 2002) classification (Figure 6) is quite similar in many ways to those
used by Garcia (1997) and Talmy (1985), owing much to both of these. However,
Barrière further develops Garcia’s classification by emphasizing and developing a larger
hierarchical structure in which the types of relations identified may be organized. This
structure highlights some of the important distinctions in the types of

CAUSE–EFFECT

relations that may be identified in corpora using lexical markers, and offers possibilities
for classifying these types of relations automatically and for dealing with some cases of
ambiguity of markers.
This classification, developed for use in a marker-based application for
extracting

CAUSE–EFFECT

relations from text corpora (see Section 2.1.8), reflects not

only a need to reflect conceptual realities and important distinctions between different
types of conceptual

CAUSE–EFFECT

relations, but also the goal of automatic

identification of different sub-relations through these markers, a task that may also be
informed by more semantic aspects of marker meaning.
Barrière’s classification begins with the identification of two categories,
depending on the type of element affected by this interaction of forces. In the Existence
dependency, the interaction affects the existence or non-existence of an entity, or the
occurrence or non-occurrence of an event, while in the Influence dependency, it affects
a given feature or property of an entity or an event.
In the Existence dependency, Barrière establishes parallels between the different
interactions of forces identified by Talmy in the context of steady-state dynamics,
associating Talmy’s rest with non-existence of an entity or non-occurrence of an event,
and motion with the existence of an entity or occurrence of an event. Correspondingly,
in the Influence dependency, referring to the set of situations identified in shifting-state
dynamics, Barrière creates a classification based on the change in a feature of an event
or entity.
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The Existence dependency is divided into four sub-types,
DESTRUCTION, MAINTENANCE,

and

PREVENTION.

CREATION,

CREATION occurs when the interaction

between the opposing forces brings into being an entity that did not previously exist or
causes an event that was not previously occurring to take place.
The opposite of

CREATION, DESTRUCTION

occurs when the interaction between

opposing forces causes something that previously existed to cease to exist, or an event
that was previously taking place to stop.
Cause

Existence Dependency

Influence Dependency

CREATION DESTRUCTION MAINTENANCE PREVENTION

MODIFICATION PRESERVATION

cause

affect

eliminate

keep

prohibit

maintain

INCREASE

DECREASE

encourage
increase

inhibit
reduce

Figure 6. Barrière’s classification of the CAUSE–EFFECT relation (Barrière 2002)
MAINTENANCE designates a situation in which an entity or event existed or was
occurring before the interaction of the opposing forces and continues to exist or occur
thereafter. It is worth noting Barrière classes in this category the relations denoted by
verbs such as allow and permit.

89
In PREVENTION, an entity or event did not exist or occur before the interaction
between opposing forces, and continues not to exist or occur.
Barrière’s classification of the Influence dependency also includes four subtypes:

MODIFICATION, INCREASE, DECREASE,

sub-category that in turn includes those of

and

PRESERVATION.

INCREASE

and

MODIFICATION is a

DECREASE.

It groups together

all types of the relation in which the interaction between forces causes a change in a
feature or property of an entity or event. However, this category is not limited to
INCREASE

and

DECREASE,

but also constitutes its own sub-type of the Influence

dependency. This sub-group includes cases in which the forces’ interaction have an
effect on a characteristic or feature of an event or entity, but in which the kind of
MODIFICATION

may not be specified, or may be qualitative rather than quantitative (i.e.,

not easily identified as either an increase or a decrease). Examples are found in the
pattern markers influence and change: without further explanation there is no way to
know what form this influence may take or what kind of change occurs.
The category of INCREASE covers situations in which the feature of the entity or
event is intensified or augmented by the interaction between the opposing forces.
DECREASE is the mirror image of the

INCREASE

sub-type: a feature of the entity

or event is lessened or reduced by the interaction between the opposing forces.
PRESERVATION is analogous to the existence dependency’s

MAINTENANCE

sub-

category, since the feature of the entity or event exists before the interaction of the
forces and continues to exist unchanged afterwards. However, perhaps less intuitively, it
also includes those instances in which a feature or property is not present and continues
not to be present after the interaction between the forces.
Table 8 presents Barrière’s hierarchical classification of the relation and the
effects of the force interaction, in addition to some of the relation markers for each subtype. The left-hand column indicates the dependency; the column to its right indicates
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the sub-categories. The third column indicates the effect of the interaction between
the opposing forces. E designates an entity or event, ~E the non-existence of an entity or
the non-occurrence of an event, and fi a feature of an entity or event, both before and
after the interaction of forces. The right-hand column lists some English relation
markers discovered in the course of Barrière’s research (2001, 2002).
Table 8. Barrière's classification of the CAUSE–EFFECT relation (2002)
Existence dependency

Influence dependency

CREATION

~E → E

DESTRUCTION

E → ~E

MAINTENANCE

E→E

PREVENTION

~E → ~E

MODIFICATION

E:fi < > E:fi

PRESERVATION

INCREASE

E:fi < E:fi

DECREASE

E:fi > E:fi

E:fi = E:fi

create
generate
produce
kill
eliminate
destroy
allow
keep
maintain
prevent
discourage
control
influence
change
modify
increase
improve
promote
enhance
reduce
decrease
shorten
slow down
deter
discourage
maintain
keep
retain

1.5.2.8.4 Synthesis
Both of these classifications have been used successfully in research on pattern-based
applications. Clearly — and unsurprisingly, given their common links to Talmy’s
analysis (1985) and Barrière’s consultation of Garcia’s classification in her work — they
present strong similarities. Moreover, the development of Garcia’s system for use in
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French and Barrière’s in English indicates that such systems — and particularly their
commonalities — are promising for bilingual use.
In addition, these classifications reflect many aspects of the analyses of
EFFECT

CAUSE–

relations in lexical semantics and terminology described above in Section 1.5.2,

highlighting features of the relations that are important from both perspectives. This
reflects the hybrid nature of the application itself, specifically its goal of using textual
items (i.e., relation markers) to access information for use in conceptual analysis.
Both of these classifications — and of course the analysis developed by Talmy
(1985), to which both of these refer — are heavily based on the nature of the change that
occurs (or does not occur, in the case of sub-relations such as

PREVENTION).

This

establishes commonalities with the lexical semantic analyses represented in Mel'čuk’s
lexical functions (Mel'čuk et al. 1995; Mel'čuk in preparation), and in Nazarenko (2000).
Similarities to the criterion of aspect as included in Mel'čuk’s verbal lexical
functions (described in Section 1.5.2.4) may also be observed, since sub-relations are
distinguished according to whether a given entity’s existence or an event’s occurrence
begins, stops or continues.
The classifications diverge somewhat in the presence of some additional aspects
in Garcia’s (1997) classification. Like Nuopponen (1994), Garcia identifies sub-types of
the

CAUSE–EFFECT

relation involving multiple causes. She also identifies specific ways

in which the elements affected in the relations characterized as

GÊNE

may react to the

influence exerted on them (i.e., by submitting or reacting to this influence). Moreover,
like Nuopponen (1994) from a conceptual perspective and Kahane and Mel’čuk
(forthcoming) from a lexical semantic point of view, Garcia (1996, 1997) also discusses
types of elements that may occur in texts in the roles of causes and effects as criteria for
classifying CAUSE–EFFECT relations.
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1.5.2.8.5 Choice of CAUSE–EFFECT relation classification
Barrière’s classification of the

CAUSE–EFFECT

relation (2002; cf. Section 1.5.2.8.3) was

chosen for use in this research, for a number of reasons discussed below.
In the medical field, differentiating between various sub-types of the
EFFECT

CAUSE–

relation — and in particular the types of effects that may be expected — was

considered to be essential: obviously, it is important in medicine to be able to
distinguish factors that prevent an event from those that cause it, those that reduce an
effect from those that increase it, and so on. Both Garcia’s and Barrière’s classifications
(as well as the analysis by Talmy (1985), to which both authors refer) reflect these
criteria, and thus important aspects of

CAUSE–EFFECT

relations in the medical domain

that would suit the needs of terminologists attempting to describe and link concepts and
terms terms in terminological resources. (The classifications thus parallel counteracting
causes as identified by Nuopponen (1994), as well as important lexico-semantic
distinctions identified by Mel’čuk et al. (1996) (in lexical functions such as Liqu), and
Nazarenko (2000).)
Moreover, in previous research (Garcia 1996, 1997; Barrière 2001, 2002;
Marshman 2002) it has been shown that the classifications discussed here are adequate
for use in pattern-based applications, and that individual knowledge patterns can often
(although not always or always exclusively (cf. Barrière 2002: 102–3)) be linked to the
sub-types of

CAUSE–EFFECT

relations they include. Moreover, the two classifications

reflect a level of granularity that is realistic in semi-automatic applications. Both were
thus considered to be good preliminary candidates for use in this research.
While in the field of medicine other aspects of

CAUSE–EFFECT

relations are

clearly important, it was felt that the nature of the field and the texts in the corpus, as
well as the goal of semi-automatic extraction of relations, precluded the consideration of
a certain number of factors considered in the analyses presented above.
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Given the fact that many of the corpus texts deal with current research in the
domain, they often describe knowledge that is developing, and may not yet be complete.
In such cases, it can be very difficult to determine definitively whether a given cause is
necessary and/or sufficient to produce an effect, and thus explicit indications of these
characteristics in texts are likely to be infrequent. For this reason, and from observations
of the corpus, contexts that clearly indicate whether a given cause is necessary or
sufficient were considered likely to be too few for this distinction to be taken into
account in the classification used.33 In addition, given the evolving character of
knowledge in the domain and the complex and multi-criterial evaluations that are
necessary to attribute these characteristics to a given relation in many cases, the
definitive attribution of these characteristics may not be advisable in future applications
of the data extracted for terminology work, making these criteria marginal in their value
for the evaluation and/or sorting of contexts.
In addition, while in some cases (e.g., when two or more items representing
causes or effects are found in association with a relation marker) it could be possible to
identify cases of causal concept co-ordination, it may be extremely difficult to determine
whether these causes are alternative or co-operating, and the effects alternative or cooccurring. Thus it was not considered to be advisable to use these criteria in the
classification of

CAUSE–EFFECT

relations extracted in the research, as was the case for

example in Nuopponen’s (1994) analysis, reflected in a less detailed form in Garcia
(1997).34

33

However, this does not preclude subsequent identification of indicators of these phenomena in contexts
extracted, for example using a technique that would search for lexical indicators (e.g., necessary,
sufficient, always, only) of these specific types of causes in proximity to markers of CAUSE–EFFECT
relations.
34

However, the presence of multiple elements sharing a role in a relation was noted in the applicable
relation occurrences (cf. Section 2.6.2); this kind of processing may allow for pertinent contexts to be
identified for a user, who can then interpret the kind of phenomenon observed. Moreover, the analysis of
the type of link that exists between these related elements at a surface level may serve as a cue to aid the
user in determining whether causes are co-operating or alternative, or effects are co-occurring or
alternative. (For example, observations of lexical indicators of the presence of these specific sub-types of
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While the existence of causal chains, again reflected in Nuopponen’s (1994)
analysis of the relation, is clearly important in the field of medicine, the identification of
such chains is somewhat outside the scope of conceptual relation identification in the
kinds of applications discussed in this research, which are likely to involve identifying
links between specific pairs of objects (e.g., between term records in a terminological
resource or nodes in an ontology), or the formulation of brief descriptions of relations
(e.g., in the case of definitions), rather than the comprehensive description of complex
interactions and chains of causation. Finally — but most importantly — semi-automatic,
pattern-based knowledge extraction methods are simply not adapted for locating chains
of causation in their entirety, since a given marker is most likely to indicate only one
instance of a relation at a time (although this relation may hold between different pairs
of elements), while additional links in chains of

CAUSE–EFFECT

relations will probably

be associated with separate markers. Thus, in this research it was deemed preferable to
treat individual relations separately.35
Another distinction included in Nuopponen’s (1994) analysis and mentioned
briefly in Garcia (1997) — also discussed by Nazarenko (2000) and Kahane and
Mel’čuk (forthcoming) — but not included in Garcia’s or Barrière’s classifications as
such, is that between different classes of causes and effects, including causal agents and
events. However, it may be observed in the descriptions by several authors that the
expressions of participants in a relation may vary significantly at a textual level from
occurrence to occurrence (with one or more types of causes or effects potentially
indicated in a single occurrence), without necessarily reflecting an underlying difference
links (e.g., both… and, either… or) may be observed in proximity to more general causal markers. See
Section 4.9.1.2.1 for a discussion of some of these markers, and Section 5.5.3.3 for a discussion of some
of these possibilities.)
35

In thematic research that attempts to identify all of the relations present in a given text collection,
additional relations in a chain of causation should ideally be identified through their own markers. If they
are not, or if more targeted research is being carried out, the approach favoured for applying knowledge
patterns — which allows the user to consult original contexts as needed — would give textual information
about causal chains on demand. In addition, where specifically required (for example, for the acquisition
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at a conceptual level. While certainly these types of distinctions may be pertinent in
many analyses, in terminology work focusing on the relations between concepts as
denoted in texts, and the identification of relation occurrences using lexical markers, this
criterion was not considered to be a necessary one in the initial classification of
relations.36
For the above reasons, aspects of classifications such as those of Nuopponen
(1994) and Garcia (1997) were not considered to be particularly well suited for the kind
of semi-automatic application intended here, and thus were not used in this research. It
is our belief that many such fine distinctions are certainly valid and important in
terminology work — and especially in medicine, to which Nuopponen’s classification
was applied — but are best left to an expert or terminologist, and not attempted by an
automatic or semi-automatic application. While Barrière’s classification may still pose
challenges for semi-automatic applications (see the discussion in Section 5.5.3.2), this
level of granularity should allow a preliminary sorting of contexts according to criteria
important in the field.
Some research in the domain — and how these projects may be compared and
contrasted with this work — will be presented in Chapter 2.

of domain knowledge, in which more comprehensive information may be required), causal chains could
be located in searches for a given term occurring as either a cause or an effect, or using multiple searches.
36

It may, however, be taken into account in applications such as the sorting of contexts or refinement of
pattern forms using semantic classes of actants, as described in Section 2.2. A brief discussion of some
cases in which variation in the expression of related elements may be observed is also included in Section
5.5.4.
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2 The state of the art
In this chapter, key points in previous research projects will be identified and
summarized. Section 2.1 describes a number of research projects that have explored
knowledge-pattern-type approaches to extracting information from texts. Section 2.2
gives a description of some research on refining pattern forms using the semantic classes
of related elements. Section 2.3 outlines characteristics of knowledge patterns and their
markers that have been identified as pertinent in the development and use of patternbased semi-automatic knowledge extraction systems, and Section 2.4 describes
additional textual elements that may present challenges in identifying and using
knowledge patterns for extracting information from text, and in re-using the contexts
identified using these kinds of tools for various applications. In light of this discussion,
Section 2.5 will then present the objectives of this work, and Section 2.6 its originality
as compared to the other projects described in this chapter, including a description of a
number of factors evaluated from a new perspective in the course of the research.

2.1 Research in pattern-based knowledge extraction
Many researchers, including Hearst (1992), Ahmad and Fulford (1992), Pearson (1998)
and Condamines and Rebeyrolle (2000), have worked on developing lists of patterns
indicating semantic and conceptual relations and methodologies for discovering and
applying these patterns. (For a summary of these research projects, see Appendix B.) A
number of projects that have evaluated and implemented knowledge patterns are
discussed below.

2.1.1 Hearst
Hearst (1992, 1998) has been recognized as one of the first researchers to use patterns
for the extraction of semantic relations from text corpora. At COLING in 1992, she
presented research focusing on the automatic detection of the relation of

HYPONYMY
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from free text. Hearst focused on identifying patterns that were frequent (i.e., that
would locate a large number of relation occurrences), domain-independent, reliable (i.e.,
precise, almost always indicating the desired relation), and that did not require
annotation of the texts or previously-encoded knowledge. Such an approach, in Hearst’s
view, complements statistical methods of semantic relation identification, specifically
because it does not require previously encoded (domain-specific) knowledge, and can
identify relationships that occur only once in a corpus, while statistical methods require
several occurrences.
Hearst’s approach focused on discovering relations between noun phrases, and
her pattern forms were designed accordingly. They target noun phrases linked by lexical
markers, e.g., such as, including, and especially. Some examples are shown below:
NP such as {NP1, NP2 …., (and|or)} NPn
NP {,} including {NP,}* {or|and} NP
NP {,} especially {NP,}* {or|and} NP
The form indicated is quite restrictive, allowing for only minimal modification by
adjectives (including quantification by some, many, certain, and other), and for the
possibility of multi-item lists of hyponyms (as long as these are not interrupted by any
external elements), and the last item is preceded by and (indicating conjunction) or or
(indicating disjunction)).
In a later publication in the context of the WordNet project (1998), Hearst
described efforts to simply and effectively identify cases of the relation of

HYPONYMY

from general language (journalistic) corpora with minimal annotation, following a
similar approach.
Hearst’s pattern discovery method — similar to that later applied by many other
researchers, such as Feliu (2004) (see Section 2.1.11) — begins with the choice of a
relation of interest, and with a word (or term) pair (taken from WordNet in Hearst’s
case) that illustrates this relation. Sentences containing the pair are extracted from a
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corpus and regularities — possible patterns — are observed. This kind of approach,
given its deliberate simplicity, should be relatively easy to transpose into new,
specialized subject fields.

2.1.2 Ahmad et al.
Ahmad and Fulford (1992) and later Ahmad and Rogers (1997) have also considered
and discussed knowledge patterns (or knowledge probes) for information retrieval in the
context of terminological description.
Ahmad and Fulford studied an English-language corpus on automotive
engineering in order to identify knowledge probes that could be used to identify
semantic relations including HYPONYMY, MERONYMY, CAUSE, MATERIAL and SYNONYMY
to assist in term identification and term system development. Markers were initially
identified manually in the corpus, and the pattern sets were then expanded using
markers’ synonyms as given in a synonym dictionary and/or thesaurus. The markers
used belonged to several different grammatical categories, including verbs, nouns,
adjectives and adverbs, and were applied in a character-string-based approach that
integrated wildcard characters as needed. In the application of the markers to a corpus
for relation identification, the precision results obtained varied fairly widely; while some
patterns were highly (or even perfectly) precise in the evaluation, others produced few
— if any — useful contexts.
Ahmad and Rogers (1997: 749–750) mention briefly some of the paradigmatic
sense relationships into which terms can enter, including
HYPONYMY, HYPERONYMY,

and

MERONYMY.

SYNONYMY, ANTONYMY,

The indicators of these relationships as

described include paralinguistic markers — such as parentheses following a domain
term (which may indicate

SYNONYMY)

— as indicators of defining or explaining

information. Lexical markers, including is a and a kind of (presumably for

HYPONYMY)

and is composed of, consists of, has a (MERONYMY) are also mentioned. The authors go
on to note that “[w]hile such textual cues are language-dependent, the principles are
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valid across languages” (1997: 750). However, this point is mentioned only in
passing, and there are no examples from other languages given, much less any
discussion of the effectiveness of the approach in other languages.

2.1.3 Meyer et al.
Of the approaches described here, Ingrid Meyer’s is closest to that used in this research.
In 1999, Meyer et al. described the possibilities of using corpus-analysis tools to
perform conceptual sampling, targeting a subset of the contexts in corpora that illustrate
important conceptual relations for the term being researched (i.e., knowledge-rich
contexts in the updated definition of the term (1999: 256)). The authors note that
terminologists could use knowledge-rich contexts intact in definitions, as starting points
for constructing definitions, or as resources for their own knowledge acquisition and
conceptual analysis (1999: 256–257). The conceptual sampling approach developed in
the research was based on knowledge patterns, described as “predictable, recurring
patterns in text” that manifest the relations in which the terminologist is interested
(1999: 257). These knowledge patterns are classified into three categories: lexical,
grammatical and paralinguistic.37
This research differed from many projects in the field at the time because it dealt
not

only

with

the

HYPERONYMY/HYPONYMY
FUNCTION
EFFECT.

more
and

conventionally

MERONYMY/HOLONYMY,

investigated

relations

of

but also with relations such as

(i.e., the relation between an object and the function it fulfills) and

CAUSE–

(One of the co-authors was Barrière, who went on to work extensively on the

CAUSE–EFFECT

relation (2001, 2002).) The research, which focused on the analysis of a

corpus on childbirth, identified knowledge patterns in the form of character strings (with
possible truncation) and could be used in combination with the term being researched in
order to identify knowledge-rich contexts.

37

See Section 1.2 for further description of Meyer’s classes of knowledge patterns.
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Several difficulties of the knowledge pattern approach were noted; among
them anaphora (see Section 2.3.1.5.2.1), marker polysemy (see Section 2.3.1.2) and
expressions of uncertainty (see Section 2.4.2). The research also identified some
knowledge patterns that were domain-linked, in this case to the medical domain, such as
risk, exposed to and complication. The article also mentions the possibility of patterns
that are linked to a particular semantic class.38 To explain this phenomenon, Meyer et al.
(1999: 262) used the example of MERONYMY in relation to processes: as processes have
temporal rather than physical parts, lexical markers that are useful may not be (only) the
conventional ones (e.g., part, contain), but rather lexical items such as stage, phase,
during, and throughout.

2.1.4 Pearson
Pearson (1998, 1999), used relatively strictly defined lexico-syntactic patterns, which
she called defining expositives, in order to identify contexts that would be pertinent for
terminologists for the construction of definitions. While not explicitly separating
different relations that may underlie this kind of information, she nevertheless identified
patterns that can be associated with HYPERONYMY, MERONYMY, and

FUNCTION.

Pearson

worked on a series of sub-corpora, one of English specialized texts in the field of
science (in an expert-to-expert communicative situation), one of English, French and
Spanish specialized texts (in an expert-to-semi-expert communicative situation) in the
field of telecommunications, and a third, of didactic texts (in a teacher-to-student
communicative situation) used in preparing for the General Certificate of Secondary
Education (GCSE) examinations (given in Britain at the end of the secondary school
program in preparation for university studies). The patterns were composed of relation
markers (what Pearson called hinges or connective verbs) in relatively specific forms
(e.g., is/are defined as, denote(s)) which linked specific parts of speech. As discussed in

38

On this point cf. also Pearson (1998: 209) cited in Bodson (2005: 86) and described in Section 2.1.4,
and other projects outlined in Section 2.2.
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the principal section of Pearson (1999), dealing with identifying formal definitions,
Pearson’s defining expositives are subject to further restrictions on the related elements
(e.g., one of the elements linked by the hinge being a domain term, the other belonging
to a set of labels that can be equated with semantic classes). She also imposed specific
restrictions on the composition of the sentence containing the defining information (e.g.,
the principal clause containing the defining expositive, there being very little possibility
for separation between the hinge and the terms linked by it).
The author does however recognize that not all definitions are formal ones, and
that these rules must be modified if these less formal definitions are to be located in
texts. She describes (1998: 168–190) what she calls connectives or connective phrases
(e.g., called, known as), which may introduce relations such as
EQUIVALENCE

SYNONYMY,

and GENERIC–SPECIFIC in less formal structures.

2.1.5 Garcia
Garcia (1996, 1997) worked on developing a tool, COATIS, for automatically analyzing
causal relationships in texts; this tool aims not only to identify contexts containing
relation occurrences, but also the elements linked by the relation as expressed in these
contexts. Using linguistic markers (i.e., verbs that often express

CAUSE–EFFECT

relations), COATIS identifies contexts in parsed texts that appear to express this
relation, analyzes these contexts in order to confirm whether this initial interpretation
stands up to further tests, and finally identifies the cause (causal agent or action)
involved. The final result of the analysis is a network consisting of nodes representing
the causes identified, as expressed in the text, which are linked by arcs tagged with the
linguistic marker of CAUSE–EFFECT relations identified (which is associated with a given
sub-type of the CAUSE–EFFECT relation).
Thus, this tool provides a fine-grained analysis of the contexts, with a higher
level of automation than many applications in semi-automatic knowledge extraction.
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2.1.6 Séguéla
Séguéla (1999) also developed an automated system, Caméléon, which uses collections
of lexico-syntactic knowledge patterns for the extraction of relations of HYPONYMY and
MERONYMY

from a variety of corpora. Calling upon observations by authors such as

Jouis (1993; Jouis et al. 1997), he discussed the use of an approach integrating a base of
general, widely applicable patterns with more domain-specific patterns for application in
each specific corpus.39 The combination of general and domain-specific patterns is an
interesting approach, because it not only allows for the reusing of patterns where
possible, maximizing return on investment of time and resources, but also allows for the
addition or substitution of patterns which give increased or more precise access to the
information likely to be contained in a corpus.
Another interesting aspect of some of the pattern forms described by Séguéla
(1999: 55) is their representation in the form of regular expressions reflecting each
inflected form of the marker that was considered likely to be pertinent.40 This kind of
approach allows the precise identification of desired pattern forms, but also of course
requires detailed preliminary analysis of the pattern forms that are likely to be useful
(which may vary from corpus to corpus — for example, depending on the level of
specialization — and will of course vary by the part of speech of the pattern element in
question), and could also reduce recall if not all pertinent pattern forms were included.
Other patterns (1999: 57–58) included classes of markers or marker elements (e.g.,
indefinite articles) that may comprise a number of different members, or a list of two or
more possible options (e.g., dans/sur; plus/moins). This strategy would also require the

39

Probable domain-specific patterns have since been noted in many works and in different fields, among
them Meyer et al. (1999) in medicine, Morgan (2000) and Marshman, Morgan and Meyer (2002), in
computing and genetics, Condamines and Rebeyrolle (2001) in software engineering, Meyer (2001) in
computing, and Bodson (2005) in computing and medicine. Cf. also Bowker (2003) on this subject, and
Marshman and L’Homme (2006a) for an evaluation of the portability of markers of CAUSE–EFFECT
relations between the fields of medicine and computing.

40

Some of the more complex forms were represented as regular expressions in a separate resource, and a
placeholder representing the class of possible values in this resource used in pattern forms (1999: 55).
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description of various possible alternatives, but allows for some regularities in
pattern structure to be exploited, reducing the need for specific pattern forms
corresponding to each unit.

2.1.7 Condamines and Rebeyrolle
In her doctoral thesis (2000, cf. also 2000a), Rebeyrolle characterized various forms
(and structures) of definitions (énoncés définitoires directs and indirects) in corpora
representing different communicative situations in the domains of science and
technology (including electricity, geomorphology, knowledge engineering and software
development), in order to study potential differences in the distribution and expression
of definitions indicated by linguistic markers in these situations. She identified a number
of lexico-syntactic and paralinguistic knowledge patterns which she then represented as
regular expressions.
Condamines and Rebeyrolle (2001) discussed the construction of a corpus-based
terminological knowledge base, a form of text modelling. From the perspective of
producing corpus-based terminological knowledge bases for corporations, they aimed to
develop an approach for creating a conceptual representation of a text (in this case, a
French-language text on software engineering) by automatically identifying candidate
terms and the relations between the concepts they denote. Once the candidate terms
were identified, they began by studying paradigmatic relationships, constructing a series
of hierarchies of concepts denoted by terms. These hierarchies were based on the
inheritance of features and shared heads of candidate terms (CTs). This work was
carried out using a previously identified core set of knowledge patterns for the relations
of

HYPERONYMY

and

MERONYMY

(e.g., a CT1 is a CT2 which, a CT1 is split into CT2

and CT3). The authors classified the results obtained into two categories: contexts that
show the expected relationship with a generic point of view (i.e., useful contexts); and
contexts that either do not show the expected relationship, or show it from a specific or
subjective point of view (i.e., less useful contexts). They then went on to discover
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syntagmatic relationships by searching for combinations of candidate terms from
different hierarchies.
The approach used was iterative: contexts including two candidate terms were
observed for regularities that were associated with a particular conceptual relationship.
The common linguistic elements (patterns) and their morphological, semantic and
syntactic restrictions were observed. These patterns were then used as search terms in
combination with the previously identified candidate terms, in order to locate new
patterns. This cycle was repeated as necessary.
In the testing phase of the approach described above, the authors used very
strictly morphologically, syntactically and semantically defined patterns linking two
candidate terms, in order to minimize noise produced. Below are two examples for the
relation of HYPERONYMY (138–9):
def_det + CT1 + Vtobe (present) + undef_det + {kind, type, etc.
of} CT2 + {relative clause, past participle, present participle,
adjective}
def_det + CT1 + Vtobe (present) + undef_det + CT2 + {relative
clause, past participle, present participle, adjective}
Several syntagmatic relationships were identified, each associated with a
particular combination of classes of nouns (activities, documents, humans, and time
periods). These relations included the relations “is composed of” (document/document),
“precedes” (activity/time period, time period/time period), “starts during,” “ends
during,” “occurs during,” “conditions the start of” and “conditions the end of”
(activity/time period). For these relations, a series of verbs that may indicate the relation
were identified. It should be noted that since the goal of the research was to create a
model of this particular corpus (although in this case it was for testing purposes), there
was no reference to previously established lists of relations; rather the relations were
taken from the texts themselves.
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Among the difficulties encountered in the research was that of ellipsis in the
expression of the items participating in a given relationship (2001: 142). In addition to
potentially causing problems with the identification of potential patterns using an
approach that depends on the presence of candidate terms, ellipsis can also cause
difficulties in the identification of classes of nouns involved occurrences of a relation
(e.g., in the sentence The project leader is responsible for the development plan
[document], which would be more precisely rendered as The project leader is
responsible for the writing [activity] of the development plan.)
The authors noted (2001: 135) that the observed linguistic patterns could be
stored and re-used in further research projects in various domains. However, they also
observed that some patterns are likely to be linked to a particular domain or text type,
and that an iterative approach like the one used above could be beneficial in locating
domain-specific patterns in new corpora. Moreover, they stressed (2001: 136) that tools
for automatic extraction of information do not present perfect results, and still rely on
subsequent human analysis.
In another research project, Condamines (2000–2) examined the case of chez, a
particularly polysemous candidate marker for the relation of
exactly — to make a seldom-used distinction —

HOLONYMY)

MERONYMY

(or more

in French. Using corpora

in the field of the natural sciences, she attempted to formalize some of the possible
meanings of this marker, and the contexts in which it can be found, using internal
restrictions (syntactic structure, the semantic classes of co-occurrents) and external
restrictions (domain and text type). By taking into account the classes of verbs that can
co-occur with the marker, the semantic class of the noun that follows it, and the
presence and type of a determiner (definite, indefinite, quantifying) in this noun phrase,
Condamines performed a fine-grained analysis of the contexts in order to define cases in
which the context provides an example of a relation, and more particularly in which the
relation is the one that is sought, that of part to whole. She concluded that this marker
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was particularly frequently and reliably associated with the relation of HOLONYMY in
corpora in the domain of natural sciences, and especially in didactic texts.
In addition, Condamines (2002) noted a number of phenomena that can
complicate the prototypical but somewhat simplistic view of the knowledge pattern. One
observation made (2002: 146) was that the lexical markers generally described as
“denoting” a given relation may not play this role in all knowledge patterns; some
markers may be very reliably associated with a given relation — i.e., may consistently
occur in contexts that indicate a particular relation — while not actually expressing it
themselves.41 She went on to give the example (151) of the case described above — of
the marker chez for the relation of MERONYMY in French natural science texts — noting
that in contexts containing this marker, the relation is not being asserted, but rather
simply mentioned in passing. The reader is expected to know this information already,
but from a terminological perspective, it may be new and valuable data that is worth
extracting.
The researcher also noted (Condamines 2002: 146, 153–5) that patterns may not
always take the binary form mentioned above, linking two and only two elements.
Rather, markers may participate in structures that involve two, three, or more arguments,
some or all of which may be pertinent for the identification of various relations.
Moreover, these structures may vary in their surface realizations.
Finally, Condamines observed that knowledge pattern occurrences may not
always be complete in a given sentence (or in some cases even in a larger context).42
One of the elements involved in a relation may be presented in a text a sentence or more
before the occurrence of a marker that indicates the relation; while such contexts are
valid, they do not provide complete information.

41

This observation is also clearly true of many — if not all — paralinguistic knowledge patterns, although
these are of course often not as reliably associated with a given relation as some of their lexical
counterparts.
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2.1.8 Barrière
Barrière (2001, 2002) used an English-language corpus in the field of composting to
identify and test some lexical knowledge patterns for the

CAUSE–EFFECT

relation. Her

initial approach to finding candidate knowledge patterns was slightly different from the
others described above, as the corpus was read line-by-line and possible markers
identified manually (in contrast to the more common method using terms or term pairs
to locate occurrences of relations and the markers that indicate them).
Like Garcia (1997), Barrière chose to concentrate primarily on the refinement
and application of verbal patterns (although in this case there were some exceptions).43
The focus on verb forms in this research was largely motivated by the precision of
pattern markers belonging to various part of speech (POS) categories as observed in the
initial results of pattern identification and testing (Table 9); patterns containing verbal
markers were found to be approximately twice as precise as those containing nouns,
adjectives and adverbs, which in turn showed precision approximately twice as high as
those containing conjunctions. This variation in pattern precision led Barrière to
consider verbs as the most promising possibilities for research.
Table 9. Pattern precision by marker POS (adapted from Barrière 2001: 145)
POS
Conjunction
Verb
Noun
Adjective/Adverb
Total

42
43

Occurrences
1671
1217
172
58
3118

Noise
1387
389
108
36
1911

Precision
0.17
0.68
0.37
0.38
0.39

This rejoins Pearson’s (1998) description of what she calls complex defining expositives.

A similar focus on verbal relation markers can also be observed in Garcia (1997) in French, Pearson
(1999) and Condamines and Rebeyrolle (2001) in English, Feliu (2004) in Catalan and Weilgaard (2004)
in Danish. See the individual sections on these research projects for more details of the work.
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2.1.9 Marshman et al.
The goal of my research at the M.A. level (Marshman 2002, cf. also Marshman 2002a,
Marshman 2004) was to discover lexical knowledge patterns that could be used to find
knowledge-rich contexts indicating the

CAUSE–EFFECT

relation in the field of

biopharmaceuticals (i.e., pharmaceutical products that are produced, purified or
activated using biological organisms, systems or processes), in both English and French.
The research also included a description of some of the difficulties encountered in the
context of the research, and a preliminary comparison of the patterns and difficulties
encountered in English and French.
The methodology used was term-based, using domain terms (individually) to
discover simple character strings representing markers that could be used to search
unannotated corpora and extract contexts that (in a liberal interpretation similar to that
of Meyer et al. (1999)) could be used by terminologists in their work. A characterstring-based approach was chosen mainly because of the simplicity of its
implementation: these markers could be put to use with minimal resources of time,
software, and technological expertise. This is certainly an advantage for a terminologist
who is carrying out specific rather than thematic research or who does not have access
to many technological resources.
This research led to the identification of lists of potential lexical knowledge
pattern markers in English and French, many of which showed excellent precision in the
corpora. Moreover, as these markers were classified using Barrière’s classification of
the CAUSE–EFFECT relation (see Section 1.5.2.8.1), the research offered an opportunity to
test the classification not only in a new domain and new corpus and in another language
(French) in addition to English, but also in a term-based approach that differed from
Barrière’s manual one. On all counts, the classification was found to be largely
satisfactory. The research also offered an opportunity to consider markers belonging to
various part of speech classes.
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However, inherent in such a character-string-based approach are many
challenges, which a number of researchers have attempted to minimize using more
sophisticated approaches, such as more restricted pattern forms and linguistic analyses.
The results of the work — while positive — confirmed the usefulness of further
refinement of many of the pattern markers observed in order to improve the product of
the extraction.
The research also provided an opportunity to carry out a brief comparison of the
results in English and French, taking into account not only the patterns themselves, but
also some of the challenges encountered. This comparison highlighted the need to
evaluate the performance of pattern-based approaches in the two languages, in order to
determine the effectiveness that may be expected of this kind of application and the
challenges that will be encountered, and how these will affect pattern-based tool
development and use.
In a preliminary interlinguistic comparison carried out in Marshman (2002),
some interesting phenomena were observed. Many (e.g., the relative prevalence of verbs
occurring as pattern markers in English, and of nouns in French) seemed to draw
parallels with observations already made in the field of comparative stylistics (e.g., by
Vinay and Darbelnet (1958)). Some other typical stylistic issues in scientific and
technical language (e.g., the backgrounding of the observer, often by using the passive
voice) can also be compared and contrasted in light of unilingual descriptions, e.g., by
Sager et al. (1980), for English, and Kocourek (1991), for French.
More discussion of difficulties confronted in the use of pattern-based
approaches, including difficulties related to language, was included in Marshman et al.
(2002). This article described the results of a study (Morgan 2000) focusing on patterns
indicating the relation of

HYPERONYMY

in French, using corpora in the fields of

computing and genetics that were built from texts and TERMIUM® term bank record
definitions. Some of the interlingual differences observed were pattern-specific (e.g.,
lack of easily identified equivalents in the other language, differences in frequency
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and/or precision, and differences in pattern variation), while others were more
generalized (e.g., more flexible word order, emphatic forms, more highly inflected
pattern forms, elision, more complex pattern structures in French).
However, this description remained at the level of observations — and often of
observations of individual markers or small sets of markers — rather than formal
evaluation of these phenomena. The lack of large-scale, more formal evaluations of
differences and similarities of patterns and difficulties of identifying and using them in
different languages leaves a gap in existing knowledge of how knowledge patterns may
be useful in a bilingual or multilingual context, and the need for such research is
evident.

2.1.10

Bowker

Bowker (2003) describes one of very few comparative studies of lexical knowledge
patterns in different language varieties. In comparing occurrences of previously
identified knowledge patterns for
EFFECT

HYPERONYMY, MERONYMY, FUNCTION

and

CAUSE–

relations (adapted from Davidson 1998, Morgan 2000 and Marshman 2002) in

corpora of French-language popular science texts from France and Quebec, Bowker
identified some significant differences.
Overall, more contexts were located in the French than in the Québécois corpus.
Moreover, some specific markers showed significantly different productivity in the two
corpora. Bowker notes that these differences — while they were observed in a pilot
project only and would benefit from further investigation on a larger scale under more
controlled conditions — may be indicative of a need to adapt pattern lists to the
language variety of the corpus being analyzed, either by selecting appropriate patterns or
by ranking patterns according to their usefulness in a given variety.
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2.1.11

Feliu

In her doctoral thesis, Feliu (2004) — a member of the IULATERM research team
(IULA, Universitat Pompeu Fabra) working on the Genoma-KB project — investigated
the primary relations in the field of genetics (specifically, the human genome). Her main
goals were the construction of a prototype system for the semiautomatic extraction of
conceptual relations from specialized texts, and the development and evaluation of a
typology of conceptual relations using the data observed in the course of the research
(cf. Section 1.4.4).
Feliu used lexical markers — specifically verbs — to search texts for what she
identified as the most central conceptual relations in that field. In the phase of pattern
discovery, she used an approach similar to Hearst’s (1992), adapted for use in
specialized corpora (involving the use of pairs of terms previously identified as being
linked by the relation of interest).
Feliu then explored a number of contexts containing these verbal markers to
evaluate their usefulness — with the tool Mercedes (Vivaldi 2003), which extracts
sentences that contain one of a series of verbal markers in addition to at least one
previously identified domain term — and to identify possibilities for refining pattern
forms.
In her description of the markers’ usefulness for extracting contexts containing
relation occurrences, Feliu noted (2004: 126–127, 137–138) that the structures in which
these verbal markers occurred, and especially the prepositions that occurred with them,
were often particularly useful in identifying the specifc conceptual relation present in a
given context. However, Feliu also noted (2004: 169) that the implementation of these
markers using Mercedes was complicated by the possibility of interruptions of these
complex structures, and thus that the inclusion of these other elements in marker forms
for character-string-based applications may lead to significant numbers of silences in the
results of extraction.
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In the evaluation of the usability of contexts retrieved by Mercedes, Feliu
(2004: 173–183) identified several phenomena that call into question the presence or
usefulness of the conceptual relation observed and require the disqualification of these
contexts from further analysis: negation, expressions of possibility (i.e., uncertainty),
anaphora, impersonal verb forms, and the failure to express one or more of the entities
linked by the relation in the context.
Feliu then went on to discuss possibilities for future applications of these
markers in syntactically annotated corpora, describing fairly precisely pattern structures
involving the presence of elements linked by the marker (presumably domain terms)
directly preceding and following these markers for application (2004: 192–202).

2.1.12

Weilgaard

Weilgaard (2004), in a research project using a Danish hydraulics corpus and a popular
science corpus, studied the use of the Pronominal Approach (PA) in order to analyze the
application of verbs’ valency structures for the retrieval of information (definitions,
synonyms). For the simple reason that corpus-annotation tools for Danish are not widely
available, she worked with corpora that were not syntactically or semantically
annotated, using data on verb valency structures drawn from the Odense Valency
Dictionary (Daugaard and Kirchmeier-Andersen 1995).
The pronominal approach involves standardizing contexts found in corpora by
describing the argument structures of potential knowledge pattern markers in verb form
(including both compulsory and optional arguments) and by using pronouns, which
carry information about these arguments such as some of their most basic semantic
classes (human, animate, inanimate, etc.). (Further details of Weilgaard’s use of
semantic classes in the characterization of the verbs’ arguments are found in Section
2.2.2.) This information was used for the disambiguation of potentially polysemous
verbs, as well as for the identification of pertinent information for definitions (e.g.,
differentiating characteristics). The verbs studied fell into three categories:
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metalinguistic concept-related verbs (e.g., define, characterize), metalinguistic termrelated verbs (e.g., call, denote), and relational verbs (e.g., consist of, belong to). Results
showed that the more promising verbs belonged to the first and third groups, those that
dealt more with the conceptual than the term level. One of the factors contributing to
this increased success was the presence of prepositions linking certain types of
arguments to the verb marker, which could be used to identify the role of a given
element in a context. In contrast, term-related metalinguistic verbs often took direct
objects with no linking preposition, which precluded this kind of analysis.
In light of her results, Weilgaard suggested using a structured system of corpus
analysis, using the verb patterns that showed the most regular valency patterns and class
associations in a first pass and adding less regular patterns to complement the
information observed in subsequent passes. She also observed that expanding the pattern
list (with this type of analysis) to include nominalizations of verbs, other lexical
elements, and paralinguistic markers could also be productive and should be explored.

2.1.13

Rodríguez Penagos

In developing MOP (for Metalinguistic Operator Processing), Rodríguez (2004, 2004a)
aimed to create an information extraction system that could help specialists in
specialized lexicography and terminology to keep lexical resources up-to-date. The tool
is designed as an aid to processing free texts in a variety of domains, in order to extract
metalinguistic information — what the author calls Explicit Metalinguistic Operations,
primarily information about terminological creation and modification — and help in
entering it into what he terms a Metalinguistic Information Database. This resource, a
kind of intermediary between raw corpus data and a terminological knowledge base
(TKB), contains semi-structured information that specialists can use to update and add
to lexical resources. While this information rarely constitutes a complete definition, it is
often extremely useful, providing pragmatic information about a term’s value,
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acceptance, or usage constraints. Such a database is seen both as a complement to
and as a tool for enriching TKBs.
The system uses previously identified markers of metalinguistic information
similar to those noted in definitional contexts (e.g., by Pearson (1998) and Meyer et al.
(1999)), observed in a corpus of sociology and refined using concordances from the
British National Corpus. These markers may be lexical (e.g., is called, termed, coined)
or paralinguistic (e.g., quotation marks, text layout), as well as pragmatic. However,
unlike Meyer et al.’s punctual, term-based approach, Rodríguez Penagos takes a more
thematic angle, beginning with the markers themselves. (This can be compared to
Condamines and Rebeyrolle’s goal of text modelling — an effort to collect the majority
of the pertinent information in a text collection — and to applications in automatic
ontology construction, in contrast to approaches such as Meyer et al.’s in which users
are generally expected to target a specific term.) These markers were studied in part-ofspeech tagged corpora, and were subsequently refined to reduce noise, using contextual
information and applying restrictions by POS tag and by string in the context of the
marker (up to three words before or after the marker).
A second phase of study using these markers involved the use of machinelearning techniques to automatically discover patterns. These algorithms were developed
using POS-tagged examples.
Once

identified,

contexts

containing

metalinguistic

information

were

automatically processed (using POS-tagging, shallow parsing, and other analyses) and
inserted into a database template containing slots for the term described, the information
about the term that was provided, and the marker of the relation.

2.1.14

Gillam et al.

Gillam et al. (2005) carried out research on a corpus in the field of nanotechnology with
the aim of ontology construction. To achieve their goal of identifying candidate terms
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and the

GENERIC–SPECIFIC

and

SYNONYMY

relations that hold between them — and

ultimately of creating a concept hierarchy or ontology — they began by using statistical
methods to create initial concept sub-hierarchies, which were then enriched using
linguistic analysis. Their approach was iterative, using candidate terms discovered in the
first phases of research, coupled with phrase patterns, to identify new candidates for a
similar analysis.44
In the first stage of the process, candidate terms were identified using their
“weirdness” in the specialized corpus as compared to the British National Corpus, and a
distributional analysis of the contexts in which they occurred was carried out. This
analysis produced a series of “trees” of candidate terms and their collocates,45 which
were then used as the starting point for a new series of analyses, and so on until the list
of collocates was exhausted.
In the pattern-based phase of research, candidate terms and their collocates were
used to identify linguistic patterns containing specific parts of speech that could indicate
a relation such as that between a generic and one of its specifics. The markers in these
patterns included ADJECTIVE + PREPOSITION (e.g., such as) and ADJECTIVAL PRONOMINAL
(e.g., and other and or other) (2005: 70). These patterns were then represented formally
using regular expressions and applied to the part-of-speech tagged corpus to identify
corresponding occurrences, which were parsed to identify the terms involved. The trees
thus created were then unified to create an integrated concept hierarchy.
The research as described in the article appears to use a rather unusual approach
to the use of patterns, defining pattern markers using their parts of speech. These
patterns thus have characteristics both of lexical or lexico-syntactic patterns (including a
44
45

This iterative approach is somewhat similar to that used by Condamines and Rebeyrolle (2001).

The term collocate is used here to denote a unit that co-occurs with another in a text or texts. In some
schools (e.g., associated with Meaning-Text Theory), the term may be used specifically to refer to cases in
which a link exists between co-occurring elements that involves a change in the meaning of one of the
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marker of the relation that joins two candidate terms) and of grammatical patterns
(which are defined using their parts of speech). This approach can be contrasted with the
approaches used by other researchers mentioned above, who in defining lexico-syntactic
patterns generally associated syntactic information with specific lexical units, rather
than using any combination corresponding to a given part of speech or combination of
parts of speech.46 The technique is also distinguished from grammatical patterns as
identified by Meyer (2001), in which the parts of speech composing the pattern (e.g.,
NOUN

+

VERB

for the

FUNCTION

relation) correspond to the elements linked by the

relation, and not to the marker of this relation (e.g., as in the case of a scalpel cuts or a
monitor displays).
In addition to this difference, this research can also be distinguished from those
described above because of its integration of both statistical methods (weirdness,
distributional analysis) and linguistic analysis (patterns).

2.1.15

Malaisé et al.

Malaisé et al. (2005), described research focusing on the identification of semantic
relations pertinent for the construction of differential ontologies — that is, ontologies
containing information differentiating parent nodes from children and sibling nodes
from one another. Specifically, the tasks involved were the selection of terms for an
ontology, and then the structuring of the ontology both vertically (with links between
hyperonyms and hyponyms) and horizontally (by differentiating between elements at the

elements in that context. In this case, to refer to simple co-occurrence in a context, the term co-occurrent
may be preferred in order to avoid confusion.
46

Some of the more complex pattern forms described by Séguéla (1999) more strongly resembled those
described by Gillam et al., specifically in their use in the pattern forms of part of speech classes of marker
elements. However, these classes also often indicated information about the semantic characteristics of the
members of these classes (e.g., verbs of decomposition), and lists of specific units corresponding to each
class were specified in a separate resource (1999: 55). Where possible, however, Séguéla’s pattern forms
included specific strings.
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same level of the hierarchy). In order to carry out this task, they identified
(knowledge-rich) defining contexts in their French-language corpus of texts on
childhood.
The authors used a selection of different pattern types — lexical and
paralinguistic (of which they chose just one example, parentheses), as well as lexical
metalinguistic patterns — to identify defining contexts. It is also worthy of note that
they made extensive use of a typology of definition types and their markers developed
by Auger (1997), which also includes some less prototypical types of patterns indicating
definitions, such as those characterized in the article (Malaisé et al. 2005: 26) as highlevel linguistic markers, a category that includes syntactic patterns as well as cases of
anaphora and apposition. Malaisé et al. noted that cases of anaphora within potentially
defining contexts, as well as such other phenomena as definitions that appear in
multisentential form (i.e., with the genus and differentia appearing in separate
sentences), can be associated with what Pearson (1999) refers to as complex defining
expositives.47 These cases obviously pose problems for automatic extraction of
definitions from texts, as the context of a given occurrence of a term does not provide
complete information for a definition. Additional problems noted included the presence
of expressions of uncertainty (the authors mention in particular the presentation of
hypotheses rather than statements), the restriction of statements’ validity, and
unexpected hyperonyms. Finally, Malaisé et al. noted that difficulties may be
encountered when definitions are embedded, i.e., when two or more definitions appear
in the same sentence.
Definitions, as described in the article following Auger (1997), may be of several
types which may or may not be limited to the basic genus plus differentia, and may
contain information about relations such as

47

FUNCTION

and

CAUSALITY

as well as

Pearson (1998) describes these relatively common structures as those in which part of a definition has
been introduced with a previous occurrence of a term, and a subsequent context gives only the remaining
information necessary.
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HYPERONYMY

or SYNONYMY. However, in this context primary interest is focused on

the latter two relations, as they are considered to be the most pertinent for vertical and
horizontal structuring of the differential ontology.
Malaisé et al. identified the patterns they tested from lists given in a number of
references, including Auger (1997), Fuchs (1994) and Picoche (1977).48 The authors
note that patterns may be potentially associated with more than one relation, but for the
purposes of the research they assigned each pattern a “default” relationship, determined
on the basis of observation of the corpus to be the relation most likely to be expressed in
the pattern. However, the authors noted that this often introduced noise into the results,
particularly in the case of the paralinguistic pattern, parentheses, which was very noisy
in their evaluation.
The pattern form the authors used was thus similar to that below (2005: 28, 35):
Term1 related_to (Term2? and/or Characteristics*)
where Term1 and Term2 are terms of the corpus (Term1 being the base term for which a
definition is being sought and Term2 the related term, often a generic), ? denotes zero or
one occurrences, and * denotes zero or more occurrences. Thus, the pattern allows for
gathering contexts containing incomplete information, since the related term and/or the
characteristics may or may not appear. (It should be noted here that of course a context
with no related term and no characteristics would be of rather questionable value for a
definition, although of course “accidentally” located information can be useful — what
Meyer et al. (1999: 261) call good noise.)
The terms linked by the relation were identified automatically. In the case of
nominal markers, this was carried out using a chunking process, that is, by automatically
identifying in the immediate context of the relation marker text chunks that formed a

48

A list of the pattern markers used classified by marker type, as well as English glosses of these markers,
is given in Malaisé et al. (2005: 34).
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coherent group and were bordered by certain parts of speech that rarely occur within
complex terms, by punctuation, or by sentence borders. In the case of verbal markers,
the subject and object were selected (although if these were not available, then chunks to
the left and right of the marker were substituted).
The patterns were then projected on the corpus in order to identify potentially
defining contexts, and the linked terms were identified. The contexts were then analyzed
as “bags of words” in order to calculate the number of shared words in the contexts and
thus to determine semantic similarity to help in horizontal ontology structuring.
In the results of context extraction, the authors attained a relatively satisfactory
level of both precision and recall. Also interesting was the important role of the “good
noise” mentioned above. In applying definition patterns to search for contexts indicating
HYPERONYMY

and SYNONYMY, often other relations such as CAUSE–EFFECT or FUNCTION

(in the authors’ terminology, transversal relations) were located. Thus, these contexts,
while not fulfilling the immediate purpose of the research, were nevertheless
informative and could be used to enrich a conceptual system in further stages.
One interesting observation made in the context of the research was that in this
case, the more definition markers that appeared in a given context, the more certain the
authors could be that it was a definition. They thus mentioned the possibility of ranking
extracted definitions by the number of markers present, in order to present the most
useful contexts first in the list of results. (However, as mentioned above the presence of
more than one definition in a context was also identified as a challenge for analysis.)

2.2 Refinement of pattern forms: Semantic classes of related
elements
Numerous researchers (e.g., Sager (1990); Otman (1996); Garcia (1997); Pearson
(1998); Meyer et al. (1999); Feliu (2004); Weilgaard (2004) and Bodson (2005)) have
mentioned links between conceptual relations and the types of concepts involved in
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these relations, in addition to their manifestations in texts — in particular, the terms
or other linguistic units that denote these concepts, and the semantic classes to which
they belong. For example, in discussing the definition of relations, Feliu (2004: 26)
called upon Otman (1996: 95–96), who based his description of conceptual relations in
part on the classes of objects that can participate in them.
Classifying concepts in a hierarchy of categories can help to refine the meaning
of the relations in which they participate. Concept classes may help to restrict the list of
possible conceptual relations being expressed in a given context (since a class of
concepts may participate in only a limited range of relations) or to refine the
classification of relations (since a relation may be classified by the types of concepts it
links). In addition, a combination of classes may serve as an identifier of a relation in
itself (e.g., a sequence consisting of a noun denoting an artefact followed by a verb
denoting an activity may indicate a FUNCTION relation).
A reflection of this can be found in the WordNet database (Fellbaum 1998), and
in works on disambiguation of verb senses (e.g., Gross 1994; L’Homme 1998), which
rely in part on the semantic classes of the arguments of verbs in order to identify and/or
distinguish their meanings with precision. As many of the most useful lexical and/or
grammatical patterns for identifying relations (notably that of cause and effect) are
verbs, the pertinence of these research projects is clear.
Several research projects have addressed the question of associations between
semantic classes of terms and the pattern markers that denote semantic and conceptual
relationships. One specific application for this kind of analysis is the disambiguation of
potentially polysemous pattern markers, in order to identify KRCs more precisely.49
This Section describes four research projects that discussed such strategies.

49

This semantic analysis is often complemented by a syntactic analysis of pattern form, which can also be
used for disambiguation.
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2.2.1 Feliu
In her study of Catalan knowledge patterns containing verbal markers for a range of
important relations in the field of genetics, Feliu (2004) used two criteria to refine the
patterns: syntactic information about the structures in which markers occur, and
semantic information about the types of elements that may occur in the contexts of these
patterns.
In her analysis of patterns’ syntactic variants, Feliu noted several markers that
can denote different relations when they appear in structures that are different from the
standard form observed and identified as denoting a specific relation (193–202). Among
the more effective indicators of the specific relation present identified by Feliu were the
prepositions that occurred in conjunction with the verbal markers.
In the second step of pattern disambiguation, Feliu described (203–210) her use
of an expanded version of EuroWordNet, complemented by terms from the field of
genetics as part of the OntoTerm project at the Institut universitari de lingüística
aplicada (IULA) at the Universitat Pompeu Fabra. By identifying the classes to which
various terms linked by knowledge patterns were used, and by following the
classification to its upper levels, Feliu was often able to further disambiguate some
patterns that were ambiguous even within a single syntactic structure.

2.2.2 Weilgaard
In the research described in Section 2.1.12, Weilgaard also used a generalization of the
semantic classes of the verbs’ arguments to aid in context extraction by distinguishing
marker senses. This generalization was based on the replacement of the arguments of
verbs in contexts with pronoun forms that are marked in terms of values taken from
closed sets, including:
•

Syntactic forms: noun phrase, prepositional phrase, adverbial phrase, sentence
(finite, non-finite);
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•
•

Syntactic functions: subject, object, prepositional objects, valency-bound
adverbials; and
Semantic features: human, concrete, abstract, countability, manner, direction,
etc. (Weilgaard 2004: 20)

These features may be associated consistently with a given term occurring as an
argument, and are reflected in the pronoun form that replaces it and allows for
generalization; thus, for example, a concrete object may be differentiated from a human,
and so on, on the basis of the pronoun used, while still highlighting the regularities that
may exist in the classes of terms that occur as arguments of the verbs.
Weilgaard noted (2004: 22) that the coherence of the classes observed was
helpful in distinguishing senses of markers, and therefore in identifying pertinent
occurrences of the markers (i.e., those associated with the desired relation).

2.2.3 Bodson
Bodson (2005) analyzed French-language corpora of texts in the fields of computing and
medicine, in order to evaluate the links between semantic types of terms and both
semantic relations and the knowledge patterns that indicate them. She worked on
extracting information that would be useful for formulating definitions, and thus
targeted

HYPERONYMY, MERONYMY, FUNCTION

and

CAUSE–EFFECT

relations as well as

metalinguistic information (i.e., descriptions of a term as such, which may be indicated
in English by patterns such as X denotes a Y that… or a Y that … is called an X).
Bodson noted, following Condamines (2002, 2003), that there are likely to be
close associations between text type and the information contained in these texts, and
thus used didactic and popularized texts in her corpora, as these are considered to be
among the most likely to provide definitional information (cf. Pearson 1998; Rebeyrolle
2000). She also considered the probable links that exist between a given domain and the
knowledge patterns used to denote relations, and thus attempted to identify patterns that
occurred in both corpora and were thus presumably domain-independent.
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Bodson began with a set of 33 nominal domain terms that were associated
with a range of semantic types based on the WordNet classification’s unique beginners
(Fellbaum 1998), including objects, organisms, abstractions, psychological features,
activities and states. She then analyzed contexts containing these terms in her corpora in
order to identify occurrences of relations that presented semantic information about that
term that would be useful for formulating definitions. She then identified and
standardized the form of the lexical pattern — if any — that indicated this relation, and
finally analyzed the results in order to observe regularities in the associations between
semantic types and relations, and between semantic types and lexical knowledge
patterns.
In her results, Bodson noted that there were clear associations between some of
the semantic types identified and the relations in which they participated; for example,
events and phenomena most often participated in

CAUSE–EFFECT

relations, and

psychological features, activities and organisms were most often involved in

FUNCTION

relations. She also observed that some combinations of semantic types and relations
were very rare in or absent from one of the corpora, for instance the combination of a
state and a

CAUSE–EFFECT

relation in the computer science corpus, while this

combination is very frequent in the medical corpus. In other cases, differences were
observed between the two domains; states, for instance, were most often involved in
CAUSE–EFFECT

relations in the medical corpus, and in relations of

MERONYMY

in the

computer science corpus.50
For the individual patterns themselves, Bodson noted that the results were not as
clear-cut. Relatively few (up to 18%) of the patterns associated with a given semantic
type were observed in both corpora. Bodson noted (2005: 274) that this supports
Condamines’ (2002, 2003) observations that patterns are closely linked to text genre.

50

It is worth noting here that pathologies (diseases, disorders, etc.) are classified in WordNet as states,
which is likely to have contributed somewhat to these observations.
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In terms of the relations observed, Bodson noted (2005: 275) that the most
frequently observed relations in this study were not those that are most often studied in
the field of terminology;
FUNCTION

HYPERONYMY

in these corpora, and

and

CAUSE–EFFECT

MERONYMY

were not as common as

relations were quite common as well.

She went on to observe (2005: 276) that the use of a collection of relations such as the
ones observed in her research and the links that they have with specific semantic types
of terms would allow a user to predict the type of definitional information that is most
likely to be used (and useful) for a given term.

2.2.4 Marshman and L’Homme
In Marshman and L’Homme (2006), a series of 14 polysemous verbal markers of
CAUSE–EFFECT

relations in English medical texts were evaluated, on the basis of a

manual analysis of their actantial structures and the classes of their actants. The goal of
the work was to determine what possibilities these characteristics might offer for
disambiguation of markers in a medical corpus and for the distinction between their
causal and non-causal senses.
The WordNet and UMLS classifications (and particularly their upper levels)
were consulted in order to evaluate possibilities for assigning semantic classes to actants
of these verbal markers. Generalization based on UMLS classes where available — with
recourse to WordNet as necessary — was chosen as the most functional solution (in
light of some of the challenges in using these classifications, described below).
This analysis provided promising results. In the first stage of disambiguation,
efforts were made to distinguish contexts containing non-causal senses of the markers
from those containing causal ones. Using the actantial structures of the markers, 9 noncausal senses among the total of 46 senses identified for the set of markers could be
completely excluded, and some occurrences of another 8 senses, for a total of
approximately half of the contexts containing non-causal senses of the markers. In the
next step, using the semantic classes of the actants of the markers, 2 senses were
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eliminated completely and some contexts containing another 7 senses were
excluded, accounting for approximately 1/7th of the remaining non-causal contexts. This
step thus eliminated a total of approximately two-thirds of the original number of noncausal contexts in the sample. In the second main stage of disambiguation involving the
sorting of various causal senses, nine senses, representing approximately half of the
causal contexts, required no sorting because they were the only causal senses for a given
marker. Among the occurrences of markers with two or more causal senses, actantial
structures allowed for the sorting of all occurrences of five senses and some occurrences
of another 4, approximately a third of the total number of contexts remaining. Semantic
classes allowed for the sorting of all occurrences of 3 senses and some occurrences of 5
more, accounting for approximately three quarters of the remaining contexts. While
there were a number of senses and contexts that could not be disambiguated using these
techniques, the approach showed promise for disambiguation, especially if technical
difficulties could be overcome.
Difficulties were noted in the use of both classifications evaluated. The coverage
offered by WordNet was not comprehensive for this task, because of its generallanguage orientation and the emphasis placed on single-word units rather than the
complex noun phrases that were most commonly observed in the contexts analyzed. The
UMLS with its specialized orientation offered more comprehensive domain coverage,
but the level of granularity of its classification often provided several possibilities for
each unit found, which required significant user intervention in class choice. In addition,
some apparent inconsistencies in the classification of some units (at least, for the
purposes of this project) posed challenges. The need for a resource more adapted to this
kind of task was thus clearly apparent, especially if automated approaches to
disambiguation are envisaged. As a result, neither resource was found to be particularly
well suited to this task.
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2.3 Pattern characteristics
This Section will review and discuss some of the characteristics of knowledge patterns
that have been addressed in some of the research projects described above and identified
as being pertinent for the identification and application of knowledge patterns for
various purposes. These include the frequency of marker and/or pattern occurrences and
the types of pattern markers that are found (specifically the part of speech classes to
which they belong), marker precision and polysemy, as well as the number and form of
the elements linked by the patterns.

2.3.1.1

Number of occurrences of each marker

The impact of the number of marker occurrences in a given corpus is significant in
terms of a pattern-based approach’s productivity, determining the number of potentially
valid contexts that may be retrieved using that marker. Logically, the fewer contexts
identified per pattern, the more patterns are likely to be required in order to obtain the
same number of potentially useful contexts from a corpus. While pattern precision is of
course also a factor in the ultimate productivity of markers (since frequent but imprecise
patterns may not provide any more useful information than rarer but more precise ones),
marker frequency is the starting point for evaluating potential productivity.
Bowker (2003) addressed differences in numbers of occurrences of markers in a
comparison between two varieties of French. Variation in the productivity of a patternbased approach using knowledge patterns was considered to be likely, as a general trend
towards more occurrences of patterns was noted in the texts from France.
In Marshman (2004) it was noted that mean pattern frequency for the English
patterns identified was significantly higher than that of the French patterns in corpora of
approximately the same number of tokens as calculated by WordSmith Tools (225,000
words in English and 224,000 words in French); mean frequency in English was 25, and
in French 20, a difference of 20%. This would seem to reflect conventional wisdom that
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French is less tolerant of repetition than English, and that patterns may be used less
frequently in order to vary expression. This difference in frequency could be indicative
of lower productivity of the French patterns identified as compared to the English
markers observed in corpora containing comparable numbers of tokens.

2.3.1.2

Types of pattern markers observed

In pattern-based applications, the types of patterns used may have a significant effect on
the productivity of a tool and on the difficulties associated with its use. In this Section,
the focus will be placed specifically on the part of speech classes to which markers may
belong, and how these have been considered in various projects. This factor may be
pertinent in a number of ways in the development and use of pattern-based tools, for
example because of its pertinence in guiding the choice of markers for use, and in its
potential link with the recall and precision of the results obtained.
As noted in Section 2.1, in the course of research projects on pattern-based
identification of conceptual relationships, researchers have used different forms of
knowledge patterns, but in many cases (e.g., Garcia 1997; Barrière 2002; Feliu 2004)
ultimately concentrated on those containing verbal markers. In Barrière’s case, this
decision was supported by observations that the verbal markers she identified were
observed in her corpus to be significantly more precise than those belonging to other
part of speech classes (Barrière 2001: 145).
However, both Garcia and Barrière were focused on markers of the
EFFECT

CAUSE–

relation exclusively, and Feliu also addressed this relation. For other relations,

e.g., in the case of definitions, which often contain

GENERIC–SPECIFIC

relations, very

productive patterns belonging to other grammatical categories have been observed (e.g.,
Pearson 1999; Meyer et al. 1999; Condamines and Rebeyrolle 2001; Meyer 2001;
Marshman et al. 2002); an excellent example is one of the most commonly cited
examples of patterns for the GENERIC–SPECIFIC relation, type of.

128
In Marshman (2002, 2004), a difference in the part of speech classes of the
lexical units that corresponded to the markers identified in English and French corpora
was observed.51 When only the three main categories of the patterns (nouns, verbs, and
adjectives) were considered, there were proportionally more nouns in French than in
English, and fewer verbs. Verb forms (including past and present participles) accounted
for 54% of pattern occurrences in the English corpus, noun forms (including
nominalizations of verbs) for 32%, and adjective forms for 14%. In the French corpus,
verb forms accounted for 49% of the pattern occurrences, noun forms for 44%, and
adjective forms for 7%. These figures reflect conventional wisdom on the preference of
French for nominal forms, and of English for verb forms (e.g., Vinay and Darbelnet
1958: 102–104).
While verbs may be among the more precise and thus effective markers for use
in pattern-based applications, it is nevertheless obvious that in making the choice to
limit patterns used to those containing a particular type of marker, the potential of a tool
for retrieving relation occurrences will be significantly diminished.
In terms of the usefulness of various types of markers for the application of
patterns for knowledge extraction, one difficulty immediately suggested by differences
in the distribution of markers in part of speech classes in French and English observed in
Marshman (2002) — specifically the higher proportion of nouns than verbs in French
and the opposite in English — is reliability with which the concepts involved in a
relation can be identified. For example, in a preliminary analysis of several patterns in
the previous project, it seemed that both concepts were clearly specified more frequently
in contexts with verb forms of the pattern than with noun forms.

51

As the markers identified in the project were in character-string form, some could be used to retrieve
occurrences of multiple units belonging to different part of speech classes. The comparison took into
account the POS-class distribution of the range of lexical units potentially retrieved, in light of the forms
observed in the corpora.

129
2.3.1.3

Marker precision

All researchers in the field agree that one of the major criteria determining the
effectiveness of pattern-based resources is that of the precision with which markers
and/or patterns identify the relations of interest in research. Clearly, then, it is essential
to evaluate this aspect of marker performance in any project that studies knowledge
patterns for KRC extraction. This measurement is indicative of the efficiency of an
approach using knowledge patterns may offer, and the degree to which it succeeds in
reducing the time and effort required to identify a particular type of information in
corpora.
Precision is generally evaluated (e.g., Meyer et al. 1999; Séguéla 1999; Meyer
2001; Barrière 2001, 2002; Marshman et al. 2002; Marshman 2002, 2004) by
calculating the proportions of results retrieved using a given tool, marker or pattern that
are considered to be valid (i.e., in pattern-based tools for KRC extraction, generally the
proportion of contexts retrieved that contain useful, complete occurrences of the desired
relation).
However, some authors (e.g., Meyer et al. 1999) have noted that not all contexts
that do not meet the criteria described above are without value. Rather, these often
convey other types of information that may assist in the process of concept analysis and
terminological description, though from another perspective. These have been
characterized as good noise (Meyer et al. 1999: 261).

2.3.1.4

Marker polysemy

Many researchers (e.g., Meyer et al. 1999; Séguéla 1999; Meyer 2001; Condamines
2000–2, 2002; Bowker 2003; Feliu 2004; Weilgaard 2004; Bodson 2005; Malaisé et al.
2005; Marshman and L’Homme 2006) have observed that one of the major difficulties
— if not the major difficulty — of lexical-pattern-based approaches is the polysemy of
pattern markers. This polysemy is closely related to the issue of pattern precision.
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Meyer et al. (1999), for example, discussed cases in which patterns may
represent more than one relation (e.g., consist* of, which may indicate
also

HYPERONYMY

or

SYMPTOM

MERONYMY,

but

(i.e., the link between a disease or other disorder and
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one of its manifestations)). Again, although the relation specifically targeted may not
be present in these cases, these contexts may constitute “good noise.”
Condamines (2000–2), among others, noted that the usefulness of a given,
polysemous marker for identifying a specific relation may be linked to a particular
domain or text type (e.g., the marker of

MERONYMY

chez in didactic natural science

texts). The use of these types of markers outside these parameters would be likely to
produce more noise in semi-automatic extraction.
Studies of verbal markers of

CAUSE–EFFECT

relations in English and French

(Marshman and L’Homme 2006, 2006a) — which focused on distinguishing different
senses of these verbs and evaluating the proportions of their occurrences that conveyed
causal and non-causal senses, and in the former case on the evaluation of strategies for
distinguishing these senses automatically — identified a high level of polysemy in these
verbal markers, and the presence of both causal and non-causal senses for many of
these. These results indicate a need for disambiguation of marker senses in order to
decrease noise levels in the results of marker-based KRC extraction. Moreover, the
presence of distinct causal senses for many markers also indicates a possibility of further
refining the processing of occurrences of these markers to provide a more fine-grained
analysis of the relationships present in KRCs. Another phenomenon noted involved the
existence of not only relatively basic, “core” causal senses of markers, but also senses
that included a causal component accompanied by additional components that increase
the complexity of the relationship expressed. As discussed in Section 1.5.2.7, the
practical value of these occurrences for specific applications — and thus the precision of
markers as it applies to these different applications — may vary.

52

Similar phenomena were observed by Feliu (e.g., 2004: 119).
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As described in Section 2.2, some of the approaches used in order to deal
with polysemy include the analysis of contexts in order to identify the structures in
which pattern markers may participate and the semantic classes to which the elements
they connect belong, and to differentiate between senses of markers on this basis.53
Evaluations of the polysemy of pattern markers in different languages, text types
or domains and of the performance of disambiguation techniques (e.g., Marshman and
L’Homme 2006, 2006a), provide information about some of the differences that may
affect the efficiency of pattern-based tools, and the problems that may be confronted in
developing knowledge extraction applications.

2.3.1.5

Number and form of elements linked by patterns

In designing pattern forms for use in pattern-based tools that specify the structures in
which markers may occur — and specifically the forms that the elements linked by these
markers may take — or that attempt to identify these related elements automatically, it
is necessary to evaluate both the number and form of these related elements. The
occurrence of structures that are not taken into account in these activities may lead to
difficulties in the identification of potentially useful contexts or in the automatic analysis
of these contexts to identify pertinent information.

2.3.1.5.1 Number of elements linked by patterns
The pattern forms used by some researchers — such as those described by Malaisé et al.
(2005) — would not allow for the appearance of more than one term in a given role.
However, as has been observed in many research projects (e.g., Hearst 1992; Feliu
2004), the occurrence of multiple terms in the same role in a given context is not
unusual and should be taken into account when developing pattern forms. Malaisé et al.
do in fact note (2005: 28) that difficulties are encountered when more than one term is

53

The strategies explored in some research projects are described in Section 2.2.4.
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associated with a hyperonym in a given context. This observation indicates the
importance of developing pattern forms and strategies for analysis that reflect the kinds
of structures likely to be encountered in texts. (This issue will be discussed in more
detail in Section 2.6.3.)

2.3.1.5.2 Form of elements linked by patterns
In a common view of pattern-based knowledge extraction, most elements connected by
knowledge patterns are either intended or assumed to be terms — and thus usually
nouns and noun phrases. This assumption is reflected in approaches and pattern forms
used in numerous research projects (e.g., Hearst 1992; Pearson 1998; Condamines and
Rebeyrolle 2001; Feliu 2004). Researchers often either specify the nominal form of the
elements connected to pattern markers, or use previously identified candidate terms that
are likely to take noun forms, given the traditional noun-centred view of the term.
However, approaches that take for granted that related elements will be terms,
and that these terms will occur in nominal form, may not find all occurrences of
relations that may be useful, particularly for the formulation of definitions and for
domain knowledge acquisition. Moreover, applications that attempt to identify the
related elements in a given context must also be adapted to accommodate these
variations if contexts containing non-nominal items are to be located and properly
analyzed.

2.3.1.5.2.1 Anaphora

For any application in natural language processing, anaphora are among the most
difficult elements to process, as automatically or semi-automatically identifying the all
of the information that a human would understand in reading a text as a whole presents a
number of challenges. The most general factor, of course, involves the human’s ability
to make logical inferences from the use of anaphoric expressions, which is a difficult
task for automated processes. (For descriptions of attempts to develop algorithms and
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other techniques for resolving anaphora, see Boudreau (2005), discussing Hobbs
(1978), Lappin and Leass (1994) and Mitkov (1998), as well as Boudreau and Kittredge
(2006).) Thus, in any computer application it may be difficult to identify the relationship
between an anaphoric expression and its antecedent.
The importance of this issue in knowledge extraction using knowledge patterns
has been noted by several researchers, including Pearson (1998), Meyer et al. (1999),
Meyer (2001), Marshman et al. (2002), Bowker (2003), Feliu (2004) and Malaisé et al.
(2005). At a formal level, Meyer et al. (1999), for example, noted that anaphora may
interfere with term-based approaches in pattern-based applications (i.e., tools that search
for a term in connection with a pattern) if the term is replaced by a pronoun or other
anaphoric expression. The impact of the phenomenon on the usefulness of extracted
contexts was noted, for example, by Feliu (2004), who chose in her evaluation of
contexts containing markers to exclude those that contained anaphoric expressions,
because they provided incomplete information for the intended application of her
research.
In addition to these pattern characteristics, the frequency and nature of several
difficulties involving items external to pattern forms may affect the development, use
and usefulness of pattern-based tools. These are described in Section 2.4.

2.4 Challenges in using knowledge patterns and extracted
contexts
All researchers in the field agree that several issues must be addressed before effective
(semi-)automatic extraction of knowledge-rich contexts and of information related to
conceptual relations can be achieved. In many research projects (e.g., Hearst 1992;
Pearson 1998; Séguéla 1999; Feliu 2004), attempts were made to minimize these
problems by using restricted sets of markers and/or pattern forms or by excluding from
consideration contexts containing particular types of additional elements.
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Two challenges in using lexical knowledge patterns for knowledge extraction
— interruptions of pattern forms and expressions of uncertainty — are described below.

2.4.1 Pattern interruptions
The variation of knowledge pattern structures from their prototypical form is widely
recognized as a challenge for many types of knowledge pattern-based applications.
Interruptions that occur within pattern forms or their elements of course may interfere
with the recognition of KRCs in texts, and dealing with this phenomenon often involves
adapting pattern forms to allow for such divergences from the norm.
Different types of interruptions may pose distinct challenges for pattern design
and tool performance. One type of interruption involves the non-contiguity of relation
markers and the elements that they link; this phenomenon was noted, for example, in
Marshman (2002) and Bowker (2003) and poses difficulties particularly for applications
that specify the context in which markers may occur (either in the recognition or the
analysis of potential KRCs) and that attempt to identify the elements linked by markers
automatically. Interruptions of markers (e.g., as mentioned by Séguéla (1999), Bowker
(2003) and Feliu (2004: 169)) and/or of the elements they link may also be expected to
interfere with the recognition of KRCs, because of the risk that these will not be
recognized in their modified form. (Such interruptions of related elements are of course
particularly pertinent for applications that search for previously identified terms and/or
candidate terms.) If high recall is to be maintained, the potential for interruptions should
be taken into account when developing pattern forms for use and choosing approaches
for implementing markers.
Some projects (e.g., Hearst 1992; Pearson 1998) have described fairly restrictive
pattern forms that do not allow for the insertion of additional elements within pattern
structures. Such an approach may be effective for targeting the most immediately and
certainly useful contexts available, and also for ensuring that further analysis of contexts
identified is as straightforward as possible.
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However, this inevitably leads to the exclusion of a certain proportion of
potentially useful contexts, and alternatives may be sought. Séguéla (1999: 55, 58)
allowed in some pattern forms for minimal interruptions of pattern structures and/or
markers (e.g., the occurrence of a maximum of two words between a verbal marker and
a preposition with which it is used). Another approach, used for example by Meyer et al.
(1999), involves the representation of markers alone as patterns, and the search for these
markers in proximity to (but not necessarily contiguous with) a specified term. Feliu
(2004) also chose at least in some applications (i.e., in her use of the tool Mercedes, for
the gathering of contexts containing markers for the description of pattern forms) to use
simple marker forms to retrieve any context that also contained a pertinent term, in order
to reduce silences in the results. (However, Feliu also noted an associated reduction in
the precision with which specific conceptual relations could be identified.)
Thus, the choice of approach for dealing with potential interruptions may vary
depending on the context in which patterns are to be used and the needs of the users
(including the user’s goals, the level of automation desired in the processing and use of
extracted contexts, the size of the corpus to be analyzed, and the requirements for
precision and recall that result from these factors): in cases in which a more automatic
approach to establishing links between elements (e.g., in the construction of ontologies)
is intended (e.g., Hearst 1992), more restrictive and therefore more precise forms may
be chosen; in cases in which a substantial human participation in the evaluation of
contexts (e.g., for conceptual analysis) is envisaged (e.g., in Meyer et al. 1999), more
permissive forms may be appropriate and may allow for greater recall.
In a very specific potential source of interruption, discussed in Section 2.1.14 in
the context of work by Malaisé et al. (2005), more than one relation marker and/or
knowledge pattern may be observed in a single context. This phenomenon was also
discussed in Marshman et al. (2002: 9–10) and Marshman (2002: 103–104). Malaisé et
al. (2005) cited the presence of multiple markers in a context as a positive predictor of
the pertinence of a given context for knowledge extraction. However, while the presence
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of more than one pattern or pattern marker certainly does indicate that a context is
very likely be pertinent for analysis in some way (as it increases the chances that a
relation will indeed be present), recognizing such a context’s form as corresponding to a
pattern may become considerably more difficult in the presence of multiple markers
because of the interruption of knowledge pattern structures that may result.
Moreover, at a conceptual level the presence of multiple markers may pose
challenges for identifying the relation present in a given context if these markers are
generally associated with different relations or sub-relations, particularly if these cooccurring markers link the same two elements.

2.4.2 Expressions of uncertainty
In an article that focused on the intersection between fuzzy logic and linguistic
semantics, Lakoff (1975: 221) observed:
“[N]atural language concepts have vague boundaries and fuzzy edges and
[…] consequently, natural language sentences will very often be neither
true nor false, nor nonsensical, but rather true to a certain extent and false
to a certain extent, true in certain respects and false in other respects.”
These fuzzy boundaries make it difficult to reduce the truth value of many natural
language statements to a form that meets formal logical principles; similarly, the
information contained in many such statements may be equally difficult to process for
applications that attempt to identify clear-cut, universal assertions — such as those of
the existence of relations between concepts — in natural language texts (whether they
do so using knowledge patterns or other techniques). A sort of continuum between the
extremes of complete certainty and complete uncertainty of an assertion (or rather, the
certainty of the untruth of an assertion) may be established, and indicators of the place
of a statement along this continuum must often be taken into account in the development
of strategies for information extraction from texts.
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For example, in an analysis of information appearing in a children’s
dictionary, and calling upon a classification set out in Cruse (1986), Barrière (1996)
identified five levels of certainty that may be identified in automatic processing of texts
using textual cues. Cruse (1986: 16–20) presented these five “statuses” in the context of
the analysis of semantic traits that are part of word meanings and the linguistic tests that
can be used to evaluate them: criterial (i.e., necessarily included in a word’s meaning),
expected (i.e., normally assumed to be included in the meaning of a word), possible (i.e.,
neither assumed to be included in nor assumed not to be included in the meaning of a
word), unexpected (i.e., normally assumed not to be included in a word’s meaning) and
excluded (i.e., necessarily not included in a word’s meaning). Barrière applied these
criteria in her analysis of definitions and examples given in the dictionary, and identified
some markers of the status of information about a word’s meaning.
The presence of expressions of the uncertainty of a statement may of course
affect the usefulness of contexts for a given application, depending on the requirements
of the task at hand in terms of the universality, strength and reliability of the information
identified (cf. Barrière 2002; Barrière and Hermet 2002). In some cases, automatic
strategies for identifying levels of certainty using textual cues may be developed (as in
the case of Barrière (1996)); these may allow tools to present only the most valid
contexts to a user, or to sort contexts according to their potential usefulness, presenting a
user with the most promising contexts first.
Moreover, in addition to their impact on the interpretation of contexts’ content
and their usefulness for various applications in terminology work, expressions of
uncertainty can also affect the structure of KRCs by interrupting pattern forms. Such
interruptions, if unaccounted for in pattern design, may interfere with the recognition of
KRCs in texts. These choices impact not only the form of patterns, but also the recall
that can be expected.
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2.4.2.1

Quantification of related elements

Barrière (1996) identified quantification as one of the primary methods of expressing
either certainty or uncertainty in a statement of a relationship between two elements. In
examples given in a children’s dictionary, she identified quantifiers that indicated
various levels of certainty, including all (criterial), most, many (expected), some
(possible), few (unexpected) and no (excluded)) (1996: 187).
Another observation of this phenomenon — although from a different
perspective — may be found in Sager’s (1990: 32) discussion of tests for distinguishing
“true” GENERIC–SPECIFIC from quasi-GENERIC relations, which introduce quantifiers into
statements designed to test the solidity of relationships (Section 1.4.2).
This phenomenon is thus important to take into account, given that it can affect
the value of a context for future use (e.g., particularly if the element present is excluded
from participation in a relation); however, the evaluation of the impact of quantification
requires that the specific indicator of quantification occurring in a context be taken into
account, as some quantifiers (e.g., all, tout) may indicate certainty rather than
uncertainty.

2.4.2.2

Hedging

Hedging, i.e., the use of linguistic markers to express uncertainty in regard to or to
attenuate a statement, is extremely common in scientific texts and is often found in
contexts that are potentially knowledge-rich.
Lakoff described (1975: 234) what he calls hedges as “words whose meaning
implicitly involves fuzziness — words whose job is to make things fuzzier or less
fuzzy,” i.e., intensifiers and deintensifiers. He cites (1975: 235) examples of these (and
related phenomena), including more or less, roughly, somewhat, mostly, essentially,
very, especially, exceptionally, often, almost, practically, actually, and really. These
hedges (1975: 248–250) may affect the interpretation of various aspects of meaning
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(e.g., may indicate that a statement is true to a certain degree, or in a certain respect);
they may also apply not only to the predicate they modify, but to the value of a
statement as a whole. Lakoff notes (1975: 249) that hedges may indicate different
degrees of hedging in a kind of continuum. Moreover, he also notes (1975: 247) that the
context in which a hedge is used has an important effect on its meaning, and on the
types of elements to which the intensification or deintensification can apply.
Pearson (1998: 115) discussed the presence of hedged definitions in her corpora,
identifying two types of hedging. The first involves indicators of tentativeness, which
indicate that “an author is being tentative about his/her claims” and is reserving the right
to return to, refine and/or revise a statement at a later stage. The second involves
indications of scope, which call into question the general applicability of a statement,
and is used to avoid controversy and guard against challenges from others. Pearson
discussed this issue primarily in terms of what she called focusing adverbs.
While Pearson (1998: 142–144) chose, in her work, to consider contexts that
contain focusing adverbs such as commonly, usually and generally to be valid,
presenting a widely accepted definition of a term, she chose to reject those containing
markers such as chiefly, mostly, frequently and often, because she considered that these
restricted the applicability of a statement (i.e., if a statement often applies, it does not
always apply). However, she also noted (1998: 143) that many of the focusing adverbs
she considered to justify the elimination of potential definitions from consideration in
other contexts might be considered to be an assertion of the general applicability of a
statement, rather than the reverse. This indicates, therefore, that the evaluation of the
validity or general applicability of contexts containing such expressions of hedging may
be extremely complex, and may be difficult to implement automatically.
However, adverbs are not the only available methods of hedging; other examples
include the verbs seem, appear, suppose and consider, as noted for example by Lysvåg
(1975: 125), which convey the belief and/or interpretation of a human in regard to the
truth value of a given statement. Furthermore, Aijmer (1986), observed a number of
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English hedges involving nouns, adjectives, conjunctions, interjections, adverbial or
prepositional constructions, and clauses, showing that the means of hedging are
extremely varied.
In contrast to approaches such as Pearson’s (1998),54 researchers including
Meyer et al. (1999) and Barrière (Barrière 1996; Barrière and Hermet 2002) did not
consider that expressions of uncertainty justified the exclusion of contexts from
consideration, although they stressed the need to account for indications of certainty and
uncertainty when extracting knowledge from texts. In a section on assessing hits
(1999: 265), Meyer et al. note the prevalence of “attenuating phrases” (including
expressions of hedging, e.g., is thought to, appear to be, and modal verbs) in medical
texts, and the fact that some potentially knowledge-rich contexts also contain negation,
both of which may call into question the usefulness of these contexts. However, given
their semi-automatic approach to information extraction, the authors chose to retain
these potentially useful contexts and leave the decision as to their validity to the
terminographer.
This perspective is reflected in the portrait provided by Barrière (2002: 105–
107), focusing on indications of what the author referred to as the probability of a given
relationship existing. She identified various means of expressing different levels of
certainty, and a selection of adjectival, adverbial and other markers of these levels that
may occur within contexts expressing relations.55 She also noted the importance of this
phenomenon and its evaluation in the processing of

CAUSE–EFFECT

relations in

particular, citing the many nuances of certainty that may affect the usefulness of various
statements for extracting information. The author stressed that the representation of
these levels of certainty can be challenging for formal representation and evaluation.

54

A similar approach was taken by Feliu (2004), who excluded from consideration in the evaluation of
pattern forms contexts containing indications of what she referred to as posibilitat (i.e., possibility), on the
basis that the information they contained was thus not universally valid or applicable.
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2.4.2.3

Modal verbs

The presence of modal verbs in a given context can, like the use of quantification and
hedging, express doubt about the certainty of a statement, and may thus call into
question the validity of that context for subsequent applications in terminology work
(and thus the usefulness of extracting that context), as observed in Pearson (1998: 115),
Marshman (2002) and Bowker (2003), among many others.
The polysemy of modal verbs has been widely recognized, for example by Swan
(1995: 334–336), who identifies potential uses including indicating various degrees of
certainty (such as complete certainty, possibility and probability (be it strong, weak,
theoretical, habitual, or conditional)), as well as ability, permission, obligation and
necessity. In the context of specialized language, Sager et al. (1980: 210–212) also noted
that modal verbs may be used in various ways, including indicating possibilities,
predictions, generally applicable statements and logical expectations.
The impact that these verbs may have on the interpretation of a relation may thus
vary from context to context; however, as mentioned by Sager et al. (1980: 210), there
may be a preference for some of the possible meanings over others in specialized
discourse, which may reduce the difficulties posed by their interpretation to more
manageable levels. The authors noted, for example, that modal verbs such as may, might
and can generally indicate possibilities in specialized language.
In the context of KRC extraction, Barrière (2002: 107) also discussed the levels
of certainty that may be expressed by these verbs in the context of relation occurrences
in English, also identifying can, may and might as indicators of possibility, as well as
must as an indicator of criterial certainty.

55

Such expressions may include always (criterial), often (expected), sometimes (possible) and never
(unexpected/excluded) (Barrière 1996: 188).
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2.4.2.4

Negation

Perhaps even more than the presence of hedging and modal verbs, negation can call into
question the validity of a context for knowledge extraction and subsequent use. This
issue has been discussed by several researchers (including Bowker (2003) and Feliu
(2004)); for example, Bowden at al. (1996) in their research used negation as a negative
trigger, eliminating from consideration contexts containing negation.
While excluding contexts containing negation is certainly the most conservative
and thus probably “safest” approach in many (especially more highly automated)
applications — and was also used, for example, by Feliu (2004) — there is always in
these cases the possibility of eliminating valid contexts.56
Moreover, it is worth considering whether negated contexts may in fact
constitute “good noise” (Meyer et al. 1999: 261), i.e., whether for some applications it is
as important to know that a given relation does not hold between a given pair of items as
that it does between another pair. This is a question that can only be answered by
individual users in the context of their particular research projects. In such cases, an
application might be designed to indicate the presence of negation to a user and/or to
sort results according to the presence or absence of negation.
At a formal level, pattern forms may thus need to take into account a variety of
different forms of negation in order to identify contexts in which negation is present and
further — a far more complex task — to distinguish between cases in which negation
affects the validity of a context from those in which it does not.
As the above discussion has illustrated, a number of characteristics of knowledge
patterns can affect the development and performance of knowledge-pattern-based
applications, and these tools can confront numerous and varied difficulties. Few
systematic studies of these issues have been carried out, and fewer still have compared

56

This may be particularly significant when the data available for analysis are limited.
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them between languages. The analysis of these factors will constitute an important
part of this research. The methodology adopted in the evaluation will be presented in
Chapter 3. First, however, the objectives and originality of this research will be
presented.

2.5 Objectives
In light of the results of previous research, we have developed a series of research
questions and a methodology to be used to attempt to answer them.

2.5.1 Research questions
As a number of characteristics of knowledge patterns and their markers, as well as a
number of factors external to the forms of patterns, can affect the development and
performance of pattern-based tools, a number of questions can be asked about the
potential for developing and using such tools in a bilingual environment: What are the
differences in knowledge patterns (and their components) and how they occur in English
and French? Are factors external to the patterns likely to affect these tasks in the two
languages differently? Will these (potential) differences affect the possibilities and
difficulties of identifying and designing patterns, of using them to extract knowledgerich contexts containing information about conceptual relations in corpora, and/or of
using the extracted contexts in terminology work? If so, what may their impact be? How
can these differences be taken into account in developing pattern-based applications, in
expectations of application performance, and the use of the contexts retrieved?

2.5.2 Hypothesis
We hypothesize that differences exist in a number of the characteristics of knowledge
patterns and pattern markers and of the contexts in which they occur in English and
French medical texts, and that these indicate a need for adaptation of methodologies and
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expectations for knowledge pattern identification, development, and use in the two
languages if comparable results are to be obtained.

2.5.3 General objectives
The general objectives of this research were thus to identify, analyze and evaluate a
selection of characteristics of knowledge patterns and markers indicating conceptual
relations of

CAUSE–EFFECT

and

ASSOCIATION

— and some aspects of the contexts in

which they appear — that are pertinent in the development and use of pattern-based
tools. The next goal of the work was to compare these results and observations of the
process to observe similarities and differences in these patterns and markers and the
challenges in their identification and potential use in English and French, in order to
evaluate the impact that these similarities and differences might have on the design and
implementation of knowledge patterns for the extraction of information about
conceptual relations for the purposes of concept analysis and terminological description
in a bilingual context.

2.5.4 Specific objectives
The specific goals of this research were thus:
•
•

•

•

To identify in English- and French-language corpora of medical texts lexicosyntactic knowledge patterns indicating CAUSE–EFFECT and ASSOCIATION
relations involving concepts denoted by domain terms;
To observe and classify the characteristics of the patterns identified — including
the nature, form and characteristics of the markers observed and/or of the
elements that they link — that may affect pattern-based tool development and
performance and the subsequent use of the candidate KRCs identified;
To observe and classify phenomena related to the presence of elements external
to the pattern structures — including pattern interruptions and expressions of
uncertainty — that may pose challenges in pattern-based tool development and
performance, and in the subsequent use of candidate KRCs identified;
To compare the patterns, their markers and characteristics and the challenges
observed in English and French; and
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•

To evaluate the similarities and differences observed between the results in
the two languages, in order to study their implications for KRC extraction using
these patterns in a bilingual context.

2.6 Originality of this research
In pursuing the objectives outlined above, this work will differ on several fronts from
others in the area of extraction of conceptual relations in the medical domain.
First, the descriptive and comparative orientation of the study, and thus its
general approach, set it apart from other research projects that have focused on
developing functioning knowledge-extraction systems, terminological knowledge bases,
or ontologies. Automatic knowledge structure or term base development — as in
research projects such as MENELAS (e.g., Bouaud et al. 1995; Nazarenko et al. 1997,
2001; Zweigenbaum 1994; Zweigenbaum et al. 1995), GENIA (Ohta et al. 2001, 2002;
Tateisi et al. 2000) and Genoma-KB (Cabré et al. 2004; Feliu et al. 2004), for example
— often requires conservative choices, in order to ensure highest-quality output and
little noise. However, given its goals, the aim in this study is to start with a wide range
of potentially useful data (i.e., KRCs) that could be found using some kind of lexical
pattern-based technique.
In fact, these choices are inspired not only from a desire to consider a wide range
of data for the purposes of interlinguistic comparison, but also from a liberal perspective
on what constitutes useful information in text corpora, and how this information may be
used. The needs of terminologists — the primary users envisioned in this research, and
those for whom the approach based on the extraction of knowledge-rich contexts was
developed — are extremely varied. Meeting those needs in as many ways as possible
requires flexibility, and thus may favour the consideration of an interactive approach,
which presumes a certain amount of human intervention and judgment (i.e., semiautomatic knowledge extraction (Meyer et al. 1999: 258; Meyer 2001)). Semi-automatic
KRC tools may, however, implement additional stages of context analysis, attempting to
provide the user with the most pertinent data in the most efficient way possible and thus
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to reduce the time and effort required to locate this information. Using the idea of
semi-automatic KRC extraction as a starting point and then considering various ways
extracted contexts might be processed to identify useful information provides an
opportunity not only to observe phenomena that may be pertinent in a range of different
situations and applications, but also to consider how potential interlinguistic differences
may come into play at each of these levels.
This perspective thus determines aspects of the methodology such as: 1) the use
of a single term rather than a term pair to generate the first set of concordances, which
allows the retrieval of contexts that would otherwise be excluded, for example due to
anaphora or “non-standard” forms of related elements; 2) in the wide range of candidate
pattern markers and forms identified and evaluated, which is intended to provide
maximum access to data on knowledge patterns and the ways in which they may appear
in texts, rather than restricting occurrences to a certain type of marker or specific,
standard forms and structures; and 3) in the choices made when analyzing the results,
notably in the decisions on the inclusion and evaluation of contexts presenting
difficulties such as interruptions or expressions of uncertainty.
The evaluation in this work of a wide range of occurrences of knowledge
patterns according to a number of characteristics affecting their design and use (some
discussed by other researchers, others added or further developed as a function of the
observations made in this corpus and the comparative orientation of this project), thus
presents an opportunity for structured observation of how and to what degree various
factors may influence the semi-automatic knowledge extraction process and the results
of this extraction.
In addition, the systematic analysis and comparison of challenges related to
elements external to the knowledge patterns but occurring within contexts constitutes a
new contribution to knowledge pattern research, as the gathering of this data will permit
not only the evaluation of the relative frequencies of these issues and the forms in which
they occur, but also the interlinguistic comparison of these frequencies and forms. This
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will allow for further, more targeted analysis of the impact of these difficulties and
for making informed choices in developing strategies for dealing with them.
Another difference from many previous projects is observed in the relations
studied. Most research has tended to deal with the most widely recognized, hierarchical
GENERIC–SPECIFIC

and

PART–WHOLE

relations, particularly in relation to their use in

definitions. While there has been increasing interest in the FUNCTION and CAUSE–EFFECT
relations, others have still been largely neglected. However, their importance in the field
(observable for example in their inclusion in the UMLS) shows that other relations such
as

ASSOCIATION

are important in medicine. The study of these relations may fill some

gaps in the information about useful knowledge patterns in the field, which may be
particularly important given the volume of available data in text form.
Finally, perhaps the most significant points here are the bilingual nature of the
research and its comparative approach. While research on knowledge patterns has been
carried out in many languages (e.g., English, French, Spanish, Danish, Catalan), few
studies have evaluated the possibility of using parallel techniques in two or more
languages. Moreover, we are not aware of other research that has systematically
compared the process, results, and difficulties of a pattern-based approach in two or
more languages. This reveals a significant gap in knowledge about pattern-based
approaches, especially as so much terminology work, particularly in the Canadian
context, is carried out bilingually or multilingually.
The development of tools that may be used — equally effectively — in both
English and French, and that thus offer users a way to identify and evaluate occurrences
of relations from a similar perspective (for example, a similar search approach and
analysis of relation sub-types) in the two languages, would be a valuable contribution to
the field of terminology. However, it cannot be assumed that a knowledge-extraction
approach will be equally effective, or will meet exactly the same challenges and
successes, in the two languages. A truly bilingual approach must begin with an
evaluation of the characteristics of knowledge patterns and the contexts in which they
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appear in each language, and bilingual tools will likely need to be adapted to take
any differences into account, in order to optimize results in both languages. This
research will begin to fill the gap in our knowledge by gathering data that will improve
our understanding of the approach and how it may perform in English and French and
suggesting strategies for future development.
In addition to the aspects of the methodology and goals described above that set
this research apart from other projects, the approach used in this work allowed for the
evaluation of a certain number of criteria not explicitly described or not described in
detail in many previous studies. These — and the motivations for examining them —
are described below.

2.6.1 Evaluation of pattern marker types observed: Simple and
complex
Different pattern types may be identified according to the form of the lexical marker
they contain, and one of the distinctions that can be made is between patterns containing
a simple marker (i.e., a marker that is in the form of a single lexical unit, such as the
verbs induce or induire, as seen in the patterns X induces Y or X induit Y) and those
containing a complex marker (i.e., a marker composed of two or more lexical units, such
as induction of, as in X induction of Y, or induction of… by in induction of Y by X).
These variations are often simply different surface manifestations of the same
lexical unit, but the fact remains that if surface-structure-based methods of identifying
contexts in corpora (e.g., character strings, regular expressions) are used, different
pattern forms must be used in order to locate these contexts (since, for example, a
pattern that requires that by be present would not retrieve contexts in which other
variants are present, and the placement of the related elements differs from one structure
to another).
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The form of pattern markers clearly affects the complexity of identifying
(and then applying) potential pattern forms because it vastly increases the possibilities
for variation in marker form. Pattern markers containing several different lexical units
may show not only morphological variation (potentially for each lexical unit included in
the marker), but may also vary in the order of the elements, which increases the number
of possible pattern forms required to locate contexts containing these markers (as
discussed in Section 2.6.2). Over and above the order of elements, complex markers
may also be interrupted by external elements, again indicating a need for adjustments in
pattern forms (as discussed in Section 2.4.1).57 Because of this increased complexity in
pattern design and KRC identification, this criterion was considered to be worthy of
evaluation.

2.6.2 Evaluation of pattern variation
As mentioned in Bowker (2003), while pattern-based tools rely on the representation of
forms of knowledge patterns identified as recurring and therefore promising for
information retrieval, occurrences in texts may vary (in the form of pattern markers
and/or of the structures in which they appear). This variation must be taken into account
when designing patterns for use in knowledge-extraction applications; this may require a
significant investment of time and effort when high levels of variation are present.
Additionally, several pattern forms corresponding to a single marker may be required in
order to implement these different structures. Finally, the adaptation of pattern forms to
deal with variation may have consequences for the productivity of patterns; adapting
patterns to allow high levels of variation may introduce noise in the results of
knowledge extraction, and conversely, not taking into account certain kinds of variation
may reduce recall.

57

This phenomenon and its impact was mentioned, although not formally evaluated, by Feliu (2004: 169),
who chose in the extraction of contexts for the description of potential pattern forms to use verbs alone as
markers, although she acknowledged the advantage of including additional elements such as prepositions
in marker forms for more precisely identifying relation types and occurrences.
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The significance of different kinds of variations in marker form and in
pattern structure will be addressed below.

2.6.2.1

Variation in marker form

Variation in marker forms occurring in the corpus can correspond to a difference in the
number of pattern forms (e.g., character strings or regular expressions) needed to extract
pertinent occurrences of knowledge patterns. Differences in marker variation can be
significant both in terms of the time and effort required to develop pattern forms, and in
the possibilities for precision and recall offered by the patterns. As discussed, for
example, in Bowker (2003), the form of markers of relations can vary in various ways.
In addition to morphological variation (which will not be discussed here, although as
noted in Marshman (2002, 2004) and Weilgaard (2004), it can present difficulties in
cases when pre-established lists of inflected forms of markers are not available or not
used), these include variation in marker elements and variation in the use of active and
passive voices.
Markers may vary in the addition or change of auxiliary elements associated with
a “principal,” open-class marker; these additional elements are often, for example,
function words (particularly prepositions or conjunctions) that combine with nouns or
verbs (e.g., result from, result in, suppression of, suppression of… by, association of …
with, correlation between… and).
These supplementary elements may be very important to take into account in
pattern forms, as they can not only clarify the structure of a given context and the
directionality of asymmetric relations,58 but may also constitute formal indicators of the
elements that are involved in it and be good indicators of the completeness of a given
context (e.g., in the case of suppression of… by, which reliably indicates that both
58

One example of this is the verbal marker result. In the pattern forms [CAUSE] results in [EFFECT] and
[EFFECT] results from [CAUSE], the directionality of the relation changes depending on the preposition
used with the verb.
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elements of interest are present in a context, while suppression of alone may be
observed in contexts in which only one of the related elements is realized).
Variation in the voice of verbal markers may affect not only the markers’ form,
but also the structure of patterns (including the relative positions of the participants in
asymmetric relations), as observed in Marshman (2002) and Bowker (2003: 159–160).
In scientific texts, it has been widely observed (e.g., Sager et al. 1980: 226;
Ouellet 1984, 1985; Kocourek 1991: 70, 83–85) that mentions of the observing subject
tend to be minimal and backgrounded, most likely in an effort to increase the
appearance of objectivity. One symptom of this effort is the frequent use of the passive
voice, which is common in English scientific texts. While conventional wisdom asserts
that French is less tolerant of the passive than English, it has been observed (e.g.,
Kocourek 1991: 84) that the passive is nevertheless used, particularly in scientific and
technical writing, in an effort to give such an impression of objectivity. Given this
motivation, in cases in which the passive voice is used, often a context will not clearly
indicate the agent of an action, creating challenges for knowledge extraction (in cases in
which this information is pertinent). The relative frequencies of the use of the passive in
English and French may thus have an impact on the usefulness of the contexts extracted
and therefore the precision of the patterns, particularly in patterns that may involve the
presence of linguistic elements denoting human participants in a situation.
An alternative also exists in French: the use of the impersonal pronoun on, which
can fulfill the same function as the passive, while maintaining the backgrounding of the
subject. This is generally far more common than the use of on’s English counterpart,
one. This phenomenon involves less variation from standard pattern structures than the
use of the passive (although it nevertheless constitutes a variation from standard patterns
involving related elements in noun form). Such constructions are also less informative
than a clear indication of the entity represented by the pronoun, but more so than a
passive involving no indication at all of the agent, as they at least indicate that the entity
involved is animate and human.
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As different techniques may be preferred in the two languages, the effects on
various types of applications may be expected to differ as well, and distinct types of
difficulties and possibilities for dealing with them may also be observed. An observation
of these variations is thus of interest in this type of research.

2.6.2.2

Variation in pattern structures

One of the most widespread challenges of pattern-based applications is the inherent
variability of language and the resulting reality that pattern forms in use are rarely
invariable. For example, the number and order of elements within a pattern structure
may vary: different numbers of arguments of markers may be realized (e.g., as in X has
been correlated with Y versus Z has correlated X with Y), the elements of patterns may
appear in different orders (e.g., X plays a role in Y versus the role played by X in Y),
and additional elements may appear within pattern structures (e.g., a copula may be
present in X is associated with Y but not in X associated with Y).
All of these variants would need to be represented in one way or another in
pattern forms, in order to achieve maximum recall, and this would often require the use
of either multiple or complex pattern forms (e.g., that include indications of optional
elements within marker forms, or allow for the possibility of marker elements appearing
in varying places relative to one another). Given its pertinence for developing patternbased tools, the level of variation in pattern structures was evaluated and compared in
the research.

2.6.3 Evaluation of the presence of and relationships between multiple
elements sharing a role in a relation
Although the

CAUSE–EFFECT

and

ASSOCIATION

relations are considered to be binary,

corresponding to links between two concepts, in many cases in texts more than one
instantiation of a given role in a relation (i.e., more than one item filling a single “slot”
in a knowledge pattern) may be observed. At a formal level, this type of variation must
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be taken into account in planning for semi-automatic knowledge extraction, because
pattern forms must represent the possible structures in which complex elements
participating in relation may appear, as was the case, for example, in Hearst (1992).
The analysis of the frequency with which multiple elements may share roles in a
relation allows for the evaluation of the proportion of relation occurrences that may
require adaptations of pattern forms to accommodate this phenomenon, in applications
that attempt to identify related elements automatically or that impose restrictions on the
form and/or placement of related elements.
The analysis of the structures in which multiple elements occur provides an
indication of the complexity of defining such structures (e.g., the numbers of different
markers that can link the various elements), as well as the impact this variation may
have for the development of pattern forms that can recognize different forms and ensure
that all elements linked in a given relation are included in an extracted context (and/or
are identified in further automatic processing of those contexts, as required).
In addition, the presence of multiple elements may also be associated with
additional phenomena, including those of ellipsis of part of multiple, complex elements
that share either a head or an expansion, and the repetition of part of complex markers in
connection with multiple related elements.
The difficulties of the former phenomenon have been noted by researchers
including Lauriston (1994: 164) and Ahmad and Rogers (1997: 753) (cf. also Daille
2005). It may, for example, affect the possibilities for automatic identification of related
elements and the immediate usefulness of a given context for applications such as
linking term records and nodes in ontologies. For example, tools that attempt to identify
related elements, or that target specific items for research, may not be able to identify
these (correctly and/or completely) if their forms are modified by ellipsis. The search for
specific terms adjacent to pattern markers will encounter problems if the two items are
separated by an elliptical form of another element, or if the form of the term itself has
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been interrupted. Pattern forms that specify POS classes of related elements
(generally restricting these to nouns and noun phrases) may also not correspond to forms
observed in texts if ellipsis involves the absence of a noun directly adjacent to a pattern
marker.
Moreover, the ellipsis of different portions of related elements (i.e., of heads or
expansions) clearly poses different types of difficulties for automatic applications. Both
the form of the element(s) and the value of the individual elements for information
extraction may vary depending on whether the head or expansion is omitted in a given
context. For example, expansions may more often take non-nominal form, potentially
interfering with the recognition of KRCs or of related elements by pattern forms that
search for elements in noun form, and in many cases, even if an expansion is identified
as a related element, it may not be productive for knowledge extraction without the head
to which it should be attached.59 Analysis of a considerable amount of data would be
necessary to develop formal representations of this phenomenon that can automatically
and reliably process the various types of ellipsis observed; an alternative approach might
involve the design of pattern forms that allow for the extraction of the entire related
element structure for human analysis. Regardless, the phenomenon must be accounted
for in developing pattern forms and choosing strategies for pattern-based extraction.
Repetition of part of a complex marker may affect the requirements for pattern
design in such cases, as pattern forms that do not allow for this repetition may encounter
problems in identifying contexts and/or their components (as the repetition of the marker
would thus constitute an interruption of the pattern form).
In addition, the involvement of multiple elements may have an impact on the
interpretation of a relation at a conceptual level (e.g., in conclusions that may be drawn
about the type of relation present and the necessity or sufficiency of a given element’s

59

Conversely, in some cases the expansion of a complex item may contain the essential information being
expressed. It may be extremely difficult to distinguish these cases formally.
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involvement in a relation). The relation classifications used by Nuopponen (1994)
and Garcia (1996, 1997) reflect the distinctions between types of

CAUSE–EFFECT

relations that may be identified in cases in which multiple causes and effects participate
in a relationship. Barrière and Hermet (2002) also described the impact of this
phenomenon on the creation of conceptual graphs representing CAUSE–EFFECT relations.
From this perspective, the semantic analysis of the links between multiple related
elements can provide information that is useful for assisting in sorting and/or using the
contexts extracted. The nature of the connection between multiple elements may
indicate that a given context describes a relation that holds between two or more
separate element pairs (e.g., in the case of conjunction of related elements), one that may
hold between only one of two possible pairs included in a context, or one that may hold
between a given pair of elements in only some cases (e.g., in the case of disjunction of
elements). Alternatively, some types of connections may indicate that a relation holds
between a single pair of concepts that may be denoted by different linguistic units, thus
providing not only data on the principal relation observed but also information about
additional relations (e.g., in the case of variants and abbreviations). Finally, some
connections between related elements may not only indicate that an additional relation is
present in a given context, but also that the scope of the relation indicated by the marker
may be larger than that of a pair of contexts mentioned explicitly in the context,
extending to additional pairs through inheritance (e.g., in the case of hierarchical
relations between related elements).
Because of their importance for the interpretation of conceptual relations and the
development of pattern forms, these factors were evaluated in both of the languages, and
then compared in order to estimate their relative impacts in English and French.

2.6.4 Identification and evaluation of types of anaphoric expressions
Various authors (cf. Section 2.3.1.5.2.1) have observed the challenges inherent in the
presence of anaphora within potential KRCs. However, the impact of anaphora in semi-
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automatic extraction of KRCs is likely to vary according to the type of expression
found in context. In particular the replacement of a given element participating in a
relation by a pronoun or generic term may be challenging to deal with, although in
different ways.
The replacement of a related element by an anaphoric expression obviously
reduces the usefulness of the context in which it occurs, particularly when the
antecedent of that expression occurs at some distance from the occurrence identified
using the pattern: the inability to identify (with an acceptable level of specificity) one or
more of the related elements in a context may make this context only marginally useful
or even useless for some applications. In addition, if such occurrences — particularly
involving replacement using pronouns — are to be considered for extraction, patterns
must be designed to permit this possibility (allowing, for example, for a related element
to take the form of a pronoun in addition to a noun or noun phrase).
For applications that attempt to process contexts according to the semantic
classes of the actants involved, anaphoric expressions — and particularly those in
pronoun or possessive adjective form — are also problematic, as they may make
contexts very difficult to classify automatically by the class of the antecedent.60
In contrast, the use of a generic term in the place of a more specific one may
pose fewer problems at a formal level, and may also be helpful for the identification of
semantic classes. However, the less obvious nature of the anaphora in these cases may
pose problems in the potential for identifying the anaphoric nature of the expression that
is present and the need to identify an antecedent to determine with precision and
specificity what concept is involved in the relationship The analysis of the forms in
which this phenomenon occurs may help to suggest strategies for ensuring that accurate
information may be identified.

60

However, Weilgaard (2004) describes another perspective on this phenomenon.
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Because of these factors, the types of anaphoric expressions found in the
research were analyzed to evaluate the ways in which pattern-based tools and the
usefulness of the contexts they extract may be affected in each language.

2.6.5 Text-related issues
In this research, occurrences of potential difficulties related to the form of individual
contexts were also annotated, in order to estimate the prevalence of these phenomena.
By its very nature, all corpus-based work is closely dependent on the texts that form the
corpus, and thus indirectly on the authors of these texts. Knowledge extraction
applications rely heavily on the presupposition that corpus texts will present correct
information in ways that are relatively clear, easily interpretable and unambiguous. In
carrying out this kind of research, it is necessary to make the fundamental assumption
that when authors use the relation markers identified, they are generally doing so with at
least a minimal respect for the generally accepted meanings of these markers and for the
interpretation that a reader is likely to make of their use. Clearly, this is far from
guaranteed, however, and pattern-based applications can be affected by various types of
problems in corpus texts; this is one of the major vulnerabilities of such an approach.
In addition to the fundamental issues of choices in expression made by authors,
in some cases, issues in the original text (or possibly introduced in a text conversion
process necessary for preparing texts for analysis using tools) may pose problems for
semi-automatic and automatic approaches to knowledge extraction, interfering with
correspondences between patterns and contexts. These problems may range from
unusual structures that are not accounted for in pattern forms to stylistic variations that
involve changes in these pattern forms, to actual mistakes in the text (typographical
errors, incorrect punctuation, misspellings, etc.).
In addition to the impact these phenomena may have on pattern identification
(affecting the recognition of the marker, of the pattern structure, or of the related
elements) and the interpretation of individual contexts (including the identification of
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the relation present and of how various elements are involved in it), at a more
general level they may also be indicative of the authors’ skill and care in the expression
of the content; problems in writing at this level may be indicative of problems on other
levels, which may call into question the reliability and ultimate reusability of
information expressed.
However, it is our opinion that this kind of analysis is best dealt with by the enduser of the information, taking into account the intended application. Moreover, the very
nature of the phenomenon entails a high degree of variability, and the construction of a
comprehensive and generally applicable typology of such problems would be almost
unthinkably complex. Certainly such a task is beyond the scope of this research.
Therefore, an evaluation of the frequency of such text-related issues was carried
out solely in order to determine whether similar proportions of contexts in English and
French were affected. This evaluation focused solely on the prevalence of phenomena
that may interfere with the identification and interpretation of candidate KRCs.
The methodology developed for carrying out the evaluations described above
will be presented in Chapter 3.

3 Methodology
This chapter outlines the methodology used in the research: Section 3.1 describes the
corpus-building process, Section 3.2 the generation of the initial, term-based series of
concordances, Section 3.3 the manual analysis of patterns and difficulties, and Section
3.4 the interlinguistic comparison of the results.

3.1 Corpus-building
Two corpora were constructed, one in English and one in French. A full list of the
corpus texts appears in Appendix C.61 The issues of languages and language varieties,
domains, corpus size, the dates of texts and the text types selected are described below.

3.1.1 Languages and language varieties
In order to maintain a relatively broad linguistic representation, efforts were made to
include texts from a variety of sources and geographical areas. This geographical variety
was identified using the affiliations of the authors of the corpus texts, as well as the
place of publication of the sources (cf. Vandaele 2001). English sources from the United
States, the United Kingdom, Canada, Ireland and Australia were included. French
sources originated in France, Quebec, Belgium and Switzerland.
Author affiliation was also used as an indication of the language communities to
which authors likely belonged. Texts were retained if at least one author was affiliated
with an institution in a Francophone or Anglophone country (depending on the corpus).

3.1.2 The domain and sub-domains
Within the medical domain chosen as the subject of the corpora for this project, the subdomains selected were those of breast cancer and heart disease (with a specific focus on
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atherosclerosis). Texts were located using terms that were identified as representing
1) concepts that denoted central concepts in these fields (e.g., the diseases themselves),
or 2) other concepts of interest in current research in the domain, identified through
background reading on the fields. In English these terms included breast cancer, breast
neoplasm, p53, BRCA1 and BRCA2 for the breast cancer corpus, and atherosclerosis,
arteriosclerosis, cholesterol, and cardiovascular disease for the heart disease subcorpus. In French, the keywords used included cancer du sein, BRCA1, BRCA2 and p53
for the cancer sub-corpus, and athérosclérose, artériosclérose, cholestérol and maladies
cardiovasculaires for the heart disease sub-corpus.62 The corpora in each sub-domain
included articles discussing the etiology of the disease, its development, its diagnosis, its
treatment, its effects, and its prevention.

3.1.3 Corpus size
The English corpus contains approximately 573,000 tokens in total (approximately
305,000 in the breast cancer sub-corpus and 268,000 in the heart disease sub-corpus).
The French corpus contains 692,000 tokens (478,000 in the breast cancer corpus and
214,000 in the heart disease corpus). To minimize variation in results of corpus analysis
due to differences in numbers of words and permit comparison of frequencies of
occurrence of various units in the two corpora, where applicable measures of frequency
were expressed and compared in occurrences per thousand corpus tokens.
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We will not describe in detail the theoretical framework surrounding corpus-building in terminology
(for a detailed review of the literature and some issues in corpus-building, see e.g., Meyer and Mackintosh
(1996), Pearson (1998) and Bodson (2005: 13–33)).

62

Where this option was available (e.g., in MEDLINE), articles classified according to subject-headings
corresponding to these terms were used; in other cases, these terms occurred as keywords, or in journal or
article titles or abstracts.
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3.1.4 Dates of corpus texts
The corpus documents were published between 1997 and 2004.63

3.1.5 Text types
The corpora for the research were built using texts available in electronic form from
various databases including MEDLINE and Repère,64 as well as online sources such as
the Canadian Medical Association Journal, Le Médecin du Québec and Le Clinicien.65
The texts were primarily specialized texts — including review and research articles,
with a few additional types, including continuing education articles, case reviews and
clinical cases — although a small proportion of popularized texts (i.e., specialized
journalism) were included in each corpus.66
The classification of the corpus texts by level of specialization was based on
criteria similar to those used by Pearson (1998) in defining communicative situations;
these focused particularly on the level of expertise of the author and audience. Articles
were considered to be specialized if their authors were experts in the medical domain
(e.g., physicians, specialists and/or researchers) and to be popularized if their authors
were knowledgeable in the field but not experts (e.g., medical journalists). The intended
audience also contributed to the classification: texts intended for the general public or an
interested general public (e.g., in the case of specialized science and medical journalism)
were considered to be part of the popularized sub-corpus, while texts intended for
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Most dated from between 2000 and 2004. The English breast cancer corpus also contained
approximately 15 older documents, published between 1988 and 1997.

64

Cf. Vandaele 2001 for an overview of the usage of such databases in the medical field.

65

The exceptions are texts from La Recherche, which were scanned and processed using optical character
recognition software.

66

These popularized texts complement more specialized texts and moreover are often extremely useful
for terminologists and terminographers, especially those who are beginning work in a new domain and
acquiring domain knowledge, or who are preparing resources for users who are not themselves subjectfield specialists. For this reason, it is important for pattern-based tools — even those intended for use in
specialized subject areas — to be able to process these documents as well as more specialized texts.
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experts (e.g., physicians, specialists and researchers) were considered to be
specialized.67

3.2 Initial concordances
Initial concordances were generated using candidate terms and manually analyzed to
identify occurrences of the relations of interest and the candidate patterns that indicated
them. This reflects approaches used by many researchers in the field of markers of
semantic and conceptual relations, including Hearst (1992), Meyer et al. (1999), Meyer
(2001), Condamines and Rebeyrolle (2001), Marshman (2002, 2002a) and Bodson
(2005).
In terminology, this widely used technique generally aims to identify markers
that may occur in association with one or more terms that terminologists and/or
terminographers might seek to include in a resource, and thus that may be of assistance
in the analysis and description (e.g., definition) of the concepts denoted by these items.
The methodology chosen thus reflects not only the practice in the domain, but
also the principal needs of typical end-users of a pattern-based tool — in this case
terminologists and terminographers carrying out conceptual analysis for terminological
description — while still allowing for the evaluation of a wide range of data that may be
helpful to these users, and the challenges in exploiting it. Moreover, it allows for the
observation of some situations and challenges such an approach may encounter.

67

It is possible to subdivide these sections even more specifically if desired, by evaluating the relative
levels of knowledge of the author and receptor of texts. For example, a text on a very specialized subject
written by a specialist in that area for readers who have background knowledge in the field but not the
same level of specialization (e.g., general practitioners) may show some characteristics that texts written
by specialists for other specialists in the same field may not. However, this fine-grained level of
classification was not used in this study.
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3.2.1 Choice of the terms for initial concordances
The choice of terms used to generate the initial concordances raises a certain number of
questions: What kinds of terms would end-users be likely to research using a semiautomatic tool? How can appropriate terms be identified? What effects may term choice
have on the observations?
In regard to the first issue, more and more applications for the automatic
extraction of candidate terms are being developed, and interest is growing in these tools.
Several different techniques have been proposed, and can be grouped into three general
categories: 1) approaches based on statistics (repetition of forms; cf. Gillam and Ahmad
(2002) and Ahmad and Davies (1994) on the concept of “weirdness”); 2) approaches
based on common patterns of term formation (e.g., common forms of noun phrases);
and 3) hybrid approaches integrating both statistical and term formation pattern
approaches. This is a technique that is being more and more frequently used in the field
of term extraction, and has been recognized to provide good results. (See also Drouin
(2002: 53–114) for an overview of various term extraction methods.) Promising results
have been observed for all of these approaches, and they seem to present good starting
points for corpus analysis, providing terminologists with a list of candidate terms that
may be important in a given corpus, and by extension in a given domain.
Moreover, automatically identified candidate terms have been used as a starting
point in several research projects focusing on pattern discovery and application (e.g.,
Pearson 1998; Condamines and Rebeyrolle 2001; Gillam et al. 2005).
The use of automatic term extraction software to identify candidate terms for the
initial concordances thus offers both a starting point for the research that does not
require the involvement of a terminologist to analyze the corpus manually (which is
impractical in this context), and a relatively realistic picture of the kinds of terms a
terminologist might begin to research in a real-world project.
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In regard to the last question, Bodson (2005), working in French, observed in
her corpora that different types of semantic relations were strongly associated with
specific semantic classes of terms. Moreover, although the associations were far less
pronounced, she did consider the possibility that some patterns could be linked to a
particular class of terms (i.e., that the patterns indicating a specific semantic relation
between entities might not be the same as those that express the same relation between
activities, and so on). Given these observations, it was considered important to use terms
corresponding to a variety of classes in order to observe a range of results.
Finally, for the purposes of this project, focusing on an interlinguistic
comparison of results, it was important that a certain parallelism be maintained between
the terms chosen in the English and French corpora. Comparable numbers of terms in
each corpus, as well as of terms associated with each semantic class, were required.
Three steps were thus identified for the selection of terms for the initial
concordances: 1) the identification of candidate terms in the corpus using a termextraction tool; 2) the identification of terms representing different semantic classes and
each of the sub-domains, in order to ensure variety; and finally 3) the selection among a
set of these candidates of terms that had similar characteristics in the two languages, in
order to maintain a level of interlinguistic parallelism.

3.2.1.1

First criterion: Specificity

The terms used were identified using the term extractor TermoStat (Drouin 2002, 2003)
(see Appendix D for a sample of the candidate terms proposed). This tool uses a hybrid
(i.e., linguistic plus statistical) approach: it identifies simple and complex terms —
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generally, nouns and noun phrases — in a corpus using a statistical measure of their
specificity, i.e., frequency in the corpus as compared to a reference corpus.68
TermoStat offers advantages over other tools that use statistical or linguistic
approaches alone: it proposes an integrated list of both simple and complex candidate
terms; it carries out its calculations on data that has been part-of-speech tagged and
lemmatized using TreeTagger (Schmid 1994), to provide more accurate indications of
frequency in the corpora and thus of relative specificity; and it can use typical patterns
of term formation to reduce some noise in the results.
The threshold set for considering lexical units as candidate terms was a score of
+3.09 (Drouin 2003: 148). TermoStat identified a total of 14,536 candidate terms in the
English corpus and 14,058 candidate terms in the French corpus that met this criterion.
A first, superficial sort of the candidate terms proposed was carried out to
eliminate those that were not considered to be appropriate for the task of generating the
first set of concordances to search for patterns. Exclusions were made in the case of:
•
•
•

•

68

candidate terms that were judged not to be domain terms (e.g., fois and mois in
the French heart disease corpus, fig, the abbreviation for figure in the English
breast cancer corpus);
candidate terms that were judged unlikely to occur in relations of interest in this
research (e.g., mg, the abbreviation for milligram, in the English heart disease
corpus);
candidate terms that very often occurred as modifiers in larger complex terms
(e.g., LDL in the English heart disease corpus, which occurred often in
compounds such as LDL-C, the abbreviation for low-density lipoprotein
cholesterol), or which occurred in other expressions (e.g., cours in the French
heart disease corpus, which often occurred in the expressions en cours, au cours
de, and au long cours);
candidate terms that were considered likely to occur as relation markers (e.g.,
risk in the English corpus, risque and augmentation in the French corpus); and

In this case, the English reference corpus was taken from the Montreal newspaper The Gazette (articles
published between March and May 1989) and the French from Le Monde (articles published in 2002).
More details on the English corpus are available in Drouin (2002: 122).
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•

3.2.1.2

candidate terms that would provide too much overlap with other terms of
interest (e.g., cellule endothéliale, excluded from the candidates from the French
heart disease corpus because of the overlap with cellule).
Second criterion: Representation

3.2.1.2.1 Semantic classes
In order to ensure that a variety of term classes were used in generating the initial
concordances and later to permit interlinguistic balancing of the semantic classes
represented, the roughly sorted candidate terms identified using TermoStat were
associated with classes including entities, activities and processes.
Two classification systems, WordNet and the Unified Medical Language
System, were consulted in order to identify the high-level semantic classes with which
candidate terms might be associated.69 The two resources use a different approach to
classification, and each presents a certain number of advantages and disadvantages for
the purposes of this kind of research.
WordNet is an English-only system based on the classification of sets of
synonyms and quasi-synonyms (synsets) according to their semantic characteristics.70 It
covers a large range of general language words, and also some specialized terms from
various domains (e.g., medicine, computing; cf. Bodson 2005). However, the entries are
largely single words, and few complex items are included.
The UMLS Semantic Network is specialized for the field of medicine, and
classifies concepts according to a hierarchy based on the harmonization of a number of
medical ontologies, terminologies, thesauri and other resources. This classification can
be accessed using a large number of complex (and some simple) terms through the
69

Only the higher levels of the hierarchies were used, in order to remain as neutral as possible to the intersystem variations in classifications, as there is far more variation at the lower levels of the classification
systems than in the upper ones.

70

While WordNet is an English-language resource, many projects are underway to expand the
classification system used to other languages.
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Metathesaurus, which offers far more complete coverage of terms in the medical
domain than that of WordNet and links these terms to the concepts of the Semantic
Network. A multilingual resource, the UMLS Metathesaurus offers searching in many
languages, and synthesizes results in a single entry. It is freely available for research
purposes.
The UMLS was chosen as the primary basis for classification in this research,
and its classes of entities (including physical objects and conceptual entities) and events
(including activities and phenomena/processes) assigned to the candidate terms.71,72
A choice was made, however, to exclude from the list of candidate terms some
that were especially difficult to classify (e.g., data, study). In the case of processes,
because the classification of these types of terms was challenging (largely due to the fact
that the UMLS identifies a class of phenomena or processes rather than processes
alone), terms that were described as denoting processes in both the UMLS and WordNet
were chosen, in an effort to ensure as precise a classification as possible.73
One problem encountered was difficult to overcome, and yet extremely
important in the corpora being analyzed. This was the classification of pathologies (i.e.,
diseases and other disorders), which were frequently represented in the list of candidate
terms. These may be considered to have multiple inheritance, possessing semantic
properties characteristic of both states and processes. This fluidity in the classification
of disease terms was easily observed when comparing the classifications given in
71

In the rare cases that candidate terms (particularly in French, e.g., traitement, cellule) were not present
as independent forms in the UMLS, their classification was deduced from the classification of more
specific concepts. In one case, oxydation, the French term was not present, but its equivalence with the
English term oxidation was established and the class corresponding to the English term was used.

72

However, it is clear that neither of the systems was perfectly suited to the purposes of this project: the
classifications used by these systems for particular terms were often not immediately clear or intuitively
understood, and were certainly not always coherent between systems.

73

In the case of the French terms, English equivalents were used to consult WordNet. As it was relatively
difficult to find terms that were classified in both systems as processes, the specificity of these terms tends
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WordNet and in the UMLS. WordNet classified all of these terms as states, while
the UMLS attached these terms to concepts characterized as phenomena or processes
(specifically, diseases or syndromes, or pathologic functions).74 Given both the
centrality of terms denoting disease in the medical field, and of the high number of such
terms among the candidates proposed by TermoStat, it was not considered advisable to
exclude these terms because of the challenges of their classification. However, neither
were they considered to be reliable examples of terms denoting phenomena or
processes. As such, they were included as a special category of phenomena or processes
(pathologies). (Further discussion of this decision may be found in Section 5.5.2.)75

3.2.1.2.2 Sub-domains
In order to ensure that candidate terms representative of each sub-corpus were chosen in
the two languages, the specificities of the terms selected were also evaluated in the two
sub-corpora, and these specificities were also considered in the selection of terms from
among the candidates identified using the previous criteria.

3.2.1.3

Third criterion: Interlinguistic similarity

A number of pairs of candidate terms evaluated using the above criteria were identified
as equivalents in the two languages, and were given preference in the final selection.

to be lower than that of the other candidate terms used. However, their TermoStat specificity scores still
far exceeded the threshold set for validity.
74

One exception was the French term récidive, which was not classified at a more specific level than that
of Phenomenon or process, but which on the basis of this classification and its definition was considered
to be most acceptably included in this category.

75

Somewhat less problematic, but nevertheless present, were challenges linked to the classification of
terms associated with treatments (chemotherapy, hormone replacement therapy, chimiothérapie,
traitement) which may present some variation in usage, denoting either an activity (as reflected in the
classification used) or, for example, the agent used in this activity. Once again, as the focus in the use of
these classifications was to ensure variety in the types of terms chosen and parallelism in the two
languages, and the potential for variation was observed in the two corpora, this variation was not
considered to preclude the use of these kinds of central domain terms in the research.
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3.2.2 Selected terms
These criteria were used to select 15 terms in each language (Table 10).
Table 10. Terms for initial concordances
Term
English
chemotherapy
hormone replacement therapy
patient
cell
C-reactive protein
atherosclerosis
breast cancer
diabetes
coronary heart disease
tumour
activation
development
expression
oxidation
pathogenesis
French
chimiothérapie
traitement
patient
cellule
cholestérol
athérosclérose
cancer du sein
diabète
récidive
tumeur
activation
coagulation
oxydation
prolifération
transcription

UMLS Semantic Type

Frequency in
the corpus

Event/activity
Event/activity
Entity/conceptual entity76
Entity/physical object
Entity/physical object
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process

540
516
3992
2143
562
410
2533
425
373
1325
266
367
592
84
61

Event/activity
Event/activity
Entity/conceptual entity
Entity/physical object
Entity/physical object
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process
Event/phenomenon or process

738
2357
3504
1678
359
392
2092
233
272
1481
237
41
54
138
101

Two terms classified as denoting activities and three as denoting entities were
chosen. Given the prevalence and importance of terms denoting pathologies (e.g.,

76

The terms patient in English and in French are linked to a concept that is further classified as a Group,
explaining the somewhat surprising characterization of the term as denoting a conceptual entity.
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diseases), these were more numerous in the terms chosen, with five representatives
of the class in each language. Processes were also considered not only to be of central
importance in the understanding of the field and particularly the aspects targeted in the
corpus-building process (e.g., disease development, effects, treatments), but also to be
likely to participate in the relations of interest in the research, and thus were also
numerous in the list of candidates retained. Five terms representing this class were
retained. Nine pairs of these terms were considered to be equivalents. Six additional
non-equivalent terms in each language that provided relatively comparable distributions
between classes and sub-corpora as well as numbers of occurrences for analysis were
retained to complement these pairs. (More data about the terms are available in
Appendix E, which presents the terms chosen in each language, their semantic classes,
their frequencies, and their specificity in the corpora. In addition, Appendix F presents
definitions of each of the candidates selected.)

3.2.3 Generation of initial concordances
Once the lists were finalized, the concordancer WordSmith Tools was used to generate
concordances for each of the selected terms. A random sample of up to approximately
100 occurrences of each term — for a total of approximately 1,400 contexts in each
language — was then added to a Microsoft Access database, to be analyzed and
annotated if a relation was present.77

3.2.3.1

English terms

The 15 selected terms, shown in Table 11, were used to generate a sample of 1,412
concordance lines. The second column in this table, identifying the terms’ class as

77

Sampling was carried out using a function of WordSmith Tools that allows for the random selection of
a certain proportion of occurrences of a search string located using the tool, up to a desired number of
occurrences. Some variation in numbers of occurrences retained resulted from the need to ensure that the
maximum was not consistently attained before the end of the corpus was reached, which could have
introduced bias in the results. In cases in which an approach using automatic random selection produced
an excessively large number of occurrences, a manual random selection was made within these.
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retained for the purposes of this project, reflects the choices made (cf. Section
3.2.1.2.1) to consider terms denoting diseases and disorders (in addition to tumours) as a
separate class of terms, and to choose terms classified as denoting processes in both the
UMLS and WordNet.
Table 11. English terms used to generate the initial concordances
English candidate
term
chemotherapy
hormone replacement
therapy
patient
cell
c-reactive protein
activation
development
expression
oxidation
pathogenesis
atherosclerosis
breast cancer
diabetes
coronary heart disease
tumour
Total

3.2.3.2

Class
Activity
Activity
Entity (conceptual entity)
Entity (physical object)
Entity (physical object)
Process
Process
Process
Process
Process
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)

Number of
contexts
100
101
100
106
101
107
99
100
84
61
85
99
92
77
100
1412

French terms

The 15 French terms, shown in Table 12, were used to generate a sample of 1,392
concordance lines. The distribution of contexts by term class is shown in Table
13. These contexts were then analyzed manually and annotated as described in Section
3.3.
Table 12. French terms used to generate the initial concordances
French candidate
term
chimiothérapie
traitement
patient
cellule

Class
Activity
Activity
Entity (conceptual entity)
Entity (physical object)

Number of
contexts
100
100
100
100
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cholestérol
activation
transcription
coagulation
oxydation
prolifération
athérosclérose
cancer du sein
diabète
récidive
tumeur
Total

Entity (physical object)
Process
Process
Process
Process
Process
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)
Phenomenon or process (pathology)

100
100
101
41
54
101
100
96
100
100
99
1392

Table 13. Contexts analyzed by term class
Class
Activity
Entity
Process
Phenomenon or process (pathology)

Number of
contexts —
English
201
307
451
453
1412

Number of
contexts —
French
200
300
397
495
1392

3.3 Manual identification of relation occurrences and
candidate patterns
The analysis of the term-based concordances began with the identification of contexts of
interest for identifying and evaluating relation occurrences and the candidate patterns
indicating them. Contexts were retained and annotated if:
•
•
•
•

78

the context expressed a relation of interest in this project;
both of the elements participating in the relation were expressed in the context;78
one of the elements linked in this relation corresponded to the term used to
generate the concordance, or to a complex term with this term as its head;
a candidate lexical knowledge pattern indicating the relation (i.e., a knowledge
pattern containing a lexical marker — a verb (e.g., induce), noun (e.g.,

If a complex related element was incomplete in the context extracted, the context was retained if the
head of the element was at least partially present in the context. In cases in which multiple elements
shared a role in a relation and at least one of these occurred within the extracted context, the occurrence
was also retained.
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prevention), adjective (e.g., dependent), participial adjective (e.g.,
associated), conjunction (e.g., and), or preposition (e.g., with), a prefix (e.g.,
anti-), or a combination of such units) could be identified in the context.

3.3.1 Annotation
For each context retained for annotation according to the criteria described above, a
certain number of elements were noted in separate database fields: the relation (and subrelation in the case of the

CAUSE–EFFECT

relation) and the base form of the pattern

marker observed, as well as the related elements (as observed in the context).79 The
form of the pattern as observed in the context was also noted, with the related elements
and other intervening items replaced by placeholders (related elements by variables and
intervening items by parts of speech).80 A sample of an analyzed concordance is shown
in Table 14 (page 175).
If two or more distinct relations meeting the criteria were present, a separate
entry was created for each relation and the elements linked by it. Several characteristics
of the markers identified and their contexts were evaluated, analyzed and compared.
Characteristics of the pattern marker and the related elements (e.g., part of speech
classes) and challenges for pattern-based tool use were noted in fields designed for this
purpose (not shown in Table 14). More details of each aspect of the annotation are
provided below in Sections 3.3.1.2 to 3.3.1.5. However, before entering into this
discussion, a note on one aspect of the annotation is presented in Section 3.3.1.1.

79

Some markers were ambiguous in the sub-relation they represented. Occurrences of these markers were
classified according to the sub-relation that best represented the relationship as interpreted in the specific
context being annotated, and thus markers could be associated with different sub-relations in different
contexts. In addition, a small number of markers were difficult to interpret within a single context; these
were classified according to the best interpretation possible of the context. A discussion of this
phenomenon and some strategies for dealing with it may be found in Section 5.5.3.2.

80

As described in Section 3.3.1.5.1.1, an exception was made for cases in which multiple markers were
observed in a given context.
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3.3.1.1

Special case in the annotation

Although terms (e.g., risk in English and risque and augmentation in French) that were
initially suspected to be potential markers of relations were excluded, in some cases —
of activation in both English and French and of expression in English — it became
evident that a term identified as specific to the corpus and used to generate one of the
initial concordances could also play the part of a lexical marker in a knowledge pattern
of interest in this project (e.g., the expression of a molecule by a cell involves a
CREATION

relation). This issue was dealt with by excluding the term used to generate

concordances from consideration as a pattern in those concordance lines only. This was
chosen as the best solution, since: 1) these candidate patterns could also be found in
other contexts and thus were not a priori excluded from study; 2) this method prevented
the introduction of a serious bias in the observations of candidate pattern frequency at
this stage and gave these patterns the same likelihood of being observed as others that
were not used to generate term-based concordances; 3) the approach allowed for the
study of candidate terms that may be particularly interesting foci for evaluation and
description using information such as that offered by pattern-based tools. (Some further
discussion of this decision is found in Section 5.5.2.) It must nevertheless be
acknowledged that this may lead to some inconsistencies in annotation, since the same
context, if identified using another term, would likely have been annotated differently.

3.3.1.2

Relations

For each context, the relation present — as described in Section 1.5 — was determined.
The criteria for relation classifications are described below in Sections 3.3.1.2.1 and
3.3.1.2.2.
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Table 14. Sample of annotated relation occurrences
Initial term
atherosclerosis

atherosclerosis

atherosclerosis

atherosclerosis

Context
… surgery--is performed
500,000 times a year in the U.S.
to treat coronary arteries that are
becoming blocked as a result of
atherosclerosis. … (Beardsley
2000)
… The "response to injury"
hypothesis developed by Russell
Ross in the late 1970s suggested
that atherosclerosis, at least,
resulted from an initial injury to
endothelial cells … (Griendling
and FitzGerald 2003a)
… MMPs have been broadly
implicated in a number of
cardiovascular diseases,
including atherosclerosis, 90,94
aortic aneurysms, 95 and heart
failure, 96 … (Jaffer and
Weissleder 2004)
... Recently, an exciting report
provided evidence for a new
pathway by which hepatic lipase
may modulate atherosclerosis.
… (Zambon et al. 2003)

1st element (X)
coronary arteries
that are
becoming
blocked

Marker
as a
result of

2nd element (Y)
atherosclerosis

atherosclerosis

result
from

injury to endothelial
cells

EFFECT–CAUSE

implicate

cardiovascular
diseases,
atherosclerosis,
aortic aneurysms,
heart failure

CAUSE–EFFECT

atherosclerosis

CAUSE–EFFECT

MMPs

hepatic lipase

modulate

Relation
EFFECT–CAUSE

Pattern Form
X as a result of Y

(creation)

(creation)

(creation)

(modification)

X, [adverb phrase],
resulted from
[article] [adjective]
Y

X have been
[adverb] implicated
in [quantifier] Y1,
including Y2 [ref],
Y3, [ref]
[conjunction] Y4
X [modal] modulate
Y
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3.3.1.2.1 Criteria for classification of ASSOCIATION relations
As described in Section 1.5.1, within the larger framework of the ASSOCIATION relation,
some specific sub-types may be identified. While it would be possible — and in some
cases beneficial to a user — to separate these sub-types of

ASSOCIATION

(according to

the criteria of variable type or symmetry, for example), for the purposes of this research
only the main relation of ASSOCIATION was used. This decision was made because of the
relatively low number of occurrences of this relation as compared to the

CAUSE-EFFECT

relation, of the nature of the relation itself and of its primary function for the purposes of
this kind of research (i.e., indicating the advisability of a surveillance of connections
between two elements in order to determine whether a causal link is present, and if so
what its nature may be), and of the difficulty in many cases of differentiating between
the different potential sub-types of this relation. (However, a brief discussion of the
possibilities of refining the classification, in light of the results of the project, appears in
Section 5.5.3.4.)

3.3.1.2.2 Criteria for classification of CAUSE–EFFECT relations
In the first stage of the analysis of

CAUSE–EFFECT

relations, the relation occurrences

were annotated using Barrière’s classification (2002; cf. Section 1.5.2.8.3) to assign a
sub-relation (CREATION,
INCREASE, DECREASE

DESTRUCTION, MAINTENANCE, PREVENTION, MODIFICATION,

or PRESERVATION) to each occurrence.

One minor modification in the sub-relation names assigned by Barrière was
made: given that the inclusion in the

MAINTENANCE

sub-relation of cases in which one

element allows or permits the other to exist or to occur may be somewhat confusing, this
sub-relation was identified as MAINTENANCE (PERMISSION) to improve clarity.
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3.3.1.3

Number of relation occurrences observed

Once the relation (and where necessary sub-relation) present in each context was
identified, the number of occurrences of each type was tallied, to provide an idea of the
density of relation occurrences meeting the criteria set out in the project, as compared to
the number of contexts analyzed. This measure is indicative of the raw potential of this
kind of approach for locating relation occurrences in corpora in the two languages.
Once the number of relation occurrences present was determined, the analysis of
these occurrences themselves, and of the markers and patterns identified in them, could
proceed. This evaluation focused on two distinct aspects of the relation occurrences
identified: the characteristics of the patterns themselves (including the markers
identified, their characteristics, the structures in which they participated, and the
elements that they linked); and some challenges in the identification and use of these
patterns or the information conveyed by the contexts in which they occur due to items
external to the patterns themselves (including interruptions of the patterns and the
presence of expressions of uncertainty in the contexts evaluated).

3.3.1.4

Annotation and analysis of pattern characteristics

The various pattern characteristics that were annotated and evaluated are described in
more detail below.

3.3.1.4.1 Candidate markers
The first step in analyzing the term-based concordances was the identification of
candidate markers, which required a preliminary definition of what kinds of markers
were of interest in the project, and what information was needed about them.
The candidate knowledge patterns identified in the course of this research are
lexical, containing a relation marker that is a lexical unit or series of lexical units (or, as
discussed in Section 1.2, in rare cases, a derivational affix). However, these may then be
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refined by the addition of syntactic information about these forms and the elements
they link (cf. lexico-syntactic knowledge patterns).
Given the different relations being studied, the comparative focus of this project,
and specifically the goal of comparing various kinds of patterns in English and French,
the patterns studied were not restricted to those containing a marker belonging to a
specific part of speech class (as was the case of Barrière (2002) and Garcia (1996, 1997)
with verbal markers). Patterns containing markers that were verbs (e.g., to prevent),
nouns (e.g., prevention), adjectives (e.g., preventive), adverbs (e.g., preventatively) and
prepositions (X from Y), as well as conjunctions (e.g., X and Y) were considered.
Thus, in pattern discovery, word forms that were associated with the expression
of a pertinent relation (e.g., for the

CAUSE–EFFECT

relation of

PREVENTION,

prevent,

prevents, prevented, and preventing) were noted. These individual forms were then
associated with a base form of a lexical unit (in this case, the verb to prevent).
Both simple (e.g., prevent, prevention) and complex markers (e.g., prevention
of… by) were considered. The most complete possible form of lexical marker was
identified in each relation occurrence (e.g., prevention of… by was identified as the
marker form present in structures such as prevention of X by Y, prevention in structures
such as X Y prevention), although forms such as these containing the same open-class
marker that differed only in the presence of additional closed-class elements such as
prepositions were considered to be occurrences of a single base marker. (The analysis of
these variations is discussed separately in Section 3.3.1.4.4.2.)
Through this annotation, the candidate markers identified were associated with a
specific (sub-)relation (or potentially more than one in the case of polysemous markers).

3.3.1.4.2 Number of markers observed
Once the lexical markers present were identified, these were counted in order to obtain
an idea of the number of distinct markers that were present in the relation occurrences
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analyzed, and for each relation and sub-relation. This measure permits the estimation
of the number and variety of distinct markers required to retrieve the number of relation
occurrences observed in the contexts analyzed, and thus of the variety of markers that
may be needed in pattern-based applications in each language.

3.3.1.4.3 Number of occurrences of markers
Because the productivity of a pattern-based tool depends largely on the number of
potentially useful contexts accessible using pattern sets, the numbers of occurrences of
markers are an important component in evaluating the potential of this kind of approach.
This analysis was based on two separate measures: the proportions of relation
occurrences observed that corresponded to the most frequent markers in the sample
analyzed (which is indicative of the productivity of individual markers for retrieving
relation occurrences), and the frequency of the sets of markers in the corpus as a whole
(indicative of the overall number of potentially useful contexts that may be located using
these sets).
In the first case, the evaluation focused on the numbers of markers observed that
would be required to identify a given proportion of the relation occurrences identified
(in this evaluation, 50% and 75%).
The evaluation of the frequencies of sets of markers in the corpora as a whole
was generally determined using concordances generated for the markers using character
strings and WordSmith Tools, in a version of the corpora that had been part-of-speech
tagged and lemmatized using TreeTagger (IMS Textcorpora and Lexicon Group 1994;
Schmid 1994). This allowed for the evaluation of marker frequency in such a way as to
take into account inflected forms of the pattern markers and eliminate (within the limits
of the performance of the part of speech tagger and lemmatizer) categorial ambiguities
presented by the markers. In the case of markers that could not be effectively evaluated
using this approach — for instance those that were complex and interrupted or that
shared elements (for example, in the case of complex markers that contained elements
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that may serve as markers in their own right, such as risk and risk factor in English)
— occurrences were sorted manually to distinguish between forms and these figures
were retained for the purposes of the analysis.81 To permit marker frequency
comparisons between the two data sets, a measure of frequencies per 1,000 tokens in the
corpus was calculated.82
Combined with observations of the numbers of markers observed for each
relation, these measures may indicate the variety of markers used to express a given
relation and the potential of the marker sets to identify contexts, and thus help to
estimate and compare the number of markers required in pattern-based applications to
retrieve relation occurrences.

3.3.1.4.4 Types of markers observed
In order to evaluate the types of markers observed, each occurrence of a marker was
associated with an indication of its part of speech class and form, as described below.

3.3.1.4.4.1 Part of speech class of markers

Given the possibilities of targeting specific part of speech classes of markers for use in
pattern-based applications (e.g., Garcia 1997; Barrière 2001; Feliu 2004), as well as
possible links with marker performance, the part of speech class of each pattern marker
was noted in a database field included for this purpose, to allow for the evaluation of the
proportions of individual markers and marker occurrences belonging to each category.

81

In addition, when technical restrictions (e.g., the maximum frequency identifiable by WordSmith Tools)
did not permit evaluation in the tagged corpus, the untagged corpus texts were used. As this was an issue
only in the case of prepositions and conjunctions in these results, the possibilities of morphological
variation and categorial ambiguity were not considered to be problematic in these cases.

82

This conversion was carried out simply by dividing the total number of occurrences by the number of
tokens in the corpus (as calculated by WordSmith Tools) and then multiplying the result by 1,000. The
choice of occurrences per 1,000 tokens as a basis for comparison was made because the resulting figures
were easily interpretable (i.e., were generally not too large or too small) and could be easily manipulated
to estimate expected numbers of occurrences in corpora of different sizes, if desired.
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In the case of complex markers, the part of speech class of each marker
element was noted, and classification into pattern marker classes was based on the part
of speech of the base, open-class element (e.g., in the case of

NOUN

+

PREPOSITION

combinations, the marker was considered to be nominal; in the case of
PREPOSITION

VERB

+

combinations, as verbal). This annotation allowed for the evaluation of

different types of markers as coherent groups. To facilitate some aspects of this
evaluation and comparison, some categories were grouped together for analysis; for
instance, PARTICIPIAL ADJECTIVES (occurring both independently and in association with
a preposition) were included with verb forms.83 Moreover, as noted in the Introduction,
derivational affixes — while not strictly speaking lexical units — were also considered
in this research, as they may clearly mark relations at a textual level; these were
considered as a separate category.
Analyzing the part of speech class distribution of markers allows for the
evaluation of the types of markers that may be considered for pattern set development,
and the impact that choices of specific classes of markers may have on pattern-based
tool performance in the two languages.

3.3.1.4.4.2 Complex and simple marker forms

In order to allow for the evaluation of the proportions of complex and simple marker
occurrences observed — and thus of the potential prevalence of the difficulties
associated with these characteristics (e.g., interruptions of the forms or variation in the
order of marker elements) — each occurrence of a marker form was classified as simple
(in the case of single lexical items) or complex (in the case of marker forms consisting
of multiple open-class lexical items or of an open-class and one or more closed-class
items such as NOUN + PREPOSITION combinations).

83

The choice to include these with the verbs rather than adjectives was made because these items were
formally very closely related to verbs, and moreover were often difficult to differentiate from verbal forms
appearing in elliptical structures.

182
3.3.1.4.5 Marker precision
Once the list of candidate markers was established, a sample of 13 of these patterns was
used to evaluate the productivity of these markers for the identification of relation
occurrences. For the purposes of this evaluation, the markers that were observed most
frequently in the initial series of concordances were considered to be most interesting, as
they are likely to be among the most promising for developing pattern sets. The sample
was designed to include markers of the two relations evaluated, as well as a range of
different part of speech classes of markers.
The selected markers were then used to generate a second set of concordances,
similar to the one below in Figure 7; a random sample of 100 occurrences (generated in
untagged corpora using character strings and the random sampling feature of
WordSmith Tools) was extracted from the corpora. The character strings used were
designed to allow for the retrieval of inflected forms of the markers while excluding
where possible sources of noise from similar forms (e.g., belonging to other part of
speech categories). The longest standard form of the marker observed was used in the
two languages; for example, the form risk in English was used to find occurrences of
risk, risk from, risk of… from, and so on; in French the form risque de was used, as this
was the standard form observed in the initial concordances.
This second set of concordances was then manually analyzed, in order to identify
contexts that contained a pertinent conceptual (sub-)relation, those that indicated another
type of relationship (including more complex relations involving a causal component, as
discussed in Section 1.5.2.7), those that involved forms corresponding to other lexical
items (i.e., categorial ambiguities), and those that appeared to indicate the relation in
question, but in which the two concepts linked were not clearly denoted using linguistic
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means within the context extracted (i.e., that were incomplete), as well as nonpertinent uses of the items in question (i.e., noise).84

Figure 7. Pattern-based concordance for the marker lead to
Using the classification of the patterns’ occurrences, pattern precision in the
sample was calculated by comparing the total numbers of occurrences evaluated and
those that were useful for identifying the desired relation. The evaluation of contexts’
validity in this research was more liberal than those used by many other researchers, as
the goal of the research was to study a wider range of occurrences of conceptual
84

A comment on the classification of categorial ambiguities in this evaluation may clarify the decision
made to distinguish these contexts systematically from valid hits. Certainly, character strings that
correspond to more than one lexical item can be used to identify occurrences of specific relations (cf. the
approach used in Marshman 2002), and may often provide an efficient means of retrieving a large number
of candidate KRCs using a limited number of marker forms. However, in light of the methodology used in
this project, which coupled markers with indications of their part of speech category and distinguished
between formally similar markers on this basis (e.g., distinguishing the verb cause from the noun cause),
the distinction was considered necessary in evaluating marker precision. Moreover, this also allowed for
preliminary observation of some differences in precision linked to the part of speech category of markers,
which can help to provide a basis for gathering data to guide strategies for choosing markers for use in
tools.
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relations, in order to better understand how they are represented in texts and thus
how they can be located semi-automatically. Thus, not only contexts conforming to the
TERM

+ [MARKER] + TERM structure with no expressions of uncertainty or negation were

accepted, but rather any context in which the relation and the concepts involved were
clearly expressed.
In cases in which the results obtained for a specific marker suggested
possibilities for refinements in the use of markers involving the use of lexico-syntactic
pattern forms in part-of-speech tagged corpora, samples of 50 contexts containing that
marker and its counterpart in the other language were extracted from the corpora as
processed using the tool Syntex (Bourigault et al. 2005), which analyzes syntactic
dependencies in versions of the corpora that have been part-of-speech tagged and
lemmatized using TreeTagger (Schmid 1994) and allows for contexts containing
occurrences of specific lemmas to be identified and extracted. These contexts were once
again analyzed manually in order to classify the occurrences as indicated above. This
allowed for the potential for improving results of extraction using more developed
approaches to be evaluated for specific markers that appeared to confront difficulties in
character-string-based techniques.
In addition to these evaluations of the set of markers as a whole, a sub-set of ten
markers in each language — two of

ASSOCIATION

and eight of

CAUSE–EFFECT

— that

had similar distributions among the relations and part of speech classes was selected and
evaluated in order to permit the evaluation of precision without potential bias due to
differences in the performance of different classes of markers.

3.3.1.4.6 Polysemy of pattern markers
As discussed above in Section 2.3.1.4, pattern-based applications are very vulnerable to
problems of ambiguity. This ambiguity can be identified in several ways. The first of
these involves the observation of cases in which markers may denote more than one
(sub-)relation among those considered pertinent in the research. A second involves the

185
occurrence of marker forms in contexts that do not indicate the relations of interest
in this research, a major contributor to noise in analyses of marker precision. Finally,
markers may be observed to denote not only one or more CAUSE–EFFECT sub-relations of
interest, but also a more complex relationship that also includes an element of causation.
In the annotation of the relation occurrences analyzed in this research, the
relation (and for the

CAUSE–EFFECT

relation, the sub-relation) present in each context

was identified, as well as the pattern marker and pattern form observed. As markers
were associated with a relation and sub-relation in each context individually, those that
may indicate more than one sub-relation (according to the criteria set out for this
project) could be identified and the nature of their polysemy evaluated.
In order to evaluate this polysemy, the lists of markers observed in each language
were analyzed, and markers that were observed to indicate two or more (sub-)types of
relations identified. In these cases, the variety of relations associated with the markers
was compared, and the contexts in which they occurred were analyzed, in order to
evaluate the impact that these factors may have on the usefulness of the results and the
possibilities for differentiating between the different types of relations indicated.
The two remaining types of evaluation were carried out on the data from the
evaluation of marker precision (as described in Section 3.3.1.4.5 and reported in Section
4.6). The prevalence and nature of phenomena such as noise and complex relationships
observed in the contexts extracted using candidate markers may indicate additional
types of challenges that may be encountered in pattern-based applications. The impact
of these types of polysemy may be significantly different from that described above.
In the case of noise, the markers may not indicate relations of interest (or indeed,
any relation at all) and therefore may introduce non-pertinent contexts into the results.
Ideally, strategies should be developed to eliminate these contexts from the results of
KRC extraction. A brief analysis of this kind of polysemy was carried out in the context
of the evaluation of marker precision (Section 4.6).
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In the case of complex relations, while the markers may indicate relations
other than the “pure” relations analyzed in this research, the contexts in which this kind
of polysemy is observed may constitute good noise, in that the information they convey
— while complex and therefore not immediately useful for some applications — may
indeed ultimately help a user to better understand a concept.
The possibility that markers may indicate not only the type of “core”
EFFECT

CAUSE–

relations considered in this research, but also more complex relationships with a

causal component was also evaluated to some extent in the results of the study of
precision. This kind of polysemy indicates that contexts retrieved by these markers,
while useful, may pose difficulties for the identification of the specific relations present.
Applications that attempt to sort or otherwise process these contexts automatically
according to the relations present will confront significant challenges. The evaluation of
the frequency of this phenomenon may help to determine its impact on pattern-based
applications; moreover, the analysis of the types of polysemy observed and the forms in
which polysemous markers occur may indicate possible avenues for dealing with the
issue.

3.3.1.4.7 Pattern variation
As discussed in Section 2.6.2, pattern variation may involve not only morphological
variation in marker form, but also variations in the number and nature of elements
associated with a primary marker (e.g., the presence of prepositions or conjunctions in
association with an open-class lexical marker), or variations associated with the voice of
a verbal marker, as well as variations in pattern structure (e.g., in the location of the
marker and related elements relative to one another, or the presence of additional,
regular elements within a pattern structure). As these variations must be taken into
account when developing pattern sets, and can also influence the recall of pattern-based
tools, they were considered to be important in this research.
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In order to observe these variations, a two-level annotation of the relation
occurrence and marker present was used in the database, the first reflecting the base
form of the marker, and the second indicating the structure of the context as it was
observed and including the pattern marker and the related elements in the order and
form in which they appeared. Additional characteristics, e.g., the voice of verbal
markers, were also described in database fields designed to receive this information.
Table 15 presents a sample of this annotation. The evaluation of marker and pattern
variation is described below.
Table 15. Sample of annotation accounting for pattern variation
Context

Marker

… LDL-C remains the primary target of
lipid-lowering therapy based on a robust
database of studies linking LDL-C to
atherosclerosis and cardiovascular events
… (Bittner 2003)
… these findings, together with those in
chronic atherosclerosis, importantly link
ligand-RAGE interaction to the
pathogenesis of exaggerated neointimal
expansion … (Yan et al. 2003)
… Oxidative stress has been linked to
the activation of both NF-[kappa]B and
AP-1. … (Granger et al. 2004)
… homocysteine, dyslipidaemia,
malnutrition and inflammation [1*,2,3*],
some of which have also been linked to
the pathogenesis of anaemia itself. …
(Stevens and Levin 2003)

link… to

Marker
POS
v. +
prep.

Voice

Pattern Form

active

[studies] linking X to Y1
[conjunction] Y2

link… to

v. +
prep.

active

[findings] … [adverb]
link X to [article] Y

link... to

v. +
prep.

passive

link… to

v. +
prep.

passive

X has been linked to
[article] Y1 [quantifier]
Y2a [conjunction] Y2b
X1, X2, X3 [conjunction]
X4 [ref], [quantifier]
have been linked to
[article] Y

3.3.1.4.7.1 Variation in marker form

The methodology used in this project, which identified the most comprehensive form of
markers present, allowed for variants in marker form to be grouped together and
analyzed. The data thus obtained were then studied in order to evaluate the numbers of
marker variants and the types of pattern structures in which each marker participated.
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The data for the markers that were observed two or more times in the
samples annotated were analyzed to identify the level of variation in markers (including
the presence of additional elements such as prepositions or conjunctions in addition to
the principal marker elements and the change in the order in which marker elements
appeared). The level of variation was evaluated using a simple ratio of the number of
forms observed relative to the numbers of markers overall and for each relation.
However, the variation that can be observed per marker is influenced by the
number of times a given marker was observed. In order to present the level of variation
more accurately, the mean number of forms observed was calculated for groups of
markers observed a specific number of times in the sample analyzed.85
Variation in the voice of verbal pattern markers was also considered specifically,
as it affects not only the form of the marker but also that of the pattern in which the
marker participates, including, for example, the inversion of causes and effects in the
pattern structure.

3.3.1.4.7.2 Variation in pattern structures

The annotation of pattern structures observed in relation occurrences allowed for the
identification of candidate pattern forms that may subsequently be evaluated and refined
for use in pattern-based tools. Moreover, the potential for variation in these structures
can be observed in the case of markers that occurred two or more times in these
contexts.
Variations considered involved the relative placement of pattern elements (i.e.,
markers and related elements) and the presence of additional but regular items within
pattern structures (e.g., the presence of a copula before adjectival or participial adjective
markers). These variations were evaluated as a ratio of pattern structures relative to the

85

The range of frequencies that were observed in both languages, and thus could provide a basis for
comparison, was between 2 and 8.
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number of markers overall and for each relation, and for groups of markers that were
observed comparable numbers of times in the sample analyzed.
An additional specific case of pattern variation evaluated involved that observed
when a marker occurred within a structure involving a relative clause introduced by a
relative pronoun. This kind of variation in structures may be one of the most interesting
to take into account in pattern forms, given its relative regularity.

3.3.1.4.8 Number and form of the elements linked by patterns
As markers are only one part of the knowledge pattern, it was also important to consider
characteristics of the elements they linked. As described in Sections 2.3.1.5 and 2.6.3,
variation from the prototypical pattern structure involving non-nominal forms of related
elements or the presence of multiple elements sharing a “slot” in a knowledge pattern
affects not only the forms of patterns required to extract complete KRCs, but also the
value of the information they contain. Thus, for each relation occurrence observed, the
number and form of the related elements were noted.86

3.3.1.4.8.1 Number of related elements

Cases in which more than two elements were linked by a given marker — generally
when two or more elements shared a given role in a relation (e.g., two or more possible
causes or effects were indicated in connection with a single occurrence of a marker) —
were noted and their structures analyzed in terms of the relationship present between the
elements sharing a role and the form of the occurrences.87

86

As noted in Section 3.3, to be retained in this analysis contexts were required to include at least two
participants in a relation, e.g., a cause and an effect, or two associated elements. Contexts that did not
include one of the elements involved in a given relation because the context extracted was too short were
also excluded from study.

87

This was not considered in the evaluation of pattern variation, however, as it was considered to be
distinct from other types of pattern variation (primarily because it is not linked to specific markers but
rather may be observed in a wide range of relation occurrences).
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Each context containing multiple related elements sharing a role in a relation
was classified according to the relationship between these elements. These relationships
included the appearance of two or more variant expressions of a single concept
(including a full form of a linguistic item (generally a term) denoting a concept
accompanied by an abbreviation or symbol representing this same concept), the
conjunction (e.g., X and Y cause Z), disjunction (e.g., X causes Y or Z), and
conjunction/disjunction (e.g., X causes Y and/or Z)) of linguistic expressions denoting
multiple related elements, and finally the case of co-occurrence of expressions denoting
concepts participating in GENERIC–SPECIFIC relationships with one another.
As part of the analysis of the form these occurrences may take, the lexical or
paralinguistic indicators (e.g., punctuation) of the relationship that existed between the
two elements were noted and their distribution analyzed; this permitted an evaluation of
the complexity of the task of developing pattern forms that could allow for complete
identification and analysis of contexts containing these types of structures and of the
information these contexts offer.
The presence of the associated phenomena of ellipsis of part of complex
elements and repetition of a pattern marker or part of a marker in association with the
phenomenon were also noted and evaluated. In the case of ellipsis, a further distinction
was made between cases in which the head of a complex item was omitted, and those in
which it was an expansion that was omitted, as the impact of these phenomena for
pattern design and the potential usefulness of extracted information may differ.

3.3.1.4.8.2 Form of the related elements

As observed in the Introduction and described in Section 2.1, some pattern-based tools
attempt to identify contexts in which relations link specific types of elements (e.g.,
previously identified terms or candidate terms, or elements that appear in a form typical
of terms (generally

NOUNS

and

NOUN PHRASES)).

This raises questions about the
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proportion of relation occurrences that involve such forms — and more importantly,
of those that do not. This aspect of the relation occurrences was thus also evaluated.
Any occurrence of a related element that did not occur in NOUN or NOUN PHRASE
form was thus annotated with an indication of its part of speech class (including
ADJECTIVES, PRONOUNS, VERBS,

and propositions). The numbers and proportions of

these items were then evaluated in order to determine the proportions of occurrences
that diverged from the “standard” nominal forms.

3.3.1.4.8.2.1

Anaphora

One specific type of variation in the form of related elements — and one that may be
particularly problematic for the analysis of KRCs and the identification of the
information they convey (as discussed in Section 2.3.1.5.2.1) — is anaphora. The
database used for the annotation of the contexts contained a field that allowed for each
occurrence of an anaphoric expression that replaced a related element (or some part
thereof) to be identified, and for the form of this expression to be identified and
subsequently analyzed.
Moreover, other types of anaphoric expressions that appeared in candidate KRCs
were also noted, as they may affect the form of pattern markers or of the patterns
themselves, and certainly indicate a need for additional information to evaluate the
information conveyed in a given context fully.
Within the category of anaphoric expressions, a distinction was made between
the various types of part-of-speech classes identified (including
ADJECTIVES
ARTICLE),

and generics introduced by a

PRONOUNS, POSSESSIVE

DEMONSTRATIVE ADJECTIVE

or

DEFINITE

given the differences in the characteristics of these classes of elements (such

as the location of the anaphoric expressions relative to their antecedents), the ways in
which these could be integrated in pattern set design, and the usefulness of the anaphoric
expressions themselves for knowledge extraction.
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These data were then used not only to determine the proportion of potentially
useful contexts that might be lost if such contexts were excluded and to evaluate the
need for access to a larger context for knowledge acquisition, but also to identify the
types of anaphoric expressions that were used in the contexts in each language and the
ways in which their use might be taken into account in the creation of pattern forms that
can be used to identify contexts containing anaphora.
In order to facilitate the evaluation of the most problematic forms of anaphora
for KRC identification and processing, the proportion of occurrences of the phenomenon
in which an entire related element or the head of a complex related element was
replaced by an anaphoric element was also evaluated specifically, and the types of
anaphoric elements observed in these cases analyzed.

3.3.1.5

Annotation of challenges for pattern-based tool use

As observed in Section 2.4, identifying knowledge-rich contexts using knowledge
patterns — and even more so further processing these contexts automatically — is not
always as simple as it might first appear. The difficulties of pattern-based information
extraction from corpora must thus be taken into account when working in any language,
and it is also important to take into account any differences in their nature and frequency
when adapting the pattern-based approach for bilingual use.
Throughout this project, a record was kept of challenges pertinent to the
identification and application of the patterns that were observed in the analyzed
contexts. The database structure used contained fields corresponding to the majority of
the types of difficulties described in Section 2.4, and for each annotated context the
appropriate information was entered in these fields, allowing the identification of all
cases of a given phenomenon as well as specific details of the occurrence in a given
context. The annotation of these difficulties was carried out within the structure
illustrated in Figure 8. In the following sections, some of the details of the decisions
made for the annotation of specific difficulties will be presented.
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Figure 8. Annotation of challenges for pattern-based applications
3.3.1.5.1 Pattern interruptions
As discussed in Section 2.4.1, the challenges posed by the interruption of pattern
structures and/or elements in the design of pattern forms and the recognition of KRCs
are significant, and thus the occurrences of such interruptions were noted and analyzed.
The two-level annotation described in Section 3.3.1.4.7 allowed any such
interruptions of patterns to be taken into account. In addition, fields were included in the
database for identifying contexts in which patterns were interrupted by external
elements, and for describing the location of the interruption and the interrupting item.
Interruptions were evaluated in general, and in addition three main types of interruptions
were identified that may have different impacts on the development of pattern forms and
the recognition of relation occurrences in corpora: those of patterns by other patterns
(discussed below in Section 3.3.1.5.1.1), of complex markers, and of related elements.
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The annotation of these phenomena allows for the calculation of statistics of
the number of pattern occurrences that were interrupted (and thus of the proportions of
potentially useful contexts that would be affected by the phenomenon), and the
evaluation of the frequency of different types of interruptions.

3.3.1.5.1.1 Multiple markers and interruptions by other patterns

The presence of multiple markers in a single context can pose significant challenges for
the identification of relations present in a candidate KRC, as discussed in Section 2.4.1.
Annotating the cases in which multiple markers and/or patterns were present
required the evaluation and processing of occurrences on various levels. Relation
occurrences may be observed to contain multiple markers corresponding to separate
relations between distinct pairs of concepts or to a single relation between a pair of
concepts (or potentially more, in some cases of multiple elements sharing a role in a
relation). These required distinct forms of evaluation.
When multiple markers denoted distinct relationships, some chains of relations
were observed. Since in this annotation, one of the conditions for retaining and
annotating pattern occurrences was that the term used to generate the concordance
realize one of the concepts in a relation, the question of annotating chains of relations
within a single context was somewhat simplified. If the term in question was linked to
only one of the markers indicating relations expressed in the context, only the relation
indicated by that marker was annotated. If, however, the term was linked to more than
one marker and thus denoted a participant in more than one separate relation, the context
was duplicated and each relation annotated separately. If the pattern structure identified
in the relation occurrence was interrupted by another pattern (e.g., occurring in a relative
clause inserted within the main clause), this interruption was noted.
In contexts containing multiple markers describing a single relationship between
a pair of items, only the marker that was most decisive in characterizing this relationship
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was retained in the annotation (and used in the calculation of pattern statistics); the
presence of another marker in the context was nevertheless noted and included in the
pattern form identified.88 This is illustrated in Table 16.
Table 16. Annotation of contexts containing multiple markers
Concordance
Strenuous PA was
generally associated
with a reduced breast
cancer risk. (Dorn et
al. 2003)

Relation

Receptor-mediated
leukocyte activation
leads to
conformational
changes in LFA-1
structure… (Granger
et al. 2004)
L’activation de
récepteurs
endothéliaux produit
une augmentation de
[Ca]i dans les cellules
endothéliales…
(Feletou et al. 2003)
Cette activation
directe permet
d’engendrer une
réponse cellulaire
cytotoxique
protectrice. (CatrosQuemener et al.
2003)

CAUSE–EFFECT

ASSOCIATION

(modification)

CAUSE–EFFECT

(increase)

CAUSE–EFFECT

(creation)

1st element
strenuous PA

Pattern
associated
with

2nd element
breast cancer

Pattern form
X [copula]
[adverb]
associated with
[article]
[reduced] Y
[risk]
X [leads to]
[adjective]
changes in Y

receptormediated
leukocyte
activation

change in

LFA-1
structure

activation de
récepteurs
endothéliaux

augmentation de

[Ca]i

X [produire]
[article]
augmentation
de Y

cette
activation
directe

engendrer

réponse
cellulaire
cytotoxique
protectrice

X [permettre
de] engendrer
[article] Y

“Decisive” patterns in these contexts were identified based on the evaluation of
the relation that was identified: if the markers present generally indicated (and were
interpreted by the annotator as denoting) different relations or sub-relations, the marker

88

The presence of an additional marker of ASSOCIATION or CAUSE–EFFECT relations was also noted in the
canonical pattern form(s) ultimately identified for a pattern, if this occurred regularly. However, the
specific marker was not indicated as in the pattern form illustrated in Table 16; an indication of the
presence of some marker of the appropriate relation was considered to be sufficient for these purposes.
This can be observed in the results presented in Appendix H.
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that was associated with the relation that was judged to hold between the two items
in a general interpretation of the context was chosen.
Thus, for example, in the structure X leads to changes in Y, lead to generally
indicates

CREATION,

change in generally indicates

MODIFICATION,

and in a general

evaluation of the context, the overall relation was judged to be MODIFICATION, since the
overall effect is a change in a feature of Y; as such, change in was retained as the
marker and lead to was indicated only as part of the pattern form. When markers that
generally expressed

ASSOCIATION

and

CAUSE–EFFECT

relations co-occurred, as in the

case of structures such as X is associated with reduced Y, the ASSOCIATION relation was
considered to be dominant, and thus the marker associated with was indicated as the
principal marker, and reduced was included in the pattern form. This decision was made
because of the unconfirmed nature of potentially causal relations inherent in
ASSOCIATION;

thus, it was considered to be premature (and potentially misleading to an

end-user of the results produced by a pattern-based tool) to classify such occurrences as
CAUSE–EFFECT

relations.

In the rare cases in which two markers of the same relation (and sub-relation)
occurred connecting the same pair of elements, the marker that was identified as the 1)
clearest and 2) most prevalent indicator of the relation was retained.
This approach allows for counting each relation between a given pair of elements
only once, rather than several times (once for each marker present). It also reflects the
most effective strategy for presenting contexts to an end user, with each context ideally
appearing only once for each related element pair it contains. Moreover, it avoids
potential problems of mis-classifications of contexts (as in the cases of co-occurrence of
markers of

ASSOCIATION

and

CAUSE–EFFECT

relations). In addition, it ensures that each

marker can be analyzed separately, and that no false indications of polysemy of a given
marker are drawn on the basis of occurrences containing multiple markers. The tagging
of each context with an indication of the presence of multiple markers and the inclusion
of these markers in the pattern form identifies these cases for further analysis and study,
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and ensures that the presence of additional markers is taken into account in the
analysis of pattern forms. (However, the approach does have an impact on the results
obtained; see the discussion of this decision in Section 5.5.3.5).

3.3.1.5.1.2 Interruptions of complex markers and of related elements

In addition to interruptions of pattern structures, in some cases external elements (e.g.,
modifiers, quantifiers) occurred between elements of complex markers or related
elements or between multiple related elements. As these interruptions can interfere with
the identification of KRCs and the information they convey by pattern-based tools, and
should also be taken into account when developing many types of pattern forms, these
cases were noted and their frequency evaluated.
In the case of interruptions of complex markers, a distinction was made between
cases in which the interruption was systematic (in the case of marker forms that
surround one of the elements that they link, e.g., prevention of X by Y) and those in
which the interruption was irregular (e.g., in the case of interruptions by modifiers). This
distinction allows for the differentiation between types of interruptions that are
relatively predictable and thus may be accounted for in pattern forms, and those that are
not and thus present more serious challenges for pattern-based tools.

3.3.1.5.2 Expressions of uncertainty
As discussed in Section 2.4.2, the presence of expressions of uncertainty in candidate
KRCs may affect not only the recognition of these contexts but also the value of the
information they convey for subsequent use, and it is thus important to identify the types
of indicators that may be used, and to develop strategies for dealing with the
phenomenon, for example by classifying contexts containing these markers semiautomatically according to the level of “reliability” that they indicate.
In this research, the presence of expressions of uncertainty in the relation
occurrences identified was noted where applicable. In addition, these expressions of
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uncertainty were classified into four types: quantification of related elements,
hedging, modal verbs and negation. Each of these types was annotated and evaluated
separately, in order to permit the evaluation of the various characteristics of the different
types of expressions and their impact on pattern form and the strategies that may be
developed for dealing with the uncertainty indicated.
The potential for these expressions to interrupt pattern forms was taken into
account in the annotation of pattern interruptions. In addition, each type of expression of
uncertainty observed in the analyzed contexts was noted in a database field intended for
this purpose. This allowed for the description of the types of expressions used to
indicate degrees of uncertainty both at a formal level (including the part of speech
classes to which they belonged, for the purposes of their inclusion in pattern forms as
required) and at a semantic level (in order to describe the ways in which relations may
be characterized and to determine the effect on the reliability and reusability of contexts
for future applications).

3.3.1.5.3 Text-related issues
For the purposes of this research, text-related issues related to individual texts or
contexts were identified only when they might interfere with the identification or
interpretation of a relation occurrence. Contexts containing writing problems or that
were written in complex style such that it was impossible to identify (using the manual
approach used in this research) the relation present, the element involved in a relation, or
a candidate pattern marker and/or form in the manual analysis were excluded from
study, as the possibilities for automating the identification of these occurrences were
considered to be limited. Cases of writing problems that did not interfere with manual
identification of these elements were retained, although the presence of potential
problems for pattern-based tools was noted.
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3.3.1.5.4 Difficulties overall
While, for organizational purposes, the discussion of the relation occurrences has been
divided according to the nature of the elements in question (i.e., on whether the
discussion focuses on an element is a part of the pattern itself — pattern characteristics
— or an element that is external to the pattern form — challenges for pattern-based
applications), it is clear that a number of difficulties may affect the performance of tools
for extraction of KRCs and the ultimate usability of the contexts extracted.
These include the form of related elements (particularly elements that are nonnominal in form), anaphoric expressions occurring within patterns, interruptions of
pattern forms (including complex markers and related elements), expressions of
uncertainty, and text-related issues. The proportions of the contexts containing any one
of these factors is indicative of the frequency with which relation occurrences in the two
data sets diverge from prototypical knowledge pattern structures indicating a certain and
reliable relation, and therefore in turn may reveal the proportion of relation occurrences
that would be missed by the most conservative approaches (e.g., that rely on very
restricted pattern forms and that exclude contexts containing anaphora and expressions
of uncertainty).
For this reason, the proportion of relation occurrences containing one or more of
these phenomena was evaluated.89 This analysis indicates the importance of considering
such factors in the context of pattern-based applications, and may help to determine how
profitable investments in time and effort in developing strategies for dealing with them
may be. Moreover, it may provide data to support decision-making as to the selection of
pattern-based approaches that are appropriate for a given situation.

89

However, the evaluation excludes the interruption of complex markers by related elements, which is not
generally considered as a difficulty as such, although it adds to the complexity of developing pattern
forms.
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3.4 Interlinguistic comparison
We researchers use statistics the way a drunkard
uses a lamp post: more for support than
illumination.
Winifred Castle, Statistician

After the annotation of the pattern characteristics and challenges for pattern-based
applications was completed, an interlinguistic comparison between the results of the
analysis for each of the criteria described above in Section 3.3 was carried out, in order
to evaluate the similarities and differences in the product of this methodology in the
English and French. This comparison focused on both quantitative data (e.g., the number
of occurrences of relations, markers of relations and of challenges observed) and
qualitative data (e.g., the forms in which these phenomena were observed, and the
potential impact of these for pattern-based applications).
The quantitative results were analyzed where appropriate using statistical tests in
order to evaluate the statistical significance of any observed differences. Qualitative data
were compared through general observations of the parallels observed and any
differences that became apparent in the course of the analysis.
Details of the methods used for the interlinguistic comparison of quantitative
data, specifically of the statistical tests used to determine the significance of differences
observed, are presented in Section 3.4.1, focusing on the comparison of the overall
numbers of relation occurrences observed, in Section 3.4.2, focusing on the comparison
of patterns and their characteristics, and in Section 3.4.3, describing the comparison of
the challenges observed for pattern-based applications.

3.4.1 Comparison of numbers of relation occurrences observed
The overall proportions of the contexts evaluated that produced relation occurrences
meeting the criteria for evaluation in this study were calculated from the frequencies of
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relation occurrences identified; this calculation was also done for each relation
individually.
Differences between the data samples in proportions of relation occurrences to
contexts analyzed were evaluated using the Chi-square (χ2) test (Muller 1973: 109–127;
Oakes 1998: 24–29; Norman and Streiner 2003: 86–88), used to compare rates and
proportions and evaluate the probability that a variation at least as large as the one
observed could occur strictly by chance. More precisely, this statistical evaluation
allows for testing of what is generally referred to as a null hypothesis, i.e., in this case
that there is no difference between the samples in two languages in regard to the
criterion evaluated, and specifically for estimating the probability that, if this null
hypothesis is true, any difference observed in the results can be entirely accounted for
by chance. This probability is generally expressed as a p value, which can vary between
0 and 1. A high probability value (i.e., a p value approaching 1) indicates that any
variation is very likely to be the result of chance alone. A low p value (i.e., approaching
0) indicates that chance is unlikely to be entirely responsible for the variation observed,
and thus suggests that the null hypothesis should in all likelihood be rejected, and that
there is a statistically significant difference between the two samples in regard to the
criterion being tested.90
The Chi-square test is generally agreed to be applicable when the expected
occurrences of a given phenomenon in a given sample size are 5 or higher; smaller
values may not provide valid results. Most commonly, a p value less than or equal to
0.05 is considered as the threshold of significance permitting the rejection of the null
hypothesis (e.g., Norman and Streiner 2003: 32); this criterion has been adopted in this

90

It is important to note that a null hypothesis (e.g., in this case, that there is no difference between the
samples in the two languages in terms of the criteria analyzed) can never be proven. When a nonsignificant difference is present, a statistical test can only suggest the scope of future research that could
allow for a statistically significant difference — if one exists — to be observed (e.g., in what size of
sample the level of discrepancy observed would be significant).
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thesis. The exact calculations in this research were done in a Microsoft Excel
spreadsheet (version 2003). (This test is described in more detail in Appendix G.)
The numbers of relation occurrences identified for the sub-sets of relation
occurrences involving terms that were equivalents in the two languages, and those that
involved non-equivalent terms were also compared. These sub-analyses permitted the
evaluation of the contribution of these sub-sets to the overall data.

3.4.2 Comparison of pattern characteristics
Following the structure set out in the evaluation of the results in each language, in the
interlinguistic comparison the numbers of markers observed, the number of occurrences
of these markers, the types of markers observed, pattern variations (in marker form and
pattern structure), and the number and form of related elements were compared.

3.4.2.1

Number of markers observed

In order to evaluate the variety of pattern markers observed in the research, the numbers
of distinct markers observed for each (sub-)relation in each corpus were compared with
the total number of contexts analyzed and the number of relation occurrences annotated.
Comparison of the numbers of markers observed relative to the number of
contexts evaluated reflects the productivity of the methodology applied in this research
for pattern discovery in the two corpora. As the number of distinct markers observed
relative to the total number of relation occurrences identified in the sample may suggest
how many markers and patterns will be required to obtain a given number of pertinent
contexts in the two languages; variations observed between the English and French data
sets may suggest discrepancies that should be further evaluated and ultimately taken into
account in pattern-based tool development.
The difference in the numbers of markers observed in the two samples is not
evaluated from a precise statistical perspective in this study, because of the restrictions
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imposed by the data (i.e., the fact that the comparison involves the ratios of distinct
markers to a total number of relation occurrences associated with the set of markers and
not a simple evaluation of proportions of marker occurrences, which can be measured as
above using the Chi-square test). Rather, the ratios of distinct markers relative to the
total numbers of contexts evaluated and relation occurrences observed are simply
compared in order to give an indication of the potential for differences between the
samples in the two languages that may be worthy of further investigation using a
methodology that allows for precise statistical evaluation.

3.4.2.2

Number of occurrences of markers

The counterpart to comparison of the variety of pattern markers observed is comparison
of the frequencies of the individual markers and of the sets of markers in the English and
French data. In these evaluations, the numbers of occurrences of markers in the sample
of annotated contexts (specifically as a proportion of the total numbers of occurrences
observed), as well as the marker sets’ frequency in the corpus as a whole — using
occurrences per 1,000 corpus tokens— were contrasted.91
The nature of the data precludes precise statistical comparisons of the English
and French data in respect to these factors. Given that the lists of markers are of course
different in the two data sets (which consist not only of different numbers of markers
observed in different numbers of relation occurrences, but also of markers that are in
themselves different in the two languages), it is not possible to compare the numbers of
occurrences of each marker in the two corpora directly. The comparison carried out here
rather reflects the overall productivity of the markers observed in terms of the
proportions of relation occurrences identified in the sample that corresponded to the
most frequent markers (indicating the differences in the productivity of marker sets for
locating the relation occurrences identified in the two corpora, which in turn may reflect
the numbers of markers required to locate a given number of pertinent relation
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occurrences in each language), and of the numbers of occurrences for the marker
sets per 1,000 corpus tokens (which may indicate differences in the number of
potentially useful contexts that may be retrieved using these marker sets).92
Discrepancies observed in these measures may thus suggest the need for further study in
a context that allows for direct and precise statistical evaluation.

3.4.2.3

Types of pattern markers observed

The part of speech class of markers and marker occurrences and the proportions of
marker occurrences in complex or simple form were compared in the samples in the two
languages.
Potential differences in the proportions of markers and marker occurrences
belonging to the various POS classes were evaluated using the Chi-square test,
providing data on possible variations in the types of markers that indicated the relations
in the two corpora and the distribution of relation occurrences associated with each type
of marker, thus suggesting the potential usefulness of each class for inclusion in patternbased applications in corpora in the two languages.
The Chi-square test was also used to evaluate potential differences in the
proportions of complex and simple marker occurrences, in order to reveal possible
interlinguistic differences in the challenges for pattern design and application associated
with complex markers.

3.4.2.4

Marker precision

An interlinguistic comparison of the results of the precision evaluation for a sample of
markers and some of the principal differences observed between the markers’
91

See Section 3.3.1.4.3, footnote 82 for details of these frequency calculations.
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performances in the two data sets was carried out to evaluate potential differences in
the two data sets. The Chi-square test was used to evaluate differences in the proportions
of marker occurrences assigned to each category.

3.4.2.5

Marker polysemy

In light of the data gathered in the analyses in English and French, the observations of
various kinds of polysemy that were noted in the two corpora may be compared.
However, given the limited size of the data samples available, statistical testing would
not be reliable and certainly does not provide a strong basis for generalizations. A
comparison may only be considered as potentially indicating differences that merit
further investigation with more data (ideally extracted specifically for this purpose using
appropriate criteria). Given this situation, no statistical test was applied for comparing
polysemy in the two corpora.

3.4.2.6

Pattern variation

The comparison of levels of variation in marker and pattern forms is a complex task, and
one that cannot be undertaken in a strictly accurate way using the data gathered in this
project, as the numbers of occurrences of the markers — and thus the potential for
observing variation — differed from one marker to another and between the sets of
markers observed in the English and French corpora.
For this reason, while the levels of variation of marker forms and of pattern
structures observed can be represented roughly by calculating a simple ratio of different
forms observed relative to the number of occurrences of each marker, and the mean
values calculated for the marker sets in the English and French data and for each of the
relations within these sets, these measures cannot be considered to be strictly

92

Of course, since these figures indicate the presence of the marker only, and not the proportion of
pertinent occurrences, nor of specific pattern forms, they can only predict the total pool of possibly
pertinent contexts.
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comparable. Rather, any discrepancies should be considered as possible foci for
future research in a more structured context rather than as statistically significant
differences.
The need for further study of interlinguistic differences in levels of variation may
be somewhat more accurately evaluated by comparing the mean numbers of marker and
pattern forms within groups of markers that were observed the same number of times in
the English and French data sets. For this reason, the ratios of marker and pattern forms
to markers observed from two to eight times (i.e., the numbers of occurrences that were
common to markers observed in the two data sets) were also compared in the English
and French data, overall and for the CAUSE–EFFECT and ASSOCIATION relations.

3.4.2.7

Number and form of related elements

The proportions of the relation occurrences in the two data sets involving the various
numbers and forms of related elements (as well as the related phenomena) described in
Section 3.3.1.4.8 were all compared using the Chi-square test described in Appendix G.
The proportions of occurrences of different types of relationships between
multiple elements sharing a role in a relation were also compared using this test. The
prevalence of various indicators that identified these relationships was also analyzed, in
order to evaluate the challenges of the task of representing these formally in the two
languages. In the cases of conjunction and disjunction of related elements and of
GENERIC–SPECIFIC

relationships holding between such elements, the distribution of the

occurrences of each phenomenon among the various lexical indicators observed was
also compared in the two data sets, to evaluate the potential for developing pattern forms
including these structures in each language. (However, the different numbers of
occurrences and markers observed in the two data sets precludes a formal statistical
evaluation.)

207

3.4.3 Comparison of challenges for pattern-based tools
The quantitative data on the proportions of relation occurrences containing the types of
challenges for pattern-based applications discussed in Section 3.3.1.5 (interruptions of
patterns, complex markers and related elements, presence of multiple markers,
expressions of uncertainty), were also compared, and the differences evaluated using the
Chi-square test described in Appendix G.
The proportions of the various types of expressions of uncertainty present were
also analyzed using the Chi-square test to evaluate variation in the observations of the
phenomena in the two data sets. Where applicable, the proportions of occurrences of
each type of expression (e.g., specific modal verbs, hedges belonging to different part of
speech classes) were also compared in the two data sets, to evaluate the possibilities for
developing pattern forms.
The results of the analyses described above will be presented in Chapter 4.
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4 Results
This Chapter will present the results of the analysis of the data according to the criteria
identified above in Chapter 3, including characteristics of the candidate markers and
patterns observed for each relation as well as some challenges for pattern-based
applications. The discussion of each characteristic will begin with a brief restatement of
its pertinence, followed by the comparison of the results in the two data sets, and finally
some specific characteristics observed in each language.

4.1 Number of relation occurrences observed
As this project involved the use of an approach similar to that used in many patterndiscovery applications and the analysis of corpora similar to those that may be exploited
using pattern-based tools, the number of relation occurrences provides information
about the productivity of the methodology in each language and of the possibilities of
identifying relation occurrences that meet the criteria used in the project.
As shown in Table 17, the proportion of contexts observed to contain
occurrences of relations was somewhat different in the two data sets, with
approximately 31% of the 1,412 contexts analyzed in English producing pertinent
relations associated with lexical knowledge patterns, and 25% of the total of 1,392 in
French.93 An evaluation using the Chi-square test confirms that the proportion of
relation occurrences to contexts analyzed is significantly higher in the English data than
in the French (p < 0.001).94

93

However, as some contexts produced more than one annotated relation, the proportion of distinct
contexts that were retained is actually slightly lower. In the English sample, 413 distinct contexts
produced relation occurrences (123 distinct contexts with ASSOCIATION relations and 294 CAUSE–EFFECT),
and in the French sample this figure was 325 (70 distinct contexts with ASSOCIATION relations and 258
CAUSE–EFFECT). This slight variation nevertheless does not significantly alter the results of the statistical
comparisons reported.
94

All p values in this thesis refer to the results of Chi-square tests.
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Table 17. Comparison of the proportions of

ASSOCIATION

(A+) and

CAUSE–EFFECT

(CE+) relation occurrences relative to the total number of contexts analyzed in English
and French95
A+
CE+
Total
contexts

EN
125
317

FR
70
279

Total
195
596

1412

1392

2804

In both languages, more occurrences of
than

ASSOCIATION

relations (72%

CAUSE–EFFECT

CAUSE–EFFECT

relations were observed

relations in English and 80% in

French). The proportions of the contexts containing the individual relations nevertheless
varied between the languages, with 22% of the contexts in English returning
EFFECT

CAUSE–

relations and 20% in French, and 9% of the contexts analyzed containing

ASSOCIATION

relations in English and only 5% in French. The Chi-square test confirms

that these proportions are significantly different. If the relations are analyzed separately,
the difference in the proportions of contexts that returned CAUSE–EFFECT relations is not
as evident — and is not statistically significant (p = 0.119) — but the proportion of
those returning ASSOCIATION relations is significantly different (p < 0.001).96
The distribution among the sub-relations of

CAUSE–EFFECT

relations in the two

data sets was roughly parallel, with most occurrences found for the

CREATION

sub-

relation, followed by MODIFICATION, INCREASE and DECREASE, as shown in Table 18.
Relative to the terms used to generate the initial concordances (Table 19) the
terms from the process class in both languages accounted for a high proportion of the
relations analyzed in this project, and the other elements fewer, with the class of

95

In this table, EN indicates the numbers of cases identified in the English, FR the number of cases in
French, and + the presence of the criterion evaluated (i.e., in this table, a pertinent relation). These
conventions have been retained in the Chi-square tables throughout the thesis.

96

Within the category of relation occurrences, again a significant difference is observed (p = 0.008), with
French showing a lower proportion of ASSOCIATION relations and higher proportion of CAUSE–EFFECT
relations than English.
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pathologies next, followed by the activities and finally the entities. A comparison of
the proportions of contexts associated with each class that produced relation occurrences
indicates a perfect rank-order correlation in the two data sets in the productivity of the
various classes of terms. However, a consistently lower proportion of the contexts
provided relations in French than in English, with a difference of 6.4% for the activity
class, 6.2% for the class of pathologies, 4.9% for the entity class, and 3.4% for the class
of processes, resulting in a 6.1% difference overall.
Table 18. Comparison of distribution of relation occurrences in English and French

Relation
ASSOCIATION
CAUSE–EFFECT
CREATION
DESTRUCTION
MAINTENANCE/PERMISSION
PREVENTION
MODIFICATION
INCREASE
DECREASE
PRESERVATION
Total

Number of
occurrences
annotated in
English
125
317
167
8
12
20
46
36
27
1
442

Percentage
of relations
annotated in
English
28.3
71.7
37.8
1.8
2.7
4.5
10.4
8.1
6.1
0.2
100

Number of
occurrences
annotated in
French
70
279
133
9
21
18
48
25
24
1
349

Percentage
of relations
annotated in
French
20.1
79.9
38.1
2.6
6.0
5.1
13.8
7.1
6.9
0.3
100

Table 19. Comparison of proportions of relation occurrences by term class in English
and French
English

Class

Activity
Entity
Process
Process
(pathology)
Total

Number
of
contexts
201
307
451
453
1412

% of
% of
relation
Number
contexts occurof
with
rences
relations
relations from
class
41
20.4
9.3
48
15.6
10.9
248
55.0
56.1
105
23.2
23.7
442

31.3

French
Number
of
contexts

% of
Number
contexts
of
with
relations
relations

200
300
397
495

28
32
205
84

14.0
10.7
51.6
17.0

1392

349

25.2

% of
relation
occurrences
from
class
8.0
9.2
58.7
24.1
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As shown in Table 20, there are rough parallels between the two data sets in
the productivity of each term class for identifying occurrences of the individual
relations. In both languages, the category of pathologies is particularly productive for
locating occurrences of

ASSOCIATION

relations. However, the proportion is somewhat

higher in French, and those for the classes of activities and entities somewhat lower than
in English, while the distribution of occurrences in English between processes and
pathologies is much more even. The distribution for the

CAUSE–EFFECT

relation,

however, is very similar in the two data sets, although French shows a very slightly
higher productivity of process terms and lower productivity of pathology terms than
English.
These observations suggest that that on the whole, terms belonging to the class of
processes are both good candidates for observing these relations, and particularly the
CAUSE–EFFECT

relation, and also may be good candidates for description according to

their participation in these kinds of relations. In addition, the class of pathologies is
particularly productive for observing

ASSOCIATION

relations, especially in the case of

French.
This general parallelism indicates possibilities for the development and
application of this kind of methodology for pattern discovery and use in the two corpora,
and shows promise for further use of this kind of approach in corpora in both English
and French. Further research could also help to clarify the sources of the variation that
was observed between the two languages; possible explanations include variations in the
contents of the corpora and the choice of terms used to generate the initial concordances.
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Table 20. Comparison of numbers of individual relation occurrences linked to term classes in English and French

Term class
Activity
Entity
Process
Process
(pathology)

% of
English
contexts

% of
French
contexts

14.2
21.7
31.9

14.4
21.6
28.5

32.1

35.6

Numbers
of English
ASSOCIA–

Numbers
of French
ASSOCIA–

TION

TION

ASSOCIA–
TION

relations
13
19
42

relations
3
5
19

relations
10.4
15.2
33.6

51

43

125

70

% of
English

40.8

% of
French
ASSOCI–

Numbers
of English
CAUSE–

Numbers
of French
CAUSE–

% of
English
CAUSE–

% of
French
CAUSE–

ATION

EFFECT

EFFECT

EFFECT

EFFECT

relations
4.3
7.1
27.1

relations
28
29
206

relations
25
27
186

relations
8.8
9.2
65.0

relations
9.0
9.7
66.7

17.0

14.7

61.4

54

41

317

279
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The primary exception to this parallelism is the overall number of relations
observed, and particularly that in the

ASSOCIATION

relation. As mentioned above, one

strategy for identifying the source of the variation in the numbers of relations observed
is the comparison of the terms used to generate the initial concordances. As observed in
Section 3.2.1, in the selection of terms the primary criteria used involved the specificity
of terms in the corpora and their representation of semantic classes and the two subfields evaluated. As reported in Section 3.2.2, these criteria produced term lists in which
9 of 15 terms were candidate term pairs that can be identified as equivalents, while
another 6 were associated with the same semantic classes but were not equivalents. It is
thus interesting to compare the results of the analysis of these concordances, in order to
determine whether these two groups produced significantly different numbers of relation
occurrences.
This is indeed the case. As illustrated in Table 21 and Table 23, the numbers of
relation occurrences and the proportions of relations observed for the pairs of
equivalents are more equally distributed, as compared to the groups of non-equivalents,
shown in Table 22 (with the processes ordered in increasing number of occurrences) and
Table 24.
If the figures for the group of 9 equivalent term pairs alone are evaluated, the
differences in the numbers of relation occurrences relative to the number of contexts
analyzed is still present (with the overall proportion in French slightly lower than in the
English), but the difference is much reduced, and is not significant for the two relations
together (p = 0.283) or for the relations separately (p = 0.388 for the

ASSOCIATION

relation, with the proportion of occurrences slightly higher in French, and p = 0.153 for
the

CAUSE–EFFECT

relation, with the proportion of occurrences somewhat higher in

English). These figures are illustrated in Table 25.
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Table 21. Relation occurrences per term for equivalent pairs in English and French
English
Term

Class

chemotherapy Activity
Conceptual
patient
entity
cell
Entity
activation
Process
oxidation
Process
Process
atherosclerosis
(pathology)
Process
breast cancer
(pathology)
Process
diabetes
(pathology)
Process
tumour
(pathology)
Total

French
Number Number ASSOCIA- CAUSE–
Number Number ASSOCIA- CAUSE–
of
of
TION
EFFECT
Term
Class
of
of
TION
EFFECT
contexts relations relations relations
contexts relations relations relations
100
14
1
13
chimiothérapie Activity
100
13
1
12
Conceptual
100
0
0
0
100
4
3
1
patient
entity
106
10
1
9
cellule
Entity
100
22
2
20
107
73
5
68
activation
Process
100
69
6
63
84
41
1
40
oxydation
Process
54
23
4
19
Process
85
35
14
21
athérosclérose
100
19
10
9
(pathology)
Process
96
15
8
7
99
17
14
3
cancer du sein
(pathology)
Process
92
15
5
10
diabète
100
30
20
10
(pathology)
Process
100
18
3
15
tumeur
99
15
3
12
(pathology)
873
227
47
180
Total
849
206
54
152
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Table 22. Relation occurrences per term for non-equivalents in English and French

Term
hormone
replacement
therapy
c-reactive
protein
expression
pathogenesis
development
coronary
heart disease
Total

Class

English
Number Number ASSOCIA- CAUSE–
Term
TION
EFFECT
of
of
contexts relations relations relations

Class

French
Number Number ASSOCIA- CAUSE–
of
of
TION
EFFECT
contexts relations relations relations

Activity

101

27

12

15

traitement

Activity

100

15

2

13

Entity

101

34

15

19

cholestérol

Entity

100

10

3

7

Process
Process
Process
Process
(pathology)

100
61
99

36
41
57

17
3
16

19
38
41

coagulation
transcription
prolifération

41
101
101

11
47
55

0
3
6

11
44
49

77

20

15

5

récidive

Process
Process
Process
Process
(pathology)

100

5

2

3

539

215

78

137

543

143

16

127

216

Table 23. Comparison of relation occurrences for equivalent pairs in English and French
Class

Activity
Entity
Process
Process
(pathology)

Number
of
contexts
100
206
191
376

English
% of total Number
contexts
of
annotated
relations
11.4
14
23.6
14
21.9
114
43.1

873

% of
contexts
with
relations
14.0
6.8
59.7

85

22.6

227

26.0

% of
relations
from
category
6.2
6.2
50.2
37.4

Number
of
contexts
100
200
154

French
% of total Number
contexts
of
annotated
relations
11.8
13
23.6
22
18.1
92

395

46.5

849

% of
contexts
with
relations
13.0
11.0
69.7

79

20.0

206

24.3

% of
relations
from
category
6.3
10.7
44.7
38.3

Table 24. Comparison of relation occurrences for non-equivalents in English and French
Class

Activity
Entity
Process
Process
(pathology)

Number
of
contexts
101
101
260
77
539

English
% of total Number
contexts
of
annotated
relations
18.7
27
18.7
34
48.2
134
14.3

% of
contexts
with
relations
26.7
33.7
51.5

% of
relations
from
category
12.6
15.8
62.3

20

26.0

9.3

215

39.9

Number
of
contexts
100
100
243
100
543

French
% of total Number
contexts
of
annotated
relations
18.4
15
18.4
10
44.8
113
18.4

% of
contexts
with
relations
15.0
10.0
46.5

% of
relations
from
category
10.5
7.0
79.0

5

5.0

3.5

143

26.3
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Table 25. Comparison of the proportions of

ASSOCIATION

(A+) and

CAUSE–EFFECT

(CE+) relation occurrences in the contexts with equivalent terms in English and French
A+
CE+
Total
contexts

EN
47
180

FR
54
152

Total
101
332

873

849

1722

Semantic classes show rough parallels in their relation densities in the two
groups of terms, but the variability is somewhat higher in the group of equivalents than
in the set of terms as a whole, and is much higher between the classes of non-equivalent
terms. In addition, there was more interlinguistic variation between the semantic classes
in terms of the proportions of contexts that were annotated and the proportions of
relations associated with each semantic class among the equivalents than among the
group as a whole.
As these data were not gathered specifically in order to compare the productivity
of equivalent and non-equivalent terms, their scope and nature is not adequate to
evaluate the role of equivalence in the discovery of relation occurrences and markers.
While the kind of analysis reported above reveals some interesting results, the variations
observed between these two groups may be related to a number of factors.
First, any particularities of individual terms and the relations in which they may
be involved — and also potentially their associations with markers of these relations —
are of course likely to have a greater impact on the results based on a more restricted
term set, as each term accounts for a higher proportion of the total occurrences
observed.
Second, the effect of the degrees of resemblance between the concepts denoted
by these terms — and the semantic proximity of the terms themselves — cannot be
evaluated on the strength of these data. Evaluation of a range of terms representing
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differing degrees of resemblance would be necessary in order to evaluate the role of
equivalence specifically in the kind of variation observed.
Third, the proportions of contexts analyzed belonging to each class vary
substantially between the groups of equivalents and non-equivalents (particularly in the
case of the processes, the majority of which were not equivalents, and therefore account
for a much smaller proportion of the contexts observed in the category of equivalents).
This leads to a decrease in the proportion of occurrences of relations involving processes
in the equivalents, although this category still provides the highest proportion of the
relation occurrences. Given the results of Bodson (2005), focusing on the links between
semantic classes, relations and markers of relations, it is thus to be expected that the
relations and also potentially pattern sets associated with the two groups will be
different, which is likely in turn to create differences in certain characteristics of these
data and possibly in some of the difficulties observed in connection with them.
These factors make it challenging to further evaluate the impact of differences in
the data gathered using equivalent and non-equivalent terms on the criteria analyzed in
this project, as the comparisons of the groups with the overall data and with one another
may be affected not only by term choice but also by these other factors. For these
reasons, this kind of comparison was considered to be beyond the scope of this project,
but nevertheless to suggest very important subjects for future research. Some avenues
for this further evaluation are discussed further in Section 5.5.2.1.

4.2 Number of markers observed
In order to evaluate the overall possibilities of an approach based on lexical pattern sets,
the factor of marker variety — as well as the impact this may have on potential recall of
a knowledge-extraction tool — may be analyzed.
As illustrated in Table 26, relative to the number of contexts analyzed, the data
sets include comparable numbers of markers. Therefore, these data suggest that (for
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these relations at least) a pattern discovery approach that begins with the
identification of pattern markers in contexts generated using a methodology similar to
that used in this project shows a comparable potential for identifying candidate markers
in the two languages.
Table 26. Numbers of markers observed relative to contexts analyzed in English and
French
Relation

English
Contexts

ASSOCIATION
CAUSE–
EFFECT

1,412

Total

French

Markers

Ratio of
markers to
contexts

33

0.02

121

0.09

154

0.11

Contexts

Difference

Markers

Ratio of
markers to
contexts

Ratio of
markers to
contexts

30

0.02

0.00

137

0.10

0.01

167

0.12

0.01

1,392

A rough parallel was observed in the two corpora in the numbers of distinct
markers identified. However, the relations vary markedly in the number of markers
observed, with more markers for the

CAUSE–EFFECT

relation. In both corpora, the most

markers were found for the CREATION and MODIFICATION sub-relations.
The markers of

ASSOCIATION

show less variety than the

CAUSE–EFFECT

markers,

suggesting they are likely to be somewhat more productive than CAUSE–EFFECT markers
according to this criterion (although it is, of course, only one among many that are
pertinent in evaluating the value of markers for pattern-based KRC extraction). For
pattern-based tool design, the figures suggest that while both relations are promising
candidates for automatic extraction, the

CAUSE–EFFECT

relation may require a more

involved pattern set design process (given the larger numbers of markers to be
included).
Relative to relation occurrences, marker variety shows more interlinguistic
differences, as shown in Table 27. For both relations, the number of different markers
relative to the number of relation occurrences is smaller in English than in French. A
more detailed analysis of the markers for the CAUSE–EFFECT sub-relations is provided in
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Table 28. The differences in the proportions of distinct markers compared to
numbers of relation occurrences continue to show a trend towards less variety in
English, with the only exceptions the

MAINTENANCE/PERMISSION

and

PRESERVATION

sub-relations.97
Table 27. Numbers of markers observed relative to relation occurrences in English and
French
Relation

English

ASSOCIATION

CAUSE–
EFFECT

Total

French
Markers

Ratio of
occurrences to
markers

Difference
Difference in
ratio of
occurrences
to markers

Occurrences

Markers

Ratio of
occurrences to
markers

125

33

3.8

70

30

2.3

1.5

317

121

2.6

279

137

2.0

0.6

442

154

2.9

349

167

2.1

0.8

Occurrences

Table 28. Comparison of number of markers and occurrences in English and French

Relation
ASSOCIATION
CAUSE–EFFECT
CREATION
DESTRUCTION
MAINTENANCE/

133
9

51
5

54
7

12

21

11

10

1.1

2.1

20
46
36
27
1

18
48
25
24
1

6
20
14
13
1

11
32
10
12
1

3.3
2.3
2.6
2.1
1.0

1.6
1.5
2.5
2.0
1.0

Number
of French
occurrences

Number
of
English
markers

Number
of
French
markers

125
317

70
279

33
121

30
137

PERMISSION

PREVENTION
MODIFICATION
INCREASE
DECREASE
PRESERVATION
Total

167
8

Ratio of
English
occurrences to
markers
3.8
2.6
3.3
1.6

Number
of English
occurrences

442

349

154

167

2.9

Ratio of
French
occurrences to
markers
2.3
2.0
2.5
1.3

2.1

Thus, a wider variety of markers are used to denote the relations in the French
data analyzed. Additional research could further investigate this apparent difference in

97

Note that the very low occurrences for the PRESERVATION sub-relation make this figure difficult to use
for generalization.
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other corpora and/or using different methodologies. Such research could permit the
evaluation of other potential explanations for this difference (for example, related to the
corpora evaluated, the methodology used, or the terms used to generate the initial
concordances).

4.3 Markers observed
The more frequent markers observed in the term-based concordances (i.e., those
observed twice or more) are shown below, in decreasing order of frequency, in tables
that also present the number of occurrences observed in the sample concordances and
examples of contexts in which they were observed. Full lists of the markers identified,
including those observed only once in the sample, appear in Appendix H.

4.3.1 Markers observed in English
4.3.1.1

ASSOCIATION

The markers identified for this relation included the 18 illustrated below in Table 29.
Table 29. English markers observed for the ASSOCIATION relation
Marker
associated
(with)
risk
(of/for/in
relation to)
risk factor
(for/as a ~
for)
marker
(of/for/
as a ~ of)
relationship
(between…
and)
in

Occurrences in
sample

Sample contexts

14

Diabetes was associated with accelerated atherosclerosis at both 14 and
20 weeks of age… (Yan et al. 2003)
There is good evidence that HRT increases the risk for VTE… (Kocjan
and Prelevic 2003)

10

Hyperhomocysteinaemia is a risk factor for the development of CHD.
(Mackness et al. 2004)

9

As carotid IMT is a good early marker of atherosclerosis and risk of
cerebrovascular ischemic events… (Zambon et al. 2003)

9

… additional randomized clinical trials are necessary to further elucidate
the relationship between CRP and CHD. (Rackley 2004)

17

8

Moreover, these processes are exaggerated in diabetes… (Yan et al.
2003)
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Marker

Occurrences in
sample

association
(between…
and/of…
with)

7

and

5

link
(to/with)
[VERB]

5

with

5

related to

4

correlate
(with/…
and)

3

relevant to

3

find… in

2

link
between…
and [NOUN]
predict
prediction of
relation
(between…
and/ of…
to)

4.3.1.2

2
2
2
2

Sample contexts
Overall, results of our investigation indicate that the association
between risk of breast cancer and HRT varies by regimen. (Weiss et al.
2002)
CRP and Acute Myocardial Infarction The first association between
CRP and cardiovascular disease was in the context of… (Shah and
Newby 2003)
LDL-C remains the primary target of lipid-lowering therapy based on a
robust database of studies linking LDL-C to atherosclerosis and
cardiovascular events… (Bittner 2003)
A further aspect of the change of atherogenicity of lipoproteins with
HRT was tackled by Wakatsuki et al. … (Seed and Knopp 2004)
… the risk of mortality from breast cancer related to HRT could not be
determined. (Watkins 2003)
… increased circulating IGF-1 concentrations correlate very closely
with the relative risk for the development of several common cancers,
including breast, prostate, colon, and lung. (McCance and Jones 2003)
… lipid-independent effects of statins on various signaling pathways that
are potentially relevant to the pathogenesis of atherosclerosis. (Balk et
al. 2003)
… strong expression of cyclin D1, p21WAF1/CIP1, and Ki-67 was
found in a DCIS lesion… (Wang et al. 2003))
Part 1 will provide a brief overview of the link between inflammation,
endothelial dysfunction, and atherosclerosis… (Szmitko et al. 2003)
In addition, baseline renal function predicted development of CHF.
(Coresh et al. 2004)
High-sensitivity C-reactive protein and the prediction of coronary events
among patients with renal disease (Torres and Ridker 2003)
… the exact nature of the relation between hepatic lipase and
atherosclerosis remains controversial (Zambon et al. 2003)

CAUSE–EFFECT

Of the 121 lexical markers observed for all of the

CAUSE–EFFECT

sub-relations

combined, 52 occurred twice or more in the sample analyzed.

4.3.1.2.1 CREATION
The markers identified for this sub-relation included the 26 shown in Table 30.
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Table 30. English markers observed for the CREATION sub-relation
Marker

Occurrences in
sample

William Osler 3 was one of the first to propose a major role for acute
infection in the pathogenesis of atherosclerosis. (Madjid et al. 2004)

role (for…
in/of…
in/in/ play a
r~ in/in
which…
plays a ~)

33

contribute to

13

induce

11

lead to

9

involved in
[PPL.A.]

8

implicate in
[VERB]

7

result
(in/from)
[VERB]

7

mediated
(by) [PPL.A.]

6

cause
[VERB]
importance
of… in

5
5

important in

5

pathway
(for/in/
as a ~ of)

4

due to

3

mediate
(by/through/
via)
produce
[VERB]

Sample context

3
3

By studying the normal function of BRCA2, we can understand how
changes in the protein contribute to the development of cancer…
(Graham 2002)
hs-CRP has also been reported to induce the expression of plasminogen
activator inhibitor-1… (Torres and Ridker 2003)
While the ADH3 [gamma]1 allele leads to rapid oxidation of ethanol, the
[gamma]2 allele results in slow ethanol oxidation. (Humphries et al.
2004)
Recently, accumulating evidence has shown that fractalkine is involved
in the pathogenesis of various clinical disease states or processes, such as
atherosclerosis… (Umehara et al. 2004)
There is a large body of evidence that implicates inflammation and
adhesion molecules in the pathogenesis of CVD, including
atherosclerosis, stroke, and myocardial infarction. (Granger et al. 2004)
The response to injury hypothesis developed by Russell Ross in the late
1970s suggested that atherosclerosis, at least, resulted from an initial
injury to endothelial cells… (Griendling and FitzGerald 2003a)
Endothelial dysfunction and the subsequent changes in blood flow
promote CD40-mediated endothelial activation by decreasing the
intracellular expression of a CD40 signaling blocker. (Szmitko et al.
2003)
Preoperative chemotherapy often caused shrinkage of the tumour…
(Shenkier et al. 2004)
Third, researchers increasingly recognize the importance of nonlipid
factors in the pathogenesis of atherosclerosis. (Balk et al. 2003)
We now appreciate that the fractalkine/CX3CR1 system is important in
various clinical diseases, such as atherosclerosis, cardiovascular disease,
graft rejection, HIV infection, and inflammatory diseases. (Umehara et
al. 2004)
Endothelial dysfunction is a new pathway in cardiovascular disease
(CVD) development. (Harris and Matthews 2004)
… persons scoring higher on a scale of spirituality or religious
participation have lower mortality due to CHD… (Haskell 2003)
The chemopreventive effects of retinoic acids might be mediated via
PKC-[delta] activation. (Schondorf et al. 2004)
Activation of these receptors produces endothelium-dependent
relaxation of human coronary arteries. (Harris and Matthews 2004)
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Marker

Occurrences in
sample

cause of
[NOUN]

2

drive

2

implicated
in [PPL.A.]

2

induced (by)

2

initiate
[VERB]
key… in

2
2

mechanism
of

2

participate
in

2

product of

2

trigger
[VERB]

2

via

2

Sample context
Atherosclerosis is the leading cause of morbidity and mortality in
developed countries. (Jaffer and Weissleder 2004)
It is presumed that aberrant cyclin D1 expression drives the
phosphorylation and functional inactivation of pRB in tumor cells.
(Sicinski and Weinberg 1997)
... we recently tested whether statins decrease formation of nitric oxidederived oxidants in vivo [22**], species implicated in development of
atherosclerosis. (Brennan and Hazen 2003)
As is the case for chemotherapy, radiation-induced NF-[kappa]B
activation has been reported in a variety of cancer cell types… (Garg et
al. 2003)
Thus, other triggers--including diabetes, high blood pressure, or
chemicals in cigarette smoke--can also initiate the signals… (Stix 2003)
Oxidation of LDL is a key process in atherogenesis. (Mason et al. 2003)
Further, recent studies implicating translocation of SK1 to the membrane
as a mechanism of activation have not been demonstrated for SK2.
(Saba and Hla 2004)
… is consistent with this heme protein participating in the development
of atherosclerosis and its thrombotic complications. (Brennan and Hazen
2003)
AGEs, the products of nonenzymatic glycation and oxidation of proteins
and lipids, accumulate in the vessel wall… (Yan et al. 2003)
This enhances retention of the lipoprotein and possibly triggers, along
with oxidation, the formation of a recognizably foreign substance…
(Caslake and Packard 2003)
Lipid oxidation via reactive nitrogen species (Brennan and Hazen 2003)

4.3.1.2.2 DESTRUCTION
The markers of DESTRUCTION observed included the two shown below in Table 31.
Table 31. English markers observed for the DESTRUCTION sub-relation
Marker

Occurrences in
sample

anti-

3

against

2

Sample context
Administration of Virulizin showed anti-tumor efficacy in the treatment
of human pancreatic cancers and melanoma… (Du et al. 2003)
COX-2 inhibition combined with immune-based therapy that would
induce cytotoxic T-lymphocyte activity against tumor cells is a novel
concept that needs further exploration in preclinical animal models and
in clinical settings. (Pockaj et al. 2004)

4.3.1.2.3 MAINTENANCE (PERMISSION)
The one marker for this relation identified twice in the sample is shown in Table 32.

225
Table 32. English markers observed for the MAINTENANCE/PERMISSION sub-relation
Marker

Occurrences in
sample

required for

2

Sample context
Therefore, it is currently suggested that ER[alpha] function may be
required for maximum activation of IGF-signaling pathways. (McCance
and Jones 2003)

4.3.1.2.4 PREVENTION
Three markers of PREVENTION are illustrated below in Table 33.
Table 33. English markers observed for the PREVENTION sub-relation
Marker
prevent
prevention
(as… ~/in ~
of/ for ~ of)
suppressor
[NOUN]

Occurrences in
sample
6
6
4

Sample context
Normally, HDL prevents LDL oxidation. (Cabe 2000)
HRT is effective for prevention or treatment of osteoporosis… (Kocjan
and Prelevic 2003)
BRCA1 and BRCA2 in their nonmutated forms function as tumor
suppressor genes. (Khoury-Collado and Bombard 2004)

4.3.1.2.5 MODIFICATION
Six markers occurred twice more in the results and are illustrated below in Table 34.
Table 34. English markers observed for the MODIFICATION sub-relation
Marker

Occurrences in
sample

effect
(of/on/of…
on) [NOUN]

12

affect
[VERB]

7

respond to

6

response (to/
of… to)

5

Sample context
Recognition of the effects of influenza on CHD provides the medical
community with a valuable opportunity to further reduce cardiovascular
death and morbidity. (Madjid et al. 2004)
In addition, interactions between dihydropyridines and these pathways
affect lipid oxidation and cholesterol metabolism and can thereby reduce
atherosclerosis development. (Mason et al. 2003)
… among ER-positive tumors, nearly 70% of those that are also
progesterone receptor (PR)-positive and 25-30% of PR-negative tumors
will respond to hormonal therapy. (Vogel 2003)
The conceptual advantage of in vivo assessment of primary tumor
response to the selected CTX regimen is another benefit derived from
the neoadjuvant CTX approach. (Newman et al. 2003)
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Marker

Occurrences in
sample

influence

2

regulated
[PPL.A.]

2

Sample context
Emerging data reveals that a large number of additional proteins (i.e.,
growth factors) influence the transcriptional activation of ER[alpha] and
possibly ER[beta]. (McCance and Jones 2003)
TNF-[alpha]-regulated SK activation is likely to be important in nuclear
factor-[kappa]B (NF-[kappa]B) activation and inhibition of apoptosis.
(Saba and Hla 2004)

4.3.1.2.6 INCREASE
Seven markers of INCREASE, shown in Table 35, occurred twice or more in the sample.
Table 35. English markers observed for the INCREASE sub-relation
Marker

Occurrences in
sample

promote

10

increase

9

enhance

2

facilitate

2

increased
[PPL.A.]

2

stimulate

2

upregulate

2

Sample context
IL-18 also promotes adhesion molecule expression on the endothelium
... (Szmitko et al. 2003)
Several recent reports have demonstrated that estrogen therapy increases
expression of MMP. (Karas 2004)
Lp(a) also enhances oxidation of LDL. (Cabe 2000)
Other preclinical studies show that CRP may facilitate the development
of atherosclerosis… (Rackley 2004)
Receptor-mediated leukocyte activation leads to … increased
adhesiveness… (Granger et al. 2004)
… activation of the B2-kinin receptor stimulates NO production…
(Mason et al. 2003
Because LDL upregulates angiotensin II receptor type 1 (AT1) receptor
expression… (Griendling and FitzGerald 2003)

4.3.1.2.7 DECREASE
The markers identified for this relation included the seven illustrated below in Table 36.
Table 36. English markers observed for the DECREASE sub-relation
Marker

Occurrences in
sample

reduce

6

inhibit

5

decrease
[VERB]

2

Sample context
... CRP was recently shown to reduce synthesis of the vasodilator nitric
oxide in cultured endothelial cells. (Rackley 2004)
Hydroxy metabolites of atorvastatin… inhibit oxidation of both LDL
and very-low-density lipoprotein …. (Davignon 2004)
NO is an important vasodilator that decreases LDL oxidation and
smooth muscle cell proliferation. (Torres and Ridker 2003)
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Marker

Occurrences in
sample

downsizing
(for… ~/
with)

2

inhibition of

2

lower
[VERB]
reduced
[PPL.A.]

2
2

Sample context
… breast-conserving surgery after tumor downsizing with preoperative
chemotherapy… (Meric-Bernstam 2004)
… free radical-scavenging abilities that may contribute to inhibition of
lipoprotein oxidation. (Davignon 2004)
… studies showed that HRT lowered low-density lipoprotein (LDL)
cholesterol levels… (Aschenbrenner 2004)
Loss of ER[alpha] in MCF-7 cells causes reduced expression of IGFsignaling molecules... (McCance and Jones 2003)

4.3.1.2.8 PRESERVATION
No markers of PRESERVATION occurred more than once in the sample analyzed.

4.3.2 Markers observed in French
4.3.2.1

ASSOCIATION

The 13 markers identified for this relation that occurred twice or more in the contexts
analyzed are shown below in Table 37.
Table 37. French markers observed for the ASSOCIATION relation
Marker

Occurrences in
sample

et

10

lié à

7

facteur de
risque

6

caractérisé
par

5

risque de

5

associé à

4

Sample context
Traitement hormonal substitutif et risque de cancer du sein (Serin and
Escoute 1998)
L'hypertension artérielle exacerbe les complications liées au diabète,
telles que les complications microvasculaires (néphropathie et
rétinopathie)… (Gonzalez and Palardy 2004)
… enfants démontrant d'autres facteurs de risque cardiovasculaire
(obésité, tabagisme, hypertension, diabète, consommation d'aliments
riches en matières grasses, prise de médicaments augmentant les lipides
plasmatiques…)… (Lambert 2002)
Dans l'adénose sclérosante, affection bénigne du sein caractérisée par
une prolifération des cellules épithéliales et myoépithéliales… (Angèle et
al. 2001)
L'obésité, le syndrome métabolique et le diabète accroissent notablement
le risque de maladies cardiovasculaires. (Lambert 2002)
… la dyslipidémie ou des autres troubles fréquemment associés à
l'athérosclérose (notamment le diabète et l'hypertension). (Gendreau
2003)
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Marker

Occurrences in
sample

lien entre…
et

4

au cours de

2

corrélé avec

2

en cas de

2

observé
(dans/au
niveau de)

2

prédisposition
(de ~ à)

2

retrouvé dans

2

4.3.2.2

Sample context
… un suivi attentif permettant d'établir les liens entre les anomalies
lipidiques, le tabagisme, l'hypertension artérielle, le diabète et la maladie
coronaire. (Bauduceau et al. 2004)
La vitesse de l’onde de pouls est significativement altérée au cours du
vieillissement, de l’hypertension artérielle, du diabète et de
l’athérosclérose. (Levenson et al. 2000)
… ses changements peuvent être corrélés avec une activation ou une
répression de la transcription. (Chailleux et al. 2000)
En cas de diabète équilibré, TG et LDL sont quasi normaux, cependant
on peut noter un taux de HDL… (Fredenrich et al. 2004)
Par ailleurs, les anomalies qualitatives des lipoprotéines sont similaires à
celles observées dans le diabète de type 2. (Fredenrich et al. 2004)
Nous présentons ici une mise au point des connaissances sur les gènes de
prédisposition héréditaire au cancer du sein…. (Bonadona and Lasset
2003)
Le profil lipidique le plus fréquemment retrouvé dans le diabète de type
2 associe une élévation du taux plasmatique des triglycérides (TG)…
(Fredenrich et al. 2004) à

CAUSE–EFFECT

In total, 52 CAUSE–EFFECT markers occurred twice or more in the sample analyzed.

4.3.2.2.1 CREATION
The markers observed for this relation included the 25 shown below in Table 38.
Table 38. French markers observed for the CREATION sub-relation
Marker

Occurrences in
sample

conduire à

8

entraîner

7

induire

7

induit par
[PPL.A.]

7

Sample context
Cette oxydation conduit à la déplétion des LDL en antioxydants, en
phosphatidylcholines et en esters de cholestérol… (Bonnefont-Rousselot
et al. 2002)
Cette activation entraîne de nombreuses réponses cellulaires avec
stimulation de la croissance et de la division cellulaire… (Penault-Llorca
et al. 2002)
… l'engagement de Fas induit la dénitrosylation de la caspase 3... (Kolb
2001)
Une hypothèse est que l'activation des récepteurs TP induite par les
isoprostanes est responsable des effets indépendants des cyclooxygénases.
(Cracowski 2004)

229
Marker

Occurrences in
sample

participer à

6

résulter de
(il en ~)

6

activer

5

exprimer

5

facteur de

4

impliqué
dans
[PPL.A.]

4

provoquer

4

rôle (de…
dans/jouer
un ~ dans/
jouer un ~
lors de/rôle
joué par)
stimuler

4

4

conséquence
de

3

déclenchement de
(par)

3

déclencher

3

pour

3

produire

3

responsable
de [ADJ.]
à l’origine
de
important
(dans/pour)
intervenir
dans

3
2
2
2

médié par

2

par

2

réponse à
(en ~ à)

2

Sample context
Cette prolifération musculaire lisse participe à la constitution de la plaque
athéroscléreuse… (Teiger 2001)
… la formation d'adduits hépatiques résulte de l'activation des
microsomes hépatiques. (Sasco 2000)
En conséquence, la caténine ß n'est plus dégradée… et active la
transcription sous le contrôle de LEF/Tcf. (Blanchard 2003)
La cellule transfectée produisant du NO endogène exprimerait Fas et
produirait du FasL autotoxique. (Gauthier et al. 2004)
À l'opposé, le facteur de transcription c-Jun, en se fixant sur le promoteur
de son propre gène, contribue à amplifier sa production. (Blanchard 2003)
Les ERO formées par la NADPH oxydase des cellules musculaires lisses
sont également impliquées dans l'activation par la thrombine du facteur
de transcription hypoxia-inducible factor-1… (Bonnefont-Rousselot et al.
2002)
Le dimère ainsi formé se lie au PPRE et provoque l'activation de la
transcription du gène cible. (Gervois and Fruchart 2003)
Le rôle des estrogènes dans la prolifération des tumeurs mammaires
hormonodépendantes a été montré depuis de nombreuses années [1]. (De
Crémoux 2000)

NO stimule l'activation de caspases et l'apoptose …. (Kolb 2001)
… les maladies métaboliques qui en découlent, c'està- dire [sic] le diabète,
les dyslipidémies et l'hypertension artérielle, sont les conséquences du
mode de vie adopté par les humains… (Essiambre 2003)
Lorsque la plaque est rompue, le déclenchement de la coagulation par les
cellules inflammatoires aboutit à la thrombose… (Collet et al. 2004)
L'oxydation exagérée des acides gras de ces lipoprotéines modifiées
déclenche une réaction in- flammatoire [sic]… (Ferrières 2004)
… mastectomies subtotales pour tumeur maligne… (Lilliu et al. 2002)
… elle est ainsi plus fréquente dans les régions riches en cellules
produisant des cytokines pro-inflammatoires. (Mallat and Tedgui 2004)
L'activation des ostéoclastes est responsable de l'hyperrésorption osseuse
et de la libération de facteurs de dégradation… (Tubiana-Hulin et al. 2001)
L’athérosclérose est à l’origine de la plupart des maladies coronaires.
(Ferrières 2004)
… les c-jun kinases (JNK), importantes pour la croissance et la
prolifération cellulaire… (Bonnefont-Rousselot et al. 2002)
… d'autres cellules vasculaires intervenant dans la pathologie
thrombotique, principalement les monocytes… (Drouet 2004)
… l'effet vasculaire de la 15- F2t-IsoP est médié par une activation du
récepteur TP (récepteur commun à la prostaglandine H2 et au
thromboxane)… (Cracowski 2004)
… peut réduire de façon significative la mortalité par cancer du sein.
(Spyckerelle et al. 2002)
L'athérosclérose est considérée actuellement comme une réponse
inflammatoire aux lésions de la paroi artérielle. (Duriez 2004)
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4.3.2.2.2 DESTRUCTION
The markers of DESTRUCTION observed include the two shown below in Table 39.
Table 39. French markers observed for the DESTRUCTION sub-relation
Marker
antidestruction
de

Occurrences in
sample
2
2

Sample context
… un nouveau traitement antitumoral ... (Tubiana-Hulin et al. 2001)
... des processus qui conduisent à la destruction de la cellule. (Chène
1999)

4.3.2.2.3 MAINTENANCE (PERMISSION)
Three of the markers identified for this relation are shown below in Table 40.
Table 40. French markers observed for the MAINTENANCE/PERMISSION sub-relation
Marker

Occurrences in
sample

permettre

5

nécessaire à

4

dépendant
(de)

3

Sample context
… l'exercice physique permet l'oxydation mitochondriale des acides gras
au niveau des muscles… (Ferrières 2004)
… l'activation du protéasome est, au contraire, nécessaire à
l'accomplissement du processus apoptotique… (Kolb 2001)
Inhibition de la transcription REα dépendante de gènes de la
prolifération par BRCA1 (Pujol et al. 2004)

4.3.2.2.4 PREVENTION
Four markers for this relation are shown below in Table 41.
Table 41. French markers observed for the PREVENTION sub-relation
Marker

Occurrences in
sample

suppresseur
de [ADJ.]

4

prévention
(de/de ~)

3

bloquer

2

préventif

2

Sample context
Avec les gènes RB p53, WTA ou APC, est apparue une première
génération de gènes suppresseurs de tumeurs. (Bénard 1997)
Le THS n'est recommandé qu'en cas d'intolérance à un autre traitement
indiqué dans la prévention de l'ostéoporose et après une évaluation
individuelle précise et soigneuse… (Rozenbaum 2004)
Le tamoxifène bloque la prolifération cellulaire qui est rétablie par
l'addition d'estrogènes. (Vinatier and Orazi 2003)
… les cellules dendritiques présentent un pouvoir curatif et préventif à
l'égard de tumeurs greffées. (Catros-Quemener et al. 2003)
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4.3.2.2.5 MODIFICATION
Eight markers of MODIFICATION are shown below in Table 42.
Table 42. French markers observed for the MODIFICATION sub-relation
Marker
effet (sur/
de… sur)
régulation
(de/entre…
et)

Occurrences in
sample
7
4

moduler

3

anti-

2

commander

2

complication … de

2

contrôler

2

nuire à

2

Sample context
… l'exercice physique n'a pas eu d'effet sur le cholestérol total ou le LDL
cholestérol. (Ferrières 2004)
…il existe une régulation étroite entre apoptose et prolifération cellulaire
… (Lavelle and Jehanno 1998)
Les molécules qui modulent sélectivement l'activation des récepteurs
hormonaux (SERM)… (Vinatier and Orazi 2003)
… une hormonothérapie (anti-aromatase) ou une chimiothérapie
antitubuline… (Guastalla et al. 2004)
L'activation de ces récepteurs commande la transcription des gènes
insulinosensibles… (Leblond 2001)
Les interactions entre système rénine-angiotensine et complications
vasculaires du diabète constituent un autre exemple de l'implication du
TGF-ß. (Michel 2004)
La prolifération des cellules cancéreuses mammaires est contrôlée par les
oestrogènes et les facteurs de croissance… (Chailleux et al. 2000)
Plus besoin non plus du coeur-poumon artificiel, qui dégrade le sang et
nuit à sa coagulation. (Simard and Dussault 1997)

4.3.2.2.6 INCREASE
The markers identified for this relation included the five shown below in Table 43.
Table 43. French markers observed for the INCREASE sub-relation
Marker

Occurrences in
sample

favoriser

7

augmentation de

4

augmenter

3

accroître

2

faciliter

2

Sample context
…l'expression de Cox2 favorise la prolifération tumorale en inhibant
l'apoptose… (Guastalla et al. 2004)
L'activation de récepteurs endothéliaux produit une augmentation de
[Ca]i dans les cellules endothéliales… (Feletou et al. 2003)
…une chimiothérapie d'induction peut augmenter les possibilités de
chirurgie … (Lerouge et al. 2004)
Le traitement hormonal substitutif accroît l'incidence du cancer du sein.
(Noël et al. 1998)
Si l'on considère que les macrophages peuvent faciliter la prolifération
des cellules musculaires lisses … (Caligiuri 2004)
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4.3.2.2.7 DECREASE
The markers identified for this relation included the five shown below in Table 44.
Table 44. French markers observed for the DECREASE sub-relation
Marker

Occurrences in
sample

inhiber

7

diminuer

3

réduire

3

inhibiteur
de [ADJ.]
inhibition
de (… par)

2
2

Sample context
… l'activation de la protéine G Arf par ses GEF à domaine Sec7 peut être
inhibée par stabilisation de complexes abortifs Arf-GD… (Cherfils and
Pacaud 2004)
…, les inhibiteurs du système rénine-angiotensine diminuent la
prolifération intimale des cellules musculaires lisses …. (Michel 2004)
Ces médicaments non seulement réduisent le cholestérol plasmatique et
ses dérivés, mais aussi ont des effets " pléïotropes "… (Asmar et al. 2003)
L'activité paraoxanase 1 inhibitrice de l'oxydation des LDL est très
diminuée chez les patients ayant des antiphospholipides. (Meyer 2001)
Inhibition de la transcription REα dépendante de gènes de la prolifération
par BRCA (Pujol et al. 2004)

4.3.2.2.8 PRESERVATION
None of the markers observed occurred twice or more in the sample analyzed.

4.4 Number of occurrences of markers
In order to evaluate the potential performance of the markers, their frequency as
observed in the sample and in the whole corpora was evaluated. These measures are
presented below.

4.4.1 Number of occurrences of markers in the samples
Given the numbers of markers observed in the samples analyzed, as discussed above in
Section 4.2, it is not surprising that the French markers had lower mean frequencies in
the relation occurrences analyzed than the English ones.
Since in the context of designing pattern-based tools a selection of the most
promising patterns located may be chosen for inclusion in a pattern set — according to
criteria that may include the number or proportion of desired relation occurrences that
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can be retrieved by a given marker98 — another way of evaluating the relative
frequencies of the markers observed involves the comparison of the numbers of markers
required to retrieve a given proportion of the relation occurrences observed in the two
data sets.
If the

CAUSE–EFFECT

markers are ranked from most to least frequent in the sets

of relation occurrences evaluated (in order to target those that appear most productive
for retrieving occurrences of the relations according to these data), in English the top 17
markers account for 50% of the relation occurrences observed, and the top 46 for 75%.
In French, retrieving 50% of the occurrences would require the top 30 markers, and 75%
would require 73. The markers required to retrieve 50% of the occurrences are shown in
Table 45 and Table 46.
Table 45. Most frequent

CAUSE–EFFECT

markers: Markers required to retrieve 50% of

English relation occurrences
Marker
role
contribute to
effect
induce
promote
lead to
increase
involved in
implicate
result from
affect
mediated
prevent
prevention
respond to
reduce
cause
Total

98

Occurrences in sample
33
13
12
11
10
9
9
8
7
7
7
6
6
6
6
6
5
161

% of occurrences
10.4
4.1
3.8
3.5
3.2
2.8
2.8
2.5
2.2
2.2
2.2
1.9
1.9
1.9
1.9
1.9
1.6
139

Other criteria in pattern choice of course include the marker’s potential for recall (i.e., overall frequency
in corpora), precision, and the ease with which pattern forms may be developed for that marker.
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Table 46. Most frequent

CAUSE–EFFECT

markers: Markers required to retrieve 50%

of French relation occurrences
Marker
conduire à
entraîner
induire
induit par
effet
favoriser
inhiber
participer à
résulter de
activer
exprimer
permettre
facteur de
impliqué dans
provoquer
rôle
stimuler
nécessaire à
suppresseur de
régulation
augmentation de
conséquence de
déclenchement de
déclencher
pour
produire
responsable de
dépendant
prévention
moduler
Total

Occurrences in sample
8
7
7
7
7
7
7
6
6
5
5
5
4
4
4
4
4
4
4
4
4
3
3
3
3
3
3
3
3
3
140

% of occurrences
2.9
2.5
2.5
2.5
2.5
2.5
2.5
2.2
2.2
1.8
1.8
1.8
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
151

If the ASSOCIATION markers are ranked from most to least frequent in the sets of
relation occurrences evaluated, in English the top 6 markers account for 50% of the
relation occurrences observed, and the top 12 for 75%. In French, retrieving 50% of the
occurrences would also require the top 6 markers, and 75% would require 13. The
markers required to retrieve 50% of the occurrences are shown in Table 47 and Table
48.
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Table 47. Most frequent markers of ASSOCIATION: Markers required to retrieve 50%
of the English relation occurrences
Marker
associated
risk
risk factor
marker
relationship
in
Total

English
Occurrences in sample
17
14
10
9
9
8
67

Table 48. Most frequent markers of

ASSOCIATION:

% of occurrences
13.6
11.2
8.0
7.2
7.2
6.4
68

Markers required to retrieve 50% of

the French relation occurrences
Marker
et
lié à
facteur de risque
caractérisé par
risque de
associé à
Total

French
Occurrences in sample
10
7
6
5
5
4
37

These data show that for the

CAUSE–EFFECT

% of occurrences
14.3
10.0
8.6
7.1
7.1
5.7
69

relation, the number of markers

required by a pattern-based tool to locate a given proportion of the relation occurrences
observed in the corpus would be lower in English than in French. (Although a large part
of this discrepancy can be traced to the most frequent marker, role, the overall trend is
still visible without this marker.) Such a trend would clearly have implications for the
creation of pattern sets in the two languages, as the investment of time and energy in
creating pattern forms for markers would be increased in French if the choice was made
to include more markers. Conversely, the performance of an application could be poorer
in French if this choice was not made.
However, the relation of

ASSOCIATION

shows far less variation, suggesting that

differences in pattern variety are less likely to raise questions for pattern design and
application performance in the case of this relation.
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Further research could evaluate this apparent difference in light of results in
other corpora and/or using another methodology, to determine whether this trend is
widely observed or whether particularities of the corpus, methodology or data retrieved
have contributed to these observations. It would also be interesting to evaluate
individual markers more specifically to determine their contribution to the difference
observed.

4.4.2 Number of occurrences of markers in the corpora
Evaluating the number of occurrences of the markers in the sets observed in the corpora
as a whole can indicate their overall potential for retrieving contexts: markers that occur
more frequently in the corpora will give access to more potentially useful contexts.
Table 49 presents the total frequencies per 1,000 corpus tokens for the marker sets for
each relation and sub-relation in each of the languages (based on data provided in
Appendix H).99
Table 49. Comparison of total occurrences of markers in sets per 1,000 corpus tokens in
English and French
Relation
ASSOCIATION
CAUSE–EFFECT
CREATION
DESTRUCTION

English
80.0
52.6
24.6
1.9

French
47.7
50.3
22.7
1.9

Difference
32.3
2.3
1.9
0.0

1.5

2.5

-1.0

1.4
16.3
3.6
3.3
0.05

0.9
17.9
2.2
2.7
0.1

0.5
-1.6
1.4
0.6
-0.05

MAINTENANCE/
PERMISSION
PREVENTION
MODIFICATION
INCREASE
DECREASE
PRESERVATION

Total

99

132.5

98.1

34.4

As noted above in Section 3.3.1.4.3, the evaluation of marker frequency expressed in occurrences per
1,000 corpus tokens allows for comparison in corpora of varying sizes.
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In these results, the trend towards higher frequencies in English continues
overall and for the two relations individually, with only the CAUSE–EFFECT sub-relations
of MAINTENANCE/PERMISSION, MODIFICATION and

PRESERVATION

showing higher values

in French.100 Both far higher frequencies and a substantial difference were observed in
the case of the ASSOCIATION relation (likely due to very common prepositional markers,
particularly in English, as well as markers such as risk and risk factor in English and
risque and facteur de risque in French, also extremely frequent in the corpora). Lower
frequencies and smaller differences were observed for the

CAUSE–EFFECT

relation and

its sub-relations.
A few comments, however, should be made on this subject. First is that these
statistics are based on simple numbers of tokens as calculated by WordSmith Tools, and
the generally higher prevalence of articles and prepositions in French no doubt affects
this measure. Although these observations may be used as a guideline for estimating
productivity in corpus size measured using such means, an evaluation of frequency that
takes into account this kind of variation would provide a more exact picture of the
potential for variation between corpora in English and French. A second observation is
that of course these figures do not determine overall productivity: the pattern forms
used, for example, affect how many contexts are retrieved by a pattern-based tool, and
the precision of each marker how many of these contain the desired relation.101
Nevertheless, on the basis of the data gathered in this analysis, and considering
the generally more numerous markers, more even distribution of relation occurrences
among the markers and lower marker frequency per 1,000 corpus tokens in the French
data, it appears that — at least for the

CAUSE–EFFECT

relation — in order to access the

same number of potentially useful contexts in the two languages (i.e., to achieve the
same potential for identifying relation occurrences) more French markers may be

100

Moreover, the single marker observed for
generalization.
101

PRESERVATION

in each corpus does not allow for

See Section 4.6 for a discussion of precision in a sample of markers in the two corpora.
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required. The increased number of markers required would also be accompanied by
an increase in the number of pattern forms required to exploit them.102 The use of more
markers would thus be likely to involve a significant investment of time and effort on
the part of application developers. A larger corpus could also be used to equalize the
numbers of occurrences retrieved, although this would increase silences as well as hits.
The differences observed in the two relations, however, indicate that the
ASSOCIATION

relation is likely to be less affected by the general differences in marker

frequency and the distribution of relation occurrences among the markers. Marker sets
that are comparable in number in the two languages are likely to show more similar
performance for this relation than for that of CAUSE–EFFECT.
These observations must nevertheless be further investigated, preferably using
other corpora, and certainly using methodologies that will allow for more precise
statistical evaluation of these criteria, in order to confirm whether the trends observed in
this study are widespread. It will be important to evaluate and/or neutralize other
potential sources of variation linked, for example, to the corpora used and their content,
the sample of data retrieved, or the methodology used to retrieve it (e.g., the choice of
terms for retrieving the contexts evaluated).
In developing pattern sets, it could also be productive, for example, to target
particular types of markers according to usage observed in the languages. The
characteristics of the markers observed, as evaluated in Section 4.5, may provide some
data to help in targeting particularly useful types of markers or marker forms.

4.5 Types of markers observed
As discussed above in Section 3.3.1.4.4, the markers identified were characterized in a
number of ways, including their part of speech classes and their form.
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4.5.1 Part of speech class of markers
Interlinguistic variation was also observed in the independent analysis in the parts of
speech of the markers observed. This analysis (presented in Appendix I) provides
information about general tendencies, and may also allow for the identification of a
potential link with marker precision (discussed below in Section 4.6).

4.5.1.1

Individual markers

As shown in Table 50, the proportions of markers belonging to individual part of speech
classes showed basic parallels between the two data sets, with the verbal (and participial
adjective) markers most prevalent, followed by nominal markers, adjectives and
adverbs, function words, and finally affixes.103
Table 50. Comparison of proportions of markers belonging to various POS classes in
English and French
POS

Both relations
English
French

ASSOCIATION
English
French

CAUSE–EFFECT
English
French

102

Moreover, given that individual pattern forms containing a given marker may vary, this increase may
be not linear, but rather exponential, with multiple pattern forms required to exploit a given marker.
103

If the verbs and participial adjectives are considered separately, the rank order of the categories is not
identical, but strong similarities are noted.
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Nouns, Noun phrases
Verbs, Verb phrases,
Participial adjectives,
Participial
adjective
phrases104
Adjectives, Adjective
phrases,
Adverb
phrases105
Prepositions,
Conjunctions
Affixes
Total

48
(31%)

54
(31%)

12
(36%)

8
(27%)

36
(30%)

46
(34%)

84
(55%)

77
(47%)

16
(48%)

10
(33%)

68
(56%)

67
(49%)

11
(7%)

20
(12%)

2
(6%)

4
(13%)

9
(7%)

16
(12%)

9
(6%)
2
(1%)
154

13
(8%)
3
(2%)
167

3
(9%)

8
(27%)

0

0

33

30

6
(5%)
2
(2%)
121

5
(4%)
3
(2%)
137

The dominance of verbal markers in both languages is evident, indicating that
these are likely to be promising subjects for developing pattern-based applications for
both

CAUSE–EFFECT

and

ASSOCIATION

relations in the two languages, and especially

promising in English. However, it is apparent that nominal markers are also good
candidates for research, particularly for the

ASSOCIATION

relation. In light of these

observations, it is clear that research in pattern identification and pattern set
development should certainly focus on both of these part of speech classes for the two
relations studied here, although verbs are likely to be particularly prevalent.
When the distribution across all of the categories is compared overall in the two
data sets (with the categories of function words and affixes combined to allow for
accurate testing using the Chi-square test), no significant difference is observed (p =
0.299).106 The percentages of markers for the two relations together that belong to the
POS classes of nouns and noun phrases, function words and affixes remain relatively

104

If this group is broken down internally, 67 (44%) of the English markers are verbs and 17 (11%)
participial adjectives, and in French these figures are 62 (37%) and 15 (9%). For the ASSOCIATION
relation, in English 14 (42%) verbs were observed, and 2 (6%) participial adjectives, and in French the
figures were 6 (20%) and 4 (13%). For the CAUSE–EFFECT relation, in English 53 (44%) verbs were
observed, and 15 (12%) participial adjectives, and in French the figures were 59 (42%) and 9 (7%).
105

The categories of adjectives and adverbs are considered together for the purposes of this research.
However, adjectives are far more prevalent than adverbs. (See Appendix I for details.)

106

If the verbs and participial adjectives are considered separately, p = 0.450.
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parallel between the two data sets, although a slightly higher proportion of function
words was noted in French.
However, differences in the percentages of adjectival or adverbial and verbal
markers individually are more apparent, with a higher proportion of the former in
French and the latter in English. However, when the Chi-square test is applied, no
statistically significant variation is observed in these proportions (p = 0.143 and p =
0.131 respectively). It may nevertheless be interesting to continue to evaluate these
potential differences, to determine whether more data could reveal a difference that
should be taken into account in pattern and marker discovery projects (i.e., in specifying
structures for analysis) and in the design of pattern-based tools (e.g., in planning the
types of markers and structures to include in order to maximize recall, and adjusting
strategies to deal with any variations that may be associated with differences in marker
POS).107
Although differences were observed in the proportions of the POS classes of
markers in each relation, these variations also showed parallels in the data sets.
For the

ASSOCIATION

relation, the rank order of the classes remained similar.

When analyzed using the Chi-square test, the proportions of all of the classes considered
together (with the function word and affix categories combined) were not significantly
different (p = 0.172).108 Further, when the classes are compared individually, none of
the categories shows statistically significant differences. Nevertheless, once again in
French the proportions of adjectives and function words are slightly higher (with the
difference in the case of the function words trending towards significance, p = 0.066),
107

Such differences could involve influence of marker POS on the types of structures in which markers
occur, the complexity of representing these structures, and possibilities of further processing contexts
using additional components of the contexts.
108

However, the expected values for the adjective and adverb category were too low for the Chi-square
test to be considered strictly valid; if the categories of adjectives/adverbs, function word and affixes are
combined and contrasted with the nouns and verbs, this value increases to p = 0.235. The expected values
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and the proportion of verbs is slightly higher in English.109 Moreover, slightly more
nouns were observed in English. These latter results suggest that more data could reveal
some interesting variations, and that taking these into account in pattern discovery and
pattern set development could be important. French function word markers specifically
were prevalent in the ASSOCIATION relation, suggesting that at least this category would
be another promising avenue for the identification of markers for this relation in that
language. The potential need to take more types of markers into account could
complicate pattern set development, and would likely have significant effects on the
time and effort required for this task.
Moreover, the fact that these differences are more pronounced than those
observed overall suggests that the

ASSOCIATION

relation is an important contributor to

overall differences, and could be targeted for further research.110
For the

CAUSE–EFFECT

relation, a perfect correlation between the ranks of the

POS classes of the markers is observed, with the verbal markers most numerous,
followed by the nominal and then adjectival or adverbial markers, function words, and
finally affixes. When the Chi-square test is applied, for all categories considered
together (with the function words and affixes combined to allow for accurate results), no
significant difference was observed (p = 0.531).111,112
Further, no statistically significant difference was observed for the individual
classes.113 However, the somewhat higher proportion of adjectival and adverbial

for participial adjectives were too low for this category to be considered separately from verbs for this
relation.
109

When the verbs are considered separately from participial adjectives, the higher prevalence of verbal
markers in English trends toward significance (p = 0.056).
110

Given the relatively low numbers of markers observed for this relation, more data would certainly be
necessary to obtain relevant and reliable conclusions.
111

Including the category of affixes, which are too few for accurate Chi-square testing, p = 0.645.

112

If the verbs and participial adjectives are considered separately, p = 0.416.

113

This is still the case when verbs are considered separately from participial adjectives.
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markers in French for this relation, similar to those observed overall and for the
ASSOCIATION

relation, suggests that this phenomenon is one that would be particularly

interesting to evaluate in light of more data, as it could indicate that markers belonging
to this category should be considered in French. The trend towards higher prevalence of
verbs in English, although fairly subtle, could also be interesting to investigate, to
determine what effect this might have on the productivity of approaches that focus on
verbal markers in the two languages.
The relative similarity in the distribution of markers among POS classes
indicates that pattern sets that are similar in regard to this characteristic may be located
using the kind of pattern discovery approach used in this project, and that in order to
reflect usage in the two languages, candidate pattern sets may include similar types of
markers in relatively similar proportions. However, the presence of minor variations
suggests that some categories (for example adjectival and adverbial markers) could be
interesting to investigate further in light of more data.
From another perspective, the choice to target markers of a specific part of
speech class for identification and development may have relatively — but certainly not
exactly — comparable effects on the potential of a pattern-based tool for retrieving
contexts in the two languages. For example, if the choices made in some projects to
consider only verbal markers of the

CAUSE–EFFECT

relation are considered, it becomes

clear that while this category is the most prevalent, a significant proportion of other
types of markers — particularly nouns — are used in both languages, and a number
potentially useful relation occurrences would thus be excluded. However, it appears that
the impact of such a choice may affect French somewhat (but as far as these data
indicate, not significantly) more than English, signalling a potential problem with
obtaining comparable results in the two languages using this kind of approach. This is
worth evaluating on the strength of more data to determine if a significant difference
may be observed.
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The study of marker POS distribution in further projects may not only
provide more data to assist in confirming whether the variations observed become
significant, but may also help to eliminate other potential sources of variation (for
example, related to the content of the corpora or the terms chosen to identify the
contexts, which may affect the results directly or indirectly).

4.5.1.2

Marker occurrences

The proportions of markers belonging to each class are only part of the equation in the
design of pattern sets; the comparison of proportions of marker occurrences
complements these observations, reflecting not only the types of markers that may be
used but also their potential for productivity in identifying relation occurrences.
The proportions of relation occurrences associated with each POS class of
markers (Table 51) shows general parallels with the proportions of the individual
markers observed, with verbs most prevalent, followed by nouns. These data indicate
even more strongly than the distribution of the individual markers that both the
categories of verbs and nouns should be considered in identifying candidate markers for
locating both relations. The prevalence of nominal markers for

ASSOCIATION

in English

particularly underlines their importance in this relation and language, but the loss of
potentially useful contexts that would occur if this category of markers were excluded
from consideration even in the case of the

CAUSE–EFFECT

relation is obvious. The

prevalence of function word marker occurrences for ASSOCIATION also suggests that this
category might be interesting to take into account in developing pattern sets, although it
is still far more prevalent in French.
Table 51. Comparison of proportions of occurrences of markers of various POS classes
in English and French
POS

Both relations
English
French

ASSOCIATION
English
French

CAUSE–EFFECT
English
French
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Nouns, Noun phrases
Verbs, Verb phrases,
Participial
adjectives,
Participial
adjective
phrases114
Adjectives,
Adjective
phrases, Adverb phrases
Prepositions,
Conjunctions
Affixes
Total

159
(36%)

96
(28%)

59
(47%)

21
(30%)

100
(31.5%)

75
(27%)

232
(52%)

183
(52%)

44
(35%)

27
(39%)

188
(59%)

156
(56%)

21
(5%)
26
(6%)
4
(1%)
442

38
(11%)
27
(8%)
5
(1%)
349

4
(3%)
18
(14%)

4
(6%)
18
(26%)

0

0

125

70

17
(5%)
8
(2.5%)
4
(1%)
317

34
(12%)
9
(3%)
5
(2%)
279

Overall, the rank order of the POS classes shows a certain degree of positive
correlation, with the classes of adjectives/adverbs and function words varying between
third and fourth rank in the two data sets. However, in the Chi-square test of the
proportions of marker occurrences belonging to each POS category for the two relations
together, the languages showed a significant difference in the types of markers observed
(p = 0.001).115
The most pronounced variation is found in the category of adjectival/adverbial
markers, which when evaluated separately using the Chi-square test are much more
frequent in French than in English (p = 0.001). The proportions of nouns are also
different, with the English significantly higher than the French (p = 0.011), while no
significant difference was observed in the other categories. Interestingly, while the
verbal markers were more numerous in English than in French, the difference is reduced
in the comparison of occurrences, suggesting that the French verbal markers observed
are slightly more productive than their English counterparts.116

114

If this group is broken down internally, 175 (40%) of the English marker occurrences were of verbs
and 57 (13%) of participial adjectives, and in French these figures were 140 (40%) and 43 (12%). For the
ASSOCIATION relation, in English 21 (17%) occurrences of verbs were observed, and 23 (18%) of
participial adjectives, and in French the figures were 23 (33%) and 4 (6%). For the CAUSE–EFFECT
relation, in English 152 (48%) occurrences of verbs were observed, and 36 (11%) of participial adjectives,
and in French the figures were 136 (49%) and 20 (7%).
115

If the classes of verbs and participial adjectives are considered separately, p = 0.004.

116

There is no change in these results when verbs and participial adjectives are considered separately.
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When compared to the proportions of individual markers observed, these
data indicate that the more numerous adjectival/adverbial markers observed in French
are even more significant in the proportions of occurrences, and support the argument
that taking into account the types of markers observed in a given language (e.g. the
higher prevalence of adjectival/adverbial markers in French) is important in the design
of pattern sets. Pattern sets that do not include adjectival markers such as those observed
in this project would likely miss a higher proportion of relation occurrences in French
than in English. Although no significant difference was observed in the numbers of
nominal markers, a comparison of nominal marker occurrences indicates that these
markers were somewhat more productive in the English data than the French. These
observations underline the possibility that even if comparable proportions of the various
types of markers are observed in the two corpora, the performance of a given type of
marker may differ. Thus, the evaluation of the proportions of occurrences containing
different kinds of markers in the (types of) corpora being evaluated may be very
important in the choice of pattern-based application approaches.
The rank order of the marker occurrences corresponding to the POS classes for
the

ASSOCIATION

relation showed a weak positive correlation. The categories of verbal

and nominal markers varied between first and second rank in the two data sets. In the
distribution of marker occurrences among the POS classes for the ASSOCIATION relation,
a trend towards statistically significant variation was observed overall (p = 0.066,
although the low expected frequency of the adjectival markers may interfere minimally
with the accuracy of the Chi-square test).117 When the individual classes are compared, a
significantly higher proportion of noun markers is found in English (p = 0.019), and
there is an extremely strong trend towards significance in the higher prevalence of
function word occurrences in French (p = 0.051). The other categories do not show
significant differences, indicating that the nominal markers are the primary source of the
117

When the categories of verbs and participial adjectives are considered separately and the smaller
values (adjectives, function words, affixes) collapsed to allow for accurate testing using the Chi-square
test, a more significant difference is observed (p = 0.001).
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overall variation, although the function words do contribute.118 This once again
underlines the greater difference seen between the languages in terms of relation
occurrences, and the impact that the POS of markers included in pattern sets may have
on the performance of tools.
The rank order of the POS classes in the two data sets for the

CAUSE–EFFECT

relation showed perfect positive correlation, with the verbal markers in first place,
followed by nominal and adjectival markers, with function words in fourth place and
affixes fifth. Overall, a significant difference in the distribution of marker occurrences
among the POS classes for the

CAUSE–EFFECT

relation was observed (p = 0.019 when

the rarer category of affixes was merged with the function words to permit more
accurate Chi-square testing).119 For this relation, most marker categories considered
individually

do

not

show

significant

differences,

but

the

proportion

of

adjectives/adverbs was significantly higher in French (p = 0.003).120 This once again
suggests that this class of pattern markers is especially important to take into account
when designing pattern sets in French, or the recall of tools is likely to suffer.
In these data, the relation being analyzed was very closely linked to the level of
inter-corpus variation observed. Less variation was observed for the
relation than the

ASSOCIATION

CAUSE–EFFECT

relation (although in terms of statistical significance, the

lower number of markers and of occurrences no doubt influenced the results). In both
data sets roughly parallel inter-relational variations in the proportions of marker POS
classes were observed, with a higher proportion of verbal markers and verbal marker

118

When the categories of verbs and participial adjectives indicating ASSOCIATION are considered
separately, some differences in distribution may be noted. The proportion of verbs is significantly higher
in French (p = 0.010), while the proportion of participial adjectives is significantly higher in English (p =
0.014).

119

This figure is p = 0.040 if the category of affixes is not merged with that of function words. If the verbs
and participial adjectives are considered separately, p = 0.014.
120

If the verbs and participial adjectives are considered separately, there is also a trend towards higher
prevalence of participial adjective markers of the relation in English (p = 0.080).
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occurrences in the CAUSE–EFFECT relation, and a more even distribution between the
nominal and verbal categories for the ASSOCIATION relation.
Nevertheless, some interlinguistic differences observed indicate the importance of
considering the types of markers used in each language and the proportions of relation
occurrences that may be indicated by different classes of markers. The results suggest
that potential differences (for example, in the use of relation markers in adjective form)
may be important to take into account in pattern discovery (as limiting the search for
markers to a certain class may affect one language more than another), pattern set
development (as the pattern sets retained should reflect the usage in each language as
closely as possible to ensure comparable recall) and application performance (as
decisions made in the prior two steps are likely to influence recall and even potentially
precision, and certain types of markers may be more productive in one language than
another). Moreover, the potential for variation between the proportions of markers and
of marker occurrences associated with each POS class indicates the importance of
evaluating both of these factors in order to more accurately identify the effect of POS
distribution on pattern set design and performance.
Additional data on the proportions of markers and occurrences in each POS class
may reveal further differences, and allow for a more comprehensive look at trends in
each language and for each relation.121 Testing in other corpora and/or using another
methodology could also help to eliminate the possibility of additional sources of
variation related to these factors.

121

The advisability of further evaluation is highlighted by the fact that these results reflect the distribution
observed in Marshman (2002; cf. Section 2.3.1.2) only to a certain extent (with a slightly higher
proportion of individual, verbal markers in English and of nouns in French). Differences in approaches to
evaluating the proportions of markers in each class may have contributed to this difference, as Marshman
(2002) focused on identification of candidate markers in character string form (which thus could be
associated with multiple parts of speech) and thus compared the part of speech classes of the items in the
corpora that could be retrieved using these strings, rather than the proportions of markers or occurrences
observed in the concordances analyzed to identify the markers.
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4.5.2 Simple and complex markers
As discussed in Section 2.6.1, complex marker forms may encounter difficulties not
generally seen with simple markers, such as their interruption by external elements
(Section 4.10.1.2) and variation in the order of their elements (cf. Section 4.8.1).
Despite the formal challenges posed by complex forms, and particularly in the
case of nominal and participial adjective pattern markers, contexts containing such
marker forms may be more likely to provide complete occurrences of relations than
those containing simple forms. The explanation for this becomes relatively obvious
when contexts containing the different types of markers are compared. For nominal
markers, variants such as those observed in Examples 15 to 17 may be observed.
15. These were the first findings demonstrating conclusively that
heat shock protein induction in the intact heart was able to
produce a protective effect against subsequent exposure to
ischemia and reperfusion… (Gupta et al. 2004)
16. The specific induction of cyclin D1 in the mammary
epithelium of pregnant animals raised the possibility that…
(Sicinski and Weinberg 1997)
17. … induction of apoptosis in MCa-35 and A549 tumor cells by
celecoxib or by radiation… (Liu et al. 2003)

In Examples 15 and 16, the contexts provide only one of the elements linked by
the relation (the element that is created: heat shock protein and cyclin D1), while
Example 17, both elements involved in the induction (i.e., the cause and the effect) are
specified. In observations in both languages, occurrences of the most complete marker
forms were generally the most promising for observing complete relations, although
some individual markers may behave somewhat differently (e.g., in English, the simple,
participial adjective markers stimulated and induced are very precise in the pattern
structure X-[MARKER] Y).
Although complex markers are likely to be particularly useful, representing them
in pattern design is more challenging: character strings or regular expressions that
represent markers, for example, have to take into account phenomena such as the
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interruption of the marker form by external elements, either in fairly regular form,
by one of the elements it links (e.g., by apoptosis in Example 17), or by external
elements (also seen in Example 17). Problems in accounting for these phenomena (e.g.,
in not allowing for a long enough interruption of the marker, or for the type of
interruption present) may also interfere with KRC recognition in a significant proportion
of cases.
The proportions of occurrences of simple and complex marker forms in the
English and French data (Table 52) were fairly parallel, with only a 1% variation
between the languages (60% complex in English and 59% in French). The Chi-square
test confirms that the difference in the two data sets is far from significant (p = 0.842).
Table 52. Comparison of proportions of complex and simple marker occurrences in
English and French
Simple
Complex
Total

EN
178
264
442

FR
143
206
349

Total
321
470
791

As shown in Table 53 and Table 54, in neither of the relations did the
proportions of simple and complex markers show a statistically significant difference
(75% complex in English versus 77% in French for the

ASSOCIATION

relation and 54%

complex in both English and French for the CAUSE–EFFECT relation; with Chi-square test
results of p = 0.734 and p = 0.835 respectively). Moreover, the inter-relational
differences were parallel in the two data sets, suggesting that this aspect of pattern
marker form will vary more from relation to relation than from language to language.
Table 53. Comparison of proportions of simple and complex marker occurrences for the
ASSOCIATION

relation in English and French
Simple
Complex
Total

EN
31
94
125

FR
16
54
70

Total
47
148
195
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Table 54. Comparison of proportions of simple and complex marker occurrences for the
CAUSE–EFFECT

relation in English and French
Simple
Complex
Total

EN
147
170
317

FR
127
152
279

Total
274
322
596

The results indicate that the types of pattern markers that may be integrated into
pattern-based tools for the two languages are likely to resemble one another in this
aspect of their form, and therefore also to involve comparable complexity in the
development of pattern forms and to confront some of the same difficulties.
As the distribution of simple and complex markers differed substantially
between the two relations (with the proportions in both data sets for the

CAUSE–EFFECT

relation more even than those for the ASSOCIATION relation, for which complex markers
were far more prevalent), the complexity of designing pattern forms for

ASSOCIATION

and the prevalence of difficulties associated with these forms seem likely to be higher in
both languages.

4.6 Marker precision
Measurements of marker precision (i.e., the proportion of contexts retrieved using a
marker that express the desired relation) complement the evaluations of markers
described above, indicating the efficiency with which these markers retrieve useful
contexts. In this project, the precision of a set of 13 of the most frequently observed
markers in English and French was evaluated.
The markers retained for initial analysis, as well as the character strings used to
generate the concordances, are shown in Table 55 and Table 56. The sample analyzed
— a total of 2,549 randomly selected contexts (1,300 in English and 1,249 in French)

252
containing occurrences of 13 distinct markers in each language122 — can be further
sub-divided according to criteria such as the relation indicated and the part of speech
class of the marker. It provides data that may identify trends in the performance of
markers in the two corpora that are worthy of evaluation on a larger scale.123 The sample
represents approximately 8.5% of the 154 English markers observed and 8% of the 167
French markers. However, as these are the most frequently observed markers, they
account for 162 or 37% of the relation occurrences observed in English and 90 or 26%
in French.
Table 55. List of English markers used to for evaluating precision
Character string124

Marker
ASSOCIATION
associated
risk
risk factor
marker
CAUSE–EFFECT
role
contribute to
effect
induce
promote
increase
lead to
involved in
result

associated
risk/risks
risk factor/risk factors
marker/markers
role/roles
contribut* to NOT contribution* to/contributor* to
effect/effects
induc* NOT induction*
promot* NOT promotion*/promoter*
increas*
lead* to/led to
involved in
result*

Table 56. List of French markers used for evaluating precision
Marker
ASSOCIATION
et

Character string
et

122

The French marker résulter de was less than 100 times in the corpus, and thus the sample for this
marker is smaller.
123

Of course the restricted size of the sample does not allow for broad generalizations. More data from a
wider variety of markers will be essential to establish the consistency of the potential variations noted.
124

In these representations of character strings, / represents alternative forms (the equivalent of the
operator OR), * represents a wildcard character replacing zero, one or many characters, and NOT
represents the exclusion of the forms that follow.
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lié à
risque
facteur de risque
CAUSE–EFFECT
conduire à
effet
entraîner
favoriser
induire
induit par
inhiber
participer à
résulter de

lié* à/ lié* au/ lié* aux
risque/risques
facteur de risque*/facteurs de risque*
condui* à/ condui* au/ condui* aux
effet/effets
entraîn*
favoris*
indui*
induit* par
inhib* NOT inhibition*/inhibiteur*
particip* à/ particip* au/ particip* aux
résult* de/résult* du/résult* des NOT résultat* de/
résultat* des/résultat* du

The results of the evaluations are presented in Table 57 and Table 58, which
break down the contexts analyzed into those that were considered valid hits (i.e., that
presented complete relations of interest in the research), those that involved complex
relationships that nevertheless included a component of the relations considered in this
evaluation (cf. Section 1.5.2.7), those that were potentially pertinent but incomplete
(i.e., in which one or more of the related elements was not explicitly indicated in a
context that might otherwise have been useful), those that presented categorial
ambiguities, those that constituted noise for the purposes of this research (including the
occurrence of the marker as part of a more complex unit), and finally those that could
not be classified (for example, due to problems related to the form of the context, or to
ambiguities that could not be resolved).
Table 57. Results of the evaluation of English marker occurrences
Marker

Valid hits

associated
risk
risk factor
marker
role
contribute to
effect
induce
promote
increase

88
48
29
39
73
95
51
35
83
24

Complex
relations
0
0
0
0
1
0
0
4
0
0

Incomplete
0
32
69
56
21
0
44
1
1
0

Categorial
ambiguities
3
0
0
0
0
0
0
59
13
69

Noise

Unknown

Total

7
20
2
3
2
2
3
0
1
7

2
0
0
2
3
3
2
1
2
0

100
100
100
100
100
100
100
100
100
100
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Marker

Valid hits

lead to
involved in
result
Total

99
91
29
784

Complex
relations
0
3
0
8

Incomplete
0
1
0
225

Categorial
ambiguities
0
0
71
215

Noise

Unknown

Total

1
4
0
52

0
1
0
16

100
100
100
1300

Table 58. Results of the evaluation of French marker occurrences
Marker

Valid
hits

Complex
relations

Incomplete

Categorial
ambiguities

Noise

Unknown

Total

et
lié à
facteur de risque
risque de
conduire à
effet
entraîner
favoriser
induire
induit par
inhiber
participer à
résulter de
Total

2
96
31
61
97
27
87
80
52
92
62
58
43
788

0
0
0
0
0
0
0
1
0
1
22
0
0
24

0
0
69
35
1
51
0
6
1
0
4
1
0
168

0
0
0
0
0
0
11
7
44
0
9
6
3
80

98
3
0
3
1
21
0
6
2
2
2
34
0
172

0
1
0
1
1
1
2
0
1
5
1
1
3
17

100
100
100
100
100
100
100
100
100
100
100
100
49
1249

A rough parallel is observed in the distribution of marker occurrences overall,
with the majority in each language (approximately 60%) identified as valid hits (Figure
9). Much smaller proportions were considered to be incomplete or to constitute cases of
categorial ambiguity or noise. However, as the data in the tables above indicate, there
was a significant amount of variation between the individual markers. Clearly, each
marker’s performance must be evaluated individually in order to target the most useful.
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Percentage of occurrences for sample of 13 markers
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Figure 9. Marker precision for a sample of 13 markers in each language
While the distribution among the relations is consistent in the two groups, it is
worth considering that the part of speech distribution of the markers differs. This may
be expected — in light of observations in the results and in projects such as that of
Barrière (2001; cf. Section 2.1.8) — to have a significant effect on the results observed.
For example, the precision of et, a conjunction identified as a marker of
ASSOCIATION

in French, is extremely low. This indeed reflects Barrière’s observations

— as well as intuitive expectations — that such markers will tend to be less precise
indicators than nouns or verbs. This marker presents interesting examples of some
phenomena that may interfere with marker precision.
Not surprisingly, a major source of noise in the case of this marker is the use of
et to indicate the conjunction of two items, rather than their participation in one of the
relations observed in this project. (This will be discussed in detail in Section 4.9.1.2.)
Another phenomenon involves the possibility that a single marker may indicate more
than one type of relation or sub-relation. Interestingly, although the marker et was
identified as a candidate marker of ASSOCIATION in the contexts generated using domain
terms, in the sample of contexts retrieved using the marker itself, no examples of
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ASSOCIATION,

but rather two occurrences of CAUSE–EFFECT relations were found. (In

both cases, et occurred in conjunction with other potential markers, including ainsi and
donc). While both of these relation types would be admissible according to the criteria
of this study, they are of course considerably different, and should be distinguished in
the presentation of results to a user. However, given the fact that the same marker may
indicate ASSOCIATION, CREATION or neither of these, this distinction could be difficult to
make automatically. Structural cues may assist in some cases (for example, the
propositional form of at least one of the items linked by the marker in the case of
CAUSE–EFFECT

relations); in others, paralinguistic factors may also provide cues (e.g.,

the fact that the cases of

ASSOCIATION

were identified exclusively in headings or sub-

headings). The implementation of these techniques for sorting occurrences would
nevertheless require both a meticulous evaluation of the contexts in which the marker
may occur, and a considerable investment of time and effort to develop effective
strategies for exploiting these cues effectively.
Given the variation in the part of speech classes observed in the initial sample, a
sub-set of the markers that have the same distribution among both the relations and part
of speech classes in the two languages may be chosen for more detailed evaluation, in
order to provide a more uniform basis for comparison. This set of ten markers (two for
ASSOCIATION

and eight for CAUSE–EFFECT) is illustrated in Table 59.

Table 59. List of English and French markers for precision evaluation by relation and
part of speech category
English markers

French markers

ASSOCIATION

NOUNS
CAUSE–EFFECT
NOUNS
PARTICIPIAL ADJECTIVES
VERBS

risk factor, risk

facteur de risque, risque

effect
involved in
result, contribute to, increase,
induce, promote, lead to

effet
induit par
entraîner, conduire à, favoriser,
induire, inhiber, participer à

257
The distribution among the classes identified for the 1,000 randomly selected
occurrences in each corpus containing this set of ten markers is illustrated in Figure 10.
Precision of markers with comparable relation and part of speech class distribution
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Figure 10. Precision of markers with comparable relation and POS class distribution
The general trends observed in the results of the occurrences of the set of 13
markers remain present, with the majority of the occurrences presenting valid relations.
Overall, according to a Chi-square test comparing the proportions of valid occurrences
observed in the English and French data sets, significantly more of the contexts
retrieved using the French markers were valid (p = 0.004), and a similar difference was
observed in the case of complex relations (p = 0.002). The proportions of incomplete
contexts were not significantly different (p = 0.220), although once again the proportion
was higher in French. Conversely, the proportion of occurrences presenting categorial
ambiguities was considerably higher in English (p < 0.001).
These results indicate that the markers identified frequently in the study are
likely to be effective for identifying relation occurrences in corpora, a very positive
result. However, the French markers appear to be even more precise than the English,
possibly indicating that the results of KRC extraction using the English markers may
require more user intervention to eliminate noise and identify required information.
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However, as much of this difference was attributable to categorial
ambiguities, an approach using a part-of-speech tagged corpus as input could be
particularly beneficial in English, reducing some of this noise and improving the
effectiveness of the approach. (In fact, if the occurrences of categorial ambiguities are
excluded from the data presented above, the proportion of valid contexts is somewhat
higher in the English sample, a difference that trends towards significance (p = 0.065).)
Moreover, while occurrences of character strings corresponding to lexical items
other than those expressly targeted in this evaluation were distinguished from valid hits
here, some of these occurrences may in fact indicate the desired relation. This
distinction was made in light of the methodology used in this research and the goals of
the comparison, but the observations could in future be reviewed from a more inclusive
perspective (e.g., similar to that used in Marshman 2002).
The evaluation of the sample data also allows for preliminary comparison of the
precision of markers from different part of speech classes. As illustrated in Figure 11,
Figure 12 and Figure 13, some differences between the two data sets are observed.
Precision of verbs: 6 markers with comparable relation distribution
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Figure 11. Precision of 6 verbal markers with comparable relation distribution
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Precision of nouns: 3 markers with comparable relation distribution

60.00

50.00
%
o
f 40.00
O
c
c
30.00
u
r
r
e
n 20.00
c
e
s
10.00

English
French

0.00
Valid

Complex relation

Incomplete

Categorially
ambiguous

Noise

Unknown

Class

Figure 12. Precision of 3 nominal markers with comparable relation distribution
While these data suggest that both verbal and nominal markers may be
productive for identifying KRCs in the two languages, a higher proportion of valid
occurrences was obtained using verbal markers than using nominal ones. The difference
was far more pronounced in the French markers evaluated, as the French verbs were
more precise than the English, but the English nouns were more precise than the French.
This potential for variation could be an interesting subject for future work in order to
evaluate whether the difference is observed in an evaluation based on more data.
It is also obvious that a much higher proportion of the occurrences of nominal
markers evaluated in the two data sets were found to be incomplete (i.e., did not include
an explicit indication of one or more of the elements linked in a potentially valid
relation), although the proportions were higher in French for both verbal and nominal
markers. The presence of a high proportion of categorially ambiguous verbal forms in
English is likely to have contributed to the decreased precision in this language.
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Precision of participial adjectives: 1 marker of Cause-effect
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Figure 13. Precision of participial adjective CAUSE–EFFECT marker
The fact that a single participial adjective was evaluated in each language makes
generalization impossible; however, the two markers showed good precision and fairly
close results in the two data sets.
Perhaps the most important information gained from this evaluation is the
proportion of contexts containing nominal markers that were found to be incomplete.
This clearly reduces the value of these contexts for knowledge extraction and introduces
noise in the results of KRC extraction (although of course the partial information
provided by such contexts may be useful to some extent in some contexts). These results
parallel the observations of Barrière (2001), who noted that the precision of verbal
markers in English was significantly higher than that of nominal ones, and also suggest
that this tendency is also present in French.
These data may be discussed further in light of the distribution of the markers
identified in this research between POS classes in the samples analyzed, as discussed in
Section 4.5.1. Overall, the proportions of nominal markers were approximately equal in
the two data sets, although English showed a higher proportion of nominal markers for
the ASSOCIATION relation and French for the CAUSE–EFFECT relation. There may thus be
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a potential for variation in the levels of noise observed for specific relations in the
two languages if marker sets that reflect the types of markers identified in this project
are used.
This information may also affect the choice of markers for inclusion in the
pattern sets, for example encouraging a focus on verbal rather than nominal markers, as
in several previous research projects on CAUSE–EFFECT relations. If this apparent trend is
observed in larger samples of data and does encourage such a decision, however, it will
be necessary to consider the potential for silences in the results if nominal markers are
excluded. Moreover, the difficulties posed by the fact that nominal markers of
ASSOCIATION

are quite numerous but also — if the two evaluated in this analysis are any

indication — quite likely to be incomplete will be important to consider and further
analyze in the development of pattern sets for this relation. Additional difficulties linked
to the prevalence of function word markers (as illustrated by the case of et) may also
greatly increase the complexity of creating pattern sets for identifying this relation.
Regardless, from the proportions of markers observed in this study, it is clear that
excluding these markers of ASSOCIATION is not a valid option if a certain level of recall
is to be maintained. Other strategies will need to be developed, which may require a
considerable investment of time and effort.
It is also possible to compare the precision of markers for the two relations in the
samples (Figure 14 and Figure 15). Once again, parallels between the performances of
markers in the corpora may be observed. (However, it is important to note that the
markers of

ASSOCIATION

are exclusively nominal while the markers of

CAUSE–EFFECT

are primarily verbal, which is also likely to contribute to the differences observed.)
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Precision of markers of Association: 2 markers of comparable POS

60.00

50.00
%
o
f 40.00
o
c
c
30.00
u
r
r
e
n 20.00
c
e
s
10.00

English
French

0.00
Valid

Complex relation

Incomplete

Categorially
ambiguous

Noise

Unknown

Class

Figure 14. Precision of 2 nominal ASSOCIATION markers
Precision of Cause-effect markers: 8 markers of comparable POS
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Figure 15. Precision of 8

CAUSE–EFFECT

markers with comparable POS class

distribution
In both cases, the proportions of valid occurrences are slightly higher in French.
The proportions of noise also differ, with more observed in English for the ASSOCIATION
relation and in French for the

CAUSE–EFFECT

relation. Categorial ambiguity, observed
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only for markers of the

CAUSE–EFFECT

relation, was also more common in the

English data. As in the case of the other evaluations of markers in this research, the
relations present quite different results. However, general parallels in the languages
remain obvious for both.
Given the relatively small size of the sample evaluated, and the presence of some
formally similar markers that indicate the same relation and belong to the same part of
speech category, the effect of the performance of some individual markers on the overall
results can be fairly easily evaluated. This kind of analysis may help to identify some
potential sources of differences that should be anticipated in processes of pattern
development and refinement. If the proportions of valid occurrences are examined for
pairs of individual markers that are formally similar, belong to the same part of speech
class, and denote the same relation, as shown in Figure 16, some discrepancies may be
identified and their sources investigated.
Percentage of valid occurrences per marker for comparable marker pairs
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Figure 16. Numbers of valid occurrences for individual marker pairs
Some particularly striking differences are observed for the markers
result/résulter de, risk/risque de, induce/induire and effect/effet. The distribution for
these markers is illustrated in Figure 17, Figure 18, Figure 19 and Figure 20.

264

Percentage of marker occurrences: result/résulter de
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Figure 17. Marker precision: result / résulter125
Percentage of marker occurrences: risk/risque de
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Figure 18. Marker precision: risk / risque de
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It is important to recall that only 49 occurrences of the marker résulter de were observed in the corpus,
and thus that approximately twice as many occurrences are represented in English as in French.
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A first possibility for consideration is that the form of the markers résulter de
and risque de may play a role in the higher precision of these markers in French as
compared to risk and result in English, as a large amount of noise may be eliminated by
the specification of these additional elements. In fact, in a sample of contexts retrieved
using the marker risque alone, only 31 of 100 occurrences were identified as valid,
indicating that the additional element did improve precision. In a sample for the marker
résulter alone, however, 93 of 100 occurrences were found to be valid, which actually
constitutes an increase in the precision of this marker. This may be due to the fact that
the marker may occur in forms that were not observed in the relation occurrences
initially analyzed but that nevertheless indicate the presence of a CAUSE–EFFECT relation
(e.g., X résulte en Y).
It is clear that the difference in the distribution of occurrences of the markers
result and résulter de, with the French marker showing a much higher proportion of
valid occurrences than the English, is likely to be closely linked to the proportion of
categorially ambiguous occurrences in English. This can be traced to the form of the
associated nouns in the two languages, result and résultat. The categorially ambiguous
form of the English verb and noun forms (i.e., result, results) causes serious difficulties
in a character-string-based approach: while the French noun résultat can be explicitly
excluded from the results of extraction without eliminating verb forms, this is not the
case in English. Moreover, the fact that the noun form results is very commonly used in
scientific tests such as those included in the corpus for this research (e.g., as a heading
introducing the observations in an experiment in research articles) produces an
extremely high proportion of character-string occurrences associated with the noun
rather than the verb (of which a large number are not used to indicate a relationship
between two elements).
These kinds of differences pose significant challenges for bilingual, characterstring-based approaches. The performance of even very similar markers may differ
considerably; moreover, possibilities for this kind of variation in performance must be

266
evaluated for each marker individually, involving a detailed analysis in the two
languages.
The differences between the data sets in the proportions of contexts involving
categorial ambiguities, significant in the sample (p < 0.001), can be traced to markers
such as result and increase, which shows a similar ambiguity. For the other markers, the
levels are relatively consistent. These data illustrate at the level of individual markers
the possibility that English results could be considerably improved in a more
sophisticated approach using lexico-syntactic knowledge patterns in part-of-speech
tagged corpora. However, in French the need for such developments appears to be
considerably less.
In order to better evaluate the potential for using part-of-speech tagged texts,
results obtained using Syntex (Bourigault et al. 2005) may be used. In a sample of
contexts of the verbs result and résulter, 47 of 50 English occurrences were identified as
expressing

CREATION

(while two involved tagging problems and a third was

unclassified), and in French, 49 of 50 expressed this relation (the remaining context was
also unclassified). Thus the two markers appear to provide much more similar
performance in an approach using lexico-syntactic knowledge patterns than in simpler
character-string-based techniques. Moreover, the markers are very efficient for
identifying pertinent contexts in this kind of approach, identifying them as promising for
KRC extraction tools.
The difference noted for the markers induce and induire (Figure 19) is also
largely due to the presence of a significant amount of categorial ambiguity in both
languages, but particularly in English. However, the source of this ambiguity is
somewhat different. The challenge with this marker lies generally in the differentiation
between forms that in this project were considered to be verbal and those that were
considered to be participial adjectives. Many applications (e.g., part of speech taggers)
do not differentiate between these forms, and thus the possibilities for using such tools
to reduce the impact of this phenomenon are more limited. Another approach might lie
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in simply considering these to constitute a unique marker that occurs in two (or
more) forms.
Percentage of marker occurrences: induce/induire
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Figure 19. Marker precision: induce / induire
Percentage of marker occurrences: effect/effet
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Figure 20. Marker precision: effect / effet
When the case of the markers effect and effet (Figure 20) is considered, the
interlinguistic difference may be observed to result from the proportion of noise

268
observed in French. All 21 of these cases involve the occurrence of the expression
en effet, which constitutes a noise level of over 20% in the results for this marker.
Conversely, although a similar expression, in effect, does exist in English, it was not
observed in the sample analyzed. Clearly, in French it is necessary to deal with this
phenomenon, for example by explicitly excluding this form from the character strings
used to identify occurrences, or by using a part-of-speech-tagged and parsed corpus that
identifies this expression as a separate unit in itself. However, the need for these
measures is not significant in English, as the noise level is quite low.
If data extracted using Syntex are analyzed, a more accurate picture of the
possibilities of using this marker in a more sophisticated, lexico-syntactic pattern-based
approach may be obtained, as Syntex distinguishes between occurrences of en effet and
of effet alone. In a sample of 50 English contexts containing effect identified using
Syntex, 27 cases of

CAUSE–EFFECT

relations were observed, while 22 contexts were

incomplete and one was unclassifiable. In 50 French contexts, 22 cases of
EFFECT

CAUSE–

relations were identified, with one case of noise resulting from a tagging

problem concerning an occurrence of en effet and the remaining 27 cases identified as
incomplete. This shows that although a more sophisticated approach to the identification
and processing of contexts may be beneficial, particularly in French in the case of this
marker, some differences in the productivity of the markers appear to remain.
The markers effect and effet also show a certain amount of polysemy as
discussed in Section 4.7, corresponding to both cases of
MODIFICATION.

CREATION

and of

For the purposes of this research, both of these sub-relations were

considered to be pertinent. The distribution of occurrences of effect and effet among the
sub-types was proportionally somewhat different, with 16 cases of
cases of

MODIFICATION

MODIFICATION),

in English (a proportion of 30%

and in French 16 cases of

CREATION

CREATION

CREATION

and 11 cases of

and 38

and 70%

MODIFICATION
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(60% CREATION and 40% MODIFICATION).126 This difference in distribution indicates
a strong potential for variation in the productivity of even similar polysemous markers
for identifying occurrences of specific sub-relations of CAUSE–EFFECT.127
Although the samples analyzed were limited, they nevertheless showed a strong
potential for variation in precision between various groups of markers, as well as
between individual pairs of markers. These results indicate the need to carefully
evaluate a range of markers in light of more data extracted specifically for this purpose,
to confirm and further analyze the trends identified in these observations. The
confirmation of these observations in other corpora and using other approaches would
also ensure that factors linked to the corpora or the methodology used are evaluated.
Nevertheless, the results show that there is likely to be significant variation from marker
to marker and as a function of other factors such as the markers’ part of speech class or
the relation indicated, and that coherent trends may be difficult to identify and isolate.

4.7 Polysemy of pattern markers
In addition to the fact that markers may produce noise (as in the case of et, as described
in Section 4.6 above), the potential for candidate markers to indicate more than one type
of relation or sub-relation considered to be pertinent in this project, or to indicate either
a “core”

CAUSE–EFFECT

relation or a more complex relationship with a causal

component, may be observed. These phenomena are discussed below.

126

A similar distribution was found in the sample of Syntex data: 10 cases of CREATION and 17 cases of
MODIFICATION in English, for a total of 27 CAUSE–EFFECT relations (i.e., 37% CREATION and 63%
MODIFICATION). In French, 12 contexts expressing CREATION and 10 cases of MODIFICATION were noted,
for a total of 22 CAUSE–EFFECT relations (i.e., 55% CREATION and 45% MODIFICATION).
127

This potential for variation was noted for many of the verbal markers observed in this research, as
described in Marshman and L’Homme (2006, 2006a).
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4.7.1 Markers associated with more than one (sub-)relation
In each language, a few markers were associated with two or more types or sub-types of
relations. The frequency of the phenomenon in the sample analyzed was relatively
comparable, with five such markers observed in English and four in French, all
indicating CAUSE–EFFECT relations in at least some cases.
The five cases observed in the English results (3% of the total number of
markers, and 4% of the

CAUSE–EFFECT

markers) involved the association of markers

with two distinct CAUSE–EFFECT sub-relations. These are shown in Examples 18 to 27:
18. Although atherosclerosis is a multifactorial disease, often
occurring as a complication of hypertension, obesity, and
diabetes… (Umehara et al. 2004)
19. Ultimately, these pathways synergize to construct a scaffold on
which the complications of diabetes in the vasculature and
heart may be built. (Yan et al. 2003)
20. Direct evidence for an important role for myeloperoxidase in
lipid oxidation in vivo comes from recent studies… (Brennan
and Hazen 2003)
21. … the role of radiation therapy for invasive breast cancer
treated with BCS is now well accepted. (Meric-Bernstam 2004)
22. … they are important targets of the biological effects of
fractalkine (ie, chemotaxis, adhesion, and activation)…
(Umehara et al. 2004)
23. No study evaluated the associations between statins' effects on
LDL oxidation and lipid levels. (Balk et al. 2003)
24. Witztum's group 40,41 has developed a range of antibodies
directed against oxidation-dependent epitopes in LDL (antioxLDL)… (Griendling and FitzGerald 2003a)
25. First, the estrogen-dependent step in mammary gland
development, the ductal elongation that takes place during
puberty… (Sicinski and Weinberg 1997)
26. There was no consistency among these patients with respect to
prior chemotherapy (1 for metastatic disease, 6 adjuvant, 3
chemonaive). (Housmaninger et al. 2004)
27. … 28% beginning new medications for cholesterol, blood
pressure, or diabetes …. (Berra 2003)

271
In each of these cases, the first example was classified as an occurrence of
CREATION;

in almost all cases the second was classified as

marker dependent the sub-relation identified was

MODIFICATION

(for the

MAINTENANCE/PERMISSION).

In

addition, one case of a PREVENTION relation was observed for the marker role, although
this occurred in a quite unusual context, as shown in Example 28:
28. Although the role of dietary and vitamin antioxidants in the
development of breast cancer is not conclusive in human
studies… (Kang 2002)

The four cases (2% of the total number of markers, and 3% of the

CAUSE–EFFECT

markers) observed in French are illustrated in Examples 29 to 36:
29. Les complications de l’ostéolyse maligne dans le cancer du
sein engagent rarement le pronostic vital immédiat, mais sont
source d’une morbidité importante. (Tubiana 2001)
30. Les interactions entre système rénine-angiotensine et
complications vasculaires du diabète constituent un autre
exemple de l’implication du TGF-ß. (Michel 2004)
31. L’athérosclérose est considérée actuellement comme une
réponse inflammatoire aux lésions de la paroi artérielle.
(Duriez 2004)
32. Cependant, la réponse osseuse au traitement reste toujours
difficile à évaluer de par la faible spécificité de la scintigraphie
osseuse…. (Leriche et Bonneterre 1997)
33. Les avancées de la chimiothérapie antitumorale ont été
obtenues grâce à des médicaments ayant une nouvelle structure
chimique… (Lavelle and Jehanno 1998)
34. … en situation métastatique associé à l’exemestane ou à une
chimiothérapie antitubuline, ou en néoadjuvant. (Guastalla et
al. 2004)
35. Les résultats obtenus avec le paclitaxel en monothérapie dans
le cancer du sein métastatique ont tout naturellement conduit à
associer ce médicament aux anthracyclines… (Ferrero et al.
2003)
36. Dans les cellules AT exposées aux rayonnements ionisants,
l’induction de p53 est réduite et très retardée… (Angèle et al.
2001)

However, unlike the regularities observed in English, the distribution of the
occurrences of these ambiguous markers among the relations and sub-relations is quite
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different. In the cases of complication and réponse, the divergence noted in English
is present, with the first case considered to be an example of CREATION, and the second
of MODIFICATION. However, in the case of anti-, Example 33 indicates not CREATION but
DESTRUCTION,

while Example 34 indicates

MODIFICATION.

Finally, the case of dans

illustrates a more serious difficulty, as Example 35 indicates
Example 36 expresses an

ASSOCIATION.

MODIFICATION,

but

Clearly, such cases of inter-relational

ambiguities are even more critical to deal with than intra-relational variations between
sub-types.
As this phenomenon was so rarely observed, statistical comparison between the
English and French data cannot be considered reliable. Therefore, the interlinguistic
comparison of the phenomenon observed will be restricted to qualitative comments.
In both languages, while approaches relying on the representation of the basic
marker element alone would encounter difficulties resulting from this polysemy,
promising avenues for disambiguation using formal criteria such as marker form and
pattern structure (including the form of related elements participating in these structures)
were observed in most cases. However, also in both languages, some markers (such as
dependent and anti-, for example) seem likely to require other strategies for
disambiguation.
It is difficult to draw conclusions on the basis of the small samples observed in
this case, but it is interesting to note the relative regularity of the ambiguity observed in
the English (between the

CREATION

and

MODIFICATION

sub-relations), and the wider

variability (including inter-relational variation) in the French. However, the observation
of similar ambiguity in the markers complication in English and French suggests that
some parallels may exist in the two languages and could be considered in developing
bilingual tools. Both of these observations suggest that more data should be gathered in
order to further evaluate this phenomenon and the challenges it may pose for bilingual
pattern-based tools, as well as potential strategies for resolving these kinds of
ambiguities.
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4.7.2 Complex relations denoted by markers
Another type of marker polysemy, noted in the results of the marker precision
evaluation, involved markers denoting relationships between elements that — while
including a CAUSE–EFFECT component — were more complex than those considered for
the purposes of this research. This phenomenon was observed in the case of the markers
induce, inhibit and inhiber. These three markers may not only denote a “core” relation
of

CREATION

or

DECREASE

(depending on the marker), but also more complex

relationships that involve the causing or decreasing of the functioning of an affected
element (e.g., a molecule).
While these may be interesting to consider in at least some contexts, they should
nevertheless be distinguished from the core relations considered in this research in order
to prevent misinterpretation. While for the markers inhibit and inhiber similar,
significant proportions of these more complex relationships were observed, a more
complex relationship was observed in only a few cases in English for induce, and was
not noted in French for induire.128 Clearly, for some markers it will be necessary to
determine whether these more complex relationships are to be considered for context
extraction, and if so in what capacity (i.e., included with the core relations or as a
separate category). More discussion and additional, similar cases may be found in
Section 5.5.3.1, as well as in Marshman and L’Homme (2006, 2006a).
It is clear that the phenomenon of marker polysemy that has been widely
observed in other projects is not fully explored in this study. This is in large part due to
methodological choices: the comparative orientation of this work requires a relatively
general analysis of the relation occurrences and markers observed, while the evaluation
of polysemy requires a more specific analysis of individual patterns. Because of the
approach used in this study, the relatively low numbers of occurrences of each marker

128

The existence of a corresponding complex relationship indicated by induire was nevertheless noted in
another study of contexts from the French corpus in Marshman and L’Homme (2006a).
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identified did not provide as many opportunities to observe polysemy as projects
that evaluated large numbers of occurrences of the same marker.
Moreover, the limitations imposed by other choices in the methodology, and
primarily the exclusion of occurrences of complex relations from the initial analysis of
relation occurrences, reduces the range of contexts that could be evaluated in the first
phase of analysis of marker polysemy. In addition, in the study of marker precision that
provided the data for the second type of analysis of marker polysemy, the focus was
placed on the most frequently observed markers in the relation occurrences identified,
which are also likely to be among the most useful for identifying the type of relation
occurrences targeted in this research. Further evaluation of more occurrences of a wider
range of these markers would doubtless reveal more about this phenomenon.
Finally, the term-based approach to the observation of relation occurrences may
have contributed to the relatively restricted range of polysemous markers identified. As
noted in a number of projects — including Marshman and L’Homme (2006, 2006a),
which focused on English and French verbal markers identified in the course of this
research — close associations may often be observed between specific senses of
markers and the terms or classes of terms with which they are used.129 The use of a set
of 15 domain candidate terms in each language is thus likely to have restricted the
possibilities for observing polysemy.

129

Marshman and L’Homme (2006) identified an average of approximately 3 senses per marker for a set
of 14 English verbal markers that were selected for study because they had been identified as being
ambiguous in the corpora used for this research. Marshman and L’Homme (2006a) identified an average
of 2.5 senses per marker for a set of 38 of French verbal markers observed in this research that were
frequent in the French corpus. Both projects distinguished “core” causal, complex causal and non-causal
senses on the basis of paraphrases identified for the markers in contexts extracted from the corpora, and
included them in analysis.
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4.8 Pattern variation
In this Section, the interlinguistic comparison of the variation observed in the form of
markers and structure of patterns will be described. The principal types of pattern
variation evaluated in this research — variations in marker form (including the specific
case of variations in voice of pattern markers) and variations in pattern structures
(including the specific case of variation involving the presence of relative pronoun
constructions) — are described below.
This analysis was of course carried out in English only on the 70 markers (18 for
ASSOCIATION

and 52 for

CAUSE–EFFECT)

that were observed more than once in the

contexts analyzed, and in French on the 65 markers (13 for
CAUSE–EFFECT)

ASSOCIATION

and 52 for

that were observed twice or more in the contexts analyzed. The

complete data on which these discussions are based are available in Appendix H.

4.8.1 Variation in marker form
Variation in marker forms (e.g., the addition or change of a preposition or conjunction
appearing with the principal (generally open-class) marker element or the change in the
order of complex marker elements) was frequently observed in the relation occurrences
analyzed. This phenomenon may be observed in Examples 37 to 45:
37. Abnormal endothelium-dependent vasomotor responses predict
the long-term progression of atherosclerosis and associated
coronary events…. (Davignon 2004)
38. … the initiation and progression of cardiovascular dysfunction
associated with diseases such as hyperlipidemia, diabetes
mellitus, hypertension, ischemic heart disease, and chronic
heart failure. (Taniyama and Griendling 2003)
39. Both glucotoxicity and lipotoxicity play a primary role in the
development of diabetes. (Pantaleo and Zonszein 2003)
40. Could it be that BRCA1 and BRCA2 play roles in the
development of hereditary cancers but not sporadic tumors?
(Yang and Lippman 1999)
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41. It has been recognized that atherosclerosis is an inflammatory
disease in which various cytokines play a significant role…
(Taniyama and Griendling 2003)
42. … de nombreux traitements ont des effets rhéologiques…
(Boisseau 2004)
43. Les risques de saignements seraient reliés à l’effet de l’ail sur
la coagulation. (Trahan 2002)
44. La structure chromatinienne joue un rôle majeur dans des
processus tels que la transcription, la réplication et la réparation
de l’ADN. (Chailleux et al. 2000)
45. Le rôle des estrogènes dans la prolifération des tumeurs
mammaires hormonodépendantes a été montré depuis de
nombreuses années. (De Crémoux 2000)

The ratio of marker forms observed relative to the numbers of markers in each
language indicates the level of variability of these marker forms. The results observed
are illustrated below in Table 60, which shows that the English markers overall and for
each relation showed more pronounced variation than the French. It is clear that at least
in English there is a fair amount of variation in marker forms, and that more than a
single pattern form will be required to represent many of the markers observed.
Table 60. Comparison of ratio of marker forms to markers in English and French
Marker forms per marker, overall
Marker forms per marker,
ASSOCIATION

Marker forms per marker,
CAUSE–EFFECT

English
1.5

French
1.3

Difference
0.2

1.8

1.3

0.5

1.4

1.3

0.1

However, given the variation in the numbers of markers in each group and of
occurrences observed for each marker, these figures can only indicate potential trends.
The variation observed per marker is of course influenced by the number of occurrences
observed. In order to evaluate the level of variation more accurately (although still not
strictly comparably), the mean number of forms observed for markers observed a given
number of times can be calculated (Table 61). These calculations show the results
observed for the markers observed between 2 and 8 times in the sample analyzed (i.e.,
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the range of frequencies that were observed in both languages and thus provide a
basis for comparison). Overall, the level of marker variation in English is higher in most
groups, although the degrees vary.
Table 61. Comparison of marker variation (by number of marker occurrences) in
English and French
Number of
marker
occurrences
2
3
4
5
6
7
8
Total

English
Number of
markers
30
6
3
8
5
4
2
58

Mean
number of
marker
forms
1.1
1.7
1.7
1.3
1.8
1.8
1.0

French
Number of
markers
25
12
11
5
3
7
1
64

Mean
number of
marker
forms
1.2
1.3
1.4
1.2
2.0
1.4
1.0

Difference

-0.1
0.4
0.3
0.1
-0.2
0.4
0.0

The data for each relation separately are shown in Table 62. In the individual
relations, the small numbers of markers for the ASSOCIATION relation make it difficult to
confirm the apparent trend towards higher variation in English, but it generally remains
in the CAUSE–EFFECT groups. These data suggest that in the process of pattern set design
it could be necessary to include more pattern forms in English than in French to account
for this kind of marker variation; the investment of time and effort in this process may
be substantial. Certainly, the possibility is worth investigating in further, more
appropriately designed projects; these projects should permit the evaluation of larger
samples of marker occurrences of comparable size, for a wider range of markers and
markers of similar distributions among relations, part of speech classes, etc., in order to
neutralize other factors that may have contributed to the differences noted in this
analysis.
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Table 62. Comparison of marker variation for

ASSOCIATION

and

CAUSE-EFFECT

markers (by number of marker occurrences) in English and French
Number of
marker
occurrences

English
Number of
markers

Mean
number of
marker
forms

French
Number of
markers

Mean
number of
marker
forms

Difference

1.3
n/a
1.0
1.0
3.0
1.0
n/a

-0.1
n/a
0.0
0.3
n/a
1.0
n/a

1.2
1.3
1.4
1.3
1.5
1.5
1.0

-0.1
0.5
0.6
-0.1
0.3
0.2
0.0

ASSOCIATION

2
3
4
5
6
7
8
Total

5
2
1
3
0
1
1
13

1.2
1.5
1.0
1.3
n/a
2.0
1.0

2
3
4
5
6
7
8
Total

25
4
2
5
5
3
1
45

1.1
1.8
2.0
1.2
1.8
1.7
1.0

6
0
2
2
1
1
0
12

CAUSE-EFFECT

4.8.1.1

19
12
9
3
2
6
1
52

Variation in voice of verbal markers

One specific variation in marker form observed in the corpus was the occurrence of
verbal pattern markers in the passive rather than active voice, as in Examples 46 to 49:
46. Plasma levels of PAI-1 are regulated on a genetic basis, and its
expression can be augmented by insulin resistance and other
factors such as abnormal adiposity, hypertriglyceridemia…
(Pantaleo and Zonszein 2003)
47. Oxidative stress has been linked to the activation of both NF[kappa]B and AP-1. (Granger et al. 2004)
48. Dans les cellules hormono-dépendantes, la transcription de
CatD est contrôlée par les oestrogènes. (Chailleux et al. 2000)
49. Comme toute réponse immunitaire, la réponse anti-tumorale
doit être déclenchée par des cellules présentatrices
d’antigènes. (Catros-Quemener et al. 2003)
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As easily observed in Examples 50 to 53, the voice in which verbal pattern
markers occur in contexts can have a significant effect on pattern marker form:
50. Specifically, mitogenic effects of oxidized LDL on vascular
smooth muscle cells, which contribute to the atherogenic
process appear to require the activation of SK. (Saba and Hla
2004)
51. Therefore, it is currently suggested that ER[alpha] function may
be required for maximum activation of IGF-signaling
pathways. (McCance and Jones 2003)
52. … these findings, together with those in chronic
atherosclerosis, importantly link ligand-RAGE interaction to
the pathogenesis of exaggerated neointimal expansion… (Yan
et al. 2003)
53. Oxidative stress has been linked to the activation of both NF[kappa]B and AP-1. (Granger et al. 2004)

Differences in voice may affect the order of the components of complex markers,
as well as the placement of the related elements relative to the marker. One particular
case of this kind of variation involves the inversion of the order of participants in
asymmetric relations such as

CAUSE–EFFECT,

which would be pertinent for applications

that attempt to identify related elements and assign a role in a relation to them.
Moreover, the insertion of additional marker elements may also be observed in the case
of passive transformations of verbs (e.g., for in Example 51), which in some cases may
also entail the change of pattern markers from simple to complex, with the
accompanying differences in the potentials for performance and for difficulties (cf.
Section 2.6.1).
The proportion of the verbal marker occurrences in passive voice is illustrated in
Table 63, which shows a statistically significant difference between the languages (p =
0.002), with the passive proportionally more common in English (observed in 14% of
the English occurrences of verbal markers and only 4% of the French occurrences). This
corresponds to 5% of the total relation occurrences in English, but only 1% in French.
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Table 63. Comparison of the proportions of verbal marker occurrences in passive
and active voice in English and French
Passive
Active
Total

EN
24
151
175

FR
5
135
140

Total
29
286
315

Of the 16 different English markers observed in passive form, 8 also occurred in
active voice in the sample analyzed, while 6 occurred only once in the sample (so that
no conclusions can be drawn about their invariability), and the remaining 2 were
observed only in passive form. Thus, only 20% of the 10 markers that were observed
more than once occurred exclusively in passive form. As such, 68 (81%) of the total of
84 verbal markers were found in the active form only; 30 of these markers were
observed more than twice in the sample analyzed, and 20 (67%) of this latter group were
observed in active form only. In French, of the 140 verbal marker occurrences, only 5
(4%) were observed in the passive voice. Two of the four markers observed in passive
form were also observed in the active voice in the sample, while one was observed only
once and the other occurred exclusively in passive voice. Thus 4 of the total of 77 verbal
markers were observed in the passive voice, and 3 (12%) of the 25 markers observed
twice or more in the sample, while 22 (88%) of this latter group were observed
exclusively in the active voice.
These data indicate that it is important to take this variation into account in
designing English pattern forms; moreover, this need will often involve developing
supplementary pattern forms for verbal markers. (Such forms would be required to
account for the appropriate marker forms and — in the case of asymmetric relations
such as

CAUSE–EFFECT

and/or applications that attempt to identify related elements and

the roles they fill in relations — the placement of these elements). This is likely to be
accompanied by a corresponding increase in the investment of time and effort required
to for pattern set development. It is likely possible, however, to take advantage of
regularities in passive structures, and to apply similar models for a variety of different
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verbal markers. In French, however, the phenomenon is much less significant, and it
is debatable whether the investment required to create supplementary pattern forms
would be justified.
Some specific observations related to this phenomenon in the two data sets are
discussed below.

4.8.1.1.1 Differences related to variation in voice of verbal markers
The use of passive voice in English was commonly associated with structures in which
an additional actant — particularly a human actant such as a researcher — were present
on a semantic level but not realized on a surface level. Many of the structures of the
markers showed a potential for variation in the realization and/or number of the actants.
As illustrated in Examples 54 and 55, underlying tri-actantial structures may present
(i.e., X implicates Y in Z, X correlates Y with Z),130 but in few of these cases is the first
actant realized in the contexts observed.
54. …several other factors (eg, oxidative stress) … have also been
implicated in the development of CVD. (Granger et al. 2004)
55. Cell adhesion molecules have also been correlated with CHD.
(Rackley 2004)

In many cases, as with markers such as find… in, report… in, detect… in and
note… in, this first actant is a researcher, who has perceived an

ASSOCIATION

between

two or more variables. This phenomenon may be linked to the scientific method and the
effort to maintain objectivity in research, as well as to the stylistic conventions that thus
favour (the appearance of) this objectivity in reporting results, as discussed in Section
2.6.2.1.
As illustrated in Examples 56 to 57, cases in which the first actant when
expressed indicates the results of research (again with all of the possibilities of
130

Z.

This latter example can be contrasted with another possible structure of this marker, Y correlates with
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subjectivity that the interpretation of these results by a researcher or researchers
involves) are also common; this can be observed in markers such as implicate… in and
link… to:
56. There is a large body of evidence that implicates inflammation
and adhesion molecules in the pathogenesis of CVD, including
atherosclerosis, stroke, and myocardial infarction. (Granger et
al. 2004)
57. … these findings, together with those in chronic
atherosclerosis, importantly link ligand-RAGE interaction to
the pathogenesis of exaggerated neointimal expansion… (Yan
et al. 2003)

The potential for the expression of an additional actant, (e.g., evidence, findings),
with the active marker form recalls the observation by Condamines (2002) that patterns
expressing relations may not always be binary, and may also complicate the analysis of
the context at both a syntactic and semantic level (e.g., given the fact that the source of
an observation is specified, which may have an effect on the certainty of a given
context).
The failure to express the first actant for some of these markers did not affect the
consideration of occurrences for the purposes of this project, since the two elements that
were related by the relation in question were nevertheless present. However, if one of
the actants of a marker in a bi-actantial structure was not expressed (e.g., X was
produced, X was initiated), this necessarily excluded contexts from study, because the
information about the relation present was incomplete. This phenomenon may pose
considerable challenges for semi-automatic applications, as precision would be affected
if incomplete contexts were retained in the results of extraction using these markers.131
In the French results, only one of the markers observed in the passive voice
corresponded to the kind of tri-actantial markers observed in the case of the English.

131

It is in part for this reason that pattern forms are often required to link two elements defined using
formal criteria. However, this kind of requirement may have an undesirable effect on recall in many
applications.
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However, alternate constructions, such as those involving impersonal pronouns,
were observed. These cases are illustrated in Examples 58 to 60:
58. … la perfusion d’angiotensine II induit la formation
d’anévrismes, qui a été reliée à l’activation des leucocytes
circulants. (Michel 2004)
59. … si l’on inhibe l’activation de la guanylate cyclase par NO,
on induit l’apoptose… (Kolb_2)
60. On associe maintenant une faible capacité aérobie et une
mauvaise
composition
corporelle
aux
maladies
cardiovasculaires et au diabète, un manque de souplesse aux
maux de dos, etc. (Béliveau and Léger 2004)

While more data are required in order to evaluate the extent of these differences,
these observations suggest that the use of the passive voice to maintain objectivity could
be more prevalent in English. While the effect on knowledge extraction using patternbased tools is minor (since the impersonal pronouns are barely more informative than
the ellipsis of the human participant), this difference constitutes an example of the types
of subtle differences that may be observed between the languages.

4.8.2 Variation in pattern structures
Pattern structures may vary in several ways; among the most important of these are the
insertion of additional but regular elements (e.g., copula verbs) within a pattern form,
and the variation in the order in which pattern elements appear (i.e., the configuration of
the related elements and the marker within the pattern structure). The former
phenomenon is illustrated in Examples 61 to 64, and the latter in Examples 65 to 68:
61. … the initiation and progression of cardiovascular dysfunction
associated with diseases such as hyperlipidemia, diabetes
mellitus, hypertension, ischemic heart disease, and chronic
heart failure. (Taniyama and Griendling 2003)
62. …the missense mutation in Lp-PLA2 is associated with
development of atherosclerosis in the elderly. (Caslake and
Packard 2003)
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63. Ce dernier est en effet capable de stimuler le recrutement et
l’assemblage des sous-unités p47phox et p67phox, étape
nécessaire à l’activation de la NADPH oxydase. (BonnefontRousselot et al. 2002)
64. Ainsi une activation de caspases, clivant sélectivement certains
substrats, est nécessaire à l’induction de prolifération de
lymphocytes T (Kolb 2001)
65. It has been recognized that atherosclerosis is an inflammatory
disease in which various cytokines play a significant role…
(Taniyama and Griendling 2003)
66. Elevated compartmentalized cortisol may play a role in the
pathogenesis of insulin resistance in animals… (Pantaleo and
Zonszein 2003)
67. La première conséquence fonctionnelle majeure de l’activation
des plaquettes est le changement de conformation des
glycoprotéines GP IIb/IIIa présentes à leur surface… (Collet et
al. 2004)
68. … ils peuvent aussi et simultanément, être la conséquence de
l’oxydation des lipoprotéines de basse densité (LDL)…
(Bonnefont-Rousselot et al. 2002)

It should also be noted that marker variation is also likely to be linked to the
types of structures in which markers are observed, as in Examples 69 to 74:
69. The inflammatory marker C-reactive protein (CRP) can
indicate low-grade chronic inflammation… (MacKenzie 2004)
70. As carotid IMT is a good early marker of atherosclerosis and
risk of cerebrovascular ischemic events… (Zambon et al. 2003)
71. If so, how could prior assessments of the health effects of
hormone replacement therapy (HRT) have been so different?
(Grimes and Lobo 2002)
72. Recognition of the effects of influenza on CHD provides the
medical community with a valuable opportunity to further
reduce cardiovascular death and morbidity. (Madjid et al.
2004)
73. … de nombreux traitements ont des effets rhéologiques…
(Boisseau 2004)
74. Les risques de saignements seraient reliés à l’effet de l’ail sur
la coagulation. (Trahan 2002)
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Table 64 — based on data that appears in Appendix J — illustrates the ratio
of pattern forms to markers in the two data sets, which is indicative of a relatively high
level of variation in pattern structures observed in the analysis.
Table 64. Comparison of ratio of pattern structures to markers in English and French
Pattern structures per marker, overall
Pattern structures per marker,
ASSOCIATION
Pattern structures per marker,
CAUSE–EFFECT

English
1.9

French
1.7

Difference
0.2

2.4

1.9

0.5

1.8

1.7

0.1

The English appears to show more variation in pattern form overall than the
French relative to the number of markers observed, particularly in the

ASSOCIATION

relation. As the differences that were observed in this respect may be closely linked to
the higher numbers of occurrences of markers in English, however, a more accurate —
but still indicative rather than precisely comparable — picture can be obtained by
comparing levels of variation for markers observed the same number of times. These are
shown in Table 65.
Table 65. Comparison of pattern structure variation for markers of both relations (by
number of marker occurrences) in English and French
Number of
marker
occurrences
2
3
4
5
6
7
8
Total

English
Number of
markers
30
6
3
8
5
4
2
58

Mean
number of
pattern
forms
1.3
2.0
1.7
1.9
3.0
1.8
2.0

French
Number of
markers
25
12
11
5
3
7
1
64

Mean
number of
pattern
forms
1.3
1.8
2.2
2.2
2.3
1.9
1.0

Difference

0
0.2
-0.5
-0.3
0.7
-1
1.0
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These data show relatively little variation between the markers in the two
languages, with no coherent trend revealed overall: some of the groups indicate slightly
higher variation in English, while others indicate the reverse.
The data for the two relations are shown in Table 66. As in the overall statistics,
the level of variation indicates that many of the markers observed are likely to
participate in two or more distinct structures.
Table 66. Comparison of pattern structure variation for ASSOCIATION and CAUSE-EFFECT
markers (by number of marker occurrences) in English and French
Number of
marker
occurrences

English
Number of
markers

Mean
number of
pattern
structures

Number of
markers

French
Mean
number of
pattern
structures

Difference

ASSOCIATION

2
3
4
5
6
7
8
Total

5
2
1
3
0
1
1
13

1.2
2.5
2.0
2.0
n/a
2.0
2.0

2
3
4
5
6
7
8
Total

25
4
2
5
5
3
1
45

1.4
1.8
1.5
1.8
3.0
1.7
2.0

6
0
2
2
1
1
0
12

1.3
n/a
2.5
2.5
3.0
2.0
n/a

-0.1
n/a
-0.5
-0.5
n/a
0.0
n/a

1.3
1.8
2.1
2.0
2.0
1.8
1.0

0.1
0.0
-0.6
-0.3
1.0
-0.1
1.0

CAUSE-EFFECT

19
12
9
3
2
6
1
52

Once again, these data do not show any strong trend towards higher variability
either of the two data sets: there are too few markers considered in the

ASSOCIATION

relation to conclude as to whether the potential trend towards higher variability in the
French is real, and the variability from group to group in the

CAUSE–EFFECT

relation

makes conclusions difficult. As such, no evidence of a specific need to further evaluate
the variability of pattern structures in either of the two languages was found. However,
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these data are not ideally suited to this evaluation, and an opportunity to study
variation in a more appropriate context (i.e., with sets of larger, consistent numbers of
occurrences for a wider range of markers) could provide a better idea of the overall level
of pattern structure variation and of the possibilities of observing trends in this respect in
groups of markers established on the basis of parts of speech, relations, or language.

4.8.2.1

Variations in pattern structure involving relative pronouns

One specific type of pattern structure variation observed in the project, which also
presents some commonalities with the phenomenon of anaphora (Section 4.9.2.1)
involved the presence of relative clauses. This phenomenon is illustrated in Examples
75 to 87. Examples 75 to 78 involve a fairly straightforward structure, in which the
antecedent of the relative pronoun, the related element, immediately precedes this
pronoun. As such, while the pronoun does take the place of an antecedent, these
occurrences pose few of the problems of anaphora, constituting rather a fairly stable
variant of pattern form.
75. In this environment, HDL changes into a molecule that
promotes LDL oxidation. (Cabe 2000)
76. This results in proinflammatory responses and autoimmune
reactions, which contribute to the atherosclerosis. (Gupta et al.
2004)
77. … la perfusion d’angiotensine II induit la formation
d’anévrismes, qui a été reliée à l’activation des leucocytes
circulants. (Michel 2004)
78. … c'est une protéine qui intervient dans la régulation de la
prolifération des cellules. (La Recherche 2002)

This is likely to be best dealt with in pattern design by adapting pattern forms
(particularly of verbal patterns) or strategies for identifying related elements as
necessary, to accommodate the structures observed. This might involve, for example,
allowing variations on pattern forms such as X that promotes Y as well as X promotes Y,
and so on. Nevertheless, this would multiply the number of pattern forms required to
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cover the possible variations in a corpus, and in turn require time and effort to
develop and computer resources to apply.
However, in addition to these relatively simple structures, more complex ones
were also identified. Hierarchically related elements were also often observed in
structures including relative pronouns, as in Examples 79 to 81:
79. Antioxidants are molecules that can prevent or reduce the
extent of oxidation to the oxidizable substrate. (Kang 2002)
80. La chimiothérapie et l’hormonothérapie sont des traitements
systémiques qui ont pour but de diminuer la récidive, surtout
systémique. (Martin 2003)
81. Les PPAR sont des récepteurs de la superfamille des récepteurs
stéroïdiens qui modulent la transcription de gènes contenant
des éléments de réponse du proliférateur de peroxisome.
(Guastalla et al. 2004)

In Example 82, the order of pattern marker elements has been modified. In
Example 83, another noun appears between the antecedent noun phrase and the relative
pronoun associated with it, and in Example 84, another type of cause (a causal event)
has been inserted within the relative clause:
82. It has been recognized that atherosclerosis is an inflammatory
disease in which various cytokines play a significant role…
(Taniyama and Griendling 2003)
83. A pleiotropic effect reported for CCBs that might affect the
development of atherosclerosis is the ability of these agents to
reduce oxidative modification of LDLs and membrane lipids.
(Mason et al. 2003)
84. … cell recruitment into the developing plaque is enhanced by
IL-18, which on ligation to its receptor on ECs, induces the
expression of the adhesion molecules ICAM-1 and VCAM-1.
(Szmitko et al. 2003)

The antecedents of relative pronouns are also not always simple noun or noun phrases,
as in Examples 85 to 87, in which the pronouns replace propositions.
85. …cyclin D1 is frequently overexpressed in human breast DCIS
specimens (9, 13), which confers a high risk for the
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development of infiltrating ductal carcinoma. (Wang et al. 2003)
86. … the other goes through a different class of molecules known
as Shc, which leads to the activation of the mitogen-activated
protein kinase (MAPK) pathway.(Pantaleo and Zonszein 2003)
87. Les monocytes sont alors activés en macrophages (Ma) ce qui
contribue probablement à accroître l’oxydation des LDL…
(Arnal et al. 2003)

All of these variations may constitute challenges for applications that attempt to
find contexts containing previously identified terms occurring contiguously with
relation markers, that use patterns specifying the forms of related elements that can
occur with markers, or that attempt to identify related elements automatically.
In regard to this criterion, only a small difference is observed between the data
sets (Table 67): 41 cases of structures involving relative pronouns were found in English
(constituting 9% of the relation occurrences), while in French 30 cases were found (8%),
indicating that although this phenomenon was slightly more frequent in English, the
difference in the proportions of relation occurrences affected is not significant (p =
0.740).
Table 67. Comparison of the proportions of relation occurrences containing structures
involving relative pronouns (VRp) in English and French
132

VRp+
VRpTotal

EN
41
401
442

FR
30
319
349

Total
71
720
791

As seen in Table 68 and Table 69, in the 41 English occurrences of relative
pronouns, 3 pronouns were used: that (25 occurrences, 61%), which (13 or 32%) and
who (3 or 7%). These figures produce a ratio of occurrences per marker of 13.7. In the
30 occurrences in French, 5 relative pronouns were found: qui (with 21 occurrences or

132

As noted in the key to interpreting Chi-square tables presented at the beginning of this thesis, + in this
table indicates the presence of the criterion being evaluated in the contexts indicated, and – its absence.
This convention is retained, where applicable, in the Chi-square tables throughout this thesis.
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70% of the total), ce qui (4) and c’est… qui (2), dont (2) and que (1). The occurrence
to marker ratio of 6.0, reflecting the observation of a wider variety of pronouns in the
French data as compared to the English, may indicate that the task of representing these
structures may be somewhat more complex in this language.
Table 68. English relative pronouns observed
Pronoun
that
which
who
Total

Occurrences
25
13
3
41

Table 69. French relative pronouns observed
Pronoun
qui
ce qui
c’est (article)… qui
dont
que
Total

Occurrences
21
4
2
2
1
30

Representing such structures — and the pronouns involved in them — in pattern
forms may provide access to a significant number of contexts that might be overlooked
by more conventional patterns that impose restrictions on the context surrounding
marker occurrences. Moreover, the relatively small number of different markers in both
languages makes this a relatively achievable goal. However, the task in French could be
just slightly more complex, as a wider variety of pronouns was observed in the data in
this language.
However, the fact that the distribution of markers is somewhat different — given
the concentration of occurrences in a single marker in French, qui, and a more
widespread distribution of occurrences in English between three markers, which, that
and who — may lead to subtle differences in the possibilities for designing and using
these markers. At a formal level, in French, including just a single pronoun in pattern
forms could locate a significant proportion of the occurrences of anaphora involving
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relative pronouns, while in English, two or even all three of the pronouns observed
would be needed to reach this level.
A finer-grained comparison reveals additional variations, as differences in
pronoun distribution in the two data sets are tied to the information conveyed. In the
French data, persons, things and phenomena may be represented by the relative pronoun
qui (although the case of persons was not observed in the sample of contexts analyzed).
However, in the English data who indicates a human antecedent, while which and that
indicate things and phenomena, as in Examples 88 to 90:
88. The locoregional management of patients with stage IIIC
disease who respond to chemotherapy should be
individualized. (Shenkier et al. 2004)
89. … free radical-scavenging abilities that may contribute to
inhibition of lipoprotein oxidation. (Davignon 2004)
90. As compared to the treatment with novantrone, which
demonstrated anti-tumor efficacy with an optimal T/C value of
56.8%... (Du et al. 2003)

This distinction could provide useful information, for example, for applications that
perform some level of semantic analysis (e.g., that use semantic classes of actants to
disambiguate markers), which would potentially be able to identify contexts involving
anaphoric expressions referring to persons without needing to locate antecedents.133
Another aspect of the English variation that is potentially useful in interpreting
contexts is the distinction between the use of that to introduce restrictive clauses (i.e.,
indicating characteristics of a given element that are particular to a given situation) in
contrast to the use of which to introduce non-restrictive clauses (which rather provide an
inherent characteristic of an element and thus a piece of information that applies in all

133

The distinction in pronouns may also facilitate the work of applications that attempt to use information
about semantic classes to aid in the process of resolving anaphora (i.e., locating the antecedents of
anaphoric expressions), e.g., by matching terms found in the sentence to a resource that indicates their
semantic classes. However, this kind of application is beyond the scope of the discussion in this project.

292
situations).134 Access to this kind of information through the differences in relative
pronouns is thus possible in English but not in French; unfortunately, this distinction is
not universally respected and the possibilities of exploiting it in information retrieval are
limited by the degree to which it has been implemented in the corpus texts themselves.
A distinction that appears to be more widely — although not universally — respected,
and one that exists in both languages, is the use of commas before and after a nonrestrictive clause but not a restrictive one. This may also be taken into account when
designing pattern forms and in attempting to identify the nature of information provided
in such clauses.
The analyses of pattern structure variation and of variation involving relative
pronouns do not provide conclusive evidence that it would be worth researching
possible interlinguistic differences in pattern form variation further, although very
slightly higher levels of variation may be observed in English. What variability was
observed may be explained in part by the use of optional elements within a single
pattern form (e.g., in the case of copula verbs that may or may not precede participial
adjective markers), or distinct forms of patterns, both of which would require an
investment of time and effort required to develop these patterns and to refine their form
to ensure good performance. Further research, if undertaken, could focus on these
aspects in order to evaluate the question more fully. In variations involving the use of
relative pronoun structures, the regularities of some structures and parallelism in the
forms observed in the two corpora show potential for the development of pattern forms
that can deal with the phenomenon. However, more complex structures may be difficult
to represent in either language. Moreover, in the analysis of the specific relative
pronouns noted, the French occurrences showed a higher level of variation that would
likely have to be reflected in the development of pattern forms.

134

These may be contrasted in structures such as drugs that reduce cholesterol levels — a characteristic
that does not apply to all drugs and that is thus analogous to a statement using a quantifier to indicate
uncertainty, such as some drugs reduce cholesterol levels — and statins, which reduce cholesterol levels,
which is analogous to all statins reduce cholesterol levels.
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For the group of variations as a whole (of marker forms, in voice of verbal
pattern markers, and in pattern structures), a tendency towards higher variation in
English was observed, although this variation was observed in different degrees: most
pronounced in the case of the active/passive variation of verbal marker forms, slightly
less so in the case of marker variation, and only very subtly (if at all) in pattern structure
variation. The data suggest that more research should be done to evaluate the cumulative
effect of these types of variation on the process of pattern set design, and to determine if
variation could necessitate the development of additional pattern forms (or optional
variations on pattern forms), requiring a greater investment of time and effort in
identifying and refining these structures in English.
Clearly, variation is an issue that must be taken into account in both languages.
This raises a significant point in relation to the analysis of the numbers of markers
required for pattern-based tools: as multiple pattern forms or pattern structures may be
required for a single marker, the investment of time and effort required to add a marker
to a pattern set is increased accordingly. Comparison of the languages in terms of the
process of pattern set design thus requires that these factors be considered together.
The data analyzed above in Sections 4.2 and 4.4 suggest that in order to retrieve
similar numbers of contexts in the two languages, more markers may be required in
French; when the factor of pattern variation (i.e., the fact that each marker may require
more than one pattern form for many applications) is taken into account, the difference
between the two languages is likely to be even more pronounced. The compounding of
these factors could counteract somewhat the potential tendency to higher variation in
marker form in English. The end result may be a more comparable number of pattern
forms required in the two languages than it might appear from an analysis of each factor
individually. More structured research into these factors could clarify their interactions.
The different sources of variation are also important to take into account in the
analysis of their impact on different types of pattern-based applications. In the case of
the simplest strategies for locating relation occurrences, involving the representation of
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markers only (e.g., as character strings or regular expressions possibly accompanied
by information about POS class), pattern structure variation is relatively unimportant,
but the number of different markers required is very significant. Variation in marker
form is also pertinent to many of these kinds of applications, as applications that specify
the most complete (and thus often most precise) forms are likely to be affected by this
variation. More highly developed pattern forms that specify the structures in which
markers occur and/or that attempt to identify related elements automatically will of
course be affected by all of these factors, including that of pattern form variation.

4.9 Number and form of the elements linked by the markers
Next to be analyzed is the number and form of the elements linked by a relation marker.
Like the markers, in many applications (and specifically those that impose restrictions
on the form of related elements, either by specifying the POS class of elements
surrounding relation markers, or by searching for markers in proximity to previously
identified terms or candidate terms), these elements must be adequately described and
represented in order for (complete) KRCs and the information they convey to be
successfully identified in corpora.

4.9.1 Multiple elements sharing a role in a relation
In both corpora, the prototypical X + [MARKER] + Y pattern was often modified by the
apparition of two or more elements in one of its slots; this occurred in 43% of the
English relation occurrences and 49% of the French, as shown in Table 70.
Table 70. Comparison of proportions of occurrences of multiple elements (ME) sharing
a role in a relation in English and French
ME+
METotal

EN
189
253
442

FR
169
180
349

Total
358
433
791
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This clearly indicates that pattern forms must attempt to take this kind of
variation in the canonical pattern form into account, or risk overlooking a significant
proportion of the potentially useful contexts in such corpora. It also is apparent that
while this phenomenon does not occur with significantly different frequency in the two
data sets (p = 0.112), there is a chance that further data would reveal a trend towards
significance in the higher proportion of French relation occurrences that involve
multiple related elements.
Conceptually, contexts in which multiple elements share a slot in a pattern
contain more (or more specific) information than a standard context linking only two
elements. This fact underlines the importance of retrieving and analyzing such
contexts.135 However, accessing this information requires formal adaptation.
This phenomenon — and any difference in its prevalence — may affect both the
development and performance of pattern sets at a formal level. A relatively minor effect
may be noted for tools that use simpler pattern forms (e.g., character strings, lexicosyntactic forms of markers alone), and specifically those that extract contexts of fixed
length, as the length of the contexts required for complete information to be located may
increase.136 A more significant effect may be observed in the substantially increased
complexity of designing patterns that specify the forms (e.g., part of speech classes) in
which the elements linked by a relation are expressed. Pattern forms must take these
structures into account in order to ensure that the structures indicated for relation
elements do not exclude these cases a priori because of their variation from “standard”
form, and that all of the elements linked by the relation marker are identified.137

135

By extension, the potential for observing a higher proportion of contexts containing multiple elements
in French may indicate that French contexts could provide access to more information.
136

If this phenomenon were observed to be more common in French, longer contexts might be required in
this language for KRC extraction using tools that extract fixed-length contexts.
137

A higher proportion of occurrences of this phenomenon in French would indicate that it is particularly
important to develop these strategies in this language, as not doing so would have a particularly great
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These effects are even more significant for pattern-based tools that attempt to
identify related elements automatically; these applications must not only recognize such
contexts and ensure that all of the related items are extracted, but also must analyze the
structures in which these items appear in order to distinguish between the separate
elements and present these to the user.138 Finally, pattern-based tools that attempt to
identify contexts containing specific terms or candidate terms in connection with may
also be affected by the presence of multiple related elements. As in the case of the other
types of applications identified above, pattern forms must be adapted to accommodate
the variation involved in the occurrence of multiple elements, and particularly to allow
for other elements occurring between the marker and the term or candidate term in
question. In addition, as the form in which terms and candidate terms appear may be
affected by the presence of other elements sharing a slot in a knowledge pattern, further
complicating the identification of pertinent contexts and potentially reducing the recall
of these applications.
In this section, the results of the observations of multiple elements that share a
role in relation occurrences will be discussed, according to a typology established from
the results observed in the corpora. The presence of variant expressions of a single
related element (including the specific case of abbreviations and symbols) will be
described,

followed

by

the

phenomena

of

conjunction,

disjunction

conjunction/disjunction of related elements and finally of elements linked by
SPECIFIC

and

GENERIC–

relations. The frequency of the different forms of this phenomenon is

summarized in Table 71.

impact. Conversely, the return on investment for the development of adequate strategies for analyzing
these cases would thus be higher in French.
138

Once again, a higher prevalence of this phenomenon in French would increase the importance of
taking these cases into account and the impact that difficulties in this process would have on results.
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Table 71. Detailed comparison of proportions of relation occurrences involving
multiple elements sharing a role, in English and French
Abbreviations and symbols

EN
22

FR
19

Total
41

Other variants

4

8

12

Conjunction

127

116

243

Disjunction

17

18

35

Conjunction/ Disjunction

2

1

3

Generic(s) and specific(s)

68

61

129

All multiple elements

189

169

358

None

253

180

433

Total

442

349

791

The ways in which multiple elements that share a role in a relation — and a slot
in a knowledge pattern — are related to one another will affect the type of additional
information that is expressed and thus the applications for which it may be useful. This
in turn affects the strategies that are likely to be useful for accessing and processing this
information. The specific types of relationships observed between elements are
described individually below. In addition, two related phenomena will be discussed: the
ellipsis of part of multiple elements, and the repetition of a pattern marker or of part of a
complex pattern marker in the presence of multiple elements.

4.9.1.1

Variant expressions of a single related element

The first category of multiple elements participating in a relation involves the presence
of two or more expressions denoting a single concept participating in a relation, as in
Examples 91 to 94:
91. The most common cause of brain infarction is hardening of the
arteries (atherosclerosis). (DiGiovanna 1999)
92. Cette stratégie à pour effet de réduire le cholestérol total et le
cholestérol LDL (ou mauvais cholestérol) de l’ordre de 10 à 20
% et de 12 à 16 % respectivement. (Blais 2001a)
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93. … toute variation brutale entraîne la rupture de l’équilibre et
l’oxydation des éléments sensibles de la cellule, une situation
que l’on qualifie de "stress oxydant". (La Recherche 1997)
94. La radiothérapie adjuvante sera offerte à toute femme ayant
subi une mastectomie partielle, que ce soit pour une tumeur
infiltrante ou in situ (intracanalaire). (Martin 2003)

As may be observed in Examples 93 and 94, this phenomenon may be observed in fairly
complex structures or with interruptions of additional elements, which can pose
significant challenges for automating the retrieval of such elements by automatic
applications.
One specific manifestation of this phenomenon, shown in Examples 95 to 97, is
significantly more frequent than other types in the corpus texts. In these cases an
abbreviation or symbol (e.g., denoting a molecule, substance, disease or treatment)
appears with the full form of the term or other linguistic unit.
95. The inflammatory marker C-reactive protein (CRP) can
indicate low-grade chronic inflammation… (MacKenzie 2004)
96. More recently, it has become apparent that reactive oxygen
species (ROS) also play a role in the development of
vasculopathies… (Griendling and FitzGerald 2003a)
97. F. Perret … a ensuite analysé le lien existant entre traitement
hormonal substitutif de la ménopause (THSM) et risque de
cancer du sein chez les sujets à risque [12]. (Cottu and Espié
1999)

Such contexts may provide pertinent information in addition to the primary
relation involved, making these contexts quite information-rich. Moreover, the adequate
representation of these kinds of structures at a formal level is important for designing
pattern forms that correspond to the context in which pattern markers occur and in the
automatic identification of related elements. Analysis of these occurrences can be
challenging, especially in cases in which an abbreviation or other variant is given for
one part of a more complex element involved in a relation, as in Examples 98 to 101:
98. Because LDL upregulates angiotensin II receptor type 1 (AT1)
receptor expression, … (Griendling and FitzGerald 2003)
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99. …the other goes through a different class of molecules known
as Shc, which leads to the activation of the mitogen-activated
protein kinase (MAPK) pathway. (Pantaleo and Zonszein
2003)
100. Cette protection passe vraisemblablement par une activation
de PKG, protéines kinases dépendantes du GMPc, mais les
substrats de ces kinases sont encore mal defines… (Kolb 2001)
101. Les molécules qui modulent sélectivement l’activation des
récepteurs hormonaux (SERM) par compétition avec les
oestrogènes circulants… (Vinatier and Orazi 2003)

In these cases, reliably identifying the correct form of a participant in a relation may be
difficult in an automatic approach, although the more knowledge can be gathered about
the possible forms of such cases, the more successful such attempts are likely to be.
The co-occurrence of two or more variant expressions of an element was not
observed in a very large number of occurrences in either language. The overall
frequency was similar in the two data sets (26 occurrences in English and 27 in French,
which constitute approximately 14 to 16% of the occurrences of multiple elements and
between 6 and 8% of the total relation occurrences). The data from the two corpora are
thus quite comparable in this respect (according to the Chi-square test, p = 0.300 for the
comparison of these cases as a proportion of relation occurrences and p = 0.555 as a
proportion of occurrences of multiple elements).
The proportions of abbreviations and symbols as compared with other types of
variants were also relatively comparable, with the majority of cases involving
abbreviations (85% in English and 70% in French) and far fewer (15% in English and
30% in French) involving other types of variants. (A Chi-square test to compare these
proportions reveals a non-significant difference, p = 0.215.)
Each category and the contexts in which they appeared are described below.
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4.9.1.1.1 Abbreviations and symbols
The proportions of relation occurrences in which abbreviations or symbols accompanied
full forms of expressions indicating a concept participating in a relation are comparable
in the two data sets; the phenomenon occurred in 12% of the occurrences involving
multiple elements in English and 11% in French, and in 5% of the total relation
occurrences, as shown in Table 72 (p = 0.769).
Table 72. Comparison of proportions of relation occurrences involving abbreviations or
symbols (AB) in English and French
AB+
ABTotal

EN
22
420
442

FR
19
330
349

Total
41
750
791

In the majority of cases, the abbreviation for a term was presented in parentheses
immediately following the full form (as in Example 102); however, in both corpora
some cases were found with the full form appearing in parentheses (as in Example 103).
102. The presence of TNF- [alpha], IL-6, and other cytokines cause
hepatic production of C-reactive protein (CRP) … (Pantaleo
and Zonszein 2003)
103. We studied the expression of DMBT1 (deleted in malignant
brain tumor 1), a putative tumor suppressor gene, in normal,
proliferative, and malignant breast epithelium… (Braidotti et
al. 2004)

These observations indicate that the phenomenon will likely present similar
opportunities — and challenges — for exploiting the additional information in these
contexts, both in designing pattern forms that can process these occurrences, and in
using the supplementary information contained in the contexts (e.g., for identifying
relations of

SYNONYMY).

Given the proportion of relation occurrences affected in the

two corpora, the potential for identifying pertinent information over and above the core
relation expressed, and the pertinence of representing structures in which this
phenomenon occurs in order to ensure that applications that attempt to do so can
recognize and/or identify and extract related elements accurately, it may be beneficial to
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take the phenomenon into account in designing pattern forms. The relatively stable
structure in which these items often occur shows promise for representation. As in
general structural variations observed were fairly minor — and the relation of
SYNONYMY

is symmetric in any case — these are not likely to critically affect the

representation of the phenomenon in pattern forms or the interpretation of the
information indicated. The major challenges for pattern design — the ambiguity of
paralinguistic indicators such as parentheses and the occurrence of abbreviations within
more complex elements — are also likely to be pertinent in both languages.
Examples 104 and 105 illustrate a phenomenon particular to French that may be
very pertinent for the extraction of information from corpora such as this one: the use of
English-language terms and/or abbreviations in French texts. As these Examples show,
there may be a certain amount of variation between occurrences, as both full terms and
abbreviations may be English forms, terms in full may be presented in French but
accompanied by the English forms of symbols or abbreviations, and so on.139
104. L'hypertrophie des cellules musculaires lisses induite par
l'angiotensine II résulte de l'activation des protéines kinases
mitogéniques (MAPKs)… (Bonnefont-Rousselot et al. 2002)
105. Les ERO formées par la NADPH oxydase des cellules
musculaires lisses sont également impliquées dans l'activation
par la thrombine du facteur de transcription hypoxia-inducible
factor-1 (HIF-1)… (Bonnefont-Rousselot et al. 2002)

Not surprisingly, no cases were found in which French terms were used in
English texts. This apparent influence of English is a phenomenon that is worth
monitoring in a larger context, in order to determine whether these phenomena are likely
to pose difficulties for work on French texts. Certainly, the automatic extraction of such
elements by applications used to enrich ontologies or terminological resources could
139

In addition, relatively atypical formulations may be found in French under the influence of the English,
for example the pluralization of the abbreviation MAPK in Example 104 above. The processing of such
variations might prove to be problematic: if an application attempts to identify the base form of related
elements, this phenomenon could pose problems because it is atypical in French and thus might not be
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pose difficulties in many contexts of use: for example, it is unlikely that these
abbreviations would be considered good candidates for inclusion in terminological
resources with full status as headwords for entries or term records. However, given that
they are clearly used in the literature (as their presence in the corpus attests), their
inclusion in resources as possible (if perhaps abusive) variants of French terms could be
helpful to users. Their potential for helping to establish interlinguistic equivalence
between terms is also not negligible. For these reasons, such occurrences might be
beneficial (and thus important to take into account) in pattern-based tools intended for
some specific purposes, but not others.

4.9.1.1.2 Other variants in expression of a related element
Other types of variants were found in 4 contexts in English (2% of the relation
occurrences with multiple related elements and 1% of the total relation occurrences) and
8 contexts in French (5% of the occurrences of multiple elements and 2% of the total).
The Chi-square test does not reveal any significant difference (p = 0.113), although a
higher proportion of occurrences was observed in French.140 Both apposition and
parentheses were used to introduce variants in the two data sets, as illustrated below in
Examples 106 to 109:
106. PD98059 and U0126 also block activation of MEK5, … the
kinase that activates ERK5, the sole member of the fourth
MAPK family. (Force et al. 2004)
107. The most common cause of brain infarction is hardening of the
arteries (atherosclerosis). (DiGiovanna and Adams 1999)
108. Cette protection passe vraisemblablement par une activation de
PKG, protéines kinases dépendantes du GMPc, mais les
substrats de ces kinases sont encore mal définis… (Kolb 2001)

properly analyzed using standard rules; the impact of this phenomenon is nevertheless not likely to be
very significant given the infrequency with which it was observed.
140

Although the numbers of occurrences observed are low, the expected values required for the
application of the Chi-square test are above 5, indicating that the test can be accurately applied in this
case.
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109. …des facteurs de transcription comme myc, jun, fos ou erbA
(récepteur de l'hormone thyroïdienne T3).… (Blanchard 2003)

Given its rarity, in and of itself, the phenomenon would not likely be particularly
productive to account for in pattern design and in the processing of contexts extracted to
exploit the additional information present. However, both formal and conceptual
similarities with other phenomena such as the introduction of abbreviations may mean
that some variants — specifically those indicated by parentheses — could be processed
in parallel with these more frequent cases. The ambiguity of the paralinguistic indicators
used, however, introduces its own challenges. Moreover, variants introduced by
apposition would be much harder to identify automatically. Example 94 above, in the
presentation of the synonym tumeur intracanalaire accompanying tumeur in situ, also
illustrates potential difficulties in representing the structures in which variants occur
because of the presence of another term and the modification of the form of the complex
term (cf. Section 4.9.1.2 on the disjunction of related elements and Section 4.9.1.4 on
ellipsis of part of complex terms). The association of several phenomena observed here
can clearly complicate the task of automatic analysis and identification of related
elements.
One difference was observed, however, and should be evaluated for its
significance for pattern design: this is the presence of lexical indicators in French (ou in
Example 92, que l’on qualifie de in Example 93), but not in English. These kinds of
indicators — which are similar to some that have been studied in lexical knowledgepattern-based approaches to finding synonyms or metalinguistic information about
terms (e.g., Rodriguez Penagos 2004, 2004a) — raise some interesting questions.
First and foremost is the task of differentiating these indicators from the
elements that they accompany, which involves an analysis of the forms present and
potentially requires a list of potential indicators of this type. Second is the nature of
these indicators themselves, which may be quite ambiguous (e.g., in the case of ou,
which also indicates disjunction of related elements, cf. Section 4.9.1.2), and may also
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vary in their productivity (e.g., frequency in corpora). Preparing pattern forms that
would be able to identify these kinds of variants in the expression of related elements —
and differentiate them from other occurrences — could thus be a difficult task, and one
that in light of these data does not appear likely to be rewarded by a significant return on
this investment. Alternatives might include considering the use of pre-established
patterns developed in research projects focusing on the extraction of

SYNONYMY

or

metalinguistic information, although their integration in more complex pattern forms
would not be without its difficulties.

4.9.1.2

Conjunction and disjunction of related elements

The conjunction and disjunction of elements that may share a role in a relation, as below
in Examples 110 to 121, are among the semantically and formally simpler cases of
multiple related elements. These occurrences may be relatively straightforward in form,
as in Examples 110 to 113.
110. … PD98059 and U0126 also block activation of MEK5…
(Force et al. 2004)
111. Increased glucose levels, FFAs, inflammatory cytokines, and
oxidative stress cause activation of NF-[kappa]B with
initiation and/or perpetuation of the inflammatory process as
shown in Figure 4. (Pantaleo and Zonszein 2003)
112. L’obésité, le syndrome métabolique et le diabète accroissent
notablement le risque de maladies cardiovasculaires. (Lambert
2002)
113. Dans ce travail [12], l’exercice physique n’a pas eu d’effet sur
le cholestérol total ou le LDL cholestérol. (Ferrières 2004)

They may also involve more complex markers or structures, as in Examples 114 to 117.
114. Oxidative stress has been linked to the activation of both NF[kappa]B and AP-1. (Granger et al. 2004)
115. This enhances retention of the lipoprotein and possibly
triggers, along with oxidation, the formation of a recognizably
foreign substance which requires macrophage recruitment to
the locality… (Caslake and Packard 2003)
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116. … lorsque l’association de metformine et d’une sulfonylurée
ne permet pas une maîtrise optimale du diabète ou ne peut
être utilisée en raison d’une contre-indication ou de
l’intolérance à l’un de ces médicaments (Leblond 2001)
117. Les stratégies hormonales de prévention pourraient ainsi
concerner à la fois les tumeurs sporadiques et les tumeurs
génétiques. (Vinatier and Orazi 2003)

Quite complex structures may also be observed, as in Examples 118 to 121, in which the
conjunction or disjunction links only parts of more complex elements.141
118. The acceptance that endothelin may play an important role in
the pathogenesis and clinical manifestations of certain
cardiovascular disorders has paved the way for the
development… (Ram and Venkata 2003)
119. …excessive activation of cytotoxic lymphocytes causes
incidental vascular and tissue damage… (Umehara et al. 2004)
120. Dans l’adénose sclérosante, affection bénigne du sein
caractérisée par une prolifération des cellules épithéliales et
myoépithéliales, Clarke et al. [13] ont montré … (Angèle et al.
2001)
121. Par contre, p53 réprime la transcription de gènes antiapoptotiques comme bcl-2 et comme la NOSi elle-même.
(Kolb 2001)

Both the overall frequency and the distribution of these phenomena were
observed to be relatively comparable in the two data sets, with the figures in French just
slightly higher than in English: for conjunction 69% of the occurrences of multiple
elements as compared to 67%, and 36% of the total relation occurrences as compared to
29%, and for disjunction 11% as compared to 9% of the occurrences of multiple
elements and 5% as compared to 4% of the total relation occurrences. The proportions
of relation occurrences containing conjunction and disjunction of related elements are
compared in Table 73 (p = 0.172) and Table 74 (p = 0.373).

141

Some particularities of this latter phenomenon are described further in Section 4.9.1.4.
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Table 73. Comparison of proportions of relation occurrences involving conjunction
of related elements (CR) in English and French
CR+
CRTotal

EN
127
315
442

FR
116
233
349

Total
243
548
791

Table 74. Comparison of proportions of relation occurrences involving disjunction of
related elements (DR) in English and French
DR+
DRTotal

EN
17
425
442

FR
18
331
349

Total
35
756
791

For the case of multiple elements linked by conjunction/disjunction, with two
occurrences in the English sample and only one in the French sample, it is not possible
to draw any conclusions.
At a conceptual level, these contexts indicate relationships between multiple
pairs of concepts, and thus are particularly information-rich. Given this richness and its
importance for knowledge extraction, the data indicate that these phenomena are very
important to take into account in designing pattern forms in both languages, in order to
ensure that potential KRCs are recognized and that complete information is extracted.
While the interlinguistic difference observed was not significant, it is nevertheless
possible that the higher proportion of occurrences observed in the French data could
indicate a somewhat greater impact in this language, increasing the return on the
investment of time and effort in adapting pattern forms. Some potential applications for
this information, once identified, are discussed in Section 5.5.3.3.
In both languages, fairly straightforward structures involving two or more
elements presented separately were observed. However, in many other cases phenomena
that can pose more serious difficulties for representation — such as the presence of
conjunction or disjunction within a more complex element, or the appearance of the
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elements that share a role in a relation in widely separated parts of a context — are
likely to be encountered in both languages. The formal analysis and representation of
such cases would require a significant investment of time and effort. However, on a
positive note, the fact that similarities in the two data sets were strong suggests that this
investment in one language is likely to be adaptable to the other as well, and thus could
be far more easily justified than it would be in one language alone.142
One of the approaches that may be considered in the development of pattern
forms that can accommodate the conjunction and disjunction of elements sharing a role
in a relation is the creation of formal representations of the structures in which these
elements may occur, and their integration into a range of pattern forms. These may also
serve as the basis for distinguishing the separate elements sharing the relation role for
applications that attempt this task, and identifying the relationship between them. Some
of the lexical items that indicate conjunction or disjunction and that thus may be useful
for this kind of task — as well as their frequency in the relation occurrences analyzed —
are presented below. It is nevertheless important to note that the more complex
structures indicating conjunction and disjunction would pose significant challenges in
such an approach, and would likely be very difficult to represent.
4.9.1.2.1 Indicators of conjunction and disjunction143
The numbers of lexical units indicating conjunction and disjunction were similar in the
two data sets, with 12 different markers of conjunction observed in English (Table 75)
and 16 in French (Table 76). And and et were by far the most frequent, accounting for

142

It is likely that the needs of a specific project will determine the strategies applied to deal with such
cases; for example, when human interpretation of contexts is possible, this may be the most efficient
option.
143

In this section and the sections below, the term indicator will be used to refer to the lexical units that
mark relationships between multiple related elements in the contexts analyzed. This is done in order to
avoid confusion with the term marker, used to denote the lexical units that indicated the CAUSE–EFFECT
and ASSOCIATION relations analyzed in this research. However, many of the indicators discussed are also
markers of semantic or conceptual relations (e.g., SYNONYMY, GENERIC–SPECIFIC) in their own right.
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121 of the 150 English cases and 101 of the 123 French cases, respectively.144
However, in English the distribution of occurrences among the less frequent markers
was very slightly more even, with a wider variety of more frequent markers observed
(both… and, as well as, with).
Table 75. English indicators of conjunction of related elements
Indicator
and
both… and
by
as well as
with
both
through
together (with)
along with
all
apart from… also
on
Total

Occurrences
121
7
5
4
3
2
2
2
1
1
1
1
150

Table 76. French indicators of conjunction of related elements
Indicator
et
en
avec
par
à la fois… et
accompagné de
ainsi que
association de… et de
cependant
d’une part… et d’autre part
également
en association avec
non seulement… mais aussi
outre
puis
via
Total
144

Occurrences
101
5
3
2
1
1
1
1
1
1
1
1
1
1
1
1
123

Moreover, they also appeared as part of more complex markers, such as both… and, à la fois… et,
association de… et and d’une part… et d’autre part.
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The distribution of the indicators, with their occurrences expressed as a
percentage of the total, is illustrated in Figure 21.
Indicators of conjunction: Percentage of total occurrences
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Figure 21. Indicators of conjunction: Percentage of total occurrences
In the context of pattern design, these data indicate that in both languages it
seems advisable to ensure that patterns allow for conjunction of elements using and and
et. In English it might also be marginally more productive to develop forms that include
more of the indicators observed. The question nevertheless remains open, and would be
worth investigating further: is the investment in time and effort to develop pattern forms
to account for the many different indicators of conjunction that may be observed likely
to be reflected in a return that justifies these measures? The necessary level of recall as
well as the volume of data (i.e., the size of corpora) to be processed may help to provide
an answer to this question: of course, the more data are available, the higher the return is
likely to be. Another element that should be taken into account in answering this
question is the form of the markers, and specifically the presence of more complex
indicators in French (e.g., association de… et, soit… soit). The complexity involved in
representing the structures in which these kinds of markers participate may be
considerably higher, and these structures may introduce more noise in results than
simpler indicators.
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Moreover, each of the five complex indicators observed accounted for less
than 1% of the occurrences analyzed, whereas in English one of the two complex
markers, both… and, was observed in more than four times that proportion. This
suggests that the English indicators may produce a more significant return on
investment of time in developing pattern forms, while that of the French markers could
be less satisfactory
In addition to lexical indicators of conjunction, occasionally in English — in
quite irregular structures — paralinguistic indications of conjunction, including commas
and forward slashes (/) were also observed. These structures may be more difficult to
represent in pattern forms, due to their ambiguity. In some French occurrences,
conjunction was also indicated by paralinguistic means, such as a comma (7 contexts):
122. Cette croissance annuelle de 14 à 16 % est vieillissement
démographique, augmentation de l'espérance de vie, exigence
d'une meilleure qualité de vie. (Chevallier et al. 2003)
123. Nous avons recherché chez tous les patients les facteurs de
risque d’athérosclérose (diabète, hypertension artérielle,
tabagisme,
hormonothérapie,
intoxication
alcoolique,
dyslipidémie, hérédité)… (Desauw et al. 2002)

While a formal representation of structures involving lexical indicators — at
least of a prototypical nature –— should be possible to develop, those involving
paralinguistic markers may prove more difficult because of these markers’ ambiguous
nature. The prevalence of the phenomenon may be slightly higher in French, but the
small numbers of occurrences make it difficult to draw conclusions.
The lexical indicators of disjunction in the two data sets were comparable in
number and variety, as shown in Table 77 and Table 78. As in the case of conjunction,
the prevalence of the prototypical indicators of disjunction, or and ou, indicates that a
large proportion of occurrences of disjunction may be identified using a single marker,
which would be relatively easy to include in pattern structures. It is notable, however,
that disjunction occurred far less frequently in the results than conjunction; this indicates
that investments of time and effort in creating pattern forms that allow for occurrences
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of this phenomenon will have a significantly lower return than in the case of
conjunction.
Table 77. English indicators of disjunction of related elements
Indicator
or
but not
unlike (with)
compared with
Total

Occurrences
11
3
2
1
17

Table 78. French indicators of disjunction of related elements
Indicator
ou
mais pas
parfois
plutôt que
soit… soit
Total

Occurrences
13
1
1
1
1
17

Observations indicate, however, that at least typical indicators of conjunction
and disjunction could often be integrated into a single pattern form, with only the
marker distinguishing between the two possibilities. This would offer considerable
potential for formal representation of structures involving multiple related elements with
relatively little investment of time and effort.
In both cases of conjunction/disjunction observed in English, the lexical
indicator and/or was present, and in the single context in which conjunction/disjunction
was observed in the French sample, the lexical marker et/ou was used. Thus the lexical
indicators were also similar in nature. The inclusion of lexical markers of this type could
also be envisioned in a single pattern form.
Another phenomenon was noted in both languages and may also be important to
take into account when designing pattern forms: the use of specific lexical indicators,
such as by and through in English and en in French, to link different types of causes (cf.
the classification of the

CAUSE–EFFECT

relation by Nuopponen (1994; cf. Section
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1.5.2.5), as well as the analysis of causation by Kahane and Mel’čuk (forthcoming;
cf. Section 1.5.2.4)). Examples 124 to 128 illustrate this phenomenon. These contexts
generally indicate both an entity (i.e., in Nuopponen’s terminology, a causative agent)
and an event (i.e., producing cause), that play a role in producing an effect. However, in
some cases (e.g., Example 128) two or more distinct events may be indicated.
124. By inhibiting ACC, AMPK elevates fat oxidation. (Force et al.
2004)
125. The R +enantiomer of amlodipine… prompts the production
of NO, ultimately through the activation of eNOS. (Mason et
al. 2003)
126. … IL-18, which on ligation to its receptor on ECs, induces the
expression of the adhesion molecules ICAM-1 and VCAM-1.
(Szmitko et al. 2003)
127. Les agents anticancéreux interférant avec les microtubules
cellulaires (taxol, colchicine, nocodazole, vinblastine,
vincristine, 17-β-estradiol, 2-méthoxyestradiol) stimulent la
transcription de Cox2 en favorisant la liaison du facteur de
transcription AP1 à l'élément de réponse de l'AMP cyclique du
promoteur de Cox2… (Guastalla et al. 2004)
128. … l'expression de Cox2 favorise la prolifération tumorale en
inhibant l'apoptose, en stimulant la néo-angiogenèse et en
favorisant le pouvoir invasif et métastasiant des cellules
malignes. (Guastalla et al. 2004)

Both of these types may be identified as causes, although they are not connected
by a typical lexical indicator of conjunction. These indicators may nevertheless provide
valuable clues for applications that attempt to differentiate between different types of
causes in order to sort contexts automatically or to identify cases involving a particular
type of element to a user. However, these cases are also particularly difficult to
represent formally, as they generally have relatively complex structures, often with the
two elements separated by other elements in the pattern structure. This would pose
challenges for applications that seek to recognize and analyze such cases. More data
would be required to create adequate formal representations of these cases.
Moreover, while the forms of the elements linked by these indicators (e.g., the
verbal form of the elements introduced by by or en) may facilitate the identification of
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particular types of causes in both languages, such non-nominal forms may also pose
problems for applications that specify that related elements must occur in particular
(usually nominal) forms (see Section 4.9.2).
At a practical level, the representation of these kinds of combinations is unlikely
to be implemented in the same way as those for other, simpler forms of conjunction or
disjunction, as it would be very difficult to integrate a standard representation of the
structures observed into more general pattern forms. This would reduce the possibilities
for maximizing return on investment in developing pattern forms to deal with the
phenomena.

4.9.1.3

GENERIC–SPECIFIC relations between elements

In the final category of multiple elements, the elements sharing a role are connected in a
hierarchical relationship, as in Examples 129 to 134:
129. The endothelium contributes to the regulation of vascular tone,
platelet aggregation, and other processes relevant to
atherosclerosis. (Schwartz 2003)
130. … although hs-CRP and other inflammatory markers such as
IL-6 may independently predict adverse cardiovascular events
… (Torres and Ridker 2003)
131. …the human subjects had a modest but significant reduction in
key markers of blood vessel inflammation: C-reactive protein,
tumor necrosis factor, and the interleukins IL-1 and IL-6…
(Cabe 2000)
132. … le cumul de certains gènes prédisposants et, bien sûr, les
maladies métaboliques qui en découlent, c’est-à-dire le
diabète, les dyslipidémies et l’hypertension artérielle, sont les
conséquences du mode de vie adopté par les humains…
(Essiambre 2003)
133. La chimiothérapie et l’hormonothérapie sont des traitements
systémiques qui ont pour but de diminuer la récidive, surtout
systémique. (Martin 2003)
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134. L'obésité est un facteur susceptible d'intervenir dans de
nombreuses maladies: maladies cardiovasculaires, diabète,
hypertension artérielle, accidents vasculaires cérébraux,
embolies pulmonaires, certains cancers, ostéoarthrite,
affections de la vésicule biliaire, anomalies respiratoires, dont
notamment l'apnée du sommeil. (Poirier 2003)

In these cases, although the elements that are connected can both or all be
considered to participate in the same kind of
another potential relation, generally the

CAUSE–EFFECT

GENERIC–SPECIFIC

or

ASSOCIATION

relation,

relation, is also present.

(However, it should be noted that not all members of the class of generics are
necessarily involved in the relationship indicated.)
As illustrated above, hierarchical relations may take either simple or rather
complex forms (for example, with multiple levels of a given hierarchy represented), and
are often accompanied by either conjunction or disjunction of two or more specific
elements.145 As a result, these contexts are relatively complex to analyze (at least
automatically or semi-automatically), but also extremely valuable for information
extraction. The value of these contexts increases exponentially, since they provide not
only examples of two separate relations, with at least three separate relation
occurrences, but also information about the potential for inheritance of relations from
generics to their specifics (including, potentially, specifics not mentioned explicitly in
the context itself). For example, in Example 131 above, it may be inferred that IL-1 and
IL-6 are interleukins, that interleukins, along with C-reactive protein and tumour
necrosis factor, are markers of inflammation, and that both IL-1 and IL-6 are also
markers of this inflammation.
However, it is clear that the interpretation of the possible extension of the
relation to other element pairs on the basis of inheritance from generic to specific relies

145

In addition, the conjunction of an additional element, cumul de… gènes prédisposants may be observed
in Example 132, and in Example 133, ellipsis of part of the more complex specific term, récidive
systémique, is observed, no doubt due to the presence of the generic term and head of the specific term
immediately preceding it.
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on human input, and should be confirmed manually. This is certainly the case when
there is a disjunction of specific elements, which may disqualify one of the specifics
from participating in a given relation (e.g., in a structure such as Xs such as X’ and X’’,
but not X’’’, are associated with…), but also may not (e.g., as in a structure such as Xs
such as X’ or X’’, are associated with…). In addition, a number of other cases may also
require careful analysis of the information present, and potentially other input, for
judgments to be made.
A fairly large proportion of the relation occurrences analyzed involved elements
linked by a GENERIC–SPECIFIC relation: 15% of the total relation occurrences in English
and 17% in French, and 36% of the cases of multiple elements in both languages (Table
79).
Table 79. Comparison of the proportions of relation occurrences involving
SPECIFIC

GENERIC–

relations between related elements (GS) in English and French
GS+
GSTotal

EN
68
374
442

FR
61
288
349

Total
129
662
791

This difference in the proportions of contexts containing this phenomenon is not
statistically significant (p = 0.428 overall and p = 0.981 as a proportion of the
occurrences of multiple elements), although the proportions are slightly higher in
French.
As explained in Section 2.6.3, such occurrences are rich in valuable information
and ideally, in the context of automatic relation extraction, should be retained and
completely analyzed. In a pattern-based approach, this would generally involve
developing pattern forms that represent structures such as those observed in the corpora,
including the indicators of the relationship between these multiple elements.
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In both languages, specifics were introduced using paralinguistic indicators
and apposition. In English, apposition (16 cases) or paralinguistic indicators such as a
colon or parentheses (in combination with another, lexical indicator) were used to
introduce specifics, as in Examples 135 to 137. In 17 cases in French, apposition was
used, as illustrated in Examples 138 and 139; in others, paralinguistic indicators such as
a colon (e.g. Example 140) or parentheses (e.g., Example 141) were used.
135. …this agent can be cleaved by cathepsin B, an enzyme present
in biologically active macrophages 91 and implicated in the
pathogenesis of atherosclerosis. (Jaffer and Weissleder 2004)
136. … IL-18, which on ligation to its receptor on ECs, induces the
expression of the adhesion molecules ICAM-1 and VCAM-1
(Szmitko et al. 2003)
137. Emerging data reveals that a large number of additional
proteins (i.e., growth factors) influence the transcriptional
activation of ER[alpha] and possibly ER[beta]. (McCance and
Jones 2003)
138. Ce dernier est en effet capable de stimuler le recrutement et
l’assemblage des sous-unités p47phox et p67phox, étape
nécessaire à l’activation de la NADPH oxydase. (BonnefontRousselot et al. 2002)
139. Dans l’adénose sclérosante, affection bénigne du sein
caractérisée par une prolifération des cellules épithéliales et
myoépithéliales, Clarke et al. [13] ont montré… (Angèle et al.
2001)
140. L'obésité est un facteur susceptible d'intervenir dans de
nombreuses maladies: maladies cardiovasculaires, diabète,
hypertension artérielle, accidents vasculaires cérébraux,
embolies pulmonaires, certains cancers, ostéoarthrite… (Poirier
and Després 2003)
141. … déminéralisation induite par les traitements antitumoraux
(hormonothérapie, chimiothérapie). (Tubiana-Hulin et al. 2001)

The use of parentheses to introduce specifics was more common in the French
data (nine cases), while in the English data the two occurrences observed also included a
lexical indicator. The use of these structures to express this relationship could introduce
some ambiguity, as they may also be used to present abbreviations, symbols and other
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variants. The difficulties linked to this ambiguity could be more pronounced in
French, although more data would be required to evaluate this possibility.
More striking differences were observed in terms of the lexical indicators used to
identify the relationship and their relative frequencies. As shown in Table 80 and Table
81, in the 61 English occurrences associated with lexical indicators, 14 distinct
indicators were observed (including such as (16 occurrences), including (14) and is a
(13)). In the 38 French occurrences with such indicators, 15 were observed, the most
frequent being est un (6), comme (5), tel que (5), and autres (5).
Table 80. English indicators of GENERIC–SPECIFIC relations between elements
Indicator
such as
including
is a (is an, is the, are [number], are)
(and) (several) other
as (an)
type of
among
another
become a
example of
eg
i.e.,
in the form of
include
Total

Occurrences
16
14
13
7
2
1
1
1
1
1
1
1
1
1
61

Table 81. French indicators of GENERIC–SPECIFIC relations between elements
Indicator
est un (est le, sont des, étaient des)
comme
tel que (tels que, telles que)
autre (autres)
en particulier
c’est-à-dire
notamment
y compris
principalement
comme tout
de

Occurrences
6
5
5
5
3
2
2
2
2
1
1
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dont
regrouper (regroupent)
tel
type de
Total

1
1
1
1
38

Although more distinct indicators of this relation were found in English, given
the numbers of occurrences the variety in French was proportionally higher, with a ratio
of 2.5 occurrences per indicator as compared to 4.4 in English. Moreover, the
distribution of the proportions of occurrences among the indicators show that the most
frequent English items account for an overwhelming proportion of the occurrences,
while in French the distribution is more even. The top 5 indicators in English account
for 85% of the occurrences, while in French the top 5 represent only 63% of the
occurrences, and more than twice as many indicators are required to attain the 85% level
(Figure 22).
Indicators of GENERIC-SPECIFIC relations: Percentage of total occurrences
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Figure 22. Indicators of GENERIC–SPECIFIC relations: Percentage of total
In this case, most results in the English data would be found using only a few of
the more frequent indicators, while to retrieve the French occurrences pattern forms
would need include a larger number of indicators. This could substantially increase the
investment of time and effort required to create pattern forms that integrate these
markers and properly represent the kinds of structures in which they may occur.

319
Many of the indicators of hierarchical relations identified in these contexts
may also be used to identify

GENERIC–SPECIFIC

relations independently, and have been

observed in previous studies of knowledge patterns (cf. Hearst 1992; Ahmad and
Fulford 1992; Meyer et al. 1999; Meyer 2001; Marshman et al. 2002). It is possible that
these existing data may be exploited for this application, facilitating the creation of
pattern forms.
In evaluating and using the supplementary information conveyed by the presence
of these elements, however, the need to take into account information conveyed by the
presence of multiple elements in a single relation occurrence will nevertheless require
additional research. For example, assisting users in identifying cases in which relations
with a given concept may be inherited from generic to specific may be a complex task.
It is clearly risky to assume that particular relations may be inherited from generic to
specific; this kind of evaluation is necessarily best carried out by a human in light of
more than a single relation occurrence in a text.
Nevertheless, some formal characteristics may be exploited in order to allow a
user to access information useful in this decision-making process more quickly, easily
and efficiently. Specific structures in which multiple relation participants linked by
GENERIC-SPECIFIC

relations occur may serve as guidelines for differentiating between

cases in which a relation appears likely to be inherited and those in which this is not the
case. Some of these are illustrated in Examples 142 to 148. In Examples 142 and 143,
the relation indicated applies not only to the specifics, but also to the generics:
142. Oxidation induces neuronal cell death, including apoptosis of
SNS neurons… (Harris and Matthews 2004)
143. La transfection du gène de la NOSi inhibe aussi l’activation
des caspases, y compris la caspase 8… (Kolb 2001)

However, in Examples 144 to 148, the relation applies to the specifics, but is not
applicable to all members of the generic class:
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144. Interleukin-6 is an upstream proinflammatory cytokine that
induces both CRP and fibrinogen expression. (Rackley 2004)
145. CRP can also induce monocytes to express tissue factor, a
glycoprotein that plays an important role in coagulation.
(Willerson and Ridker 2004)
146. CRP was recently shown to reduce synthesis of the vasodilator
nitric oxide in cultured endothelial cells. (Rackley 2004)
147. L’obésité est un facteur susceptible d’intervenir dans de
nombreuses maladies… (Poirier and Després 2003)
148. L’expression du gène cycline E est alors directement sous la
dépendance des signaux extrinsèques, et ne nécessite plus une
activation préalable de la cycline D1. (Blanchard 2003)

Generally speaking, cases in which generic-specific relations are indicated by the
indicators is a and by apposition in structures such as those observed above appear
rarely to indicate cases of the first type, and those indicated by other indicators (e.g.,
including, y compris) more likely to do so. More research into such occurrences would
be required to determine to what extent — and how — formal indications may be used
to guide users in making these decisions.

4.9.1.4

Ellipsis of part of complex related elements

An additional complication is present in some cases in which multiple elements are
involved in a relation: the use of elliptical forms of terms or other linguistic units (i.e.,
forms in which a part of a complex unit has been omitted), as seen below in Examples
149 to 151. This phenomenon is prevalent in cases of conjunction or disjunction of
complex elements (or even occasionally in hierarchically related elements).
149. These findings collectively indicate the significant role of
oxidative stress in the development and progression of cancer.
(Kang 2002)
150. There is evidence implicating oxidative stress in the
pathogenesis of stroke, … myocardial infarction, …
myocardial stunning, … atherosclerosis, … and congestive
heart failure… (Granger et al. 2004)
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151. …the fractalkine/CX3CR1 system may nevertheless be
important in the pathogenesis of atherosclerotic and coronary
vascular diseases. (Umehara et al. 2004)

As shown above, a variety of forms may be observed. In Example 149 and its
occurrence of a

CAUSE–EFFECT

relation between oxidative stress and the development

and progression of cancer, there are two heads (development and progression) that share
a single expansion (of cancer). However, the opposite is true in Example 150, in which
a single head, pathogenesis, is followed by several expansions (i.e., oxidative stress is
implicated in pathogenesis of stroke, pathogenesis of myocardial infarction,
pathogenesis of myocardial stunning, etc.). In Example 151, the situation is even more
complex, since there is a double separation: the fractalkine/CX3CR1 system is
important in the pathogenesis of atherosclerotic disease and the pathogenesis of
coronary vascular disease.
Similar forms and challenges were observed in French, as illustrated in
Examples 152 to 159. In Example 152, the head of a complex unit is omitted; in
Example 153, it is the expansion of a unit. Examples 154 to 159 illustrate some of the
more complex structures that may be observed.
152. Les mécanismes responsables des différences d’effet entre les
statines lipophiles et hydrophiles sur la prolifération des CML
ne sont pas encore élucidés. (Nalbone et al. 2002)
153. Les graisses alimentaires peuvent aussi nuire à la coagulation
et à la fibrinolyse plasmatiques, indépendamment de leurs
effets sur la cholestérolémie. (Blais_2001a)
154. L’importance de ces facteurs a été reconnue par le fait qu’ils
stimulaient la prolifération, la migration et la formation de
tubes vasculaires in vitro par des cellules endothéliales… (Blot
et al. 1999)
155. … les macrophages produisent et libèrent de l’IL-12, un
puissant promoteur de la voie de différenciation Th1, et les
cellules endothéliales des plaques expriment la P- et la Esélectine qui recrutent préférentiellement les lymphocytes Th1.
(Caligiuri 2004)
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156. Cette protection passe vraisemblablement par une activation
de PKG, protéines kinases dépendantes du GMPc… (Kolb
2001)
157. L’anion superoxyde produit pénètre dans le cytosol par des
canaux anioniques et conduit à l’activation de facteurs de
transcription comme NF-jB… (Bonnefont-Rousselot et al.
2002)
158. Les IL1, 2 et 6 participent à la prolifération et à la maturation
des lymphocytes B et T. (Abrial et al. 2005)
159. L’induction de tumeurs bénignes ou malignes ovariennes par
une stimulation continue des ovaires est une hypothèse qui a
déjà été soulevée… (Sasco 2000)

Clearly, a pattern-based tool should extract the whole unit, given that a link, for
example, between oxidative stress or the fractalkine/CX3CR1 system and development,
progression or pathogenesis would not be very informative; that between oxidative
stress and cancer, stroke, etc. is the most essential information for extraction.
Specific variations in the forms of the elements participating in such structures
may also be observed (e.g., in Example 153, the plural form of plasmatique is present
due to the conjunction of elements in the elliptical structure). This kind of variation
could potentially be exploited to assist in identifying cases of ellipsis, but conversely
could also pose difficulties for the recognition of related elements in some cases.
The challenges posed by this phenomenon for automatic identification of related
elements, described above in Section 2.6.3, are significant. Moreover this kind of
variation was observed relatively frequently, in approximately 16% of relation
occurrences in English and 19% in French (Table 82).
Table 82. Comparison of the proportions of occurrences of ellipsis (E) of part of
complex related element in English and French
E+
ETotal

EN
71
371
442

FR
67
282
349

Total
138
653
791
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In both data sets, a substantial proportion of the total relation occurrences
and of those containing multiple elements (38% in English and 39% in French) were
affected by this phenomenon, which suggests that to obtain complete information in
applications that attempt to identify related elements it would be necessary to develop
strategies for breaking down these complex structures and/or identifying their individual
elements. Moreover, patterns that specify the form related elements may take and
applications that search for markers in connection with specific candidate terms should
ideally allow for such structures to avoid excluding KRCs containing related elements
that differ from the “standard” forms due to this phenomenon.
No significant difference was observed between the two data sets (p = 0.248),
although the phenomenon was slightly more common in the French data. This suggests
that the difficulties of dealing with this phenomenon may have a relatively similar
impact in the two languages, but suggests that (especially if large amounts of data are to
be processed), applications could confront slightly more difficulties in French. It is
nevertheless necessary to evaluate this phenomenon in data gathered using a wider
variety of terms, in order to determine whether methodological factors such as term
choice could have an impact on the observations (e.g., through the tendency of a given
term to participate in complex terms that may occur in elliptical form).
It is interesting to note that not only the frequency but also the structures found
were similar in the two data sets, and that perhaps analysis of one of the languages could
be used as a starting point for identifying structures in the other:
160. Recent data highlight mechanisms for how myeloperoxidase
can promote lipid and lipoprotein oxidation in vivo. (Brennan
and Hazen 2003)
161. L’activation du PPARγ par les thiazolidinediones favorise le
flux d’acides gras et de triglycérides allant vers le tissu…
(Gervois and Fruchart 2003)
162. These findings collectively indicate the significant role of
oxidative stress in the development and progression of cancer.
(Kang 2002)
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163. Les lésions ou stimulations vasculaires … entraînent une
augmentation de libération et de synthèse de facteur
Willebrand. (Drouet and Bal Dit Sollier 2002)
164. Activation of the HER-2/HER-3 pathway induces activation of
the COX-2 promoter and expression of COX-2 mRNA and
protein. (Witters et al. 2003)
165. Par contre, p53 réprime la transcription de gènes antiapoptotiques comme bcl-2 et comme la NOSi elle-même.

Clearly, however, there would be some adjustments to be made; in the order of
elements (e.g., Examples 160 and 161) or in some cases possible variations in use of
noun and adjective forms as part of complex terms (e.g., Examples 162 and 163) would
need to be taken into account.
In terms of the specific types of ellipsis observed (of the head or the expansion of
a complex unit), the proportions of the relation occurrences and of the relation
occurrences involving multiple elements showed some variation, but not to the point of
statistical significance, as illustrated in Table 83 (p = 0.066) and Table 84 (p = 0.533).
The higher proportion of ellipsis of the head of a complex element in French does
nevertheless trend towards significance.
Table 83. Comparison of the proportions of occurrence of ellipsis of head (Eh) of
relation occurrences in English and French
Eh+
EhTotal

EN
51
391
442

FR
56
293
349

Total
107
684
791

Table 84. Comparison of the proportions of occurrences of ellipsis of expansion (Ee) of
relation occurrences in English and French
Ee+
EeTotal

EN
26
416
442

FR
17
332
349

Total
43
748
791
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These data indicate that the proportions of relation occurrences in which the
head of a complex unit was omitted showed a trend towards more frequent occurrences
in the French data; more data could be analyzed to determine if this difference is in fact
significant. If this kind of ellipsis did prove to be more frequent in this language, French
could be more vulnerable to the difficulties linked to this phenomenon. One of these, for
example, would be the fact that if problems occur in the identification of complete
forms, the head of a more complex item may provide at least some pertinent
information, while an expansion alone may be less useful. However, as discussed above,
in some cases the essential information for information extraction is found not in the
head of a related element (e.g., progression, pathogenesis, development) but rather in
the expansion (e.g., of cancer, of heart disease).

More data would be required to develop strategies for automatically analyzing
the different structures that may occur in order to target the most significant
information. On a structural level, however, it is clear that the heads of related elements
are more likely to occur in nominal form, creating fewer potential problems for KRC
recognition by applications that specify the forms related elements may take.
It is interesting to note on this level that some differences in the prototypical
forms of complex terms in the two languages may also affect performance. For example,
complex terms composed of nouns and adjectives (i.e.,
and

ADJECTIVE

+

NOUN

NOUN

+

ADJECTIVE

in English

in French) would likely pose different challenges to pattern

forms used to identify contexts and related elements using a more automatic approach.
This may be observed when the following structures are considered:
ADJECTIVE and ADJECTIVE NOUN [MARKER] ADJECTIVE NOUN
ADJECTIVE NOUN [MARKER] ADJECTIVE and ADJECTIVE NOUN
NOUN ADJECTIVE et ADJECTIVE [MARKER] NOUN ADJECTIVE
NOUN ADJECTIVE [MARKER] NOUN ADJECTIVE et ADJECTIVE
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The markers in the middle two structures are separated from the full forms of the
related elements by the interruption of an elliptical form of a term, while those in the
first and last structures are contiguous. Applications that reject contexts entirely if
proximity conditions are not met will reject a similar number of contexts, but may
exclude different kinds of contexts. If the examples illustrated had a similar,
prototypical X(cause) + [MARKER] + Y(effect) structure, an application might reject
proportionally more contexts in which an effect was present in elliptical form in
English, and more in which an elliptical cause was present in French. The overall effect
of this variation — given that ellipsis may occur in one or more of the roles in a given
context — is hard to predict. However, variation in application performance in at least
some contexts is very plausible. One can imagine, for example, problems posed when
research focuses on specific terms or classes of terms that are more likely to play a
specific role in a relation (e.g., in searching for information on the causes of a given
disease). In these cases and under the conditions described above, the recall of an
application in one language might be somewhat higher than in the other. (Nevertheless,
given that the proportions of potentially affected contexts are reduced by each additional
condition imposed (on the relation, pattern structure, class of related element,
participation of that element in a given relation, and so on), the ultimate effect of such
differences could well be insignificant. Much would depend on the volume of data being
processed and the requirements in terms of recall for a given application.)
The phenomenon of NOUN NOUN terms in English (e.g., as in breast cancer) may
also pose difficulties for applications that attempt to identify related elements
automatically using POS classes, since their elliptical forms may be difficult to
differentiate from complete terms in contexts such as Example 166:
166. Recent data highlight mechanisms for how myeloperoxidase
can promote lipid and lipoprotein oxidation in vivo. (Brennan
and Hazen 2003)

An automatic application could easily be misled into identifying either a single related
element, lipid, or two distinct elements of which one is incomplete, lipoprotein
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oxidation and lipid (rather than lipid oxidation). The structures more commonly used
in French, including

NOUN

de

NOUN

and

NOUN ADJECTIVE

combinations, are not as

likely to raise this kind of problem (although of course they may pose other difficulties).
As well, although only a few occurrences of this phenomenon were observed and
thus statistical significance cannot be evaluated, more occurrences of multiple types of
ellipsis were observed in the French results than in the English. A significant variation
in this phenomenon would create additional complexities for any application attempting
to identify related elements automatically within extracted contexts in French.
As noted above, more data and considerably more in-depth analysis would be
necessary to develop formal representations of this phenomenon that could be
implemented in pattern forms. It will be very important in gathering this data to include
occurrences of as wide a variety as possible of complex elements (e.g., by using a
substantially increased range of terms or even a methodology that is not term-based in
gathering the data), in order to reduce the possibility of observing variations linked to
the behaviour of specific terms.

4.9.1.5

Repetition of markers and marker elements

In connection with complex elements, the phenomenon of repetition of a marker or of
part of a complex marker form in connection with multiple elements sharing a role a
relation may be observed, and is illustrated in Examples 167 to 170.
167. Microalbuminuria (urinary ACR>2 mg/mmol) was detected in
32.2% of patients with diabetes and in 14.7% of patients
without diabetes. (MacIsaac et al. 2004)
168. The mammographic density does not increase with tibolone,
unlike with HRT. (Kocjan and Prelevic 2003)
169. Diverses recherches ont cependant montré que leur emploi au
long cours, conduit à la prolifération de la glande mammaire et
au risque accru de cancer de l'endomètre… (Kirkiacharian
2000)
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170. L’activation des ostéoclastes est responsable de
l’hyperrésorption osseuse et de la libération de facteurs de
dégradation… (Tubiana-Hulin et al. 2001)

As may be observed in these contexts, commonly repeated items included
prepositions such as in, with, à and de. Of course, cases such as these often involve the
interruption of complex markers (discussed in Section 4.10.1.2). Clearly, this kind of
separation makes the identification of all relations present in the contexts more
challenging in more automated approaches, as the pattern form is complete in one
occurrence and only partial in another. Complex pattern forms that would allow for
repetition of a whole marker or a part of a complex marker would be more challenging
to develop and would also be vulnerable to considerable noise, given the frequency with
which these prepositions occur.
The phenomenon of repetition of a marker or part of a complex marker was
relatively widespread in the French data, found in 7% of observed relation occurrences.
In the English, however, it was quite rare, found in only 1%. Table 85 illustrates this
distribution and shows a significant difference between the two data sets (p < 0.001).
Table 85. Comparison of the repetition of markers or marker elements (RM) in English
and French
RM+
RMTotal

EN
4
438
442

FR
24
325
349

Total
28
763
791

The significance of this difference remains high (p < 0.001) when this figure is
considered as a proportion of the occurrences of multiple related elements (3% of the
189 occurrences in English and 15% of the 169 occurrences in French).
Both this phenomenon and the difference between the languages have both
positive and negative effects for pattern-based tools. The primary difficulty posed by the
phenomenon is the risk that, for pattern forms that describe contexts in which markers
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may occur and do not allow for this variation, this repetition may constitute an
interruption of the form and interfere with the recognition of contexts or one or more of
their constituents.
In contrast, however — and in French particularly — repetition of parts of
complex markers may be a good indicator that multiple related elements are present, and
may help in identifying these more easily (since applications could search, for example,
for a preposition such as the frequently repeated à or de followed by a noun phrase).
However, the frequency of these combinations means that this kind of strategy would
likely be very vulnerable to noise or other difficulties, as in Examples to 171 to 174:
171. … une diminution importante des complications micro et
macrovasculaires, de même qu’une diminution de la mortalité
liée au diabète. (Gonzalez and Palardy 2004)
172. Dans des lignées de cancer du sein et de la prostate, BRCA1
inhibe la transcription dépendante du REα de gènes impliqués
dans la prolifération cellulaire. (Pujol et al. 2004)
173. Même très modéré, il fait craindre la rechute, car les femmes
pensent que cette séquelle est due à un traitement plus
important à cause d’une tumeur agressive. (Bobin et al. 2002)
174. En conclusion, BRCA1 et BRCA2 pourraient participer
activement à la prolifération et à la différenciation induite par
les œstrogènes, en particulier au cours des périodes
d’exposition hormonale… (Pujol et al. 2004)

In Examples 171 to 173, forms of de and à are found in the context of markers
containing these elements, but do not introduce additional related elements. This is also
the case in Example 174, but the structure is even more potentially problematic, since
the second occurrence is preceded by a marker that can link multiple elements, en
particulier, and thus closely resembles a structure in which repetition of part of a marker
might occur.
Given this vulnerability, it is debatable whether there would be a significant
return on investment for adapting pattern forms to use this phenomenon in identifying
elements linked in relations; what is clear is that if this were done, the effort is likely to
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be most profitable in French. It does seem evident, however, that French patterns
should at least be adapted to allow the repetition of markers or marker elements before
each one of multiple elements involved in a relation, to reduce problems in recognizing
contexts. This is an additional, if minor, step to be taken in the design of pattern forms
as compared to English, for which this phenomenon is likely not common enough to be
worth taking into account.

4.9.2 Form of the elements linked by markers
While many research projects have focused on patterns linking nouns and noun phrases
only, it is interesting to note that not all related elements are nominal in form. Nonnominal forms that may be found using patterns that allow for variation in the POS of
related elements include some types of anaphora (i.e., those involving non-nominal
anaphoric expressions), adjectives (Examples 175 to 178), verb phrases (Examples 179
and 180) and propositions (Examples 181 to 184).146
175. ONOO[middle dot]- is an important mediator of lipid
peroxidation and protein nitration, including oxidation of LDL,
which has dramatic proatherogenic effects. (Griendling and
FitzGerald 2003a)
176. CRP, sCD40L, and IL-18 are three inflammatory markers that
result in endothelial activation. (Szmitko et al. 2003)
177. L'événement osseux, quant à lui, a été ainsi défini : …
nécessité d'une radiothérapie antalgique ou recours à un
nouveau traitement antitumoral en raison d'une progression
osseuse. (Tubiana and Hulin 2001)
178. …les facteurs de risques cardiovasculaires traditionnels tels
que l'hypertension, les dyslipidémies, le diabète et l'obésité
tronculaire sont en effet observés avec une fréquence
croissante… (Duong et al. 2003)
179. Thus, the fractalkine/CX3CR1 system may contribute to the
pathogenesis of vascular and tissue injury by enhancing cell
adhesion… (Umehara et al. 2004)

146

See Section 2.3.1.5.2.1 for a description of the importance of anaphora and Section 4.9.2.1 for an
analysis of the observations in the corpora.

331
180. … p8, en s'associant aux protéines Smad, pourrait alors
participer à un complexe transcriptionnel pour régler la
transcription de gènes cibles impliqués dans le déroulement des
phénomènes décrits ci-dessus… (Vasseur and Iovanna 2003)
181. CRP can also induce monocytes to express tissue factor…
(Willerson and Ridker 2004)
182. The basic grafting procedure--bypass surgery--is performed
500,000 times a year in the U.S. to treat coronary arteries that
are becoming blocked as a result of atherosclerosis.
(Beardsley 2000)
183. Les cellules vasculaires sont avides de cholestérol, ce qui
aidera le mélange gène-cholestérol à se coller assez longtemps
sur la paroi pour freiner la prolifération des cellules… (Simard
and Dussault 1997)
184. Lorsqu'il est activé, il induit une cascade de phosphorylations
intracellulaires, conduisant à une transcription de protéines et
à une croissance cellulaire accrues. (Cornez and Piccart 2002)

The development and refinement of pattern forms that can accommodate these
types of elements poses certain challenges. An alternative is the use of an approach that
does not place limits on the types of elements that may appear with markers (for
example, a character-string-based approach using only the marker itself). The former
option would require an analysis of significant numbers of occurrences of markers in
order to identify the various forms that may occur with each one; the latter, due to its
reduced specificity, would open the door to considerable amounts of noise in the results.
Another issue in this area is the way in which information extracted from
contexts containing non-nominal related elements may be used. This of course will vary
according to the user’s goals and the approach envisioned. More highly automated
applications, focused for example on automating ontology construction, are less likely
to be able to find immediately useful information in such contexts, since it is very
unlikely that propositions, adjectives or affixes will correspond to the nodes of an
ontology. (However, these “non-standard” items may in fact be variants of terms
corresponding to concepts in the sense of Daille (2005).) The same problem may be
posed for semi-automatic applications used to establish links between entries in term
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bases, although the difficulty is somewhat mitigated by the possibility of human
interpretation of the results, allowing such structures to be recognized as denoting
concepts that appear in the base associated with another (likely nominal) surface form.
However, in semi-automatic approaches for purposes such as acquisition of domain
knowledge and formulation of definitions — which are likely to be much more heavily
dependent on user interpretation in any event — such cases should pose fewer serious
problems, and may be as useful as those linking two nouns or noun phrases.
The vast majority of the occurrences of patterns observed linked elements in
noun or noun form.147 This indicates that pattern forms that specify the POS class to
which related elements may belong — generally nouns or noun phrases — could
identify a large proportion of the occurrences identified in this research, in either of the
languages.
Some occurrences in both languages would nevertheless be excluded; the
significance of this would depend on the situation in which a pattern-based tool is used.
Cases in which high recall is desired would of course be more seriously affected.
Moreover, if large amounts of data are to be processed, the numbers of occurrences
excluded could become more significant. Conversely, applications in which little human
interpretation is intended and/or that require a high level of correspondence between the
items located in texts and terms or concepts in specific forms or types of forms that may
appear in resources such as ontologies or term banks, may not be able to use
occurrences involving non-nominal forms in any case. In such a situation the exclusion
of these contexts could increase precision in the results.

147

Of course, the approach used in the project is very likely to have contributed to this, as the terms
chosen to generate the contexts for analysis were nouns or noun phrases, and in order for contexts to be
retained and annotated these terms were required to be linked to the pattern marker (i.e., to denote one of
the concepts involved in the relation). This means that at least one item participating in every relation
annotated was required to be a noun or noun phrase. However, even taking this phenomenon into account,
the proportions of related elements in noun form were very high.
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In an analysis of the types of non-nominal forms observed, it becomes clear
that the classes of these related elements are consistent in the two data sets, with
adjectives, verb phrases and propositions identified in both English and French (in
addition to cases of pronouns and some other types of anaphora). However, as
illustrated in Table 86, the languages differ in the frequency with which this
phenomenon was observed.
Table 86. Comparison of proportions of relation occurrences containing non-nominal
(NN+) related elements in English and French
NN+
NNTotal

EN
37
405
442

FR
58
291
349

Total
95
696
791

In English, 3% of relation occurrences involved adjectival elements, 2%
propositional and pronominal, and 1% verbal, for a total of 8%, while in French 6%
contained adjectives, 5% pronouns, 4% propositions and 1% verb forms, for a total of
17%. Thus, while the different categories show perfect rank-order correlation, the
proportions of occurrences involving these phenomena are quite different. The
distribution among the different types may be represented as in Table 87.
Table 87. Comparison of the proportions of relation occurrences containing various
types of non-nominal and exclusively nominal related elements in English and French
Adjectives
Propositions
Pronouns
Verbs
Nouns only
Total

EN
15
8
10
4
405
442

FR
21
15
17
5
291
349

Total
36
23
27
9
696
791

If the proportions of contexts containing non-nominal related elements are
compared using the Chi-square test, the difference is statistically significant (p < 0.001),
with the phenomenon more common in the French results. The difference appears to
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result primarily from the category of propositional and verbal elements (considered
together to permit statistically valid evaluation) and of pronominal elements, which
when considered individually are also significantly more frequent in French (p = 0.033
and p = 0.045, respectively). The proportion of adjectival elements also shows a trend
towards higher frequency in French (p = 0.079).
This consistently higher proportion of related elements occurring in non-nominal
form suggests that the exclusion of contexts containing such forms would have a greater
impact in French, eliminating a disproportionately high number of potentially useful
contexts in this language.
Another point may be raised in relation to applications that focus on the
identification of relation occurrences involving specific terms or candidate terms. As the
terms used in such cases are also likely to be nominal in form, again there is the
possibility of a higher proportion of silences in the French results. Moreover, the
excluded contexts may in fact contain potentially interesting variants of terms of interest
for such applications (e.g., relational adjectives derived from terms, verb phrases or
propositions that are equivalents of more conventional term forms including nouns
derived from verbs, pronouns replacing terms).
In both corpora, regularities may be observed in the associations between
specific markers and non-nominal elements. In English, for instance, the marker marker
and in French the markers facteur de risque and complication de were observed with
adjectival related elements, as in Examples 185 to 187:
185. The inflammatory marker C-reactive protein (CRP) can
indicate low-grade chronic inflammation… (MacKenzie 2004)
186. … les facteurs de risques cardiovasculaires traditionnels tels
que l’hypertension, les dyslipidémies, le diabète et l’obésité
tronculaire sont en effet observés avec une fréquence croissante
chez les patients VIH+ … (Duong et al. 2003)
187. Les interactions entre système rénine-angiotensine et
complications vasculaires du diabète constituent un autre
exemple de l’implication du TGF-ß. (Michel 2004)
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In addition, causal events as they appeared in conjunction with causal agents,
as discussed in Section 4.9.1.2, were often indicated by verb phrases introduced by such
markers as by and en.
Regular associations between specific markers (of relations or of the relationship
between multiple related elements) and forms of related elements may be of use in
developing pattern forms that can identify these kinds of contexts. If the importance of
the phenomenon were considered to merit it, the analysis in some cases could even be
extended to the identification of a nominal form from which these adjectives are derived
and that constitutes a more promising element for further applications (e.g.,
inflammation for inflammatory, vaisseau for vasculaire). The parallels observed in the
two data sets once again show promise for the adaptation of developments in one
language for use in the other, although of course adjustments would be necessary.

4.9.2.1

Anaphora

Challenges in KRC identification and processing may be introduced when one of
constituents of a KRC — and particularly one of the elements linked by a relation — is
represented by an anaphoric expression. This phenomenon may involve the replacement
of an element or part of an element by a pronoun (e.g., Examples 188 to 190), a
possessive adjective (e.g., Example 191), a generic (e.g., Examples 190 and 192 to 195),
or a quantifier (e.g., Example 196).
188. This enhances retention of the lipoprotein and possibly
triggers, along with oxidation, the formation of a recognizably
foreign substance… (Caslake and Packard 2003)
189. … les métastases à distance demeurant dormantes aussi
longtemps que la tumeur primitive est en place, celle-ci
exerçant un rétrocontrôle négatif sur la croissance des
micrométastases … (Brain 2000)
190. L’importance de ces facteurs a été reconnue par le fait qu’ils
stimulaient la prolifération, la migration et la formation de
tubes vasculaires in vitro par des cellules endothéliales. (Blot et
al. 1999)
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191. Regulation of the apoptotic pathway by NF-[kappa]B may
affect both the pathogenesis of breast cancer and its response
to chemotherapy and radiation. (Garg et al. 2003)
192. While heredity can influence a person's susceptibility to
development of the disease, a sedentary lifestyle and long-term
obesity are key triggering events for most people. (Haskell
2003)
193. Clinical studies assessing the relationship between
myeloperoxidase levels and acute coronary syndrome risks
may help answer the overall relationship between this enzyme
and development of the vulnerable plaque. (Brennan and
Hazen 2003)
194. … Les résultats publiés apparaissent très encourageants, ne
montrant pas d’effet apparemment délétère de ce traitement
sur la maladie cancéreuse mammaire préexistante. (Gorins et
al. 2003)
195. On se doit de dire ici qu’une réponse partielle était fournie par
le fait que les seules tumeurs induites chez les souris D1-/transgénisées par ces deux oncogènes étaient effectivement
des tumeurs de la mamelle. (Larsen 2001)
196. … dyslipidaemia, malnutrition and inflammation [1*,2,3*],
some of which have also been linked to the pathogenesis of
anaemia itself. (Stevens and Levin 2003)

This phenomenon may have a significant impact on approaches used for
identifying KRCs in corpora. The efficiency of tools that extract contexts of fixed length
may be affected by anaphora (as more distant antecedents may not appear within
contexts), and even those that work at a sentence level may also be vulnerable in some
cases, as the antecedent of an anaphoric element may be extrasentential (as illustrated in
Examples 188, 194 and 195). A user may thus require access to a larger context in order
to identify pertinent elements in the relation. In more automatic applications, this
problem is clearly more serious, as human involvement may be impossible.
Approaches based on identification of lexical markers linking two terms or
candidate terms (or even, for example, nouns or noun phrases) may miss occurrences of
relations because a given term form or part of speech is not present in context, or the
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term form present in context may be significantly different from any form that is —
or should be — included in a term base.
At a conceptual level, the impact of anaphora for any knowledge-extraction
application is clear; the identification of concepts linked by a relation is more difficult
for a human — and certainly extremely problematic for automatic applications — when
concepts are represented entirely or in part by anaphoric expressions. While in some
cases the anaphoric element may be useful to some degree (e.g., in instances where the
generic that replaces a related element may provide some indication of the nature of the
concepts involved in a relation), in others (e.g., in the case of pronouns and possessive
adjectives), the anaphoric element itself is not useful for gaining knowledge. Moreover,
even the replacement of a specific concept by a more generic one may be problematic,
in that if only a generic is identified in the context, some information will be lost or —
perhaps worse — unwarranted generalizations could be made about the existence of
relationships involving all members of a class rather than only a specific one.
Even in cases in which anaphora occur in elements outside the structure of
related elements, they can pose difficulties for the interpretation of contexts provided, as
they indicate that a larger context is required for full comprehension of the information
conveyed, including for example the specific nature of an interaction, the basis on which
conclusions were drawn and the strength of this evidence, and so on. Certainly, if
markers are modified or replaced by anaphoric expressions, the impact on KRC
extraction is also significant; however, this was rarely observed in the data in this study.
Minimizing these difficulties requires careful design of pattern forms that take
into account variations due to anaphora and the impact that these have on the usefulness
of candidate KRCs for the intended application.
A comparable number — and considerable proportion — of relation occurrences
containing anaphoric elements (in any part of the context) were observed (56 in English
and 60 in French, constituting 13% of the total number of relation occurrences in
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English and 17% in French). These figures can be represented as shown in Table 88,
which shows a difference that is just short of statistical significance (p = 0.058), with a
strong trend towards a higher proportion of occurrences in French.
Table 88. Comparison of proportions of relation occurrences including anaphoric
expressions (AE) in English and French
AE+
AETotal

EN
56
386
442

FR
60
289
349

Total
116
675
791

If the proportions of occurrences of anaphora are compared (as some relation
occurrences contained more than one case), this trend becomes more pronounced, with
61 cases in English and 66 in French.
From this comparison, it is clear that difficulties posed by anaphora for the
identification of complete information about concepts and the relations linking them are
likely to be fairly widespread in both languages. Careful handling of this phenomenon in
applications for knowledge extraction (particularly those that aim to identify the
elements linked by a relation automatically) is important, since a significant amount of
potentially useful information could be lost if this phenomenon were not accounted for
in application and/or pattern development (e.g., in ensuring that access to wider contexts
is available and in designing pattern structures that admit anaphoric expressions).
However, the higher prevalence observed in the French data suggests that this language
may encounter somewhat more difficulties in this respect, both at the level of their form
(in the challenges of adequately representing the phenomena in pattern forms) and their
interpretation (in the identification of antecedents and the information they contribute to
the context). Strategies designed to deal with this phenomenon may be more important
to develop in this language, although more data would be necessary to confirm whether
the apparent difference observed in this work is observed in other corpora and/or sets of
relation occurrences.
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These challenges — and the strategies required to deal with them — may
vary in nature depending on the type of anaphoric element observed. The numbers of
relation occurrences containing various types of anaphoric expressions are compared in
Table 89, and the number of occurrences of each type in Table 90. The rank order of the
different categories of anaphoric elements in the two data sets shows a weak positive
correlation, with the second and third categories (pronouns and possessive adjectives)
inverted. The comparison of the proportions of occurrences of various types of
anaphoric elements in the two data sets using the Chi-square test (with the categories of
pronouns and quantifiers combined in order to allow for statistically valid comparison)
does not show any significant differences in the proportions of occurrences
corresponding to these types (p = 0.200), although the proportion of possessive
adjectives in French is slightly higher.
The difference in the prevalence of the phenomena observed in the two data sets
results from an accumulation of smaller differences in most of the specific types of
anaphora in this category. The proportions of relation occurrences that contained
anaphoric elements in the form of pronouns and generics were not significantly different
(p = 0.290 and p = 0.760 respectively), and the numbers of quantifiers playing this role
were too low to be compared using the Chi-square test. However, a significantly higher
proportion of the category of possessive adjectives was observed in French (p = 0.033).
This indicates that this phenomenon would be particularly important to take into account
in French; however, as even in this language it does not affect a large proportion of the
contexts overall (6%), the decision to do so would depend on the situation in which an
application is to be used.
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Table 89. Comparison of the proportions of relation occurrences containing
anaphoric elements of various types148
Quantifier
Pronoun
Possessive
adjective
Generic

EN
4
16

FR
1
18

Total
5
34

12

20

32

28

24

52

Table 90. Comparison of the proportions of occurrences of anaphoric elements of
various types
Quantifier
Pronoun
Possessive
adjective
Generic
Total

EN
4
16

FR
1
19

Total
5
35

12

22

34

29
61

24
66

53
127

Some of the possibilities for analyzing contexts automatically and identifying
antecedents of these anaphoric elements can be evaluated according to the nature of the
anaphoric expressions observed. As shown in Table 91 and Table 92, 9 separate English
pronoun forms were observed in 16 occurrences of this type, and 8 of these were
marked for number and none for gender. In contrast, 5 pronouns were observed in
French in 18 occurrences; four of these are marked for number and three for gender.
Moreover, while the proportion of the pronouns that are marked for number is
high in both samples (50% and 80%), the lack of marking of pronouns for gender in
English and the high proportion of the French pronouns that are so marked (resulting of
course from the use of grammatical gender in French and not in English) may have
some impact on possibilities for automatic processing of contexts as well as human
interpretation in some cases. Pronouns that are marked for number and gender may offer

148

As more than one type of anaphoric expression was noted in some contexts, these figures total more
than the number of relation occurrences containing the phenomenon overall. For this reason, no total is
given here.
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possibilities for locating antecedents of pronouns automatically, as these criteria
may help to identify the appropriate element in the context of occurrence of an
anaphoric element, or at least to eliminate incompatible possibilities. The lack of
marking for gender in English is thus a potential disadvantage for such applications in
this language.
Table 91. English pronouns functioning as anaphoric elements
Pronoun
it, they
that, those
this, these
all
both
itself
ones
other
which
Total

Occurrences
5
3
2
1
1
1
1
1
1
16

Table 92. French pronouns functioning as anaphoric elements
Pronoun
il (ils, elle)
en
celles
lui
ce
Total

Occurrences
11
5
1
1
1
19

The variety of possessive adjectives in the two data sets, as shown in Table 93
and Table 94, was relatively parallel, with two forms found in English, and two in
French.
Table 93. English possessive adjectives functioning as anaphoric elements
Pronoun
its
their
Total

Occurrences
11
1
12
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Table 94. French possessive adjectives functioning as anaphoric elements
Pronoun
son (sa, ses)
leur (leurs)
Total

Occurrences
10
10
20

Once again, these (its and their in English and son and leur in French) are
marked for the number of their antecedents in both languages; the marking for gender in
French is however not pertinent in this context because it is a function not of the
antecedent, but rather of the noun that it modifies. (The French possessive adjective
forms of course also reflect the number of the elements they modify — e.g., in the
distinction between son and ses — but this is also not pertinent for this analysis.) Thus
in these cases, neither language shows particular advantages over the other.
The strong resemblances in the data sets in the form of structures involving
generics also suggest that there are similar challenges and possibilities in the two
languages. Anaphoric elements containing a generic generally took the form of a noun
preceded by a definite article or demonstrative adjective — in English generally this and
these and in French, ce, cette, and ces — as in Examples 197 to 201, although in some
cases quantifiers were also present, as in Examples 202 to 204.
197. Although promising, this kinase is a critical regulator of many
basic cellular processes, including development, cardiac
growth and hypertrophy, and tumorigenesis. (Force et al. 2004)
198. … this phenomenon contributed, at least in part, to
diminished atherosclerosis years later. (Yan et al. 2003)
199. A family history of breast cancer is recognized as one of the
most important risk factors for the disease. (Yang and
Lippman 1999)
200. … entraîne l'activation de la fonction tyrosine kinase du
domaine intracellulaire du récepteur. Cette activation entraîne
de nombreuses réponses cellulaires avec stimulation de la
croissance et de la division cellulaire… (Penault-Llorca et al.
2002)
201. Ce processus peut être modifié au cours de certains
phénomènes pathologiques comme le cancer, l’athérosclérose
ou le diabète. (Blot et al. 1999)
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202. … both ovarian steroids are known to play key role [sic] in
mammary gland development during pregnancy. (Sicinski and
Weinberg 1997)
203. Toxicity remains a major concern, because many of these
kinases not only play roles in the pathogenesis of diseases but
also function in pathways that regulate the most basic of
normal cellular processes. (Force et al. 2004)
204. On se doit de dire ici qu’une réponse partielle était fournie par
le fait que les seules tumeurs induites chez les souris D1-/transgénisées par ces deux oncogènes étaient effectivement
des tumeurs de la mamelle. (Larsen 2001)

In two other cases in French, a generic was introduced by un tel (Example 205).
205. Un
tel
programme
d’exercice
physique
permet
l’augmentation du HDL cholestérol … (Ferrières 2004)

This phenomenon may affect an entire related element, as above, or only a part of a
more complex element, as in Examples 206 and 207.
206. Long-term activation of these appropriate responses leads to
left ventricular remodelling… (Stevens and Levin 2003)
207. L'activation de ces récepteurs commande la transcription des
gènes insulinosensibles… (Leblond 2001)

Another notable point is that of the possibilities offered by the GENERIC–SPECIFIC
link that holds between (at least some of) the anaphoric elements involving generic
terms to replace a more specific one. Depending on the approach used and the
information available, identification of antecedents might be assisted by using
established

GENERIC–SPECIFIC

links between known terms. Alternatively, links between

a generic anaphoric element and its antecedent, once identified by the user, could be
added to the stock of information about relations between terms.
In a more specific analysis of only the proportions of relation occurrences in
which an entire related element or the head of an element was an anaphoric expression
(6% in English and 11% in French), this phenomenon was observed to be significantly
more prevalent in French overall (p = 0.021). The data are shown in Table 95.

344
Table 95. Comparison of proportions of relation occurrences with related elements
in the form of anaphoric elements (REae) in English and French
REae+
REaeTotal

EN
27
415
442

FR
37
312
349

Total
64
727
791

This overall difference results primarily from smaller discrepancies observed in
two specific types of expressions. When the types of anaphoric elements are considered
individually as a proportion of the relation occurrences, higher — but not significantly
higher — proportions of anaphoric expressions in pronoun and quantifier form (p =
0.156), as well as those involving generics (p = 0.109) are observed in French.
However, no differences are noted among the individual types as a proportion of
the occurrences including anaphoric expressions replacing related elements, indicating
that the proportions of occurrences belonging to each type are relatively similar in the
two data sets. The figures are shown in Table 96.
Table 96. Comparison of proportions of relation occurrences with related elements in
the form of anaphoric expressions, by type, in English and French
Pronouns
Possessive
adjectives
Quantifiers
Generics
Total

EN
10

FR
14

4

5

1
12
27

1
17
37

As the phenomenon of related elements in the form of anaphoric elements is
significantly more frequent in the French data, more difficulties associated with it,
including challenges for formal representation in pattern forms (particularly in the case
of pronouns) and the difficulty of obtaining complete information about the concepts
linked by a relation, may be observed in this language. Fortunately, much of this
difference comes from the use of generics, which — although less precise than a
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specific — at least provide some useful information, However, even without this
category, the prevalence of the phenomenon in French is higher.
From these results it may be concluded that overall the anaphora observed show
strong parallels in the data in the two languages, and that techniques for dealing with
these phenomena in one language may prove to be good starting points for the
development of strategies for use in the other, despite some relatively minor variations
in the distribution of the various phenomena overall. The exceptions to this rule may be
the use of possessive adjectives, which was significantly more frequent in the French
data, and some of the characteristics of the pronouns observed that may affect the
development of strategies for the resolution of anaphora for applications — or even
humans — that attempt this task.
The connection between the prevalence of related elements in non-nominal form
and that of certain types of anaphora (i.e., related elements that take the form of
anaphoric elements such as pronouns and possessive adjectives) should not be
disregarded. When the data are analyzed, it becomes clear that a relatively small
proportion of adjectival related elements are cases of anaphoric elements in the form of
possessive adjectives (4 of 15 in the English data and 5 of 21 in the French data). This
proportion of the cases observed makes only a minor contribution to the higher
prevalence of related elements in adjective form observed in the French data. However,
in the case of pronouns, it becomes clear that those that are anaphoric expressions
constitute the majority of the occurrences overall (all of the 10 cases in English and 14
of 17 cases in French). These contribute significantly to the higher prevalence of this
phenomenon observed in the French data, although according to these limited data
pronouns appear to be more widely used in contexts in this language both as anaphoric
elements and as independent entities.
More research into the prevalence and forms of anaphoric expressions could help
to determine whether the slight differences observed in many of these factors become
significant in light of more data. It may also be interesting to study the types of elements
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that are replaced by anaphoric expressions in contexts, to evaluate whether
regularities may be observed in their nature or the nature of their antecedents, as well as
whether methodological decisions in this research (e.g., the choice of corpus texts and
text types or of candidate terms, or the requirement that relation occurrences involve the
concepts denoted by these terms) have contributed significantly to the observations.

4.10

Challenges in using knowledge patterns and extracted
contexts

In this Section, a number of difficulties for the identification, analysis, and ultimate reuse of knowledge-rich contexts will be discussed, as outlined in Section 2.4. These
include interruptions of patterns, the presence of expressions of uncertainty in candidate
KRCs, and text-related issues. In addition, proportions of relation occurrences in which
a range of challenges were observed and will be compared, to provide an overview of
difficulties of the approach.

4.10.1 Pattern interruptions
In developing pattern forms for use in KRC extraction, it is clearly necessary to take
into account the natural variability of language — and thus the frequency with which
basic pattern forms (e.g., X + [MARKER] + Y) may be modified in texts, as well as the
ways in which this may occur.
Various types of external elements may interrupt pattern forms at different
locations; the part of the pattern form that is interrupted helps to determine the effect
this phenomenon may have on the recognition, extraction and processing of KRCs, and
the resulting effect on pattern-based tool performance. The different types of
interruptions observed will be described below, with specific attention to those that are
particularly pertinent for semi-automatic knowledge extraction: the interruption of
patterns by other patterns, of complex markers, and of related elements.
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A significant proportion of the contexts analyzed — 66% in English and 58%
in French — contained pattern structures that were interrupted by external elements. The
proportions of relation occurrences including this phenomenon are compared in Table
97.
Table 97. Comparison of the proportions of interrupted relation occurrences (INT) in
English and French
INT+
INTTotal

EN
293
149
442

FR
202
147
349

Total
495
296
791

A significant difference in the frequency of pattern interruption was found in the two
data sets (p = 0.015), with the phenomenon proportionately more frequent in English
than in French. This indicates that although the phenomenon affects many relation
occurrences in both languages, its impact in English may be greater.
This strongly suggests that this phenomenon will be essential to take into
account in designing pattern forms for use in semi-automatic applications, particularly if
these patterns restrict the structures in which markers may occur, and if applications
attempt to identify the related elements in KRCs automatically. Unless a high level of
silences is considered acceptable for a given application, pattern forms must allow for
the insertion of these external elements within one or more of the elements of the
pattern.
Investigating the specific source of this difference between the two corpora may
help to determine exactly how this difference may affect the process of pattern design
and application performance. Below, the proportions of relation occurrences in which
complex markers and related elements were interrupted will be analyzed. First,
however, the proportions of occurrences of other types of interruptions will be
presented.
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4.10.1.1

Interruptions of patterns

In a significant proportion of the relation occurrences observed, the relation marker was
not contiguous with one or more of the linguistic expressions representing concepts
involved in the relation. This is often the case, for example, when a sentence includes a
relative clause, as in Examples 208 and 209.
208. Activation that endures beyond the resistance stage is
hypothesized to cause disease. (Schwartz 2003)149
209. Dans les cellules, ce sont les facteurs d’échange qui collectent
les signaux qui déclenchent l’activation des protéines G.
(Cherfils and Pacaud 2004)

In addition, non-contiguity of pattern components may also be observed when more
than one relation and pattern (i.e., pattern marker) is present in a given context, as in
Examples 210 and 211.
210. Antioxidants are molecules that can prevent or reduce the
extent of oxidation to the oxidizable substrate. (Kang 2002)
211. Les rétinoïdes règlent la croissance cellulaire [19], modifient
la prolifération [20], inhibent l’ornithine décarboxylase [21],
facilitent la différentiation et l’apoptose [22,23].

It may also occur when two or more elements share a role in a relation (cf. Section
4.9.1), as in Examples 212 and 213.
212. This enhances retention of the lipoprotein and possibly
triggers, along with oxidation, the formation of a recognizably
foreign substance… (Caslake and Packard 2003)
213. Les lésions ou stimulations vasculaires en particulier
endothéliales entraînent une augmentation de libération et de
synthèse de facteur Willebrand. (Drouet and Bal Dit Sollier
2002)

Interruption may also result from the modification of a relation marker or one of the
elements linked by the relation, as illustrated in Examples 214 to 216.

149

The presence of an expression of hedging, is hypothesized to, in this context of course also constitutes
an interruption of the pattern structure. Hedges will be discussed separately in Section 4.10.2.2.
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214. The response to injury hypothesis developed by Russell Ross
in the late 1970s suggested that atherosclerosis, at least,
resulted from an initial injury to endothelial cells, leading to
impaired endothelial function… (Griendling and FitzGerald
2003a)
215. Valantine [26] a évalué l’impact du ganciclovir administré en
prophylaxie immédiate après transplantation cardiaque sur
l’athérosclérose du transplant au cours d’une étude randomisée
contrôlée versus placebo chez 149 patients consécutifs.
(Chidiac and Braun 2002)
216. … les LDL oxydées induisent à leur tour une activation de
l’endothélium…. (Arnal et al. 2003)

Finally, this phenomenon may occur when other elements such as discursive markers
and references are present, as in Examples 217 and 218.
217. Toxicity remains a major concern, because many of these
kinases not only play roles in the pathogenesis of diseases but
also function in pathways that regulate the most basic of
normal cellular processes. (Force et al. 2004)
218. L’accumulation de la cycline D1 résulte, d’une part, de
l’induction transcriptionnelle de son gène, et, d’autre part, de
l’activation de la traduction de son ARN messager. (Blanchard
2003)

Moreover, two or more of these factors commonly co-occur within a single
context, further complicating the structures of the patterns and the task of representing
them.
Any element occurring between a relation marker and the elements it links can
pose problems for recognition of contexts and identification of related elements if
pattern forms specify structures in which pattern markers may appear. Pattern forms
should allow for a certain amount of variation in structures in order to reduce silences
that may result from interruptions. However, the extreme variability in the form of
interruptions poses significant challenges for developing such pattern forms. The
adaptation of patterns to allow for this phenomenon thus complicates the process of
pattern design considerably, and moreover may introduce possibilities for noise in the
results of extraction. A delicate balance between recall and precision is required to
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obtain the best results for a given application; this balance may shift depending on
the goals of a given project and users’ needs.150
One additional difficulty at a formal level occurs in the analysis of the form of
related elements by applications that automate this task: delimiting the elements that are
linked by a marker may be particularly challenging. For example, modifiers of related
elements may be difficult to differentiate from the elements themselves automatically;
this may be particularly true as the typical forms of complex terms — some of the most
interesting candidates for knowledge extraction — may be very similar to those of
simpler items coupled with modifiers (e.g., in ADJECTIVE + NOUN or NOUN + ADJECTIVE
form).
Approaches that target relations between previously identified candidate terms
avoid this particular challenge in many cases.151 The impact of this problem is also
considerably reduced when specific terms or candidate terms are sought in combination
with markers. These types of applications are more affected by non-contiguity of
markers and related elements (cf. Sections 4.10.1.2 and 4.10.1.3).
In addition to its effect at a formal level, this phenomenon may raise concerns
about the value of the KRCs for knowledge extraction. Modifiers of pattern markers or
related elements that characterize some aspect of the relation being expressed may call
into question the subsequent usability of the context for knowledge extraction. This is
most particularly — but not exclusively — the case with modifiers that express some
kind of uncertainty, as described in Section 4.10.2. Conversely, some modifiers may
also provide additional, specific information about relations, which may increase the
value of contexts for knowledge extraction, as in Examples 219 to 221.

150

Morphological variation in marker forms may also result from the presence of external elements within
pattern structures. While morphological variation of markers was not specifically considered in this
project, it could certainly be an issue in some applications.

151

Of course, if automatic candidate-term extraction tools are used, similar difficulties may be
encountered.
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219. Receptor-mediated
leukocyte
activation
leads
to
conformational changes in LFA-1 structure… (Granger et al.
2004)
220. Le profil lipidique le plus fréquemment retrouvé dans le
diabète de type 2 associe une élévation du taux plasmatique des
triglycerides… (Fredenrich et al. 2004)
221. L’obésité, le syndrome métabolique et le diabète accroissent
notablement le risque de maladies cardiovasculaires. (Lambert
2002)

Unfortunately, it may be difficult to differentiate between these two cases on a
formal level, and human interpretation of each case may be required.
A very significant number of the relation occurrences observed were interrupted
by an external element: 45% of the relation occurrences in English and 40% in French,
constituting 71% and 75% of the interrupted relation occurrences respectively. These
results are compared in Table 98, which indicates that the proportions of interrupted
pattern occurrences in the two data sets are not significantly different (p = 0.153).
Table 98. Comparison of the proportions of relation occurrences with interruption of a
pattern (INTp) in English and French
INTp+
INTpTotal

EN
201
241
442

FR
141
208
349

Total
342
449
791

However, the proportion of occurrences overall that were affected by pattern
interruptions were somewhat higher in English, indicating that pattern design and/or
application performance in this language could be somewhat more affected by this
phenomenon than in French. This kind of difference would involve a greater investment
of time and effort in developing pattern forms that could deal with this phenomenon,
and conversely a higher risk of silences in the results due to the inability to account for
all possible types of interruptions. The accurate identification of related elements would
also be likely to pose additional challenges and require additional investment in English
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due to this phenomenon. However, more data would be required to determine
whether this apparent tendency could become significant.
One difference that can be identified — although it was not counted towards
statistics of pattern interruption in this research — is the relative consistency of the
article appearing with nouns in French (whether these are nouns that constitute parts of
pattern markers, elements linked by these markers, or external elements that appear
within patterns), while in English articles are less consistently present. In applications
that work with contexts of fixed length (in characters or words), the presence of these
articles may indicate a need to use a slightly longer context in French. However, this
consistency does provide some advantages over the less predictable use of articles in
English, as in this latter language, pattern forms that allow for the presence or absence
of articles may be required. However, ideally, this problem would be dealt with
relatively systematically (e.g., by always allowing for an optional article in many pattern
forms) and should not pose serious problems for the development of pattern forms.

4.10.1.1.1 Multiple markers and pattern interruptions by other patterns
One special type of pattern interruption involves the occurrence of two separate patterns
with their own markers in a single context. These patterns may link different elements in
separate relations, or may denote a relation that holds between the same two elements.
The presence of multiple patterns in a given context can raise some interesting questions
for semi-automatic KRC extraction, as these contexts are often both conceptually
information-rich and formally variable and difficult to represent in pattern forms.
One case in which the presence of multiple patterns and pattern markers can be
fairly straightforward is in the presence of “chains” of relations, as in Examples 222 to
224.
222. The inflammatory marker C-reactive protein (CRP) can
indicate low-grade chronic inflammation, which can identify
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patients at risk for atherosclerotic complications. (MacKenzie 2004)
223. In a situation of stress, activation of counterregulatory
hormones and release of cytokines increase insulin
requirement leading to hyperglycemia. (Pantaleo and Zonszein
2003)
224. Les gènes BRCA1 et BRCA2 sont impliqués dans deux tiers
des prédispositions génétiques à l'origine d'un risque majeur
de cancer du sein. (Coupier and Stoppa-Lyonnet 2002)

In these contexts, different kinds of relations between separate pairs of elements may be
observed, indicated by interconnected patterns that can be represented as follows:
225. X indicates Y
(ASSOCIATION)

(ASSOCIATION),

which

identifies

Z

226. X and Y increase Z (INCREASE), leading to W (CREATION)
227. X et Y sont impliqués dans Z (CREATION) [qui est] à l’origine
de W (CREATION)

At a formal level, these may be relatively easily recognized as corresponding to
pattern forms, and thus should not pose serious problems for most knowledge extraction
applications (except for the possibility of multiple occurrences in lists of results, with
the same context presented once for each relation occurrence observed).
In processing contexts (e.g., sorting extracted KRCs according to the relations
present), co-occurrences of relation markers associated with different (sub-)relations
indicate that the sorting process must involve the specific occurrences of each marker.
Clearly contexts cannot be sorted exclusively according to the presence of a marker
anywhere in the context.
In addition, at a conceptual level, the question of the transitivity of relations —
particularly of

CAUSE–EFFECT

relations — does remain to be resolved. Decisions must

be made in interpreting contexts such as Example 223 whether to consider, for example,
that activation of hormones and release of cytokines not only modify insulin
requirements, but are also causally linked to hyperglycemia. (Cf. the analysis of
causation by Kahane and Mel’čuk (forthcoming) described in Section 1.5.2.4.)
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Evaluating the possibilities for this kind of analysis would involve the study of a
significant and varied body of data.
However, these interconnected chains of relations are not the only combinations
of patterns observed in the contexts. An additional type of pattern interruption by
another pattern occurs in complex sentences. In the first case, the principal clause in a
sentence is interrupted by a parenthetical clause that contains another relation, as in
Example 228. This may pose difficulties for the identification of both relations present,
because of interruptions in the case of the relation in the principal clause, and of unusual
pattern form in the case of the parenthetical. In the second case, two clauses containing
relations both involving a common element are juxtaposed, as in Examples 229 and 230,
and may again pose problems because of the interruption of a pattern, in this case by
insertions between the related element and the second pattern.
228. A genetic background that significantly modulates hepatic
lipase activity in vivo may potentially impact on the risk of
coronary heart disease (CHD) and possibly affect individual
CHD response to lipid-lowering therapy. (Zambon et al. 2003)
229. Impaired ANS regulation is associated with greater platelet
activation, contributing to enhanced aggregation and
adhesion to vessel walls. (Harris and Matthews 2004)
230. … l'interaction avec l'ERE concerné peut conduire à
l'activation de la transcription d'un sous-groupe déterminé de
gènes permettant une formation plus ou moins complète de
leurs ARN messagers … (Kirkiacharian 2000)

The necessity of taking these variations into account in designing pattern forms
may complicate this task, and difficulties encountered may interfere with recognition of
relations and reduce recall.
In other — and even more complex — cases, two or more markers may link the
same two elements, as in Examples 231 to 235:
231. Overall, results of our investigation indicate that the
association between risk of breast cancer and HRT varies by
regimen. (Weiss et al. 2002)
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232. Aldosterone has been implicated for many years as an
important substance in the pathogenesis of heart disease.
(Moore et al. 2003)
233. Endothelial cells help create this antithrombogenic surface.
(Granger et al. 2004)
234. This effect was reversed by mevalonate and was attributed to
the inhibitory effect of statins on promoter IV of MHC-II
transactivating factor, leading to suppression of T-lymphocyte
activation. (Davignon 2004)
235. Il en va de même après l'administration d'estrogènes lesquels
réduisent la production d'Il-6 et inhibent la résorption induite
par les ostéoclastes contribuant ainsi à maintenir une bonne
minéralisation et à protéger de la fragilisation des os.
(Kirkiacharian 2000)

In some cases, as in Examples 231 to 233, the two markers are associated with the same
relation or sub-relation, and thus the relation expressed in the context is fairly easily
identified. In these cases, the major difficulty posed by this phenomenon is the difficulty
for pattern recognition posed by the interruption of pattern structures. However, in most
cases observed in the corpora (e.g., Examples 234 and 235), the markers denoted
different CAUSE–EFFECT sub-relations. As a result of this phenomenon, applications that
attempt to classify knowledge-rich contexts according to the relation expressed may
encounter problems. In these Examples, the combination of a marker of CREATION such
as effect of… on, leading to, and contribuer à with markers of another type of
EFFECT

relation such as inhibitory, suppression or maintenir, indicating

PREVENTION

CAUSE–

DECREASE,

and MAINTENANCE, require that the context be sorted into one category or

another, or appear in both (thus creating repetition in the results of the application).
Similar, but more complex, is the situation observed in Examples 236 and 0, in
which markers of

ASSOCIATION,

associated with, risk and risque de, are combined with

reduced and influencer, markers of CAUSE–EFFECT sub-relations (specifically DECREASE
and MODIFICATION).
236. Strenuous PA was generally associated with a reduced breast
cancer risk. (Dorn et al. 2003)
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237. Gènes modificateurs. Facteurs génétiques modulant
l'expression d'une maladie héréditaire (exemple : gènes
influençant le risque de cancer conféré par une mutation
germinale de BRCA1 ou BRCA2). (Bonadona and Lasset
2003)

Classifying such contexts requires a choice between maintaining the precision of
the latter relation, which identifies the type of change likely to occur, and respecting the
level of uncertainty remaining about the potential
elements, as indicated by the markers of

CAUSE–EFFECT

ASSOCIATION.

link between the two

Such difficulties and some

possibilities for dealing with them are discussed further in Section 5.5.3.4 and 5.5.3.5.
One phenomenon that must be discussed in this context is the fact that in many
cases in which multiple markers linking the same element pair were present, one of the
markers present was a strong indicator of the

CAUSE–EFFECT

relation, while the other

was less clearly causal, but nevertheless determined the specific type of sub-relation that
was present. This may be observed in Examples 238 to 242.
238. Loss of ER[alpha] in MCF-7 cells causes reduced expression
of IGF-signaling molecules, diminished IGF signaling, and
failure to proliferate in response to estrogen or IGF-1.
(McCance and Jones 2003)
239. These results indicate that SNS activation may contribute to
impaired endothelial function, possibly because of activation
of [beta]-adrenergic receptors. (Harris and Matthews 2004)
240. As is the case for chemotherapy, radiation-induced NF[kappa]B activation has been reported in a variety of cancer
cell types, including breast cancer, leading to decreased
apoptosis… (Garg et al. 2003)
241. … une athérosclérose prématurée responsable d’une mortalité
coronarienne et neurovasculaire augmentée... (Meyer 2001a)
242. Lorsqu’il est activé, il induit une cascade de phosphorylations
intracellulaires, conduisant à une transcription de protéines et
à une croissance cellulaire accrues. (Cornez and Piccart 2002)

The evaluation and classification of such relation occurrences may be
challenging, because the presence of a relation is most strongly indicated by markers
such as cause, contribute to, lead to, responsable de and conduire à, but the sub-relation
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present is determined by the additional element (i.e., reduced, diminished, impaired,
decreased (DECREASE), augmenté and accru (INCREASE)).
In addition, some markers of

ASSOCIATION

were observed to be very commonly

used with others defining the type of relation present. In fact, some of these markers
were observed to occur exclusively or almost exclusively with another marker of a
relation; such markers included associated with, risk of and risk for in English and
risque de in French, as illustrated in Examples 243 to 252.
243. Moreover, calcification itself might be associated with an
increased risk for subsequent breast cancer development.
(Shaaban et al. 2002)
244. One registry of 727 consecutive patients found that an elevated
baseline C-reactive protein before PCI was associated with
progressive increase in death or myocardial infarction at 30
days. (Shah and Newby 2003)
245. Impaired ANS regulation is associated with greater platelet
activation, contributing to enhanced aggregation and adhesion
to vessel walls. (Harris and Matthews 2004)
246. … there may be subsets of at-risk populations in which high
plant-sterol levels significantly increase the risk of CHD.
(Davidson and Toth 2004)
247. Pike argues that oral contraceptives may slightly increase the
risk of breast cancer, a contention disputed by a number of
other researchers. (Fackelmann 1992)
248. There is good evidence that HRT increases the risk for VTE.
(Kocjan and Prelevic 2003)
249. … cyclin D1 is frequently overexpressed in human breast
DCIS specimens (9, 13), which confers a high risk for the
development of infiltrating ductal carcinoma. (Wang et al.
2003)
250. L’augmentation du risque de cancer du sein liée à la prise de
THS … (Fournier et al. 2003)
251. L’obésité, le syndrome métabolique et le diabète accroissent
notablement le risque de maladies cardiovasculaires. (Lambert
2002)
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252. Les gènes BRCA1 et BRCA2 sont impliqués dans deux tiers
des prédispositions génétiques à l’origine d’un risque majeur
de cancer du sein. (Coupier and Stoppa-Lyonnet 2002)

As noted in Section 3.3.1.5.1.1, for the purposes of this project, such occurrences
were associated with the marker that was most decisive in classifying the relation and/or
sub-relation present (i.e., DECREASE or INCREASE in the case of the first set of examples,
and ASSOCIATION in the second). This does, however, result in the identification of some
candidate markers that are poorer indicators of relations if they occur independently, and
the failure to annotate additional occurrences of strong markers. (Fortunately, these
markers are also generally common, and were thus observed in other contexts.)152
A fairly high proportion of the contexts in both languages contained multiple
markers (22% in English and 21% in French), and in many of these cases the principal
pattern form identified was interrupted by this other marker, with this phenomenon
observed in 15% of the relation occurrences in both English and French and 22.5% and
27% of the interrupted pattern occurrences, respectively. These figures are illustrated in
Table 99 and Table 100, which reflect a strong similarity in the prevalence of the
phenomena in the two data sets (p = 0.709 and p = 0.833 respectively).
Table 99. Comparison of the proportions of relation occurrences containing multiple
markers (MM) in English and French
MM+
MMTotal

152

EN
96
346
442

FR
72
277
349

Total
168
623
791

One way of taking this phenomenon into account in some pattern-based applications is the
development of pattern forms for these markers that also require the presence of an additional, strong
marker. This of course may be challenging, but may also provide improved results in many cases.
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Table 100. Comparison of the proportions of relation occurrences with interruption
of patterns by other patterns (INTpp) in English and French
INTpp+
INTppTotal

EN
66
376
442

FR
54
295
349

Total
120
671
791

The frequency of the phenomena indicates that they will pose significant
problems for automatic applications (in the processing and sorting of contexts and/or in
application performance) unless pattern forms and candidate KRC processing strategies
can be developed to deal with such issues — with a reasonable investment of time and
effort.
The types of contexts in which multiple markers were observed show strong
parallels between the two data sets. The combinations of types of markers are often
similar, often with a strong ASSOCIATION or CAUSE–EFFECT relation marker coupled with
a weaker but more specific marker. In addition, some individual markers in each
language are commonly observed in combination with others in such structures.
At a formal level, these regularities and similarities may present opportunities for
adapting pattern forms, since a selection of the markers or types of markers that are
most frequently seen in combination could be used in pattern forms that can process
such contexts, without requiring the development of variations on pattern form for all
markers. In addition, similarities in structures between the two languages could be
useful, since pattern forms could possibly be adapted from one language to another.
Similarly, at a conceptual level, the development of strategies for dealing with
the occurrences of different types of markers may also be facilitated by such
regularities. Some suggestions to this effect are discussed in Section 5.5.3.5.
It would also be interesting to gather more data in order to more fully analyze the
potential interlinguistic variations in the types of markers that often occur in
combination with others. At a conceptual level, the similarities seem clear. However,
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differences at a formal level may potentially be observed (e.g., in the proportions of
the co-occurring markers that belong to various part of speech classes), and these could
affect the possibilities for development of pattern forms. For example, a fairly
significant proportion of the “relation-determining” markers observed in combination
with other markers in both languages were nouns; however, a higher proportion of these
markers were adjectives in French, and participial adjectives or verbs in English.
Nevertheless, more data would be required to properly evaluate this kind of variation.
Moreover, in comparing these figures it will also be necessary to take into account the
overall distribution of the markers observed in the two languages, making this kind of
comparison even more complex.153

4.10.1.2

Interruptions of complex markers

As noted in Section 2.6.1, complex pattern markers pose the unique challenge of being
potentially interrupted by external elements, as in Examples 253 to 259. These
interruptions may take the form of elements related to the wider discursive structure of
the text (Examples 253 and 254) and modifiers of the marker or the relationship
indicated (Examples 255 to 259), among other possibilities.
253. … endothelial CAM expression and several other factors (eg,
oxidative stress) that have also been implicated in the
development of CVD. (Granger et al. 2004)
254. La NADPH oxydase jouerait donc un rôle majeur lors des
premières étapes du processus athéromateux (oxydation des
LDL, adhésion monocytaire, accumulation de cellules
spumeuses). (Bonnefont-Rousselot et al. 2002)
255. Involved early on in the inflammatory process, VCAM-1
recruits white blood cells, including monocytes and
lymphocytes, to the surface of the endothelial cell… (Stix
2003)

153

Conversely, the effect of this phenomenon on the proportions of markers in each class that were
retained in this research would also be an interesting subject to evaluate in further work.
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256. Reactive oxygen species are produced continuously by all
cells in normal and pathological aerobic metabolism, from
xenobiotics to ionizing radiation. (Kang 2002)
257. MMPs have been broadly implicated in a number of
cardiovascular diseases, including atherosclerosis, … aortic
aneurysms, … and heart failure… (Jaffer and Weissleder 2004)
258. It has been recognized that atherosclerosis is an inflammatory
disease in which various cytokines play a significant role…
(Taniyama and Griendling 2003)
259. Il est intéressant de noter que cet effet des oestrogènes a été
associé chez le rat à une augmentation de l’expression de la
connexine 43, qui est exprimée par les cellules endothéliales et
musculaires lisses… (Feletou et al. 2003)
260. Les résultats publiés apparaissent très encourageants, ne
montrant pas d'effet apparemment délétère de ce traitement
sur la maladie cancéreuse mammaire préexistante. (Gorins et
al. 2003)

Some markers are more susceptible to interruption than others; this is
particularly true of the pattern X plays a role in Y. The marker may be interrupted by a
number of different modifiers of the element role, among them the intensifiers
important, central, key, prominent, major, critical, significant, and crucial, as illustrated
in Examples 261 to 264. The French counterpart of this pattern, X joue un rôle dans/lors
de Y, may also be interrupted by intensifiers such as important, majeur, essentiel, clé,
critique, fondamental, capital, principal, prépondérant, primordial, central, and crucial.
Another example is the pattern effet de X sur Y, which may be interrupted by a various
modifiers. These cases are illustrated in Examples 265 to 268.
261. … endothelin may play an important role in the pathogenesis
and clinical manifestations of certain cardiovascular
disorders… (Ram and Venkata 2003)
262. Endothelial dysfunction plays a central role in
pathogenesis of CVD… (Pantaleo and Zonszein 2003)

the

263. Clearly, cyclin Dl plays a key role in mammary gland
development… (Sicinski and Weinberg 1997)
264. The inflammatory process plays a prominent role in the
pathogenesis of CVD… (Rackley 2004)
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265. La NADPH oxydase jouerait donc un rôle majeur lors des
premières étapes du processus athéromateux (oxydation des
LDL, adhésion monocytaire, accumulation de cellules
spumeuses). (Bonnefont-Rousselot et al. 2002)
266. La structure chromatinienne joue un rôle majeur dans des
processus tels que la transcription, la réplication et la réparation
de l’ADN. (Chailleux et al. 2000)
267. Les résultats publiés apparaissent très encourageants, ne
montrant pas d’effet apparemment délétère de ce traitement
sur la maladie cancéreuse mammaire préexistante. (Gorins et
al. 2003)
268. Il a été décrit un effet synergique des oestrogènes et de l’IGFI
sur la transcription de pS2. (Chailleux et al. 2000)

In addition to the potential conceptual impact of these modifications (for
example, when a modification indicates some level of uncertainty about a relation and
thus casts doubt on the value of a potential KRC for knowledge extraction),
interruptions of markers have clear formal implications. These may be reflected not only
in a need to allow for interruption of markers as they are represented in pattern forms,
but also in possible modifications to the central elements of the marker that may be
associated with the phenomenon, as in Example 261, in which a becomes an before a
modifier beginning with a vowel (important). This adds yet another layer of complexity
to pattern design in order to allow for the identification of such variations.
As in any pattern refinement process, the goal in creating pattern forms to
accommodate these interruptions is to identify forms that locate a maximum of pertinent
contexts without an inordinate amount of noise. In order to do this, researchers may
need to evaluate the frequency with which individual markers tend to be interrupted, and
the types of elements that may interrupt them. For example, the frequent interruption of
markers such as play a role in by adjectival modifiers indicates a need to design a
pattern form for this marker that can identify occurrences interrupted in this way.
Moreover, if the interrupting elements are pertinent in other respects — for
example, if they are intensifiers, hedges or other modifiers of the relation in question
(Cf. Section 4.10.2) — they may be of value in the process of sorting contexts and/or
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evaluating the information contained in potential KRCs in and of themselves. Sets of
modifiers that frequently collocate with markers may be identified and could help in this
task, if they can be consistently linked to a given function in intensifying or attenuating
a relationship, or in otherwise characterizing it.
In another type of phenomenon, complex markers may also be interrupted by one
of the elements linked by the relation, as in the case of patterns such as Z implicates X
in Y, importance of X in Y, effect of X on Y and role of X in Y in English and effet de X
sur Y and déclenchement de X par Y in French, as shown in Examples 269 to 274.
269. There is evidence implicating oxidative stress in the
pathogenesis of stroke, myocardial infarction, myocardial
stunning, atherosclerosis, and congestive heart failure.
(Granger et al. 2004)
270. The importance of glycaemia in the development of
microalbuminuria has also been demonstrated in the
Framingham Offspring Study (MacIsaac et al. 2004)
271. Recognition of the effects of influenza on CHD provides the
medical community with a valuable opportunity to further
reduce cardiovascular death and morbidity. (Madjid et al.
2004)
272. As with heart failure, the role of aldosterone in the
pathogenesis of hypertension has also been studied for decades.
(Moore et al. 2003)
273. Les risques de saignements seraient reliés à l'effet de l'ail sur
la coagulation. (Trahan 2002)
274. Lorsque la plaque est rompue, le déclenchement de la
coagulation par les cellules inflammatoires aboutit à la
thrombose… (Collet et al. 2004)

In these cases, the interruption tends to be both typical of a given marker form and
relatively regular in its own form, and would therefore be fairly easy to take into
account in designing pattern forms. However, in other cases, these markers may be
interrupted in a less regular way; for instance, in Example 275, the marker implicated in
is interrupted by not only the modifier for many years, but also by as an important
substance, in which substance is a generic of aldosterone:
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275. Aldosterone has been implicated for many years as an
important substance in the pathogenesis of heart disease.
(Moore et al. 2003)

Interruptions of complex markers were observed in 73 contexts in English and
39 in French, constituting 16.5% of English relation occurrences and 11% of relation
occurrences in French. These constitute 25% of the interrupted pattern occurrences in
English and 19% in French, and 28% of complex marker occurrences in English and
19% in French). These data are shown below in Table 101, Table 102 and Table 103.
Table 101. Comparison of proportions of relation occurrences containing interruptions
of complex markers (INTcm) in English and French
INTcm+
INTcmTotal

EN
73
369
442

FR
39
310
349

Total
112
679
791

Table 102. Comparison of proportions of interrupted relation occurrences containing
interruptions of complex markers (INTcm) in English and French
INTcm+
INTcmTotal

EN
73
220
293

FR
39
163
202

Total
112
383
495

Table 103. Comparison of proportions of occurrences of complex markers containing
interruptions of complex markers (INTcm) in English and French
INTcm+
INTcmTotal

EN
73
191
264

FR
39
167
206

Total
112
358
470

While the proportion of interrupted contexts involving interruptions of complex
markers was not significantly different (p = 0.143), the English data do show a higher
proportion of interruptions of this type. Moreover, the proportions of relation
occurrences containing this phenomenon and the proportion of interrupted complex
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marker occurrences were significantly higher in English (p = 0.032 and p = 0.028
respectively).
These figures suggest that while the difficulties involved in such interruptions
affect a significant proportion of relation occurrences in both languages, their impact
may be greater in English.154 Pattern design in this language may thus be considerably
more complex, because representing variation in marker forms will pose particular
challenges.
However, a more detailed evaluation reveals that a fairly large proportion of
these interruptions (54 in English and 16 in French) belong to the more “regular”
category of interruptions, i.e., complex markers that are interrupted only by one of the
elements that they link. These interruptions are among the more straightforward to
account for in designing pattern forms, posing far fewer problems because of the
consistency of the occurrence and form of the interruptions.
When the occurrences of interrupted markers that belong to this category are set
aside, no significant difference between the two data sets is observed, as illustrated in
Table 104 (p = 0.154). Moreover, the proportion of occurrences is somewhat higher than
expected in French, rather than in English.
Table 104. Comparison of proportions of relation occurrences with interruptions of
complex markers other than by related elements (INTcmo), in English and French
INTcmo+
INTcmoTotal

154

EN
19
423
442

FR
23
326
349

Total
42
749
791

This is further supported by the observations that the proportions of complex marker occurrences
(which are therefore vulnerable to this kind of interruption) are comparable in English and French (cf.
Section 4.5.2).
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This suggests that the phenomenon of interruption of complex markers by
related elements may be more prevalent in English than in French, both as a proportion
of the total number of relation occurrences as illustrated in Table 105 (p < 0.001), and as
a proportion of complex marker interruptions (p = 0.001), as shown in Table 106.
Table 105. Comparison of proportions of relation occurrences with interruptions of
complex markers by related elements (INTcmre) in English and French
INTcmre+
INTcmreTotal

EN
54
388
442

FR
16
333
349

Total
70
721
791

Table 106. Comparison of proportions of complex marker occurrences with
interruptions by related elements (INTcmre) in English and French
INTcmre+
INTcmreTotal

EN
54
210
264

FR
16
190
206

Total
70
400
470

These data indicate that in the two languages, complex marker interruptions are
more likely to come from different sources. In the English data, the overall proportion is
much higher, but much of this difference comes from the category of “regular”
interruptions that are most likely to be taken into account in the design of basic pattern
forms, likely increasing the complexity of this task. In contrast, interruptions in the
French occurrences tended to be of a more unpredictable type that would likely involve
more challenges in adapting pattern forms, and that could cause problems for KRC
recognition due to their unpredictable nature. The variation in the prevalence of the two
specific phenomena between the two data sets provides a striking example of the subtle
differences that can affect the development and performance of various types of patternbased tools, as well as the need to fully understand the phenomena observed in order to
predict the effect that these differences may have in a specific use situation.
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It is interesting to note that if the interruption of complex markers by related
elements alone is eliminated from the overall figures (as it is generally more a regular
occurrence than a specific difficulty), the proportions of interrupted relation occurrences
in the two data sets are extremely similar, with 244 occurrences in English and 191 in
French (p = 0.894). This type of interruption is thus identified as the major source of the
difference between the English and French data in respect to interruptions.
This in turn clarifies the impact the interlinguistic difference observed for the
phenomenon of interruption in general is likely to have. As complex marker interruption
of this type primarily affects the complexity of developing pattern forms — specifically
of representing marker forms and the structures in which they appear — it is thus in the
investment of time and effort required to develop these forms that English appears in
these data to be likely to present more difficulties than French. This phenomenon affects
a wide range of pattern-based applications, as it must be taken into account in pattern
forms from character strings representing relation markers to highly specific
representations of KRC structures. However, as this is among the more regular forms of
interruption at a formal level, the impact of the difference between the two languages is
likely to be considerably lower than if another type of interruption had been involved.
Moreover, the likelihood of effects at the level of application performance, due to the
difficulties of comprehensively representing all forms of interruptions, are not likely to
be as high as they would be expected to be with other types of interruptions.
It is interesting to contemplate the possibility of a link between the higher
prevalence of the class of nominal markers (cf. Section 4.5.1.2) and of marker
interruption by a related element in the English data, as a large number of the
interrupted markers were noun-based. Further research could clarify how these factors
may be inter-related.
Another interesting difference was observed in some recurrent structural
differences in the two data sets. These may be illustrated, as in Examples 276 to 283, by
variations in commonly modified markers such as those found in the English patterns X
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plays a role in Y and role of X in Y, as well as their French counterparts X joue un
rôle dans Y and rôle de X dans Y. In the case of X plays a ADJECTIVE role in Y and X
joue un rôle

ADJECTIVE

dans Y, modifiers interrupt the markers themselves. However,

in the case of structures such as ADJECTIVE role of/for X in Y and rôle ADJECTIVE de X
dans Y, in English the intensifier occurs outside the pattern entirely and thus does not
interrupt the marker, while in French the marker is interrupted:
276. Clearly, cyclin Dl plays a key role in mammary gland
development… (Sicinski and Weinberg 1997)
277. La NADPH oxydase jouerait donc un rôle majeur lors des
premières étapes du processus athéromateux (oxydation des
LDL, adhésion monocytaire, accumulation de cellules
spumeuses).
278. William Osler … was one of the first to propose a major role
for acute infection in the pathogenesis of atherosclerosis.
(Madjid et al. 2004)
279. Direct evidence for an important role for myeloperoxidase in
lipid oxidation in vivo comes from recent studies by Zhang et
al. (Brennan and Hazen 2003)
280. These findings collectively indicate the significant role of
oxidative stress in the development and progression of cancer.
(Kang 2002)
281. Plusieurs auteurs ont évoqué un rôle potentiel des
Herpesviridae dans leur physiopathologie. (Chidiac and Braun
2002)
282. Le rôle potentiel du tamoxifène dans la prévention du cancer
du sein est basé sur … (Serin and Escoute 1998)
283. Ils suggèrent par ailleurs un rôle important de l'apoptose des
cellules endothéliales dans le mécanisme d'érosion … (Mallat
and Tedgui 2004)155

Whether these differences in structures affecting pattern interruption are
systematic enough to make a significant difference in tool design and performance
overall remains to be determined, of course, as significantly more data and analysis

155

Examples 281 to 283 are taken from the corpus used for this project, but were not part of the set of
relation occurrences analyzed in this project. They are provided here simply to illustrate the potential for
variation.

369
would be required to investigate the phenomenon. These observations do
nevertheless suggest that regular structural differences may be important factors in the
interruption of marker forms, and that identification of pattern forms for use in new
languages should include a phase of evaluation and adaptation to deal with such
variations.

4.10.1.3

Interruptions of related elements

In addition to relation markers, the elements that they link may also be interrupted in
various ways, for example by additional related elements (e.g., abbreviations, generics
or specifics of related elements, as in Examples 284 and 291), anaphora (Example 285),
quantifiers (Examples 286 and 292), modifiers (including intensifiers and hedges)
(Examples 287, 288 and 293), negation (Example 289), references (Example 290), and
other discourse-related elements (Example 294).
284. TNF-[alpha]-regulated SK activation is likely to be important
in nuclear factor-[kappa]B (NF-[kappa]B) activation and
inhibition of apoptosis. (Saba and Hla 2004)
285. Long-term activation of these appropriate responses leads to
left ventricular remodelling… (Stevens and Levin 2003)
286. The acceptance that endothelin may play an important role in
the pathogenesis and clinical manifestations of certain
cardiovascular disorders… (Ram and Venkata 2003)
287. Emerging data reveals that a large number of additional
proteins (i.e., growth factors) influence the transcriptional
activation of ER[alpha] and possibly ER[beta]. (McCance and
Jones 2003)
288. The 26S proteosome, responsible for the degradation of the
inhibitory I[kappa]B[alpha] protein and subsequent activation
of NF-[kappa]B… (Garg et al. 2003)
289. Oral but not transdermal HRT induced APC resistance…
(Seed and Knopp 2004)
290. … chemotherapy,41 tamoxifen,42 and RT 43 all act to reduce
LR independently of surgery. (Naik et al. 2004)
291. La chimiothérapie et l’hormonothérapie sont des traitements
systémiques qui ont pour but de diminuer la récidive, surtout
systémique. (Martin 2003)
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292. … la p53 qui régule la transcription de diverses molécules
impliquées dans l'apoptose (bax, inhibiteurs de kinases
dépendantes de cyclines) (Kolb 2001)
293. L’expression du gène cycline E est alors directement sous la
dépendance des signaux extrinsèques, et ne nécessite plus une
activation préalable de la cycline D1.
294. Les monocytes sont alors activés en macrophages (Ma) ce qui
contribue probablement à accroître l’oxydation des LDL
(flèches pointillées). (Arnal et al. 2003)

In some of these cases (e.g., Examples 288 and 290), the interruption occurs
between distinct elements that share a role in a relation, applying to one or more of these
elements. However, this is not always the case. Interruption often occurred within the
form of a more complex related element (e.g., a proposition).
The automatic identification of related elements can thus be complicated by the
insertion of external items within these elements, particularly in the case of the more
complex structures observed above. Identifying the base forms of these elements (those
that are suitable for inclusion in term banks or for labelling nodes in ontologies, for
example) may be difficult or even impossible for automatic applications. The variability
in the form and nature of these interruptions makes this task all the more challenging.
Moreover, the phenomenon may interfere with the recognition of KRCs by tools that
use pattern forms specifying the structures in which relation markers may occur, if these
impose restrictions on the form of the elements linked by markers. Finally — and
perhaps most strikingly — applications that use previously identified terms or candidate
terms as starting points for extraction may confront severe difficulties in identifying
such contexts because of variations in form due to these interruptions.
This phenomenon was observed in 7% of the relation occurrences and 11% of
the interrupted occurrences in English and 12% of the relation occurrences and 21% of
the interrupted occurrences in French, as shown in Table 107 and Table 108. The
statistical evaluation of the differences observed reveals that this phenomenon is
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significantly more frequent in French both as a proportion of the total relation
occurrences (p = 0.021) and of those that were interrupted (p = 0.002).
Table 107. Comparison of the proportions of relation occurrences containing interrupted
related elements (INTre) in English and French
INTre+
INTreTotal

EN
32
410
442

FR
42
307
349

Total
74
717
791

Table 108. Comparison of the proportions of interrupted relation occurrences involving
interrupted related elements (INTre) in English and French
INTre+
INTreTotal

EN
32
261
293

FR
42
160
202

Total
74
421
495

In both languages, therefore, the proportions of contexts that pose this kind of
problem for automatic identification of related elements (either as terms or candidate
terms or represented by POS classes or other elements as part of pattern forms), should
be fairly substantial. However, the fact that a greater proportion of contexts was affected
by this phenomenon in French suggests that greater problems with the identification of
(appropriate forms of) related elements in that language may be encountered by
applications that attempt to automate this task, or in the recognition of KRCs involving
previously identified terms or candidate terms.
Moreover, the specific forms of interruptions of related elements show
significant variation, and thus the development of forms that can account for this kind of
variation would be extremely challenging. Further research with more data would be
required in order to identify any regularities that could be exploited for such
applications.
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4.10.2

Expressions of uncertainty

In addition to challenges in identifying and extracting KRCs and the information they
convey, pattern-based tools may also confront difficulties in evaluating the value of the
information in these contexts (e.g., by excluding candidate KRCs from results if there
are indications that the information may not be reliable), or assisting users in doing so
(e.g., by ranking contexts to present those that appear most pertinent first in order to
save a user time and effort in interpreting the information retrieved, or even attributing a
level of certainty to information as suggested by indicators in the context).156 One
pertinent phenomenon involves indications of reservation, doubt or uncertainty about
the relation expressed in a candidate KRC, which for some applications may make the
context unusable, and for others may require special treatment.
As expressions of uncertainty affect the value of contexts for knowledge
extraction — the goal of the applications studied in this research — this phenomenon
can affect any type of pattern-based tool. Those that depend heavily on human
interpretation of extracted contexts may encounter fewer severe problems due to this
phenomenon, but even these tools may take the phenomenon into account. An
application that can classify relation occurrences finely and accurately according to their
levels of certainty can help users to locate reliable information for a given application
quickly and easily.
The preference for a particular approach depends largely on user needs in a
situation; strategies for implementing it depend on the form expressions of uncertainty
take and the possibilities they offer for representation and automatic processing.
From a formal perspective, in addition to the challenges at a conceptual level that
affect all pattern-based tools, there are also in many cases difficulties for tools that use

156

Moreover, even if a tool does not attempt to perform this task automatically, users of the contexts
retrieved must be sensitive to indications of the potential value of information extracted in a particular
situation.
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pattern forms representing structures in which markers occur, as expressions of
uncertainty may often appear within these structures (a phenomenon explored in Section
4.10.1, affecting the complexity of pattern design as well as application performance).
Expressions of uncertainty were common in the KRCs identified in both
languages, appearing in 40% of the English occurrences and 26% of the French (Table
109). According to a Chi-square test of these results, this type of phenomenon was
significantly more frequent in English than in French (p < 0.001).
Table 109. Comparison of relation occurrences containing expressions of uncertainty
(EC) in English and French
EC+
ECTotal

EN
175
267
442

FR
90
259
349

Total
265
526
791

When various types of expressions of uncertainty are analyzed (Table 110), the
rank order of the various types of expressions shows a weak positive correlation. This
indicates that while there are similarities in the types observed, these are somewhat
mitigated by the differences in their proportions, particularly of hedges and modal verbs
observed. The results of a Chi-square test comparing the proportions of expressions
belonging to each category do not identify any significant difference (p = 0.234).
Table 110. Detailed comparison of proportions of relation occurrences containing
various types of expressions of uncertainty in English and French
Quantifiers
Hedges
Modal verbs
Negation
All types157

157

EN
32
105
56
21
175

FR
21
52
20
15
90

This figure reflects the number of individual contexts affected and not the sum of the occurrences
observed, as two or more (types of) expressions of uncertainty were observed in some contexts.
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Below, each type of expression is analyzed in more detail, and the
observations in the two corpora compared using the Chi-square test.

4.10.2.1

Quantification of related elements

In a number of the knowledge-rich contexts observed in the research, related elements
were accompanied by a quantifier. Examples 295 to 299 illustrate cases in which
quantifiers used with elements must be taken into account in order to achieve a complete
and accurate understanding of the relation indicated in the context.
295. … these mutations are responsible for 30 to 80 percent of all
hereditary forms of the diseases. (Pistoi 2001)
296. Most strokes result from atherosclerosis in arteries either
within the brain or leading from the heart to the brain.
(DiGiovanna and Adams 1999)
297. Associations between lymph node metastases, various
clinicopathological features, and development of distant
metastasis were assessed with the Pearson [chi]2 test. (Susnik
et al. 2004)
298. Les chercheurs estiment aujourd'hui que 5% des cancers du
sein sont dus à une mutation du gène BRCA1. (Dussault 1997)
299. Certaines mutations engendrent
oncogéniques... (Chène 1999)

aussi

des

protéines

As above, quantifiers of related elements may indicate proportions of a total precisely
(e.g., 30 to 80 percent of, 5% de) or approximately (e.g., most, various, certains).
Quantification of related elements is pertinent on two levels. First, it may be
considered in the context of pattern interruptions, since quantifiers often occur between
a marker and one of the elements it links. This phenomenon is discussed in Section
4.10.1, and will not be further considered here. More significant in this discussion, in
terms of the further usefulness of contexts, is uncertainty as to the validity of a relation
identified in the context. Quantification of related elements often indicates some kind of
condition on the involvement of elements in a relation (e.g., indicating that a relation
holds between only some members of the class of elements indicated).
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When quantifiers are used to indicate that a given relation is not universally
present between all members of a class, as in the case of markers such as X percent of or
most, the contexts — while still potentially useful for the applications mentioned above
— must be considered with a certain amount of reserve.158 The case of various requires
somewhat more interpretation, but nevertheless indicates uncertainty by signalling a
distinction between the relation as it would be interpreted from an unqualified statement
(in which the default interpretation would be that the relation holds between all
members of the class) and the statement as presented above, indicating that some of the
members of the class participate in the relation.
The use that can be made of the information extracted may depend on the goals
of the terminologist and the possibilities for indicating this kind of uncertainty about a
relation between elements in the application of the information obtained. For example,
in applications intended to assist in automatically linking term records in a resource
such as a terminological knowledge base (e.g., by indicating a CAUSE–EFFECT relation in
the form of a link between term records for the concepts denoted by the terms BRCA1
mutation and breast cancer), contexts such as Examples 295 and 298, which indicate
the presence of a relation in varying proportions of cases ranging from very low to very
high, are not likely to be sufficient to justify a connection. However, terminologists
working on manually enriching term records in light of these contexts might instead
consider adding a note about the potential relationship to one or both term records, or
including such a context in one of the term records to make the information available to
users without representing it formally.

158

The (authors’ opinion of the) certainty of a relation may be also expressed by the use of quantifiers
such as all, tous and so on, which correspond to the criterial level of certainty discussed by Barrière
(1996) (cf. Section 2.4.1). These kinds of expressions thus may increase the value of the context for
further applications (e.g., acquiring domain knowledge, formulating definitions or establishing links
between entries in terminological resources). They are not, however, discussed here, as this analysis
focuses on difficulties for use of contexts. The use of markers corresponding to the excluded range of
possibilities (e.g., no, none, not… any) of course also pose problems in using contexts. Such cases will be
discussed in Section 4.10.2.4, which focuses on negation.
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Some tools may be able to take advantage of regularities in the use of some
of these quantifiers in order to identify a given level of certainty and potentially exclude
or sort affected contexts using this criterion. This might involve, for example,
implementing a scale of certainty levels on which each quantifier can be placed, such as
that developed by Barrière and her colleagues (Barrière 1996; Barrière and Hermet
2002), and using this scale to sort contexts containing expressions of possibility (e.g.,
some), probability (e.g., most) and so on. However, dealing with more specific
expressions of quantification, such as those involving numbers or percentages, poses
more challenges for formal evaluation of certainty levels. Moreover, the complexities
involved in differentiating between quantifiers that express certainty (e.g., all) and those
expressing uncertainty, and in processing combined forms such as 30 to 80 percent of
all or virtually all, could complicate this task.
In addition, while in most cases observed in the data quantification applied to a
related element in its entirety, in a few it applied to only part of a more complex element
or to one of multiple elements sharing a role in a relation, posing additional challenges
for formal representation and analysis of the phenomenon.
Quantification of a related element was observed in 7% of relation occurrences
and 18% of cases involving expressions of uncertainty in English, and 6% and 23% in
French, respectively. These figures are represented in Table 111 and Table 112.
Table 111. Comparison of proportions of relation occurrences involving quantification
of related elements (QR) in English and French
QR+
QRTotal

EN
32
410
442

FR
21
328
349

Total
53
738
791
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Table 112. Comparison of proportions of relation occurrences containing
expressions of uncertainty involving quantification of related elements (QR) in English
and French
QR+
QRTotal

EN
32
143
175

FR
21
69
90

Total
53
212
265

These results reveal that quantification of related elements occurred in similar
proportions of the relation occurrences observed in the two data sets (p = 0.495) — with
the proportion in the English data only very slightly higher — and also of those
containing expressions of uncertainty (p = 0.331), in this case with the proportion in the
French somewhat higher.
Overall, this suggests that the return on the investment of time and effort in
accounting for the possibility of quantification within pattern forms, as well as that of
developing strategies for automatically identifying such cases in extracted contexts in
order to identify them for a user or sort them according to this phenomenon, is likely to
be fairly comparable in the two languages.
However, the complexity of the task may not be as similar. More forms of
quantifiers were observed in the English data than in the French. A total of 14 distinct
lexical indicators of quantification was observed in 29 occurrences in English (i.e., a
ratio of 2.1 occurrences per marker), with 7 indicators in 19 occurrences in French (i.e.,
a ratio of or 2.7 occurrences per marker). These markers are illustrated in Table 113 and
Table 114.
Table 113. English quantifiers of related elements observed
Quantifier
a (large) number of
several
various
a number of
a variety of

Occurrences
4
4
4
2
2
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certain
many (of)
range of
some (of)
another
more than
most
multiple
virtually all
Total

2
2
2
2
1
1
1
1
1
29

Table 114. French quantifiers of related elements observed
Quantifier
certains (certaines)
de nombreux (de
nombreuses)
un sous-groupe
déterminé de
divers (diverses)
la plupart de
plusieurs
un de
Total

Occurrences
7
4
3
2
1
1
1
19159

In addition, in English three relation occurrences involved quantification by
percentages and three by a number, and in French three contexts involving
quantification by a number were also found. Examples 300 to 302 illustrate these cases.
300. In high-risk populations (i.e., Ashkenazi Jewish), the threshold
is lower; for example, 12% of the cases of breast cancer and
48% of ovarian cancer in Ashkenazi women were related to a
BRCA mutation. (Khoury-Collado and Bombard 2004)
301. In 2000 there were over an estimated over 1 million new cases
and approximately 373,000 deaths from breast cancer
worldwide, an age standardised death rate (ASR) of 12.51 per
100,000. (Carrick et al. 2004)
302. Pour 17 patientes, il y avait un haut risque de récidive pariétale
du fait de la présentation clinique : récidive inflammatoire (4
cas), récidive multifocale (5 cas), nodules de perméation (5
cas)… (Racadot et al. 2003)

159

One context in this set contained two occurrences of quantifiers. Multiple occurrences of other types of
quantifiers discussed below were also observed.
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These results, although they are limited and require confirmation in light of
more and more varied data, suggest that a larger variety of expressions may be used for
quantification in English. This would require additional time and effort if quantifiers are
to be accounted for in pattern forms and/or used as cues for sorting contexts according
to the certainty of the information they convey. This underlines an interesting point, that
the balance between the possibilities for recall offered by a given strategy and the time
and effort it may take to implement such a strategy may often vary inversely, requiring
that a choice be made according to the priorities set for a given project.
In both corpora, a range of both relatively standard expressions and of
expressions that were more varied in form and usage were observed. Of course, the
latter are likely to pose more challenges for automatic processing.

4.10.2.2

Hedging

As discussed in Section 2.4.2.2, various authors have discussed expressions used to
express some uncertainty regarding statements made in texts. Some working with
knowledge patterns (e.g., Pearson 1998) have dealt with relatively restricted sets of
these expressions in analyzing the value of contexts for extracting knowledge and the
possibilities of evaluating this value using formal cues, but it is possible to examine a
wide range of possible means of expressing uncertainty about or restrictions on
statements made in texts.
In this research, hedging was observed to focus on several different aspects of a
relation or the basis on which it is asserted. One group of hedges refers to the necessity
of some kind of interpretation of results, showing a tendency that opposes that of
scientific style’s usual concern with maintaining (an appearance of) objectivity (e.g., in
English appear to, seem, view, suggest, hypothesis, theory, controversy, dispute and
presumption,

and

in

French

sembler,

suggérer,

considérer,

apparemment,

vraisemblablement, hypothèse, and débats). A second group indicates restrictions on the
consistency of a given relation’s occurrence (e.g., in English likely, generally, normally,
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often, in some cases, tend to, potential or possible, and in French susceptible de,
tendance à, possible, éventuel, potentiellement and probablement).160 Another type of
hedge qualifies the importance of the role played by a given element (e.g., in part in
English). Still another qualifies the degree of the relationship (e.g., little and slightly in
English and essentiellement, plus ou moins, moins, moindre and peu ou pas in French).
Another type of hedging related to the discourse structure in which a statement is
made involves the use of items such as although or nevertheless in English and bien que
in French; these indicate some kind of reservation about the statement made, and often
occur in combination with other expressions of uncertainty, as illustrated in Examples
303 to 306.
303. Although it seems at present that there is no effect of HRT on
breast cancer mortality, more studies are needed to clarify this
issue. (Kocjan and Prelevic 2003)
304. Although their study has shown the importance of ARHI
inactivation in breast tumor pathogenesis, the technique they
used is real-time PCR… (Wang et al. 2003)
305. … these findings suggest that it is likely that the
fractalkine/CX3CR1 system may nevertheless be important in
the pathogenesis of atherosclerotic and coronary vascular
diseases. (Umehara et al. 2004)
306. Bien qu’une RCH ne garantit [sic] pas définitivement contre
une récidive, sa valeur puissante pronostique est confirmée
dans de nombreuses analyses multifactorielles. (Brain 2000)

Finally, hedging may be accomplished using descriptions of the availability,
sufficiency or reliability of data to justify conclusions. These tend to be formally both
more complex and more variable than those observed above, often taking the form of
phrases or propositions, as in Examples 307 to 310:
307. … the risk of mortality from breast cancer related to HRT
could not be determined. (Watkins 2003)

160

Quantification of the types of elements that may participate in a given relation, using markers such as
certain, some, or virtually all (cf. Section 4.10.2.1), may of course also play a similar role.
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308. To date, only limited data correlate Bcl-XL expression and
breast cancer treatment response in humans. (Garg et al. 2003)
309. No study evaluated the associations between statins' effects on
LDL oxidation and lipid levels… (Balk et al. 2003)
310. De plus, certaines données indiquent que l'extrait d'ail vieilli
réduirait l'oxydation des LDL. (Trahan 2002)

The most obvious challenge hedges pose at a formal level, for patterns that
specify the structures in which relation markers occur, results from their interruption of
pattern forms, complex relation markers, or related elements. This may require
adaptation in pattern design and/or interfere with the recognition of KRCs or the
elements involved in them. As interruptions were discussed in Section 4.10.1, this will
not be discussed further here. The insertion of hedges (e.g., verbs or verb phrases)
within pattern forms may also change the morphological forms of markers observed in
relation occurrences (e.g., from X causes Y to X seems to cause Y).161
At a conceptual level, the interpretation of hedging is of course far simpler for
human users than for automated applications. Nevertheless, the level of certainty or
uncertainty indicated by a given expression can often be extremely challenging to
evaluate in both cases. As studies such as those carried out by Barrière (1996, 2002; cf.
also Barrière and Hermet 2002) have illustrated, some associations between specific
expressions and levels of certainty can be established. These may assist in evaluation of
this phenomenon and ultimately in applications such as automatic sorting of extracted
candidate KRCs or elimination of those that are considered to be too uncertain for use.
The possibilities for implementing such strategies, however, hinge on the regularity of
the expressions observed. While the more predictable (and generally simpler) means of
expressing uncertainty could often be listed, automatically identified and used in a
sorting process, less frequent or more variable means will still be difficult to evaluate
automatically. Moreover, the question of whether contexts associated with a given level
161

While this issue will not be discussed further here, as the morphological variation of markers was not
considered in this research, some examples may be found in the sample contexts provided for markers in
Appendix H.
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of certainty are useful for knowledge extraction is one that can only be answered by
users in light of their specific goals and intended applications of this information.
Hedging occurred in 24% of the relation occurrences and 60% of those including
expressions of uncertainty in English, and 15% and 58% respectively in French. These
data are presented in Table 115 and Table 116.
Table 115. Comparison of the proportions of relation occurrences containing hedging
(HG) in English and French
HG+
HGTotal

EN
105
337
442

FR
52
297
349

Total
157
634
791

Table 116. Comparison of the proportions of relation occurrences containing
expressions of uncertainty that involved hedging (HG) in English and French
HG+
HGTotal

EN
105
70
175

FR
52
38
90

Total
157
108
265

In the two data sets, hedging occurred in a very similar proportion of the relation
occurrences involving expressions of uncertainty (p = 0.727). This reflects the
prevalence of the phenomenon in both corpora, and its role as one of the primary means
of expressing uncertainty.
However, hedging was present in a significantly lower proportion of the total
relation occurrences in the French data than in the English (p = 0.002), suggesting that
the value of strategies developed for dealing with the phenomenon as observed in this
research could be particularly high in this language. The difference in prevalence in the
relation occurrences indicates that this phenomenon contributes significantly to the
overall difference observed in the category of expressions of uncertainty as a whole.
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The higher prevalence of the phenomenon is a difference that is worth
investigating further, in order to determine potential sources of this variation. It is
possible, for example, that the concepts denoted by the terms chosen for use in each of
the corpora participate in relations characterized by varying levels of certainty; more
data gathered using a wider range of terms or another methodology designed to
neutralize this potential contributor to the difference observed could clarify this issue.
Another focus for further investigation could be the prevalence of hedging in
relation occurrences involving various classes of terms, to determine whether this factor
affects the interpretation and/or description of the relations that may be observed (e.g., if
authors present observations of relations involving entity, activity, process or pathology
concepts with more or less certainty, potentially reflecting the possibilities for observing
the real-world objects they represent and/or connections between these concepts and
others).162 The evaluation of more relation occurrences involving each type of concept
would provide an opportunity to study this factor as well.

4.10.2.2.1.1 Types of expressions used for hedging

Hedging can be accomplished using several different lexical means, including verbs,
adjectives and adverbs (and verb, adjective and adverb phrases) as well as more
complex units such as propositions. These may be observed in Examples 311 to 318:
311. … effects of oxidized LDL on vascular smooth muscle cells,
which contribute to the atherogenic process appear to require
the activation of SK. (Saba and Hla 2004)
312. Activation that endures beyond the resistance stage is
hypothesized to cause disease. (Schwartz 2003)
313. Strenuous PA was generally associated with a reduced breast
cancer risk. (Dorn et al. 2003)

162

It might be particularly interesting to investigate the prevalence of hedging in contexts indicating
relations involving artefact and activity concepts. These are likely to be associated with specific and
observable goals and thus could be less likely to be described in statements necessitating hedging.
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314. Although interactions between cardiovascular ANS regulation
and endothelial function are likely involved in CVD
development, further research is needed to determine whether
ANS and endothelium interactions are a plausible pathway…
(Harris and Matthews 2004)
315. Il semble exister un lien très étroit entre le syndrome de
lipodystrophie, l'hyperlipidémie, l'intolérance au glucose et le
diabète, bien que chacun de ces troubles puisse survenir
isolément. (Baril and Junod 2004)
316. Cette prolifération musculaire lisse participe à la constitution
de la plaque athéroscléreuse et à l'éventuelle réduction de la
lumière artérielle… (Teiger 2001)
317. Les espèces lipidiques oxydées responsables de ces effets sont
essentiellement des dérivés d'oxydation des phospholipides tels
que le POVPC. (Bonnefont-Rousselot et al. 2002)
318. L'induction de tumeurs bénignes ou malignes ovariennes par
une stimulation continue des ovaires est une hypothèse qui a
déjà été soulevée… (Sasco et al. 1997)

These markers may occur in simple forms, or as part of far more complex
structures and combinations. In some of these more complex cases, one or more hedges
may appear in conjunction with other types of expressions of uncertainty, such as
negation, modal verbs, or quantification, as in Examples 319 to 324.
319. Although it seems at present that there is no effect of HRT on
breast cancer mortality, more studies are needed to clarify this
issue. (Kocjan and Prelevic 2003)
320. It is possible that basal IGF activation of the ER may be
necessary for maximal estrogen-mediated activation and may,
in part, explain the synergy observed between the two
mitogens. (McCance and Jones 2003)
321. … the findings suggest that dietary intake of fat and fiber do
not play a major role in the development of breast cancer.
(Fackelmann 1992)
322. Il pourrait paraître illogique qu'une augmentation de la
concentration extracellulaire de potassium puisse provoquer
l'hyperpolarisation des cellules musculaires lisses… (Feletou et
al. 2003)
323. Les résultats publiés apparaissent très encourageants, ne
montrant pas d'effet apparemment délétère de ce traitement sur
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la maladie cancéreuse mammaire préexistante. (Gorins et al. 2003)
324. En revanche, les deux études randomisées les plus récentes ont
désormais démontré qu'une chimiothérapie d'induction peut
augmenter les possibilités de chirurgie sans diminuer
significativement les taux de survie… (Lerouge et al. 2004)

These complex forms are of course challenging to take into account in designing
pattern forms that attempt to describe the context in which markers may occur, and in
any application that attempts to evaluate levels of certainty on the basis of these formal
markers. This kind of interpretation may be particularly challenging in cases involving
multiple expressions of uncertainty, particularly as the interactions of these various
elements with one another or with other elements may either reduce or increase the level
of uncertainty present in a given context.
In addition to these lexical indicators, hedging may also be indicated by nonlexical means, for example by question forms (3 occurrences in the English data) as in
Examples 325 and 326 or even potentially verbs in the future tense (1 occurrence in the
English and French data) as in Examples 327 and 328:
325. … the following critical question remains unanswered: 'is
oxidation important in human atherosclerosis?'. (Brennan and
Hazen 2003)
326. Could it be that BRCA1 and BRCA2 play roles in the
development of hereditary cancers but not sporadic tumors?
(Yang and Lippman 1999)
327. … among ER-positive tumors, nearly 70% of those that are
also progesterone receptor (PR)-positive and 25-30% of PRnegative tumors will respond to hormonal therapy. (Vogel
2003)
328. … cette augmentation va favoriser l’adhésion, l’agrégation
plaquettaire et la coagulation par l’interrelation avec le facteur
VIII de la coagulation. (Drouet and Bal Dit Sollier 2002)

Hedging was indicated in some other occurrences in English by variation in the
form of modal verbs (cf. Section 4.10.2.3), e.g., from may to might or can to could. The
use of the latter forms was observed in 7 contexts, including Examples 329 and 330:
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329. Conversely, angiotensin II can upregulate the expression of
receptors for oxidized LDL 25 and could in fact contribute to
oxidation of LDL. (Griendling and FitzGerald 2003)163
330. Moreover, calcification itself might be associated with an
increased risk for subsequent breast cancer development.
(Shaaban et al. 2002)

A similar phenomenon observed in French was the use of conditional verb forms
to indicate hedging, as in Examples 331 to 334. In particular, pattern markers or parts of
pattern markers themselves fairly often occurred in conditional form in the French data,
as in Examples 333 and 334. As in Example 331, this method of hedging may occur in
conjunction with other indicators of uncertainty (e.g., susceptible de).
331. Cette oxydation serait susceptible d'entraîner l'altération de
diverses structures nerveuses. (La Recherche 1997)
332. En conclusion, BRCA1 et BRCA2 pourraient participer
activement à la prolifération et à la différenciation induite par
les œstrogènes… (Pujol et al. 2004)
333. Dans le cas des tumeurs, l’expression de p8 faciliterait la
transcription de gènes indispensables à la progression tumorale.
(Vasseur and Iovanna 2003)
334. La NADPH oxydase jouerait donc un rôle majeur lors des
premières étapes du processus athéromateux (oxydation des
LDL, adhésion monocytaire, accumulation de cellules
spumeuses). (Bonnefont-Rousselot et al. 2002)

The variability in the means used to express uncertainty in these examples
clearly illustrates the difficulties that can confront automatic applications attempting to
deal with hedging at a formal level in context identification and/or evaluation.
Some of the simpler lexical means of hedging (e.g., adjectives, adverbs) may be
fairly easily represented in pattern forms, particularly as they often appear in relatively
regular structures associated with specific types of markers (e.g., adjectival hedges
preceding nominal markers, as in possible association between X and Y, or adverbial
hedges preceding verbal or participial adjective markers, as in X is generally associated
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with Y or X slightly increases Y). However, the variability of the form and location
of the more complex items (particularly propositions) makes representing these types of
hedges particularly challenging. Combinations of multiple hedges or hedges and other
expressions of uncertainty are of course also extremely challenging to account for in
pattern forms.
When the proportions of occurrences of various categories of hedges are
compared (Table 117), it is clear that only a weak positive correlation is observed: the
elements used to indicate hedging — particularly verbs and non-lexical means (e.g.,
verb tenses) — vary in their prevalence in the two data sets.
Table 117. Comparison of occurrences of different types of expressions used for
hedging in English and French
Adjectives
Adverbs
Conjunctions
Nouns
Verbs
Propositions
Non-lexical
means
Total164

EN
12
25
7
4
41
26

FR
7
9
3
4
8
12

11

16

126

59

An evaluation of the individual categories using the Chi-square test (for those
that presented a sufficient number of occurrences for evaluation), indicated very similar
distributions in most categories as a proportion of the total occurrences of hedging,
although in English the proportions of adjectives and nouns were very slightly lower
than in French, and of adverbs was somewhat higher. English did show a significantly
higher proportion of verbs (p = 0.003). However, the most striking difference comes
163

The contrast between the levels of uncertainty conveyed by the forms can and could is particularly
evident in this example, as the two forms co-occur.

164

Although most comparisons in this thesis are based on the proportions of contexts containing each
phenomenon, this total reflects the total number of occurrences in order to more accurately reflect the
proportions of each type of hedge.
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from the proportions of contexts containing hedging using non-lexical means, which
was significantly higher in French (p = 0.002). Of course, the primary difference is the
use of conditional verb forms in French, observed in 15 contexts (13% of the contexts
containing hedging). In English the closest approximation was the use of modal verbs in
past tense (observed in 7 contexts, or 7% of the contexts containing hedging).
This variation indicates that strategies for dealing with the phenomenon of
hedging in the two languages would likely benefit from targeting different types of
expressions. Moreover, approaches used to deal with the different types of hedges
(particularly those involving lexical or non-lexical means) may be quite different in
themselves. The use of conditional verb forms, for example, offers some interesting
possibilities for sorting contexts, particularly when it is the marker itself that occurs in
conditional form. This could involve implementing an analysis that links the conditional
form of a marker observed in KRC detection with a given level of uncertainty. This kind
of analysis would be considerably different from those likely to be useful in the English,
which should focus more on the identification and evaluation of elements external to the
pattern forms observed, such as verbs, adjectives or adverbs linked to the markers.
While the proportions of occurrences of various types of hedges in the two data
sets differed, there were nevertheless some general resemblances in many of the simpler
forms of hedging, and on a conceptual level, similarities in the types of hedges
observed. Thus, some potential for adapting strategies for use in both languages may be
observed. Some common principles guiding approaches to processing this phenomenon,
and certainly the clarification and analysis of the underlying phenomena, could be of
significant benefit to users in both languages.
Further research, in addition to analyzing more occurrences of each phenomenon
in order to better evaluate the structures that may be observed and how they may be
implemented in pattern-based tools, could investigate the potential for observing
variations in the types of hedges used in connection with specific markers, marker types
(e.g., POS classes), relations, or classes of terms denoting the concepts participating in
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these relations. Such an analysis could help to target the sources of the differences
observed more exactly and to evaluate whether — and if so, how — methodological
choices in this research or the corpora analyzed may have contributed to them.

4.10.2.3

Modal verbs

As noted above in Section 2.4.2.3, another type of expression of uncertainty that
frequently interrupts pattern forms involves the use of modal verbs, as in Examples 335
to 338:
335. Accumulating data indicate that dysregulation of NF-[kappa]B
may contribute to the pathogenesis of some breast cancers.
(Garg et al. 2003)
336. The inflammatory marker C-reactive protein (CRP) can
indicate low-grade chronic inflammation, which can identify
patients at risk for atherosclerotic complications. (MacKenzie
2004)
337. … l'interaction avec l'ERE concerné peut conduire à
l'activation de la transcription d'un sous-groupe déterminé de
gènes… (Kirkiacharian 2000)
338. Les graisses alimentaires peuvent aussi nuire à la coagulation
et à la fibrinolyse plasmatiques, indépendamment de leurs
effets sur la cholestérolémie. (Blais 2001a)

By explicitly characterizing the relations expressed in these contexts as possible,
these verbs restrict the certainty of the information that can be extracted from them. As
mentioned above in the discussion on hedging in Section 4.10.2.2.1.1, the uncertainty
expressed by modal verbs in English is further increased when they occur in the past
tense, as in Examples 339 and 340, and a similar effect is observed when they occur in
conditional form in French, as in Examples 341 and 342.
339. New findings published online by the journal Science reveal
the crystal structure of the BRCA2 protein and demonstrate
how mutations in the gene could contribute to tumor growth.
(Graham 2002)
340. Moreover, calcification itself might be associated with an
increased risk for subsequent breast cancer development.
(Shaaban et al. 2002)
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341. Ainsi la mutation du gène BRCA1 pourrait empêcher la
réparation de gènes et induire une prolifération anarchique des
cellules… (La Recherche 1997)
342. BRCA1 et BRCA2 pourraient participer activement à la
prolifération et à la différenciation induite par les œstrogènes…
(Pujol et al. 2004)

For at least some applications, valid and important information can be obtained
from contexts including indicators of uncertainty such as modal verbs. However,
locating this information faces certain challenges at a formal level, as pattern forms
would need to be adapted to account for variations introduced by the presence of these
verbs in pattern structures. The restricted list of verbs and forms observed and the
relative regularity of the structures in which they occurred (i.e., always preceding a verb,
often either a verbal relation marker or a copula verb used in combination with
participial adjective, adjective or nominal markers) offer some possibilities for formal
representation of the phenomenon.165 Identifying specific structures in which modal
verbs apply to the relation expressed in a context is particularly important, not only
because of the effect that the presence of these elements may have on the form of the
verb they precede, but also because the mere presence of these elements within an
extracted context does not necessarily affect the validity of the relation expressed in this
context (e.g., if modal verbs apply to other elements appearing within a pattern
structure).
At a conceptual level, for example in applications that attempt to identify levels
of certainty indicated by these items and sort or otherwise process contexts accordingly,
problems may result from the polysemy of these verbs, and the subtle shades of
meaning they can express. The modal verb can, for example, may indicate ability,
possibility or permission (Swan 1995: 104–109); may may indicate possibility,

165

As in the case of hedges, the presence of modal verbs within pattern structures introduces
morphological variation of markers from expected forms (e.g., as in X causes Y and X may cause Y).
However, this variation as well is quite regular and could likely be represented in a relatively
straightforward and standard way in pattern forms.
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permission, requests, suggestions and criticisms (Swan 1995: 322–328). Moreover, a
given modal verb may indicate varying degrees of certainty in different types of
contexts (Swan 1995: 335) (a phenomenon observed in the corpora in the past and
conditional forms identified). The sorting of contexts according to precise senses or
levels of certainty associated with the individual verbs would thus be a complex task,
especially given that even individual forms of verbs may be associated with different
levels of certainty.166 Nevertheless, if the situation allows for such human intervention,
it should be possible to distinguish occurrences containing these items from others
automatically, and to present them to a user for precise evaluation.
Modal verbs were found in 12% of the relation occurrences and 31% of those
containing expressions of uncertainty in English, and 6% of relation occurrences and
22% of the occurrences with expressions of uncertainty in French. These data are shown
in Table 118 and Table 119.
Table 118. Comparison of the proportions of relation occurrences involving modal verbs
(MV) in English and French
MV+
MVTotal

EN
55
387
442

FR
20
329
349

Total
75
716
791

Table 119. Comparison of the proportions of relation occurrences with expressions of
uncertainty involving modal verbs (MV) in English and French
MV+
MVTotal

EN
55
120
175

FR
20
70
90

Total
75
190
265

As observed in the case of hedging, the difference between the data sets in the
proportions of relation occurrences containing expressions of uncertainty in which these

392
expressions took the form of modal verbs was not statistically significant (p =
0.201), although the proportion in English was slightly higher. However, the proportion
of the total relation occurrences observed including modal verbs was very significantly
higher in the English data (p = 0.001), suggesting that this means of expressing
uncertainty is more common overall in English. These results indicate that investing
time and effort in developing pattern forms that take this potential variation into
account, and/or strategies for identifying and processing these contexts automatically is
likely to provide a significantly higher return in English.
When a more detailed analysis of the modal verbs and forms identified is carried
out, in order to further explore the possibilities for developing automatic strategies for
dealing with such cases, one challenge may be found in the fact that a wider variety of
distinct modal verbs was found in the English data (Table 120), while in the French data
all of the occurrences were of the verb pouvoir (Table 121).
Table 120. English modal verbs observed
Modal verb
may
can
might
could
will
Total

Occurrences
35
11
6
3
1
56

Table 121. French modal verbs observed
Modal verb
peuvent
peut
pourraient
pourrait
Total

166

Occurrences
8
7
3
2
20

However, as mentioned in Section 2.4.2.3, the fact that restricted numbers of forms and/or senses of
modal verbs are likely to be observed in specialized languages has been noted, e.g., by Sager et al. (1980).
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This suggests that in English, reaping the benefits of developing pattern
forms and processing strategies for dealing with occurrences of modal verbs would
nevertheless require a somewhat more substantial investment of time than in French. If
levels of certainty are to be assigned to each of the verbs (and potentially to specific
forms) to assist in automatically classifying contexts, this complexity will be even more
significantly increased. Once again, with the prevalence of a phenomenon in a given
language, the complexity of representing it formally also increases.
Given the difference in prevalence of various phenomena analyzed above, it
would be possible to envision the development and use of different approaches to
identifying uncertainty in candidate KRCs in the two languages. While in English the
identification of certain types of lexical hedges and of the use of modal verbs could be
productive, in French, pattern forms could be adapted to take into account other
indications of uncertainty, such as the use of conditional verb forms (considered in this
analysis as a type of hedging using non-lexical means). However, these phenomena are
likely to differ substantially in both their impact on KRC identification (e.g., in
interfering with the recognition of candidate KRCs) and pattern design (e.g., in the need
to adapt pattern forms to modified structures and/or to allow for interruptions), as well
as the strategies required to resolve these issues. Thus these factors are likely to be best
considered separately in application and pattern set development, although advances
made in addressing the challenges they pose may ultimately complement one another in
the two languages.

4.10.2.4

Negation

Perhaps the strongest indicator of “unreliability” of information present in candidate
KRCs is the presence of negation. In fact, the use of the term uncertainty in this case is
perhaps strictly inaccurate, as negation often does not express any doubt at all about a
statement. Rather, it may explicitly and categorically deny that statement. Nevertheless,
following authors such as Barrière (2002), this phenomenon can be considered to be
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closely related to those described in this category and thus to be best addressed in
this framework.
Negation within a context describing a relation (either of the relation itself or of
some element of it) can certainly call into question the validity of the information
contained in that context for further use, and thus is an important factor to consider in
many pattern-based applications. As observed above in Section 2.4.2.4, some authors
have chosen to disregard all contexts containing negation in semi-automatic
applications, in order to set aside those that might be misleading if used. However, as
will be discussed below, the rejection of all contexts containing negation would result in
the reduction of recall. Moreover, for applications such as definition formulation and
domain knowledge acquisition, contexts containing negated statements about relations
may still provide useful information, and thus may be of interest to users. However, the
status of these contexts is necessarily different than that of contexts without negation.
Negation was observed in a number of the contexts containing potentially
pertinent relation occurrences in the two corpora, as in Examples 343 to 348.
Considerable parallels in the types of phenomena were observed in the two corpora.
343. Lower levels of plasma folate and vitamin B6, however, were
not associated with increased risk of breast cancer in an early
prospective nested case-control study with 195 case-control
pairs. (Zhang 2004)
344. … the findings suggest that dietary intake of fat and fiber do
not play a major role in the development of breast cancer.
(Fackelmann 1992)
345. Oral but not transdermal HRT induced APC resistance
measured by the alteration of the effect of APC on thrombin
generation. (Seed and Knopp 2004)
346. Dans ce travail [12], l’exercice physique n’a pas eu d’effet sur
le cholestérol total ou le LDL cholestérol. (Ferrières 2004)
347. La grossesse n’a que peu ou pas d’effet sur le risque de
récidive de cancer du sein. (Debourdeau et al. 2004)
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348. Les AINS sont capables d'activer la transcription de leur
propre enzyme cible, notamment Cox2 (mais pas Cox1) via
l'activation de PPARγ. (Guastalla et al. 2004)

The semantic implications of negation can be complex. As observed in Examples
349 to 354, at a general level the value of a given context for extracting information may
or may not be affected by negation:
349. The cytotoxic effects of SC236 and docetaxel were not
affected by HER-2/neu expression. (Witters et al. 2003)
350. This is in stark contrast with the properties of fibroblasts where
the ectopic expression of cyclin D1 shortens the G1 phase but
is not sufficient to trigger S-phase entry. (Sicinski and
Weinberg 1997)
351. … the findings suggest that dietary intake of fat and fiber do
not play a major role in the development of breast cancer.
(Fackelmann 1992)
352. Could it be that BRCA1 and BRCA2 play roles in the
development of hereditary cancers but not sporadic tumors?
(Yang and Lippman 1999)
353. The mammographic density does not increase with tibolone,
unlike with HRT. (Kocjan and Prelevic 2003)
354. Augmentation de la survie globale et sans récidive par la
suppression ovarienne (induite ou non par chimiothérapie) et
la prescription de tamoxifène (Debourdeau et al. 2004)

In the case of Example 349, the expression of the

MODIFICATION

relation itself is

negated, but the addition of a condition in Example 350 may indicate that the relation is
potentially — but not certainly — present (i.e., expression of this cyclin may help to
trigger entry into this phase although it is not sufficient to do so). In Example 351, the
negation applies not to the marker of the relation or to the relation itself, but rather to an
intensifier of the relation, major. While the relation — and thus the context — remains
potentially valid, its expression is hedged by this combination of an intensifier and
negation. (Cf. Section 4.10.2.2.) In Example 352, the negation applies to only one of the
pairs of elements indicated; while it is not possible to draw a conclusion about the
validity of the relation, due to the question structure, it is suggested that a relation may
hold between the genes and hereditary cancers, but that no such relation links sporadic
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tumours with these genes. A similar phenomenon is observed in Examples 345 and
348 above, as well as Example 353, in which more than one pair of elements is present,
and the relation of one pair is affected by the negation in but not, unlike or mais pas
while the other remains unaffected. In Example 354, a similar situation is also observed,
as the relation may or may not hold (as indicated by ou non). (Cf. also Section 4.9.1.2
on disjunction of related elements.)
Negation may also be combined with other expressions of uncertainty (e.g., X
may not Y, X does not always Y) or may occur in contexts placing conditions on a given
statement, and as a result may vary in its impact on the validity of a relation expressed.
Examples 355 to 360 below illustrate some problematic contexts including negation:
355. Although Ras is not often mutated in breast cancer… (Wang et
al. 2003)
356. … found no significant associations between sequential HRT
and breast cancer risk… (Weiss et al. 2002)
357. Unlike combination HRT, therapy with estrogen alone did not
appear to have any effect (either favorable or adverse) on heart
disease… (Aschenbrenner 2004)
358. Chemotherapy containing platinum … might not increase
survival… (Carrick et al. 2004)
359. Toutefois, certaines de ces mutations n'affectent pas la
capacité d'APC d'induire la dégradation de la caténine ß …
(Blanchard 2003)
360. Notons toutefois que les mutations ne sont pas le seul
phénomène empêchant la protéine de jouer son rôle. (Chène
1999)

It is thus clear that in automated applications, the use of negation to either sort or
eliminate contexts according to the certainty or uncertainty of the information they
contain will face numerous difficulties. The value of information expressed in contexts
containing negation is likely to vary according to the application envisaged for the
ultimate use of this information, and at least some applications may need to adapt
pattern forms to accommodate this kind of variation.

397
This raises some interesting questions about the usefulness of individual
contexts and the advantages and disadvantages of automatic filtering (i.e., exclusion) or
sorting of contexts containing negation. If all relation occurrences containing negation
are rejected, valid occurrences would almost inevitably be lost.167 A more conservative
strategy, and one that would be particularly pertinent in applications involving human
interpretation of candidate KRCs, would involve the sorting of contexts to present users
with non-negated occurrences first and to indicate that negated occurrences require
interpretation. However, given the varying scope and types of negation observed,
properly processing such contexts to retain only those relations that are not negated or
developing strategies to sort contexts containing negation automatically would require a
detailed analysis of the many forms in which negation can occur, based on considerably
more data. (Fortunately, the regularity of some of these structures observed could
provide a starting point for strategies for taking on the task in certain cases.)
Negation was observed in 5% of relation occurrences and 12% of those
containing some kind of expression of uncertainty in English, and 4% and 17%
respectively in French. These data are shown in Table 122 and Table 123. Neither of the
differences observed between the two data sets is statistically significant (p = 0.761 and
p = 0.294 respectively), although negation accounts for a slightly higher proportion of
the expressions of uncertainty observed in the French data.
Table 122. Comparison of the proportions of relation occurrences containing negation
(NG) in English and French
NG+
NGTotal

167

EN
21
421
442

FR
15
334
349

Cf. Bowden et al.’s (1996) description of negative triggers.

Total
36
755
791
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Table 123. Comparison of the proportions of relation occurrences containing
expressions of uncertainty that involved negation in English and French
NG+
NGTotal

EN
21
154
175

FR
15
75
90

Total
36
229
265

The effects of negation on requirements for pattern forms and/or developing
strategies for evaluating occurrences involving negation thus appear likely to be of
comparable importance in English and French. Moreover, given the quantitative and
qualitative parallels observed in the corpora, the representation of the more complex
forms of negation may also pose significant challenges in the two languages.
Given the relatively infrequent occurrences of the phenomenon and its variable
but potentially significant impact on the value of the information contained in the
relation occurrences in which it is found, it is important to consider the investment of
both time and effort required to process occurrences of negation at a formal level. One
factor in this evaluation is the form in which negation is observed.
In both languages, negation was generally indicated by an independent marker,
although some cases of negation using affixes were observed, as in Examples 361 and
362. When this is the case, this affixation — like any other modification of a marker or
related element — may make it difficult to identify for applications in which negated
relations are considered pertinent.
361. (In)activation of aromatic amine carcinogens is catalysed by
metabolic enzymes including N-acetyltransferase 1 (NAT1)…
(Van der Hel et al. 2003)
362. Les protéines mutées sont incapables de provoquer
l’élimination des cellules ayant, par exemple, un ADN
endommagé par les UV. (Chène 1999)

A significant difference for approaches attempting to identify standard forms of
negation that may be allowed for in patterns is the wider variety of indicators of
negation observed in French. A total of 8 different indicators (Table 125) were observed
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in 15 occurrences of negation in French (for a ratio of 1.9 occurrences per indicator),
compared to 5 indicators (Table 124) in 22 occurrences in English (4.4 occurrences per
indicator). As would be expected, the indicators of negation in the French data were also
more often complex in form (e.g., ne… pas, ne… jamais, mais pas) than in the English,
with 5 of 8 forms observed to be complex in French and 1 of 5 in English (but not).
Table 124. English indicators of negation observed
Indicator of negation
not
but not
no
inunTotal

Occurrences
13
3
2
2
2
22

Table 125. French markers of negation observed
Indicator of negation
ne… pas
sans
non
ne… aucun
ne… que
inmais pas
ne… plus
Total

Occurrences
6
2
2
1
1
1
1
1
15

These data suggest that more distinct indicators of negation may need to be taken
into account in French when developing applications that are capable of identifying
and/or classifying contexts containing this phenomenon. Moreover, while the
representation of structures involving negation is of course a challenge in the two
languages, it may be even more complicated in French, given that the indicators of
negation tend to be complex.
More complex or variable structures were also noted, as in Examples 363 to 364:
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363. … n’a mis en évidence aucun bénéfice attribuable à l’HTR
pour contrer l’athérosclérose, ni aucune réduction de la
mortalité entre les groupes traités par rapport au groupe témoin.
(Bouchard 2001)
364. … lorsque l’association de metformine et d’une sulfonylurée
ne permet pas une maîtrise optimale du diabète ou ne peut
être utilisée en raison d’une contre-indication ou de
l’intolérance à l’un de ces médicaments… (Leblond 2001)

The complexity of the structures in Example 363 as well as the absence of one
part of a complex indicator of negation (pas, plus, etc.) in Example 364 could pose
challenges for pattern design and for applications in automatic identification and
analysis of negated relation occurrences. The additional semantic complexities of the
variations between the different markers of negation (e.g., ne… pas, ne…plus, ne… que)
in French may also be pertinent for some more semantically rich processing tasks.
The identification of complex forms poses slightly more significant challenges
for automatic applications attempting to identify negation for the purposes of either
eliminating or classifying contexts; this is particularly true in less regular structures
involving a change in order of the elements of an indicator of negation, the separation of
these elements by large numbers of words, or cases in which potentially complex
markers are incomplete (e.g., Example 364 above). The complexity of the task of
recognizing and/or representing negation formally may therefore be somewhat higher in
French.
Future research on more data could help to clarify the ways that negation can
affect the value of candidate KRCs at a conceptual level, as well as the possibilities for
representing this phenomenon in pattern forms in order to process contexts containing
negation appropriately for a given application. It nevertheless appears from this research
that in both languages the complexity of the task of properly and precisely processing
such occurrences automatically could be all but prohibitive, given the semantic and
formal variability observed. While some simpler structures that could potentially be
exploited were observed, a significant investment of time and effort would be required
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to meet many of the challenges observed. From the evaluation of the indicators of
negation observed, it appears that even the more basic strategies for identifying and
processing negation could be more complex to develop in French.

4.10.3

Text-related issues

As described in Section 3.3.1.5.3, particularities of certain texts may interfere with the
recognition of KRCs. These may include minor problems such as spelling or
punctuation errors that may interfere with the analysis of a context (and therefore the
recognition of a pattern form) or with the recognition of a marker. In addition, some
problems may interfere with the interpretation of the information contained in a context
(e.g., the evaluation of whether a relation is present or what kind of relation is present,
what elements are involved in this relation, and how). Examples 365 to 369 illustrate
some of the phenomena observed.
365. In animal models of diabetes, antioxidant defense capacity is
diminished is [sic] certain tissues. (Griendling and FitzGerald
2003)
366. The presence of TNF- [alpha], IL-6, and other cytokines cause
hepatic production of C-reactive protein (CRP)… (Pantaleo
and Zonszein 2003)
367. … examination of coronary arteries showed an interaction
between social environment and social status on the
development of atherosclerosis. (Schwartz 2003)
368. Ainsi, les effets procoagulants des cellules endothéliales est
augmenté lorsque celles-ci sont infectées par du virus herpes
simplex [39] ou par du cytomégalovirus [40]. (Lizard et
Gambert 2001)
369. …le haut taux élevé de croissance cellulaire observé au
niveau des tumeurs surexprimant HER2… (Cornez and Piccart
2002)

Among the relation occurrences observed, a very comparable proportion — 6%
in English and 7% in French — were observed to contain some kind of text-related issue
(p = 0.454) (Table 126). A very slightly higher proportion of such cases was found in
French.
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Table 126. Comparison of the proportions of relation occurrences containing textrelated issues (TR) in English and French
TR+
TRTotal

EN
27
415
442

FR
26
323
349

Total
53
738
791

The variability of this phenomenon is such that the classification and
quantification of the problems is very complex, and as such is beyond the scope of this
project. However, clearly tools may not locate some potential KRCs in both languages
due to these problems.

4.10.4

Difficulties overall

As discussed above in Section 3.3.1.5.4, a number of pattern characteristics and external
difficulties may affect pattern-based tool performance and the use of extracted candidate
KRCs. It is thus useful to consider the total proportions of relation occurrences in which
one or more of these phenomena (related elements in non-nominal form, anaphora,
pattern interruptions, expressions of uncertainty, and text-related issues) were observed,
to gauge the proportions of contexts that diverge from prototypical, easily interpreted
pattern forms.
If the sum of all of the contexts containing at least one of these phenomena is
considered, the results are very striking: in English, 333 of the 442 relation occurrences
identified — 75% — fall into this category, and in French, this figure is 252 or 72%.168
This indicates that the proportion of relation occurrences not admissible in the most
conservative approaches that exclude variants of restrictive, prototypical forms of
relation occurrences is very high, and that — particularly in cases in which available

168

This figure excludes the interruption of complex markers by related elements alone, which — as noted
in Section 3.3.1.5.4 — is not generally considered as a difficulty as such, although it does add to the
complexity of developing pattern forms. If the cases including this phenomenon are included, the figure
rises to 364 occurrences (81%) in English and 260 (74%) in French, showing a significantly higher
prevalence of the phenomenon in English (p = 0.006).
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data are limited and/or high recall is desired — such approaches may lead to an
unacceptable level of silences in the results of KRC extraction. In these cases, it would
often be advisable to use a semi-automatic technique that relies more on human
interpretation and/or human or automatic sorting of contexts rather than their exclusion
or elimination from results based on the presence of these kinds of phenomena.
Moreover, the absence of a significant difference between the two data sets (p =
0.319), with only a slightly higher proportion of occurrences in English, does not
indicate that either language will be significantly more or less vulnerable to such
difficulties.
This similarity also underlines an important observation that can be made in the
results of the analysis carried out in this research, relating to the interaction of the
multiple factors analyzed in this project. Although significant interlinguistic differences
were observed in a number of the factors included in this measurement (e.g., the higher
prevalence of non-nominal related element forms, of interruptions of related elements,
and of certain types of anaphora in French; the higher prevalence of certain types of
expressions of uncertainty in English), overall similarities may camouflage underlying
differences. Comparable results may in fact be obtained in the two languages by
applications operating with similar restrictions, but these data suggest that in the pursuit
of improvements in performance (e.g., the development of strategies for improving
recall) in each language, tool developers would do well to focus on different difficulties,
in order to address the most significant challenges in each language.
Of course, both the impact of addressing these difficulties and the requirements
for doing so vary substantially. Certainly the potential for and necessity of addressing
each one in a given context will vary depending on the needs of users and the
application envisaged for a pattern-based tool. In addition, the results of this analysis
reveal that both languages can certainly benefit from developments in any of these
aspects: only very rare phenomena were observed frequently in one language but not in
the other.
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The development of effective strategies in one language — in which a given
phenomenon is more frequent and in which therefore more data are available and the
strategies are more likely to be profitable — may therefore open doors for the
subsequent adaptation of strategies to a new language. While certainly not all
approaches will be directly transposable from one language to another, enough
similarities were noted in this research to suggest that comparing and contrasting the
languages in light of strategies developed to deal with particular phenomena may be
excellent starting points for improving performance overall.
The general significance of the observed similarities and differences will be
discussed further in Chapter 5.

5 Discussion
5.1 Introduction
In this Chapter, the results of the comparisons described above in Chapter 4, and in
particular the similarities and differences highlighted, will be discussed in light of
various aspects of pattern-based tool development, performance and use.
The discussion will begin with the description of the effect these similarities and
differences will have on the design of pattern-based tools, pattern forms and pattern lists
for semi-automatic tools (Section 5.2), which will be followed by a discussion of the
factors that may affect tool performance (Section 5.3), and finally a discussion of the
effect on the ultimate usefulness of extracted KRCs (or other information) for
terminological research and other applications (Section 5.4). Some additional
observations made and challenges encountered in the course of this research will be
discussed in Section 5.5, and a brief discussion of semi-automatic and automatic
approaches to knowledge extraction in terminology work will be presented in Section
5.6. The chapter will conclude with an analysis of the limits of this research in Section
5.7.
In this project, as stated in the Introduction, the basic approach envisioned was
that of the semi-automatic extraction of KRCs for terminological research, including
domain knowledge acquisition. This choice was made because this application can
benefit from information of a wide variety of natures and forms, and thus the
information pertinent for such an application includes that useful for other, more
specifically designed applications. Such an inclusive description can then be analyzed
from the perspective of information that is pertinent in more restrictive applications,
while also allowing the cost of such restrictions (e.g., in lost contexts or information) to
be evaluated. Less restricted patterns observed in such studies may later be refined in
order to adapt them to other applications, while work that begins with restricted patterns
does not provide information about types of relation occurrences that are not retained by
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these pattern forms because of occurrences of variations on these forms or other
difficulties, and thus are harder to adapt for use in other, less restricted applications.
Therefore, the discussion of the observations of this research includes an overview of
aspects of the contexts observed that are pertinent for basic approaches such as semiautomatic KRC extraction using simple marker forms, accompanied by a discussion of
how many of the phenomena may affect possibilities for developing more sophisticated
tools that impose restrictions on pattern forms and contexts retained for various
purposes.
Each phenomenon will be discussed here in terms of its individual effect on
performance in the contexts in which it is pertinent, and some observations of general
trends likely to affect the various aspects of pattern-based tool development and use will
be made. While clearly the convergence and interaction of factors in tool development
and performance will be critical in determining the ultimate effectiveness of a patternbased approach in the two languages, a discussion of the individual factors can help to
highlight some of the similarities and differences that should be taken into account in
designing tools for specific goals, and the ways that these differences may come into
play in the performance of pattern-based tools.
These may inspire further research on particular factors or combinations of
factors as they apply to specific projects It is with this perspective that the observations
in the research will be discussed below: as indications of a need to further evaluate and
examine some of the factors evaluated in this research, with specific applications in
mind, in light of hypotheses that may be drawn from the results of this study.
The phenomena evaluated, and their pertinence for the three aspects of patternbased knowledge extraction identified above, are summarized in Table 127.
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Table 127. Summary of factors analyzed and interlinguistic comparisons

Factor analyzed

Section

Number of
relation
occurrences
observed

4.1

Number of
different markers
observed

4.2

Number of
occurrences of
markers

Types of pattern
markers
observed
Part of speech
classes of
markers

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Tool
performance

All

Pattern
design

All

Indications

Yes
p < 0.001

All

Indications

Pattern
design
4.4
Tool
performance

4.5

All

4.5.1

Lexicosyntactic

Details of difference

170

Fewer relation
occurrences in French
data, particularly of the
ASSOCIATION relation
Phenomenon could be
linked at least in part to
the terms used to
generate concordances
A wider variety of
markers apparent in
French data
Indications that the
English markers
observed are in most
cases more frequent
than the French and that
relation occurrences are
more concentrated
among the more
frequent markers in
English

169

Potential types of pattern forms specified are: Character strings/Regular expressions, in which the
marker is represented using either of these means; Lexico-syntactic, in which the part of speech class of
the marker and/or of surrounding elements is specified, with the option of also specifying potential
distances between separate elements in the pattern form; Related element structures, in which the part of
speech class of the related elements is specified or automatic identification of related elements attempted
using this structure; Specific related elements, in which a term, other lexical unit, or class thereof is
coupled with a pattern form. All denotes that all of these types of forms may be affected.
170

A p value of 0.05 or less was considered to be statistically significant. The possibility of a trend
towards significance is considered to exist when the p value for a given difference was higher than 0.05
but less than 0.1. Indications identifies cases in which statistical tests are not considered to be strictly
reliable but in which a potential for variation was suggested.
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Factor analyzed

Section

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Details of difference

170

Although difference is
non-significant, slightly
more verbs observed in
English and adjectives
and adverbs in French
for the two relations
Individual
markers

4.5.1.1

Pattern
design

Lexicosyntactic

Pattern
design
Marker occurrences

4.5.1.2

Tool
performance

Lexicosyntactic

Trend
p = 0.066

Yes
p = 0.001

In the ASSOCIATION
relation, a trend towards
higher prevalence of
function words observed
in French as well as
somewhat more
adjectives and adverbs,
and more verbs
observed in English
Overall, proportions of
markers in POS classes
significantly different

Yes
p = 0.001

Adjectives more
frequent in French data
than in English

Yes
p = 0.011

Nouns more frequent in
English data than in
French
Similar trends observed
in the two relations
separately

Simple and
complex markers

Pattern
design
4.5.2

All
Tool
performance

No

Very similar proportions
of complex and simple
markers observed in the
two data sets
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Factor analyzed

Section

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Details of difference

170

More valid occurrences
retrieved with French
markers in the sample
evaluated
More categorial
ambiguity observed with
English markers in the
sample evaluated
Pattern
design
Marker precision

4.6

All

Indications

Tool
performance

If categorial ambiguity
is excluded from
consideration, more
valid occurrences
retrieved with English
markers in the sample
evaluated
Differences also
observed between
markers of different
POS classes and for
different relations,
potentially indicating
effects on performance
from interaction with
other factors

Pattern
design
Polysemy of
pattern markers

4.7

Tool
performance

All

Not
statistically
evaluated

Similar cases of
ambiguity noted in the
two data sets

Indications

Some suggestions that
variability of the
English markers is
higher than of the
French markers,
particularly for the
CAUSE–EFFECT relation

Information
evaluation
and use
Pattern variation

Variations in
marker form

4.8

4.8.1

All

Pattern
design

All
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Factor analyzed

Variation in
voice of verbal
markers

Variation in
pattern structures

Variations in
pattern structure
involving
relative pronouns

Number and
form of the
elements linked
by the markers

Section

4.8.1.1

Stage of
patternbased
extraction
affected
Pattern
design
Information
evaluation
and use
Pattern
design

4.8.2
Tool
performance

Primary
types of
patterns
affected169

All

Significant
difference
observed?

Yes
p = 0.002

Lexicosyntactic
Character
strings/
Regular
expressions

No

Pattern
design
4.8.2.1

Information
evaluation
and use

4.9

All

No

4.9.1

Variant
expressions of a
single related
element

4.9.1.1

Passive voice
significantly more
commonly observed for
English markers

Inconsistent results
observed; no
conclusions can be
drawn
Very similar proportions
of relation occurrences
involving these
structures observed in
the two data sets
More variety in relative
pronouns observed in
the French data

All
Pattern
design

Multiple
elements sharing
a role in a
relation

Details of difference

170

Tool
performance

All

Information
evaluation
and use
All

No

No significant
difference in proportion
of relation occurrences
involving multiple
elements sharing a role
in a relation, although
prevalence somewhat
higher in the French
data
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Factor analyzed

Abbreviations
and symbols

Section

4.9.1.1.1

Stage of
patternbased
extraction
affected
Pattern
design
Tool
performance

Primary
types of
patterns
affected169

All

Significant
difference
observed?

No

Information
evaluation
and use

4.9.1.1.2

Tool
performance

All

No

All

No

Information
evaluation
and use

Pattern
design
Conjunction and
disjunction

4.9.1.2

Information
evaluation
and use

SPECIFIC

relations between
elements

4.9.1.3

Tool
performance
Information
evaluation
and use

Although small numbers
of occurrences make
comparisons difficult,
slightly more
occurrences were
observed in the French
data
Proportions of relation
occurrences containing
conjunction and
disjunction of related
elements somewhat but
non-significantly higher
in French
In both data sets and
types of relations
between the elements
one indicator of the
relationship accounted
for a large proportion of
occurrences
Proportion of relation
occurrences involving
the phenomenon only
slightly higher in French

Pattern
design
GENERIC–

Very similar proportions
of relation occurrences
containing abbreviations
pr symbols in the two
data sets.
Difference observed is
not significant

Pattern
design
Other variants in
expression of a
related element

Details of difference

170

All

No

More variety noted in
the indicators of the
relation in the French
data, while fewer
indicators in English
accounted for a higher
proportion of
occurrences observed
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Factor analyzed

Section

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Pattern
design
Ellipsis of part of
complex related
elements

4.9.1.4

Tool
performance

All

Trend
p = 0.066

Information
evaluation
and use

Repetition of
marker or part of
marker

Pattern
design
4.9.1.5
Tool
performance

Lexicosyntactic
Related
element
structures

Pattern
design
4.9.2

Tool
performance
Information
evaluation
and use

Ellipsis of the head of a
complex related element
somewhat more
prevalent in the French
data, trending towards
significance
Non-significant
differences observed for
ellipsis overall and for
ellipsis of expansions

Yes
p < 0.001

Yes
p < 0.001

Form of elements
linked by
markers

Details of difference

170

Yes
p = 0.033

Phenomenon
significantly more
prevalent in the French
data
Non-nominal elements
significantly more
frequent in French data
Propositional and verbal
elements significantly
more frequent in French
data

All
Yes
p = 0.049
Trend
p = 0.079

Pronominal elements
significantly more
frequent in French data
Higher prevalence of
adjectival elements in
French data trends
towards significance
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Factor analyzed

Section

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Trend
p = 0.058

Yes
p = 0.033
Pattern
design
Anaphora

4.9.2.1

Information
evaluation
and use

All

Details of difference

170

Yes
p = 0.021

Higher prevalence of
anaphoric expressions in
French data trends
strongly towards
significance
Significantly higher
proportion of anaphoric
elements in the form of
possessive adjectives in
the French data
Significantly higher
proportion of anaphoric
expressions replacing all
or the head of a related
element
Some variation in the
potential of pronouns
occurring as anaphoric
reference both in terms
of variety (higher in
English) and the
possibilities for locating
antecedents (more
promising in French)

Challenges in
using knowledge
patterns and
extracted
contexts
Pattern
interruptions

Interruptions of
patterns

4.10

All
Pattern
design

4.10.1

All
Tool
performance
Pattern
design

4.10.1.1
Tool
performance

Yes
p = 0.015

Significantly higher
prevalence observed in
English data

No

Non-significant
difference with
somewhat higher
prevalence observed in
the English data.

Lexicosyntactic
Related
element
structures
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Factor analyzed

Multiple markers
and interruptions
of patterns by
other patterns

Interruptions of
complex markers

Interruptions of
related elements

Section

4.10.1.1.1

Stage of
patternbased
extraction
affected
Pattern
design
Tool
performance

Primary
types of
patterns
affected169

All

Significant
difference
observed?

No

Information
evaluation
and use
Yes
p = 0.032

Pattern
design
4.10.1.2

All

4.10.1.3
Tool
performance

4.10.2

Information
evaluation
and use

Related
element
structures,
Specific
related
elements

Yes
p = 0.021

Significantly higher
proportion of related
elements interrupted in
the French data

All

Yes
p < 0.001

Phenomena significantly
more prevalent in
English data

Pattern
design
Quantification of
related elements

4.10.2.1

Information
evaluation
and use

Some regularities also
observed in structures in
the corpora
Significantly higher
proportion of English
relation occurrences
involve interrupted
complex markers

Yes
p < 0.001

Pattern
design
Expressions of
uncertainty

Very similar proportions
of relation occurrences
involving this
phenomenon observed
in the two data sets

Difference observed
largely due to
significantly higher
proportion of marker
interruptions by related
elements in English

Tool
performance

Pattern
design

Details of difference

170

All

No

Similar proportions of
relation occurrences
involving this
phenomenon observed
in the two data sets, with
prevalence in the
English data only
slightly higher
More variety in
quantifiers observed in
the English data
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Factor analyzed

Section

Stage of
patternbased
extraction
affected

Primary
types of
patterns
affected169

Significant
difference
observed?

Yes
p = 0.002

Phenomenon observed
significantly more
frequently in English
data

Yes
p = 0.003

Verbal hedges
significantly more
prevalent in the English
data

Pattern
design
Hedging

4.10.2.2

Information
evaluation
and use

All

Yes
p = 0.002
Pattern
design
Modal verbs

4.10.2.3

Tool
performance

All

Yes
p = 0.001

Information
evaluation
and use
Pattern
design
Negation

4.10.2.4

Information
evaluation
and use

All

No

Tool
performance
Text-related
issues

4.10.3

Information
evaluation
and use

All

Details of difference

170

No

Non-lexical means of
hedging significantly
more prevalent in the
French data
Phenomenon observed
significantly more
frequently in the English
data
More variety observed
in the modal verbs and
forms in the English
data
Very similar proportions
of relation occurrences
involving this
phenomenon observed
in the two data sets
More variation noted in
indicators of negation in
the French data
Similar proportions of
relation occurrences
involving this
phenomenon observed
in the two data sets, with
proportion only slightly
higher in the French
data
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Factor analyzed

Difficulties
overall

Section

4.10.4

Stage of
patternbased
extraction
affected
Pattern
design
Tool
performance
Information
evaluation
and use

Primary
types of
patterns
affected169

All

Significant
difference
observed?

Details of difference

170

No

Relatively similar
proportions of relation
occurrences involving
this phenomenon
observed in the two data
sets, with a slightly
higher proportion of
occurrences in the
English data

5.2 Tool and pattern design171
In the process of tool and pattern design, a number of decisions must be made that will
affect the kinds of potential KRCs that are identified and retained for use, and the means
used to identify these contexts.
Tool design should take into account the purpose for which a given tool will be
used, the needs of users, and the ways these users will participate in the evaluation of the
information identified. These factors will influence the balance of precision and recall
that is desired, as well as the approaches needed to achieve this balance.
However, the possibilities of pattern-based approaches depend on the ways
relations are expressed in each language, and the decisions that are made may affect the
languages to different degrees depending on language-specific factors. Achieving
comparable performance may depend on the ability to recognize and manipulate these
factors. Adjusting expectations of the complexity of the task of designing and
developing bilingual pattern-based tools and of expected performance in the process is
also essential, and will rely on observations of pertinent phenomena such as those
discussed in this research.

171

In this discussion, the various factors evaluated will be indicated in bold, in order to facilitate
consultation.
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5.2.1 Factors affecting approaches to pattern discovery
This study demonstrated that a term-based approach to pattern discovery was effective
in corpora both languages, and that this kind of approach allowed for the identification
of a relatively wide (and more or less comparable) range of markers in both English and
French.
The distribution of relation occurrences among semantic classes in both
languages echoed Bodson’s observations (2005) of associations between specific classes
of terms and relations. Specifically, the terms denoting processes were found to be
particularly productive for locating

CAUSE–EFFECT

pathologies were particularly effective for identifying

relations, and those denoting
ASSOCIATION

relations. Including

a fairly high proportion of terms representing these classes in term-based pattern
discovery approaches is likely to allow for the identification of a range of markers in
both English and French. However, specific associations between terms belonging to
these classes and the markers that occur with them could limit the range of markers
observed if such a choice were made.
Observations of the term pairs that were equivalents and those that were not
suggested that the equivalents could be most effective for identifying comparable
numbers of relations in the two languages, although the variation observed between
individual term pairs was higher than that between the term classes as a whole. The data
do not allow for this possibility to be fully evaluated, however, and more research would
be essential to determine the contribution that this and other factors may have made to
the observations. If further evaluation supports this possibility, bilingual approaches that
use relatively large sets of equivalent terms belonging to particular classes may be the
most promising avenues for term-based pattern identification. An alternative technique,
less used in the field to date (the exception being Barrière 2001, 2002), would involve
the manual analysis of a small corpus in its entirety, or of a sample of randomly selected
contexts from a corpus, in order to observe potentially useful pattern markers.
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Additional refinement of pattern discovery approaches may take into account
the types of markers that are likely to be observed in each language; pattern discovery
strategies may involve targeting specific part of speech classes — such as verbs, as in
the case of the research carried out by Garcia (1997) and Feliu (2004), cf. also the
observations of Barrière (2001) — in marker identification. The observations in this
project identified verbs and participial adjectives as very prevalent classes of markers —
particularly of the

CAUSE–EFFECT

relation — in the two corpora, but also revealed that

other classes such as nouns are both numerous and productive.
Some interlinguistic differences, however, may affect the choices made in
specific cases. Adjectival markers were observed to be both more numerous and more
productive in the French data, and therefore may be stronger candidates for pattern
discovery in this language. From another perspective, their exclusion from pattern
discovery approaches would affect this language more than English, reducing the
numbers of markers that may be observed and thus the potential for recall in patternbased tools in which the markers located are used. Conversely, the choice to limit
pattern discovery to the observation of verbal markers would provide access to a
slightly wider proportion of the markers observed in the English data, suggesting a
greater potential for identifying KRCs than in French. In addition, the proportions of
nominal marker occurrences indicating the

ASSOCIATION

relation was substantially

higher in the English data, suggesting a somewhat greater need to consider these types
of markers for the relation in that language.
The observations in this study also revealed variation between the relations in the
numbers and types of markers observed. In addition to the need to evaluate the numbers
of markers necessary or advisable in pattern sets for each relation, the differences also
highlight the importance of adapting pattern discovery approaches in the two languages
to retrieve the kinds of markers most commonly used to indicate specific relations.
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5.2.2 Factors affecting the number and choice of markers
A number of the factors evaluated in this research may affect the number of markers that
are used in pattern sets for any type of pattern-based tool. These factors include the
numbers of markers that are observed to indicate a given relation, as well as the
distribution of relation occurrences among these markers and the numbers of
occurrences of markers, which determines the number of potentially useful contexts
that can be retrieved and thus the overall productivity of a pattern set.
The ratio of the number of markers observed relative to the numbers of relation
occurrences was almost universally higher in the French data (and particularly so for the
ASSOCIATION

relation), although statistical confirmation of the significance of this

difference was not possible. This consistency nevertheless suggests that further research
should be undertaken to investigate this potential difference with more data. The
presence of more distinct markers for the relations suggests that a wider variety of
markers may be necessary in order to retrieve the same number of candidate KRCs in
French.
This observation was also supported by the distribution of the relation
occurrences among the markers observed. The occurrences of the two relations together
were more concentrated among the most frequently observed markers (and therefore
those that are of particular interest for use in pattern sets) in the English data than in the
French, suggesting that a pattern set consisting of a limited number of these promising
markers would be more productive (i.e., locate a higher proportion of relation
occurrences) in English, and that in order to achieve the same results in French, more
markers would be required. This difference was nevertheless much smaller for the most
frequent markers of the

ASSOCIATION

relation independently; the largest contribution to

the difference was observed in the markers of CAUSE–EFFECT relations.
Once again, although the difference is subtle, in the English data the marker sets
observed tended overall to be somewhat more frequent per 1,000 corpus tokens than the
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French markers, in both relations together and individually. The frequency of the
markers of the

ASSOCIATION

relation was significantly higher in both corpora, but the

trend towards higher frequency was also larger in this case.
Overall, although no formal statistical confirmation of this trend was possible in
the data gathered in the study, the factors that affect the numbers of markers likely to be
required in pattern sets and the potential for productivity of pattern sets showed quite
consistent tendencies suggesting that more French markers may required to retrieve the
same numbers of candidate KRCs in the two languages. The effect of these tendencies is
moreover likely to be larger than it at first appears, as the identification of markers is
only the first step in a labour-intensive process of evaluating marker performance and
designing and refining pattern forms.
Once the numbers of markers required are evaluated, the choice of the types of
markers for inclusion in pattern sets is the next step in pattern set development.
As was the case in pattern discovery approaches, decisions involving the choice
of markers for inclusion in pattern sets may be affected by the types (e.g., part of
speech class) of markers that are commonly used to express a given relation in a
language. Differences on this level primarily affect the representation of markers in
lexico-syntactic pattern forms, but may also be pertinent in applications that use
character strings. The prevalence of adjectival markers for the CAUSE–EFFECT relation in
the French data and of nominal markers in English for the

ASSOCIATION

relation

suggests that these types of markers are good candidates for inclusion in pattern sets.
Such differences may also be associated with variations in marker precision,
which may also affect the choice of marker types for inclusion in pattern sets (cf.
Section 5.3.2). For example, in the analysis of the precision of a small sample of
nominal and verbal markers in both languages, it appeared that in both corpora contexts
containing nominal markers were considerably more likely to be incomplete (i.e., not to
contain an explicit indication of one or more of the elements linked in a potentially
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pertinent relation) than those containing verbal markers, therefore indicating that
nominal markers may produce a larger amount of noise in the results of extraction
(although such noise may nevertheless be useful at some level). This observation
parallels that of Barrière (2001) in her analysis of English CAUSE–EFFECT markers.
These observations suggest that the process of marker selection should take into
account interlinguistic differences in marker part of speech, and that language-specific
processes of marker discovery may be necessary in order to discover the most
productive markers in a given language. Marker sets of comparable distribution among
POS classes may not retrieve comparable proportions of relation occurrences in corpora
in English and French. However, the potential for variations in performance linked to
the characteristics of markers retained may also affect the precision of marker sets,
requiring an analysis of the interaction of these often conflicting factors in pattern set
design.

5.2.3 Factors affecting the design of pattern forms
Once promising markers have been selected, strategies must be developed for
representing these markers in a form that tools can apply for KRC extraction. This step
involves choosing how precise the pattern forms should be in their description of
markers and the contexts in which they occur. Simpler forms such as character-string
representations of markers principally confront difficulties in the representation of
marker forms, but may allow more noise in results of extraction and provide little basis
for further automatic processing of contexts. Conversely, more complex pattern forms
that specify the context in which markers may appear in addition to the form and
characteristics of that marker (e.g., lexico-syntactic knowledge patterns) face challenges
related not only to the representation of marker forms but also to the identification and
analysis of pattern structures — and in particular markers’ relationships with elements
participating in a relation — and to the representation of the related elements. These
three factors will be discussed below.
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5.2.3.1

Factors affecting the representation of markers

Among the factors that must be taken into account in representing pattern forms are
whether markers are simple or complex, how variable they are likely to be, and what
forms this variation may take (e.g., interruptions of markers, variation in marker
form). These affect the representation of markers in any pattern-based tool.
No significant differences were observed in the proportions of simple and
complex marker occurrences in the two data sets, with the distribution between the
two categories approximately equal in the
complex markers the case of the

CAUSE–EFFECT

ASSOCIATION

relation and with more

relation. The two languages thus seems

likely to present similar challenges, while the representation of markers of ASSOCIATION
is likely to be more complex than that of

CAUSE–EFFECT

relation markers due to the

greater potential for variation and the need to account for this in representing these
markers.
The representation of complex markers is complicated by the potential for their
interruption by external elements, requiring careful representation of these markers to
ensure that pertinent occurrences are identified (i.e., that an excessive number of
potentially useful contexts is not excluded by unduly restrictive forms, but that the levels
of noise are also not too high due to excessively permissive forms). Interruptions of
complex markers were significantly higher in the English data, indicating a higher
level of complexity in representing markers in this language. However, the difficulty
associated with this task and the strategies that are most appropriate for dealing with the
phenomenon are affected by the specific types of interruptions observed.
Interlinguistic differences were observed primarily in the interruption of
markers by one of the elements that they link (e.g., association of X with Y,
correlation of X with Y, effect of X on Y, role of X in Y). This constitutes the most
regular and predictable form of marker interruption, and one that is most likely to be
dealt with systematically in the design of pattern forms, either as character strings or in
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more restricted pattern forms. These markers are largely nominal, suggesting that the
effect of part of speech class variation in markers (e.g., a higher prevalence of nouns
in the English data) may be linked to this phenomenon.
In other types of interruption of complex markers, the situation is
considerably different, as the phenomenon is slightly — but not significantly — more
prevalent in the French data. These interruptions are considerably more irregular in both
their occurrence and their form (i.e., part of speech class and even length) than those
described above, and as such pose more challenges in designing pattern forms if these
occurrences are to be found. However, the frequency with which specific markers are
interrupted (e.g., the commonly observed modification of markers such as role of… in or
rôle de… dans) and the relatively regular form of these interruptions may provide a
basis for dealing with a certain proportion of this phenomenon.
Another concern in the representation of markers is that of variation in marker
form (e.g., the potential for the presence or absence of elements in addition to a “base”
marker or the change in the order in which elements of a complex marker appear in a
text, as well as variations associated with a change in the voice of verbal markers). The
levels of variation were fairly significant in the two languages, indicating that multiple
marker forms could be required for a number of markers in pattern-based tools (or at
least those that attempt to use as complete a marker form as possible, as in the strategy
adopted in this research). Although the differences observed were not very large and
precise statistical confirmation was not possible, the level of this kind of variation was
observed to be slightly higher in the English data, particularly for the

CAUSE–EFFECT

relation. This indicates a potential need for more pattern forms or more flexible pattern
forms in this language.
The combination of these factors suggests that the representation of markers may
be somewhat more complex in English due to higher variability in marker forms overall,
and particularly in the CAUSE–EFFECT relation.
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5.2.3.2

Factors affecting the representation of pattern structures

The choice of types of pattern structures for use in a pattern-based tool should take into
account the possibilities and challenges of representing commonly observed KRC
structures and their elements, as well as the ways in which the structures observed may
reflect the kind of information that is pertinent and meet user needs in the situation in
which a tool is to be used. More specific forms such as lexico-syntactic patterns that
represent the structures in which markers occur can allow a tool to target contexts that
correspond to specific forms identified as the best candidates for identifying relation
occurrences, and can therefore reduce noise. This kind of description can also provide a
first step towards analysis of these contexts to extract and/or evaluate the information
they contain. However, these restrictive forms are also far more labour-intensive to
develop and are vulnerable to problems resulting from variation in such structures in
texts. Simpler forms are of course less likely to be affected by these phenomena and are
less problematic to develop, but conversely are generally less precise.
The choice to use more or less specific and restrictive pattern forms should
involve the consideration of the number of potentially useful contexts that such pattern
forms will allow a tool to identify, the complexity of the task of designing these pattern
forms, and the impact that higher or lower recall and/or precision will have on the
effectiveness of a tool for a particular use. Evaluating these factors involves estimating
the frequency of phenomena affecting them in each language, including variations in
pattern structure and interruptions of these structures.
In both languages, the fairly high level of pattern structure variation observed
suggests that for tools using specific pattern forms, multiple pattern forms per marker
are likely to be required in order to find all pertinent relation occurrences. The observed
inter-corpus variability in the structure of patterns indicated by a given marker was
nevertheless very uneven, with no consistent trend towards a higher level in either data
set observable. More data collected using a more appropriate methodology would be
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necessary to properly evaluate this phenomenon, but these data do not provide any
evidence that could support a hypothesis regarding potential interlinguistic differences.
A specific contributor to pattern variation in both languages is the presence of
structures involving relative pronouns, observed in similar proportions of the two
data sets. This phenomenon would require adaptation of pattern forms for contexts to be
located, although regularities in the types of structures identified for different markers
show promise for developing strategies involving labour-saving, standardized
adaptations of pattern forms. However, the different numbers of relative pronouns
observed in the two corpora (with more variety observed in the French data), as well as
some differences in the nature of the pronouns and the information they convey, indicate
that representation of this phenomenon may be slightly more complex in French.
A significant variation in the form of verbal markers was observed in the
appearance of these markers in the passive as well as active voice; this phenomenon
affects not only the form of the marker itself but also the structure in which it
participates (generally including inversion of the order of relation participants in the
case of markers of asymmetric relations such as

CAUSE–EFFECT),

often requiring

adjustment in or addition of pattern forms. The much higher prevalence of this
phenomenon in the English data indicates a probable need for more pattern forms in this
language to deal with the phenomenon, particularly for tools that attempt to identify the
participants in a relation and to assign specific roles to these.
The observations of interlinguistic variations in the number of markers required
for retrieving a given number of contexts and the number of marker and pattern forms
required for each marker suggests an interaction of these factors that is important to take
into account when evaluating possibilities for developing pattern-based tools. The fact
that more markers may be required in French and that a relatively high proportion of
pattern structures to markers was observed in both corpora indicates a greater impact of
the difference than might otherwise be expected. However, as the challenges involved in
the languages are associated with different factors that may affect distinct tool types, the
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impact on individual projects will likely vary with the choices made in designing the
tool and choosing the approach. It is essential to understand the differences that may be
observed in order to determine what factors are likely to be pertinent and should be
evaluated in planning a specific project.
Even if restrictive pattern forms are developed to represent potential variations in
pattern structures, these forms encounter another very problematic phenomenon in use:
interruption of pattern structures by external elements. The interruption of pattern
forms was observed in 40 to 45% of the relation occurrences observed in this research,
indicating that restrictive pattern forms that do not allow for this phenomenon will not
permit the identification of a large proportion of potentially useful contexts. This is
particularly important to take into consideration when developing a pattern-based
approach, both in the choice of the kinds of patterns for use and in the development of
pattern structures if more restricted forms are used.
While the difference observed was not significant, the proportion of interrupted
occurrences was somewhat (but not significantly) higher in the English data, suggesting
that in this language it may be even more important to adapt pattern-based tools to deal
with the phenomenon, or a higher proportion of potentially useful contexts may be lost.
Further study could confirm whether this difference becomes significant in light of more
data.
A specific type of interruption observed involved the co-occurrence of multiple
relation markers in a single context and particularly cases in which these markers
linked the same pair of elements. This often involves a significant variation in pattern
form from cases in which a single marker is found, because of the interruption of a
pattern structure by this additional marker. This phenomenon was observed in a fairly
substantial — and similar — proportion of relation occurrences in the two data sets,
indicating that this phenomenon is important to take into account if specific pattern
forms are used. Some recurring structures observed in the results in both corpora
indicate that the formal representation of at least some cases of this phenomenon for use
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in pattern forms is a possibility, although more data would be necessary to evaluate
both this possibility and the potential differences between the languages.
Given these data, it appears that some slight trends towards increased challenges
in English may be present, but that the major contributions are likely to come from
specific sources such as the presence of passive forms. Firm conclusions about other
contributions to increased difficulties in English cannot really be drawn.

5.2.3.3

Factors affecting the representation of related elements

Related elements of course form part of the structure of knowledge patterns, and in more
restrictive pattern forms, the form of related elements may be specified not only in order
to target contexts that are likely to express relations of interest, but also as a precursor to
the automatic identification of these elements.
Pattern forms that include a representation of related elements should ideally be
adapted to reflect ways in which related elements may be expressed in texts. This
involves taking into account the forms (e.g., part of speech classes) individual related
elements may take, as well as variations in the structures in which they occur (e.g.,
interruptions, multiple elements sharing a role in a relation).
Tools that target relations between specific types of items (e.g., terms) that are
assumed to take a particular form (e.g., nouns or noun phrases) often use pattern forms
that specify these part of speech classes. However, it became clear in this research that
this kind of approach would exclude a small proportion of potentially useful relation
occurrences, and moreover that the proportions of non-nominal related elements
observed were somewhat different in the two data sets.172 The proportion of nonnominal elements observed was significantly higher in the French data, suggesting that
172

As discussed in Section 4.9.2, footnote 147, in this research at least one candidate term in nominal
form was required to be linked to the relation marker for a relation occurrence to be retained for analysis,
potentially reducing the frequency with which this phenomenon was observed as compared to its actual
prevalence.

428
this phenomenon could lead to the exclusion of more potentially useful contexts in
this language. The proportions of a number of individual types of non-nominal elements
(i.e., adjectives, pronouns, propositions and verbs) were also higher in the French data.
This indicates that the choice to specify the form of related elements in patterns, and the
potential effect on performance in French, should be carefully considered in light of the
interlinguistic differences observed. One possibility for dealing with this phenomenon
involves adapting specific pattern forms containing markers frequently observed with
non-nominal related elements (e.g., risk factor, marker, facteur de risque, complication
de) to allow for this phenomenon. Regularities observed in the two data sets suggest that
such an approach could permit some of these contexts to be retained.
A specific case of variation in the forms of related elements may involve the
presence of anaphoric expressions replacing all or part of a related element. The higher
prevalence of this phenomenon in the French data indicates a particularly strong
potential for observing challenges related to anaphora in this language. Adaptations
required may include developing pattern forms that admit the occurrence of nonnominal elements such as pronouns, or fully representing structures such as those
involving possessive adjectives or combinations of demonstrative adjectives and generic
nouns in order to clearly identify cases in which anaphora take these forms and to allow
for further processing of these cases if desired for a given application.
The potential for observing multiple elements sharing a role in a relation is
also important for such patterns to accommodate in order to completely and accurately
extract (and possibly subsequently identify) of all related elements. The somewhat
higher prevalence of the phenomenon (as well as of a number of the sub-types
evaluated) observed in this language suggests that such measures may be slightly more
important in French.
One means of dealing with this phenomenon is to create formal representations
of the relationships and structures in which multiple elements may participate.
Regularities and interlinguistic similarities in the structures observed for some of the
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sub-types of the phenomenon suggest possibilities for using parallel approaches in
the two languages, although some of these may be more straightforward to develop than
others. However, some interlinguistic differences were noted in the cases of the
indicators of some relationships between related elements. While in the case of
conjunction and disjunction the occurrences observed showed a relatively comparable
prevalence of the prototypical indicators and, et, or and ou, in the case of
SPECIFIC

GENERIC-

relations between multiple related elements, the most frequent indicators of the

relation in English accounted for a very high proportion of the occurrences, while in the
French data the distribution was much more even. This suggests a need to include more
French indicators linking multiple related elements if contexts containing these, or the
elements themselves, are to be identified and possibly further analyzed to identify the
specific information present.173
The challenges of dealing with this kind of phenomenon are increased by a
related one, the ellipsis of part of one or more complex related elements that share a
role in a relation. Pattern forms must take this phenomenon into account to identify
contexts containing relations and to offer possibilities for further processing of these
contexts, for example in identifying related elements automatically. The variability of
the structures in which this phenomenon is observed (e.g., the ellipsis of a head of a
complex item in some cases and of an expansion in others, as well as ellipsis occurring
within even more complex structures that correspond to related elements) poses many
challenges for formal representation and pattern design. Although similar phenomena
were observed in relatively comparable proportions in the two corpora, the French
results indicated a somewhat higher prevalence of the omission of a part of complex
related elements, and a significantly higher prevalence of the ellipsis of the head of such
elements, indicating the importance of considering the phenomenon in this language.
173

It is very interesting to consider here the unequal distribution of occurrences between the markers of
between related elements in the two languages, as it parallels that observed in
in this research. While this is a small sample, it nevertheless identifies this

GENERIC–SPECIFIC relations
the CAUSE–EFFECT relation
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Interlinguistic differences in the typical structures that may be observed (e.g., the
part of speech classes of elliptical related element forms observed in proximity to
markers) also indicate that considerable interlinguistic adjustments may be necessary in
order to ensure that pattern forms reflect usage in the two languages. Evaluation of a
larger sample of data would be necessary to accurately describe the structures observed
and their prevalence.
Finally, tools that search for specific terms or candidate terms in connection with
markers may encounter difficulties linked to most of the factors discussed above.
Certainly the prevalence of non-nominal variants of the more usual nominal term
forms, the presence of variants involving anaphoric expressions or of elliptical forms
of complex terms may interfere with KRC recognition using standard representations of
these terms, and alternate means may be necessary to locate all occurrences of relations
involving a concept denoted by a term.
When these — admittedly often closely related — factors are considered
together, it becomes clear that a higher proportion of the relation occurrences in the
French data involved challenges in this phase of pattern development, suggesting that
the task may be more time-consuming and difficult in this language.
Thus, when the factors of marker types and representation, pattern structure
development and the representation of related elements are considered together, some
significant differences between the two data sets suggest that the development of
pattern-based tools is likely to involve different needs and different challenges in the
two languages. Some of these differences (e.g., in the case of marker part of speech
categories) do not necessarily pose more challenges in one language or another, but
would need to be taken into account in developing tools and considered in their potential
implications when linked to other factors. The major challenges in French appear to be

phenomenon as one that is potentially observable in other relations, highlighting its potential impact and
suggesting a need for further evaluation.
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linked more to the choice and number of markers required and the representation of
the elements that they link. Those identified in English, while more subtle, may involve
variations in the form of markers and/or of pattern structures from “standard” forms.
The choices of approaches for use in different languages and the planning of tool
development projects may take these factors into account in order to organize work and
address critical issues that may interfere with tool performance in each language.

5.3 Pattern-based tool performance
Pattern-based tool performance may be evaluated on several levels, including the
potential for recall offered by markers, the precision of these markers, and the potential
for recognition of KRCs, identification of related elements, and sorting and further
processing of contexts retrieved.

5.3.1 Factors affecting potential for recall
The potential of any lexical pattern-based tool is first determined by the density of
relation occurrences associated with lexical markers in the corpora it is used to process,
and then by the proportion of these that are associated with markers included in its
pattern sets.
Although the first results observed in this research suggested that a significant
difference in the density of such relation occurrences was lower in the French corpus
analyzed, further analysis suggested that this difference could be attributable to the
choice of terms used. In the analysis of relations involving pairs of equivalent terms, the
proportions of occurrences observed in the two data sets were very comparable, with the
English showing only a slightly higher return for the two relations together and the
CAUSE–EFFECT

relation alone, and the French showing a slightly higher proportion of

occurrences of the

ASSOCIATION

relation. This supports the assertion that in general,

despite some minor variations, a pattern-based approach can be equally productive and
useful in the two languages for these relations, and encourages the continuation of
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further research into the development of bi- and multilingual tools. More
specifically, it also indicates a need to evaluate the various factors that may have
contributed to the difference observed in the term pairs, in order to determine with more
precision the source of the variation and to identify the best strategies for selecting terms
(or even alternate methodologies) for use in similar projects in the future.
The potential for identifying relation occurrences then depends on the markers
observed and their distribution in the corpus. As discussed above in Section 5.2.2, some
indications of a slightly higher numbers of occurrences and lower variety of the
markers observed in English were observed, suggesting that pattern sets in the two
languages containing comparable numbers of markers (e.g., a set of the most frequent
markers observed in a pattern discovery project) could provide access to fewer
potentially useful contexts in French. A difference can then be predicted in the baseline
potential for performance (i.e., recall) of similar pattern sets in the two languages
(although of course this is only the first of many factors influencing the ultimate
effectiveness of tools).

5.3.2 Factors affecting precision
The analysis of the precision of a small sample of markers in both languages allowed
for the evaluation of a certain number of criteria that may affect the precision of patternbased tools. (As discussed above in Section 4.6, however, the size of the sample
precludes wide generalizations and rather suggests some possibilities for further
research.)
In the analysis of a set of 10 markers that represented a comparable distribution
between relations and part of speech classes in the two data sets, the French markers
tested retrieved a significantly higher proportion of valid contexts than their English
counterparts. The French markers evaluated also were observed to express complex
relationships more frequently than the English markers tested. Conversely, the English
markers tested were observed to present very significantly higher levels of categorial
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ambiguity, which may very plausibly contribute to the difference in precision
observed. This likely also explains the fact that significantly more noise was also
observed in the contexts extracted using the French markers than in those found using
the English markers.
Significant differences were thus observed in the kinds of challenges confronted
by the various markers and their counterparts in the other language. Individual markers
showed differing levels of vulnerability to challenges such as the prevalence of noise or
categorial ambiguities. These results underline the potential for significant variability
from marker to marker and the need to consider the impact these variations may have on
the overall performance of pattern-based tools, as well as to base further evaluation on a
wider range of markers in order to provide a more comprehensive view of possible
trends.
One possibility for dealing with categorial ambiguity in the results of patternbased extraction involves the use of more sophisticated approaches using lexicosyntactic pattern forms in part-of-speech tagged corpora. The potential impact of this
kind of technique on the precision of markers as evaluated in this study can be
illustrated by a comparison of the results of the precision evaluation of ten markers in
each language as described above, but with the cases of categorial ambiguity (as
identified in human evaluation) eliminated.174 In this case, it was the English markers
evaluated that were observed to be somewhat more precise than their French
counterparts (although only a trend towards significance was noted). Moreover, an
evaluation of two marker pairs in which one member was particularly vulnerable to one
of these difficulties, in contexts extracted using the tool Syntex from part-of-speech
tagged and lemmatized versions of the corpora, indicated that this approach allowed for
a large proportion of these challenges to be overcome and for more comparable results

174

Clearly, this measure can only be seen as indicative, as human evaluation (as in this work) and
automatic part-of-speech tagging cannot be expected to produce identical results, and automatic tagging is
far more likely to be used in the context of semi-automatic knowledge extraction.
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to be obtained for the pair of markers. (However, it is of course also essential to
consider the additional challenges confronted in these more sophisticated approaches,
for example in terms of the complexity of representing marker and pattern forms.
Moreover, some categorial ambiguities, while distinguished from valid hits in this
context, of course may also indicate occurrences of the desired relation.)
When the precision data were evaluated in light of the part of speech class of
the markers analyzed (i.e., nouns and verbs), a striking difference in the proportion of
incomplete contexts was observed. In both languages, the proportion of incomplete
contexts containing nominal markers was much higher than that of contexts containing
verbal markers, suggesting that nominal markers are likely to produce more unusable
contexts in the results of KRC extraction. When the proportions of individual markers in
each part of speech category for both relations are compared in the two data sets, the
proportions of nouns were similar in the two languages, indicating the likelihood of
relatively comparable effects of this factor. However, a somewhat higher proportion of
verbs in the English data and function words in the French may indicate that if pattern
sets reflect the observed distribution, relatively precise verbal markers could contribute
more to the results in English, while function words (which may be presumed to be less
precise, particularly in light of Barrière’s (2001) results and in the observations for the
marker et) may contribute more in French. Given the more pronounced differences
observed in the case of the individual relations, the likelihood of differences seems
greater. The complex interactions of individual marker part of speech class, the
proportions of occurrences associated with the classes of markers and the precision of
markers and marker classes merit further large-scale and in-depth analysis in light of the
differences observed.
In terms of the polysemy of markers, similar (and small) numbers of markers
were observed to present ambiguities, in both the analysis of the numbers of markers
that were identified in the sample as being associated with more than one of the relations
or sub-relations retained in this research, and in the analysis of the number of markers
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studied in the analysis of the data on marker precision that presented both a core
causal relation and another more complex relation with a causal component.175
From these observations, it appears that the choice of markers (in terms of their
part of speech classes and individual vulnerabilities to difficulties) and their
representation in pattern forms is likely to have a significant effect on the overall
precision of a tool. Differences were certainly observed that merit further investigation
in light of more data, particularly to determine how various factors interact.

5.3.3 Factors affecting KRC recognition
The performance of any pattern-based tool will of course be affected by variations in
marker form (e.g., interruptions of complex markers, many types of marker variation)
that are not accounted for in the process of pattern design. As discussed in Section
5.2.3.1, the higher prevalence of variation in marker form (suggested by evaluations
of variation in marker form overall and clearly indicated in the specific case of variation
in the voice of verbal markers) and of interruption of complex markers in the English
data suggests a possibility of encountering more such difficulties in this language.
(Although as discussed above, the relatively regular interruptions of many English
markers by one of the elements linked to them may be possible — if not always easy —
to account for in the design of pattern forms in many cases, while the less regular
interruptions of French markers in fact may in fact pose more difficulties at this level.)
In tools that use restrictive pattern forms that represent the structures in which
markers occur, interruption of these structures that is not accounted for in pattern
design will of course also interfere with KRC identification and extraction. As discussed
in Section 5.2.3.2, this kind of interruption was observed to be somewhat more common
in the English data, although this difference was not statistically significant and would

175

Because of the limited numbers of polysemous markers identified, it is not possible to draw general
conclusions about the prevalence of the phenomenon.
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require more evaluation for certainty. No consistent trend towards a higher level of
other kinds of variation in pattern structures in either corpus was observed.
Tools that use patterns that specify the form of the elements linked by a pattern
marker are affected by the various factors discussed in Section 5.2.3.3, and the failure of
pattern forms to account for these phenomena will interfere with the recognition of
potentially useful contexts. The higher prevalence of phenomena such as non-nominal
related elements, multiple elements sharing a role in a relation and ellipsis of part
of a related element, as well as greater variety of indicators of some types of relations
between these multiple elements in the French data signals a potential for observing
more difficulties in this language in the performance of such tools if these phenomena
are not acceptably accounted for. Pattern forms that do not take this phenomenon into
account may be unable to (accurately) identify contexts containing relations, particularly
if a non-standard form of a related element (e.g., the expansion in a complex item of
which the head has been omitted) occurs closest to the marker identified.
For pattern-based tools that focus on the retrieval of relation occurrences in
which previously identified (candidate) terms are found, variation in the form in which
these elements are observed can interfere with the identification of potentially pertinent
KRCs. In some cases, non-nominal forms may be used in connection with a marker
(e.g., inflammatory marker rather than marker of inflammation, or coronary arteries that
are becoming blocked due to… rather than coronary artery occlusion due to…),
reducing recall for these tools. The higher prevalence of non-nominal related elements
in the French data suggests that this language may be more vulnerable to the
phenomenon.
Cases of anaphora in which a related element is replaced can also interfere with
the identification of KRCs by these tools; once again this phenomenon was observed to
be significantly more prevalent — and thus likely to be more problematic — in French.
Of course, many occurrences of non-nominal related elements involved anaphoric
elements such as pronouns and possessive adjectives; however, even the proportions of
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anaphoric elements in nominal form (involving the use of a generic term) were
higher in the French data.
The interruption of related elements can also contribute to reducing the recall
of such tools by changing the form in which these elements are observed; the higher
prevalence of the phenomenon in the French data is likely to result in a greater impact in
this language.
Finally, the occurrence of multiple elements sharing a role in a relation may
also cause significant difficulties for these types of tools. Pattern forms that require
contiguity between the marker and specific (candidate) term to be identified may not
permit many potentially pertinent occurrences to be identified if another related element
(and often a marker of the relation between the two elements) occurs between the two.
This phenomenon was observed to be slightly more prevalent in the French data than in
the English, indicating a greater potential impact in the former language. Particular
difficulties in these cases can result from the ellipsis of the head or expansion of a
complex element that is frequently observed. This phenomenon was observed in a fairly
similar proportion of cases in the two data sets, but was somewhat more frequent in the
French data. Overall, then, these results suggest that tools that search for relation
occurrences involving a specific (candidate) term will be more likely to confront
difficulties linked to a number of separate factors in French. Moreover, different
strategies would be required to deal with these diverse phenomena, making it difficult to
reduce the difference between the languages by adjusting a specific parameter. It
appears that it will be necessary to accept that such tools are likely to show differences
in performance (specifically in recall) in the two languages.
Interlinguistic differences in the likelihood of encountering difficulties with KRC
identification were thus observed for various types of pattern-based tools. However, it is
interesting to observe how the expected impact of these differences varies from one type
of tool and/or aspect of the KRC-identification task to another. This illustrates the
degree to which the approach adopted — which is likely to be a function of user needs
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and the situation of use — determines how that tool is likely to perform in the two
languages.
In these observations, it appears that English tools may face more challenges in
the design of pattern structures in general, while in French the representation of related
elements is likely to be particularly problematic. The overall effect of these factors may
equalize interlinguistic differences to some level in some contexts. However, the source
of difficulties determine the strategies that will be effective for minimizing them and the
ways in which they may be taken into account in the process of tool development.

5.3.4 Factors affecting the identification of related elements
Tools that attempt to automate the identification of related elements depend largely on
the representation of the forms of these items and on their position in contexts relative to
the markers observed. Variations at either level may interfere with this process.
Non-nominal related elements, observed to be more prevalent in the French
data, may be particularly difficult for these kinds of tools to identify. The interlinguistic
differences observed may contribute to making this type of task more difficult in French.
Patterns that specify the forms in which related elements occur may also confront
difficulties linked to the interruption of related elements (e.g., by abbreviations,
anaphoric expressions, other related elements and the indicators of the relationships
between elements). The irregularity of the occurrence of this phenomenon makes it
difficult to take into account in the design of these forms, and thus is likely to result in
difficulties. While the phenomenon was not excessively frequent, its significantly higher
prevalence in the French data suggests that it will have a greater impact on the
identification of related elements in this language.
The occurrence of multiple related elements sharing a role in a relation also
poses challenges for the identification of these elements, particularly in cases in which
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elliptical forms are present. The slightly higher prevalence of the phenomenon in
general and of occurrences of elliptical forms in particular in the French data suggests a
possibility that tools in this language may encounter more difficulties related to this type
of variation from standard pattern forms. However, the evaluation of the forms in which
this phenomenon was observed, complemented by additional data, may suggest some
strategies for dealing with these cases automatically.
One factor in French that may facilitate the analysis of such cases is the
repetition of markers or part of complex markers (or even of simple markers in a
few cases) before each of two or more related elements. These repetitions (e.g., of
prepositions such as à or de) before each element may serve as cues for the
identification both of the presence of multiple related elements and of these elements
themselves if pattern forms are adjusted to take this phenomenon into account. (Of
course, if they are not, the phenomenon is rather likely to pose additional problems for
this task (e.g., to constitute interruptions of forms and therefore interfere with (accurate)
KRC or related element recognition). The additional dangers of structural ambiguity
associated with the phenomenon may also complicate analysis.) The significantly higher
prevalence of this repetition in the French data suggests that it is worth investigating to
assist with the analysis of contexts containing multiple related elements in this language;
its near-absence in the English data suggests that this kind of development would not be
productive in this language.
When related elements are replaced (entirely or in part) by anaphoric
expressions, the identification of related elements is problematic at both a formal and
conceptual level. Non-nominal anaphoric elements may not be recognized by pattern
forms or located by standard strategies for identifying related elements, while even
nominal forms are not as likely as their non-anaphoric counterparts to provide complete
and precise information and thus are of dubious value for identification. Forms that are
interrupted by anaphoric elements are also of uncertain — or at least, lesser — value for
extraction. Any anaphora will require some kind of process of resolution (either human
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or automated) in order to identify the precise information conveyed in a text, often
necessitating access to a context larger than a single sentence. The French results once
again indicate a higher prevalence of the phenomenon (significantly higher in the case
of anaphoric expressions that replace the head of a complex related element or an entire
related element), suggesting that this language will be more vulnerable to problems
linked to the phenomenon than English.
The variability of pattern structures also of course plays an important role in
the difficulties of identifying related elements automatically. The unpredictable nature
of the placement of these elements — particularly for example when different types of
related elements (e.g., a causal agent and a causal event) co-occur within a single
context — makes the identification of these elements problematic, because pattern forms
that can consistently represent such cases would be very difficult to develop. Additional
variations in pattern form, such as the interruption of pattern structures, also make
the identification of related elements more complex, particularly if these interruptions
introduce structural ambiguities (e.g., if they involve the insertion of an external element
similar in form to the related element between a marker and the element to which it is
truly linked). The somewhat higher prevalence of the latter phenomenon in the English
data, while not statistically significant, suggests that this language could be more
vulnerable to such difficulties. Conclusions about the contribution of variability of
pattern structures are not possible in light of the data gathered in this research.
One factor observed in the English data, which may somewhat reduce difficulties
in this task, is linked to the higher proportion of the English relation occurrences
observed that involve the appearance of one of the elements participating in a
relation within a complex marker form (e.g., association of X with Y). While this
complicates the representation of the marker in the phase of pattern development, in
tools that attempt to identify related elements this kind of structure may facilitate both
the identification and the delimitation of at least one of the related elements. (Challenges
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of course remain in cases in which the element occurring within the structure is
modified or when the structure is otherwise interrupted.)
These observations suggest that tools that attempt to identify related elements
automatically in the two languages are likely to be affected by problems at different
levels. In French, additional challenges appear more likely to involve factors internal to
the elements themselves, while the English data may suggest a slight tendency towards
the observation of difficulties linked to pattern structures in this language. The types of
differences involved suggest equally different strategies for dealing with this issue. The
implementation of these strategies may be common to both languages (e.g., in the case
of the resolution of anaphora or the design of pattern forms that can analyze structures in
which multiple related elements occur) or specific to one (e.g., in the use of repeated
markers to help identify multiple related elements). In addition, some strategies may be
used in both languages, but are likely to be more productive or more straightforward to
implement in one than the other (e.g., strategies involving the appearance of a related
element within a complex marker form in English, or integration of indicators of
relationships between multiple related elements into pattern forms to facilitate the
identification and analysis of these cases).

5.3.5 Factors affecting processing and sorting of KRCs
Once candidate KRCs are identified, the possibilities for further processing these
contexts (e.g., to refine their classification, to eliminate those that are not considered to
be useful for a particular application, or to sort them in order to save a user time and
effort by presenting those that are most likely to be useful first in a list of results)
depend in large part on formal elements of these contexts. These may involve the
classification of sub-types of relations according to markers observed (including cases in
which multiple markers are present, or those involving polysemous markers), the
identification of cases in which multiple related elements share a role in a relation (and
the relations that hold between these elements) and the presence of anaphora and of
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expressions of uncertainty. Of course, automatic identification of related
elements may also be particularly useful in this context (for example, permitting the
grouping of KRCs according to the elements involved to give users a coherent idea of
the type and variety of information retrieved); the possibilities and challenges of this
task were discussed above in Section 5.3.4.
The classification of contexts according to the sub-relation present (particularly
of the

CAUSE–EFFECT

relation), as indicated by the marker observed, offers significant

possibilities for assisting users in targeting specific types of information and in obtaining
an overview of the types of relationships that may be observed in a given text collection.
Barrière’s (2002) classification of

CAUSE–EFFECT

relations used in this project was

largely satisfactory for sub-categorizing the occurrences of relations observed in both
the English and French corpora, although some challenges were observed (cf. Section
5.5.3.2).
Marker polysemy is of course a challenge for the automatic classification of
contexts according to the relation and sub-relation present. In both languages, a few
cases in which markers were associated with more than one of the relations or subrelations retained for this analysis were observed, indicating that such difficulties are
likely to be encountered in both languages. Moreover, as some parallels were observed
in the prevalence, the types of phenomena and potential strategies for dealing with the
ambiguities observed, the implications for bilingual approaches may be similar.
However, more data on the phenomenon would be required in order to draw any
conclusions. More detailed evaluations such as those carried out in Marshman and
L’Homme (2006) and Marshman and L’Homme (2006a) could — and did — reveal
additional nuances of markers’ semantic content that can provide valuable data for
context classification. The difficulties observed are of course closely dependent on the
markers observed; however, some possible techniques for resolving these (e.g., the use
of actantial structures and of the semantic classes of the actants involved in them), have
been suggested in English (e.g., Marshman and L’Homme 2006) and French (e.g.,
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Bodson 2005), as well as in other languages (e.g., Feliu 2004; Weilgaard 2004), and
may offer strategies for this kind of processing.
The presence of multiple markers in a given context, particularly when these
markers link the same element pair but are generally associated with different
(sub-)relations, may pose challenges for the sorting of contexts. As this phenomenon
was observed in similar proportions of occurrences in the English and French data —
and moreover often in similar structures — some possibilities for developing automatic
processing techniques to deal with these cases in both languages appear promising.
Some of these possibilities are discussed in more detail below in Section 5.5.3.5.
Contexts in which multiple elements share a role in a relation are often
particularly information-rich not only because they indicate that a relation holds
between more than one pair of concepts, but also because they often indicate more than
one type of relation. The identification of these contexts as particularly worthy of
evaluation, or even of the different types of relationships present in these contexts, can
constitute an interesting addition to KRC extraction. The slightly higher prevalence of
this phenomenon in the French results observed would suggest that this kind of
approach could be more productive in this language; however, the French data also
showed slightly more complexity in the task of representing some types of this
phenomenon, one of the precursors to developing strategies for context sorting. Some of
the potential applications for this kind of information in sorting contexts are discussed in
more detail in Section 5.5.3.3.
The resolution of anaphora is a complex task that far exceeds the scope of any
analysis that can be made from the data in this project, and as such will not be discussed
in detail here. However, as the presence of the phenomenon may constitute a criterion
for sorting contexts extracted using pattern-based tools, it is interesting to evaluate the
prevalence of the phenomenon in the two data sets. The greater prevalence in the French
data, particularly in the case of related elements, suggests that a larger number of
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contexts may be identified as problematic (and therefore either eliminated from
results or separated from others not presenting this problem) in this language.
The possibilities for identifying contexts containing anaphora are most likely to
involve the representation of the various forms these may take. Regularities in the
occurrences analyzed in the two corpora show promise for developing similar strategies
in both English and French. However, some differences may be observed in the nature
of the items observed that can affect possibilities for further processing. Various
anaphoric expressions (e.g., pronouns, possessive adjectives) may provide some
information about their antecedents that can help in the process of interpreting contexts
and resolving anaphora. However, the pronouns in the French data offer additional
details that may aid in identifying antecedents by indicating their grammatical gender
(or even real gender, in the rare case of human antecedents).
Indications of the certainty — or more importantly, uncertainty — of the
information contained in a given context may also be extremely valuable to a user of a
pattern-based tool. The possibilities for identifying the level of certainty present in a
given context automatically depend largely on the potential for identifying expressions
of uncertainty. The higher prevalence of the types of markers of uncertainty evaluated
in this project in the English data suggests that this kind of approach could be
particularly productive if implemented successfully. However, the complexity of such a
task is significant, and will depend largely on the strategies available for dealing with
different types of these expressions.
The use of quantifiers of related elements was observed to be slightly higher in
the English data than in the French, but the variety of these quantifiers indicates a
potential for significantly more challenging implementation in the former language, as
both the recognition of quantifiers and the association of a level of certainty with each
one would involve a greater investment of time and effort. The proportion of relation
occurrences including modal verbs was significantly higher in the English data, and
once again the variety of distinct items observed was higher in this language, reflecting
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a situation similar to that involving quantifiers, with more possibilities for sorting
contexts in this language but a greater investment required to implement sorting. The
use of negation is very similar in both prevalence and overall form in the two data sets,
indicating that the possibilities for sorting offered by this are likely to be comparable.
However, the task in French could be somewhat more challenging because of the
complex forms of the markers of negation observed, which could complicate the process
of representing and thus recognizing and sorting contexts containing negation in this
language. The most difficult expressions of uncertainty to process automatically,
principally because of the variation in their form and placement relative to the
components of knowledge patterns, are hedges. For this reason, while these items were
much more prevalent in the English data, given the challenges of automatic processing
the possibilities for sorting or otherwise evaluating candidate KRCs according to the
presence of the phenomenon in the two languages are quite difficult to evaluate and
compare.
Some exceptions can nevertheless be noted, as the means used for hedging can
have a significant effect on the possibilities for automatic processing. Some simple and
recurrent markers (e.g., adjectives, adverbs, some verbs) may be identified and exploited
for context sorting, although more unpredictable and complex forms (e.g., propositions,
some verb phrases) may be too difficult to use for this task. The principal interlinguistic
differences observed involved the prevalence of verbs in the English data, which in
many cases (e.g., suggest, tend, appear) appear in regular structures that could be used
in automatic processing, an approach that would not be likely to be as productive in
French. Conversely, the prevalence of non-lexical means of hedging (e.g., the use of
conditional verb forms) in French would offer possibilities for automatic processing
using very different strategies involving the evaluation of the inflected forms of markers
that may be observed. This difference suggests the possibility that human evaluation of
hedging may be particularly important in English, whereas the means of expressing
uncertainty in French may be more easily dealt with automatically, at least for
preliminary sorting.
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Thus, differences both in performance in tasks involving the identification of
levels of uncertainty and in the means necessary for accomplishing these tasks are likely
in the two languages, requiring adjustments in approaches implemented in English and
French in order for tools to take advantage of the possibilities available — and to
minimize problems — as much as possible. Nevertheless, it is clear that many of the
tasks discussed above are extremely complex, and that much work remains to be done in
these areas.

5.4 Use of extracted KRCs and other information
Once KRCs have been extracted and processed to the degree considered appropriate —
and practical — for a given application, the usefulness of the information contained in
these contexts may still vary depending on criteria including the availability of this
information, its validity and the possibilities for using it in a given situation.
Anaphora in relation occurrences, discussed in various contexts above
principally in terms of their form, of course are primarily important because of the effect
they have on the availability of complete information in a given relation occurrence. The
significantly higher prevalence of this phenomenon observed in the French data — and
particularly in cases in which an entire related element or the head of a complex item
was replaced — may be reflected in a higher proportion of problematic contexts in this
language. The need for additional strategies for obtaining information (e.g., human
evaluation, access to a larger context) is likely to be particularly important in these
cases.
The immediate usefulness of the information in candidate KRCs extracted by
tools may be influenced substantially by the form of related elements, although this
impact varies significantly depending on the situation in which the information is to be
used. For purposes such as domain knowledge acquisition and the writing of definitions,
the form in which related items occur is often not particularly critical. However, for
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applications that focus on establishing relationships automatically (e.g., between
term records, or between nodes in an ontology), forms that do not correspond to those
that are (or should be) used as terms or as labels for concepts may not be usable, or may
require additional processing before they can be used. The challenges of processing
these cases automatically are many, and in a large proportion of cases human
interpretation may be necessary. The prevalence of non-nominal related elements can be
a good indicator of the proportions of relation occurrences likely to fall into this
category, as these are less likely than nouns to be terms (or concept labels). The higher
proportion of such cases in the French data indicates a possibility for greater challenges
in this language; it may be more important in French to develop and implement
strategies such as those focusing on the identification of nominal bases from which
adjectival forms are derived or the nominal derivatives that may be associated with
verbs in order to help resolve some of these difficulties.
Challenges may also be observed in the case of contexts in which different
types of causes (e.g., causal agents and causal events) are observed: for some
applications only one of these may be pertinent, while in others they both may be
considered (although the causal events are of course more likely to pose difficulties
similar to those described above). The parallels in the prevalence and forms of this
phenomenon in the two data sets suggest there is a similar need to deal with these cases,
and that there are possibilities for developing similar strategies in the two languages.
Expressions of uncertainty of course are also primarily important because of
the restrictions they indicate on the validity or reliability — and therefore usefulness —
of the information in KRCs. Of course, the level of certainty required in a given
situation depends heavily on the application to which this information is to be put. The
prevalence of these expressions — and particularly of hedges and modal verbs — in the
English data indicate that in situations in which contexts involving uncertainty are not
considered usable (or are considered separately from contexts containing more certain
information), a greater proportion of the occurrences in this language may be affected.
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Thus, as is the case with many of the factors evaluated here, the two
languages each present some particular difficulties, which may affect overall
performance. The sources of these challenges often differ, however, which indicates
corresponding differences in the possibilities and strategies available for dealing with
them. In the relation occurrences observed in both languages, however, the subtleties
involved in the evaluation of the usefulness of information and the challenges of
representing the factors that can contribute to this evaluation provide strong indications
of a need for considerable human intervention in the analysis of candidate KRCs
retrieved by pattern-based tools.176

5.4.1 Synthesis
Although the initial hypothesis in this research focused on the probability of observing
differences in evaluations of candidate KRCs in English and French, the most important
conclusion that can be drawn from these observations comes not from differences in the
data analyzed in the two languages, but from similarities. The general possibilities of
using pattern-based approaches of various types, and of the challenges associated with
them, show a strong general resemblance in English and French. Moreover, many
strategies that could be developed to exploit these possibilities and overcome the
challenges may be useful in both languages. This indicates a promising future for the
development of tools that can function adequately in the two languages.
Important observations also arise from differences observed between the
occurrences of

ASSOCIATION

and

CAUSE–EFFECT

relations. Despite the close conceptual

links between these relations, the number of occurrences, the markers associated with
them, and some of the characteristics of the patterns in which the markers participate
showed significant differences. Moreover, these differences may affect those observed
176

These observations are of course coloured by the methodological choices made in this research and the
consideration of a wide range of contexts retrieved. More restrictive approaches may minimize many of
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between the languages. Thus it is clear that the possibilities for developing tools
should be evaluated not only as a function of language but also of the relations in
question. More data — particularly for the

ASSOCIATION

relation — should be gathered

to assist in this task.
When observations of specific factors in the data in English and French are
compared and contrasted, it must be kept in mind that specific characteristics may have
differing implications for pattern-based tool development and use, and for the ultimate
use of information retrieved. Some differences may clearly be identified as presenting
particular challenges in the data analyzed in English or French, suggesting that more
difficulties may be encountered in a given language. In other cases, differences are
simply that: differences. While these should — in fact, we argue, must — be taken into
account in the various phases of development and use of pattern-based tools in order to
make informed decisions and to guide the choice of strategies, particular advantages or
disadvantages in a given corpus (and by extension, potentially in one of the languages)
cannot always be identified in light of the data in this research.
The trends identified in the English and French relation occurrences analyzed are
summarized in Table 128. Observations in the corpora used in this research suggest that
a number of aspects of the processes of pattern-based tool development and use may be
more affected by challenges in one language than the other.

the factors that contributed to challenges observed, although of course these advantages are almost
inevitably accompanied by a decrease in recall.
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Table 128. Summary of interlinguistic variations observed by phases of tool
development and use
Phase of tool
development
or use
Tool and pattern
design
Tool design
Pattern discovery
Number of markers
Choice of markers
Pattern design
Representation of
markers
Pattern structure design
Representation of
related elements

Contributing factors

Semantic classes, Relation density, Marker POS
Number of markers, Number of occurrences of
markers, Marker variety
Marker POS, Simple and complex marker forms,
Marker precision
Simple and complex marker forms, Variation in marker
form, Interruptions of complex markers
Variation in pattern structures, Pattern interruptions,
Multiple markers, Voice of verbal pattern markers
Non-nominal related elements, Interruption of related
elements, Anaphora, Multiple elements sharing a role
in a relation, Ellipsis of part of complex related element

Particular
challenges
observed in data
in:177

Both languages
French
(indications)
Both languages
English
English
French

Tool performance
Potential for recall
Precision
KRC recognition:
character strings and
lexico-syntactic patterns
KRC recognition:
representation or search
for specific related
elements
Identification of related
elements
Processing and sorting
of contexts

177

Number of markers, Number of occurrences of
markers, Marker variety
Marker precision, Marker polysemy, Marker POS
Variation in marker form, Variation in pattern
structures, Interruptions of complex markers, Pattern
interruptions
Non-nominal related elements, Anaphora, Interruption
of related elements, Multiple elements sharing a role in
a relation, Ellipsis of part of complex related element,
Variation in pattern structures, Pattern interruption,
Interruption of complex markers
Non-nominal related elements, Interruption of related
elements, Anaphora, Multiple elements sharing a role
in a relation, Repetition of (part of) marker
Multiple markers, Marker polysemy, Multiple elements
sharing a role in a relation, Anaphora, Expressions of
uncertainty

French
(indications)
Both languages
English

French

French
Both languages

When factors were not clearly identified as posing greater challenges for applications in one or the
other of the corpora, their impact on both languages was noted.
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Phase of tool
development
or use
Use of extracted
contexts
Availability of
information
Usability of information
Reliability of
information

Contributing factors

Anaphora, Non-nominal related elements
Non-nominal related elements, Conjunction of different
types of causes
Expressions of uncertainty

Particular
challenges
observed in data
in:177

French
French
English

The potential for recall observed in the French markers appears to be slightly
lower, resulting in a potential need for more markers in pattern sets, and consequently a
likely need for even more pattern forms. However, this difference in the numbers of
pattern forms may be reduced slightly by the increased variability of some aspects of
these forms in the English data. Applications that involve the identification, processing
and analysis of related elements and the structures in which they appear seem likely to
confront more of the challenges evaluated here in French as compared to English, and
some of these factors may also influence the ultimate usability of the information
extracted. Conversely, difficulties such as certain expressions of uncertainty appear
more likely to be observed in the results of KRC extraction in English, although their
implications for the usability of the information identified require further analysis in
light of specific applications.
In considering the differences observed in the data in English and French, it is
nevertheless essential to keep in mind that in the design and performance of patternbased tools, many distinct factors that interact in complex ways depending on the needs
of the specific situation in which tools will be used can affect the ultimate usefulness of
these tools. The effects of interlinguistic differences may be cumulative in some cases,
but may also in some ways balance one another. It is thus difficult to identify an overall
tendency that indicates that more difficulties will be encountered in one language or
another. Rather, differences suggest strategies for improving performance as required
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and guiding choices in the development and use of tools in both languages in
specific situations.
Most importantly, these differences indicate a number of promising avenues for
future research, to evaluate the observed differences in larger samples of data, to better
describe the phenomena observed, to more precisely identify sources of variation and to
develop effective strategies for dealing with these phenomena in the two languages.
In addition to the observations of these factors and their similarities and
differences in the results in the two data sets, this research provided an opportunity to
observe issues that may suggest additional directions for future research and
development of various approaches in the field, as well as possibilities for adjusting and
improving the type of methodology used in this project. These will be discussed below
in Section 5.5.

5.5 Additional observations and challenges
This section will present some challenges related to the methodology used in this
research, as well as some possibilities for further developing and adjusting it. The
discussion addresses aspects of the corpus-building process, the choice and
classification of terms for the initial concordances, the identification, annotation and
classification of these relation occurrences, and some issues in the interpretation of
different types of expressions of the concepts linked by these relations.

5.5.1 Corpus building
The process of corpus building is always influenced by both the criteria judged to be
pertinent in selecting texts for a given purpose and the availability of resources that can
satisfy these. In this section, two aspects of the process will be discussed.
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The first of these involves the availability of texts classified according to
subject headings identified in medicine. This kind of resource was readily available —
and used — for the English texts, while in French alternative strategies were used in the
corpus-building process. Subsequently, however, an alternative approach was identified
that could allow a more parallel approach to be used. The CISMeF gateway
(www.cismef.org), a directory that provides access to “quality-controlled” Frenchlanguage Internet resources indexed using the U.S. National Library of Medicine’s
Medical Subject Headings (MeSH) could offer an excellent complement to the approach
used here to build the English corpus, and is well worth exploring in future work.
The second factor for discussion involves additional text-classification criteria
that could be very useful in the specific context of this kind of research. A classification
based on what is referred to in the domain as quality of evidence or grades of evidence
(GRADE Working Group 2004, 2004a, 2004b; Higgins and Green 2005; Liberati et al.
2001; Schünemann et al. 2003; University of California at San Francisco–Stanford
University Evidence-based Practice Center 2001; Upshur 2003) could provide important
information about the types of texts in which contexts and markers were identified.
In evidence-based medicine, judgments on the strength of evidence (i.e., the
reliability of evidence for drawing conclusions, particularly on the presence of causal
relationships on the basis of associations, as reflected in the criteria proposed by Hill (cf.
Section 1.5.2.1)) may be based on criteria that in large part reflect the context in which
associations were observed. Streiner and Norman (1998: 29–71) describe a number of
criteria that assist in the ranking of study designs from those providing the strongest
evidence, generally double-blind randomized controlled trials, to the weakest, clinical
case studies. Judgments on the quality of evidence may also be assigned at a textual
level, generally based on the kind(s) of study or studies that are discussed in a particular
text, as well as the number of studies covered. The texts that are considered to be most
reliable are those that report meta-analyses (i.e., that provide a synthesis of results of the
major studies that have focused on a given subject); these may roughly correspond to at
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least some of the review articles included in the corpora used for this research. The
research articles included in the corpora cover a variety of other study types that provide
a somewhat lower range of evidence strengths. Thus, the quality of evidence provided
by each article in the corpora is reflected to some extent in the criteria used in corpus
building in this project, although the quality of evidence is not explicitly stated. More
exact indications could be made according to specific grades of evidence assigned to
articles in databases and other resources.
A more precise division of the corpus texts used in this research into sub-corpora
according to the criterion of quality of evidence and an analysis of observations in the
texts according to these categories could provide extremely interesting material for
identifying the types of markers that may be associated with each type of article.
Moreover, the analysis of the use of

ASSOCIATION

and

CAUSE–EFFECT

markers could

provide interesting material for discussion of the precision with which these markers are
used by authors. However, the complexity of such a task is undeniable (given, for
example, that in different sections of articles, authors may refer to or even cite a
particular study and its conclusions, allude to generally accepted information, or make
direct observations and interpretations of these observations). A multicriterial analysis
of texts and text segments in which markers were observed would likely be necessary to
produce a fine-grained representation of the interactions between these factors and
relation markers observed.
This kind of analysis could nevertheless be worthwhile, particularly since it
could also be useful in another context: the presentation of results by a semi-automatic
knowledge extraction tool. If such a tool could assign to each candidate KRC an
indication of the grade of evidence associated with a text (or text segment) in which that
context appeared, a user would have a better basis for evaluating the results of KRC
extraction. This kind of distinction thus provides some extremely interesting
possibilities for future research.
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5.5.2 Choice of terms for initial concordances
Several issues linked to the choice and classification of terms used to generate the
concordances that were analyzed in this work, the methodology used to deal with these
questions, and possible adjustments in the methodology in future work can be discussed
in light of observations in the course of this research. The issues addressed below
include the choice to group terms denoting pathologies in a class of their own, some
specific associations observed between markers and classes of terms or specific terms,
and difficulties associated with the classification and/or use of particular terms, as well
as the fact that some of the terms chosen could be markers in themselves. Finally, the
effect of term choice — specifically the use of equivalent and non-equivalent terms to
generate the initial concordances — on the results observed is also worthy of discussion.
The choice of terms for generating the concordances for analysis involved
identifying both terms of interest in the domains of study and terms that represented a
balance of various classes in order to reflect a broad range of possibilities for observing
relations and markers. According the first criterion, it is clear that terms denoting
pathologies are likely to be of central interest; in terms of the second, however, these
terms posed challenges for the identification of appropriate classes. After consultation of
lexical and conceptual resources, including WordNet and the UMLS, as well as analysis
of occurrences in the corpora, it appeared very difficult to definitively and consistently
classify even a single term as a state, process or an entity.178 The choice to establish a
separate class for these terms was made in order to allow for these important concepts to
be observed while maintaining as good a balance as possible between the two languages.
However, it is clear that this class is not at the same level of abstraction as the others
used, and that ideally comparable levels of abstraction would be used in every case. One
178

As indicators of very different points of view on just one term, for example, collocations such as
large/small tumour (which is appropriate to the point of view of tumours as concrete entities) and
advanced tumour (which involves viewing tumours as processes or possibly states) can be cited. The
former view of the term is also reflected in the first definition given in the UMLS Metathesaurus, although
the UMLS classification of the concept linked to by the term places it in the category of pathologic
functions.
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solution to this type of challenge could be a comprehensive evaluation of each term
and potentially the contexts in which they occurred, in order to attempt to identify the
best applicable class either overall or for each occurrence. However, this was considered
to be too labour-intensive an approach in this kind of project. Conversely, the cost of
excluding these terms was seen as too costly in terms of domain coverage. Therefore,
classifying these terms separately was chosen as the best solution.
Moreover, the evaluation of this class allowed for the identification of some
specific associations between these terms and the relations in which they often
participated, as well as their use with some specific markers of these relations. These
suggest that exploring more specific classes and their participation in various relations is
a promising avenue for further research. Thus the choice made both presents both
challenges and opportunities for insight into the relations in the domain and the concepts
that participate in them.
In another type of specific association, in the results of the analysis there
appeared to be specific associations between markers (or groups of markers) and terms
(or groups of terms). One good example may be seen in the connection between the
French markers of
PREPOSITION)

CREATION

activateur de (NOUN +

PREPOSITION

or

ADJECTIVE

+

and activer (VERB) and the term transcription, with which this marker was

exclusively associated.179 Another example is found in the frequent occurrences of
combinations such as tumour suppressor gene and gène suppresseur de tumeur. Once
again, these kinds of associations are interesting subjects for further evaluation, as they
may affect not only the potential productivity of these markers but also possibilities for
marker disambiguation, for example using semantic classes of elements occurring in
conjunction with markers.
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It is notable that activation, related to the markers mentioned here, was one of the initial terms used to
generate concordances in the two languages and identified as a potential relation marker. However, it was
not identified in this analysis other than in cases in which it occurred as the term used to generate the
concordances, and thus was excluded from the analysis, as described in Section 3.3.1.1.
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Another issue in term choice involves the resources used to assign a class to
candidate terms. The use of an established and widely used resource allows for the
classification of candidate terms in a systematic and coherent way, and can offer a
method of minimizing bias in the results obtained. Nevertheless, as discussed in Section
3.2.1.2.1, no resource perfectly adapted to this kind of task is available, and the
assignment of a single class — and moreover a class that reflects a place assigned to that
term or the concept it denotes in a much larger structure defined according to numerous
criteria — to a given term often does not reflect the specificities or variability of the
usage of that term in practice. One example is that of the terms tumour and tumeur,
mentioned above. While these issues of course present challenges in application,
particularly in natural language processing, the use of the UMLS nevertheless allowed
for the interlinguistic and inter-class balancing required in this project.180
A more specific issue related to classification and term choice is linked to the
selection of the term récidive for the French research. As described in Section 3.2.1.2.1,
footnote 74, récidive was classified neither as a disease or syndrome, nor as a pathologic
function; however, on the strength of its less specific classification as a phenomenon or
process and its definition, which clearly linked the term to a pathology, its inclusion in
this category was considered to be acceptable. However, the results observed in relation
identification — which was considerably lower than that of the other members of this
category in both English and French — suggest that this term is significantly different in
its performance for this kind of research. In light of these observations, and of those
described above, it seems that the supplementing of high-level semantic classes of terms
used in term-based approaches by more specific criteria when possible, in order to
provide a better portrait of terms’ characteristics and likely performance, is advisable.
As noted in Section 3.3.1.1, a few of the terms used to generate the initial termbased concordances analyzed were observed in the course of the evaluation to constitute
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markers of relations in and of themselves. In the annotation of these concordances, a
choice was made not to annotate occurrences of relations marked by these terms in the
concordances generated with the term, in order to minimize bias in the results in terms
of the frequency of relations observed and of individual markers of these relations.
The inclusion of these candidate terms was considered to be justified in the
context of this project, as these terms may in fact be particularly good candidates for
description using a pattern-based approach to identify KRCs: the concepts they denote
are not likely to be satisfactorily described or defined using traditional approaches such
as a generic and differentiating characteristics. Evaluation in KRCs allows for the
observation of usage and collocates of these terms and thus can provide information that
is particularly helpful for terminological description, including differentiation between
multiple senses, if necessary.
However, it is clear that this phenomenon nevertheless did have an effect on
consistency in annotating relation occurrences. It may be advisable in future work in
pattern discovery to consider this factor, and to develop strategies to maintain
consistency as far as possible. In comparative studies, it would be possible either to
exclude these terms, or to consider them as markers but to ensure that — insofar as
possible — similar cases are studied in the two languages. Both of these strategies,
however, also clearly present disadvantages and challenges of their own. Since these
terms — as potential domain-specific markers of relations (given their specificity as
suggested by the results of the TermoStat analysis and in their identification as potential
relation markers in the analysis of the concordances) — occupy a special place in the
language of the field, they could be interesting subjects for study in and of themselves. It
thus seems advisable to pursue research including these candidate terms, while keeping
in mind the potential challenges in the process of evaluation due to their dual natures.
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Moreover, the use of the terms tumour in English and tumeur in French, and the observation of similar
phenomena in both cases provides a certain parallelism for the purposes of comparison in this research.
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In addition to these points, a major issue in the evaluation of the
methodology involving the selection of terms for generating the concordances analyzed
involves the use of some terms that were equivalents in the two languages, and of some
that were not. The impact of this choice on the results, and what this can suggest about
this general approach for pattern discovery, is discussed below.

5.5.2.1

Use of equivalent and non-equivalent candidate terms

As described in Section 3.2.1, the term-based approach used in this research was
intended to parallel that likely to be used by a terminologist working in the field, who
would be likely to be searching for information about terms to be described, and might
often, in today’s context, use computer tools to assist in this process.
Moreover, given the results observed in work such as that of Bodson (2005),
steps were taken to ensure that the choice of terms did not unduly bias the results due to
associations of given classes of terms (e.g., denoting entities, activities, and so on) with
specific relations in which they are likely to participate (and indirectly — or even
directly — with the markers used to express them). These criteria produced lists
composed in large part, but not exclusively, of equivalent pairs in the two languages.
However, as discussed briefly in Section 4.1, differences were observed in some
analyses of data obtained using terms that were identified as equivalents in the two
languages and those that were not, suggesting that the number of relations observed may
be more influenced by the choice of specific terms than expected, and that this
performance may have implications for observations of other aspects of the approach’s
performance.
The discrepancy between the numbers of relations identified in the two data sets
in the overall results evaluated in this project originally inspired the comparative
analysis of the numbers of relations observed for the pairs of equivalent candidate terms
as compared to non-equivalents used to generate the initial concordances. This study
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revealed that the proportions of relations observed in the group of equivalents, and
particularly of ASSOCIATION relations, were much more comparable than those involving
the non-equivalent terms, and suggested that the difference in the numbers of relations
observed in the two data sets could be linked to inter-term differences.
It is possible that in a term-based approach to bilingual pattern discovery,
equivalent terms may be particularly good candidates for research into developing
bilingual tools, as they may be more likely to produce comparable results in terms of the
number and distribution of relation occurrences that are observed and therefore that can
be analyzed to create pattern sets and evaluate possibilities for performance.
Differences in a number of other factors were also observed in the analysis of
data gathered using equivalent terms in the two languages as compared to that found
using non-equivalent terms. While some of the variations may be fairly easily explained
by direct relationships between the terms observed and the criterion in which variation
was observed, others appear to result from more indirect and/or complex interactions of
factors that are worthy of further evaluation in larger amounts of more comparable data.
Further study may shed light on the ways in which various factors inter-relate
and may help to expand knowledge about the performance of knowledge patterns and
the strategies that may be used to develop pattern-based tools and to maximize their
efficiency. Some areas in which this kind of evaluation may be of particular interest
involve the occurrences of complex and simple markers, the form of elements linked by
pattern markers, the prevalence of anaphoric references, and the occurrence of some
types of expressions of uncertainty, such as modal verbs, all of which showed some
variation between the groups.
However, the data available do not allow for the role of equivalence between
candidate terms used to extract contexts for analysis to be evaluated systematically and
differentiated from other factors that may contribute to the differences observed.
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First, while the data for the groups of terms appear to indicate differences,
the results for individual terms showed considerable variation in the numbers of relation
occurrences in which they participated (as illustrated in Section 4.1), making it more
difficult to observe coherent trends.
In addition to the differences in individual terms, the two groups of term pairs
show different distributions among the various semantic classes considered (e.g., with a
large proportion of the terms denoting pathologies constituting equivalents in the two
languages, but most of the terms denoting processes not equivalent). Because many of
these criteria may be linked directly or indirectly to differences in terms or in term
classes, it is difficult to trace the exact origins of many differences observed.
Neutralizing differences in classes would involve a term-by-term comparison, which is
not only an extremely detailed and thus labour-intensive process, but also one that
would involve far smaller numbers of occurrences of each of the phenomena analyzed,
often making comparisons of prevalence in the two data sets statistically impossible or
unreliable.
Moreover, because pattern characteristics and difficulties can be inter-related in
complex chains (e.g., a marker may be associated with a specific term class or term; this
marker may participate in specific pattern structures; these structures may be
particularly vulnerable to certain kinds of difficulties such as interruptions; and so on), it
may not be possible to explain all of the variations observed without an extremely finegrained, multicriterial evaluation of all of the occurrences.
Therefore, the differences in the various factors could not be reliably evaluated
in detail on the strength of these data. However, this variation does appear to merit
further study using a methodology that allows for the effects of equivalence to be
properly evaluated in the context of pattern-based tools (i.e., using an appropriate
methodology and a sufficient amount of data).
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If further evidence is found indicating that the choice to use equivalent and
non-equivalent terms has an impact on results of relation and marker discovery, this may
suggest modifications to the methodology that could be considered in future work —
provided that the challenges and potential for bias in other areas inevitably associated
with these choices are also taken into account.
Rather than relying exclusively on the use of semantic classes to reduce potential
bias, one approach to pattern discovery in future work might be to couple a technique
based on the results of an evaluation of terms’ specificity in a given corpus, such as that
produced by TermoStat, with consultation of existing terminological resources in order
to identify term pairs that are considered to be equivalents. This approach certainly is
not perfect (given, for example, that no such resource is exhaustive and that the
coverage of terms in the corpora evaluated could well be uneven), and would be likely
to reduce the specificity of the terms retained somewhat (as some of the more specific
items in one corpus might not have equivalents that are equally specific in the other), but
it could increase the chances that the sets of markers observed in the two corpora will be
comparable.
Another potential approach would be similar to that used for example by Barrière
(2001), which involved a comprehensive, manual analysis of a smaller corpus of texts
(or, alternatively, of random samples of texts). This approach would eliminate bias
linked to term choice entirely, and moreover — depending on the scope of the analysis
— could provide a more complete overview of the relations and markers present in a
given corpus. It would be an interesting approach, for example, if corpus size were
limited, or an exhaustive coverage of patterns in a corpus were the goal.
However, such analyses involve their own challenges and raise some different
questions about whether the data obtained are representative. First, a comprehensive
manual approach entails the limits of human processing and the selection of a corpus or
sample of a corpus of manageable size for this kind of analysis. The challenges posed by
the selection of this kind of sample could involve difficulties related to whether a sample
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is representative (e.g., a reduction of the variety of authors and texts that can
reasonably be represented, or the sections of various texts that are evaluated). Moreover,
an approach intended to locate data for use in terminology, but that does not begin with
terms, may not provide as accurate a reflection of the use to which the patterns located
will eventually be put (particularly in applications that use sets of candidate terms or
specific terms for searching). The contemplation of an approach involving the random
selection of contexts may also raise questions about criteria for identifying pertinent
contexts. A (candidate) term-based approach provides some measure of assurance that
the relations identified involve at least one concept that could potentially be researched
by a terminologist in the course of conceptual analysis and terminological description.
However, a manual approach would involve the definition of criteria for the
admissibility of relations observed according to their usefulness for an intended
application, the nature of the elements that are linked, and so on. The task of
establishing these kinds of criteria could prove to be quite complex. In addition, the use
of a term-based methodology for pattern discovery, which is commonly used in the
domain in unilingual projects, offers possibilities for observing phenomena that are
likely to confront others using the methodology, for highlighting — as these results
clearly do — some of the difficulties and challenges likely to be encountered this kind
of approach, and for suggesting ways of improving it.
In considering the two types of approaches available for such projects, it may be
interesting to consider the differences observed in the markers observed in projects that
focused on the same relation but differed in the approach taken. One such basis for
comparison may be found in the data gathered in Barrière (2001, 2002) and Marshman
(2002) (cf. Sections 2.1.8 and 2.1.9). A brief overview of the markers observed in these
projects is provided below.
Barrière’s work (2001, 2002) involved the complete, manual analysis of an
80,000-token, 5,500-sentence corpus on composting, in order to identify lexical patterns
for the CAUSE–EFFECT relation. Marshman (2002, 2002a, 2004) targeted lexical markers
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of the same relation classified according to the same typology, but in a 225,000token, 7,600-sentence corpus on biopharmaceuticals, using a term-based approach. This
second research project involved the analysis of occurrences of twelve terms, accounting
for approximately 4,000 contexts in total (although several contexts contained more than
one of the terms in question, and thus would have been viewed more than once).
In comparing the results, a striking amount of overlap between the patterns
identified was found, but with some interesting differences related to the nature of the
patterns located. In Barrière’s articles, a list of 42 verbal markers (e.g., cause [VERB],
destroy), 19 with associated nominal derivatives (e.g., cause [NOUN], destruction), as
well as 5 non-derived nouns is given. Of the verbs, 26 or approximately 62% were also
located in Marshman.181,182 Approximately the same proportion (63%) of the nominal
derivatives listed was also found. However, of 28 conjunctional patterns identified by
Barrière (e.g., X so that Y, since X, Y), only 8 or approximately 29% were found in
Marshman, and only 20% of the nouns not derived from verbs. While these figures are
indicative only, they nevertheless suggest that specific types of markers might be
favoured in each approach.
Interestingly, Barrière’s further analysis (2001: 145; cf. Section 2.1.8), indicates
that she found verbal patterns to be much less noisy than conjunctional patterns (with a
noise ratio of 0.31 as compared to the conjunctional patterns’ 0.82), explaining her
subsequent decision to concentrate on the former class. Thus, while it must be
recognized that the patterns identified may be influenced by the approach used, it
appears possible that a term-based approach will in fact favour the identification and
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It is important to note nevertheless that the criteria for identifying marker occurrences used in this
thesis (cf. Chapter 3) are somewhat stricter than those used in Marshman (2002). In this research
(following models used by many researchers, including Bodson (2005)), for an occurrence of a relation to
be retained the concept denoted by the term used to generate the concordance was required to be
connected with the marker, while in Marshman (2002) occurrence in the context alone was considered to
be sufficient.
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As Marshman (2002) used a character-string-based approach, verb and noun forms often corresponded
to a single marker.
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study of markers that are likely to be particularly useful for subsequent applications
in terminology. Nevertheless, formal evaluation would be necessary in order to explore
this possibility and to permit the drawing of conclusions, as these data constitute only a
small, ad hoc sample.
In conclusion, the use of a term-based approach involving both equivalent term
pairs and non-equivalents in this study has revealed some interesting results that — if
confirmed in more targeted studies — will be pertinent for bilingual work and could be
taken into account in future projects, and has provided concrete data on which future
research may be based.

5.5.3 Challenges in identifying and classifying relations
Among the issues related to the identification and classification of relation occurrences
that may be discussed in light of the results of the research are the criteria for retaining
occurrences of

CAUSE–EFFECT

classification for the
classifications of both

relations, the challenges of using the relation

CAUSE–EFFECT
CAUSE–EFFECT

relation, and possibilities for enhancing the
and

ASSOCIATION

relations, as well as for

classifying candidate KRCs containing multiple markers.

5.5.3.1

Criteria for retaining CAUSE–EFFECT relation occurrences

As noted above in Section 1.5.2.7, a decision was made in this research to set aside
occurrences of relationships that involved an element of causation but were considered
to be too complex and specific to be used for the purposes of terminology work as
envisaged here (e.g., relations that may be indicated by markers such as
NETTOYER).

IRRITER

or

This distinction may be compared to that made by Kahane and Mel’čuk

(forthcoming), between verbs of causation and causative verbs (cf. Section 1.5.2.4).
This is not to state, however, that more complex relationships and the markers
that denote them may not be of interest for knowledge extraction in certain specific
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contexts. Reference may be made here to the observations by a number of
researchers, including Sager (1990) and Nuopponen (2005) that the types of
relationships that are important for a given project are likely to depend on the specific
context and goals of that project, and to the work of researchers such as Faber et al.
(2006), who noted — in the context of a study focusing on the creation of frame-based
representations of relations in domain-specific applications (in their case, the field of
coastal engineering) — that in particular, domain-specific situations, more specific types
of relationships may be extremely useful for structuring knowledge.
Two specific observations of difficulties related to the distinction between core
and complex causal relationships may be made, in light of the analysis carried out in this
CAUSE–EFFECT

work. The first pertains to the forms in which a given

relation is

manifested at a textual level, while the second relates to ambiguities of markers retained
in this analysis.
A potential inconsistency in relation identification related to the distinction
between core and complex relationships may be observed in examples based on those of
Kahane and Mel’čuk (forthcoming). Occurrences such as Le va-et-vient des voitures
cause l’irritation de Zoé or Zoé tue la grenouille (en l’écrasant) could be retained as
occurrences of pertinent conceptual relations in this research and causer and tuer
and

DESTRUCTION,

respectively,

identified as markers of the sub-relations of

CREATION

since these correspond to the

relations of passing cars causing irritation

CAUSE–EFFECT

to occur or Zoé causing the frog to cease to exist (at least as a frog, i.e., a living thing).
However, alternate expressions of the same realities such as Le va-et-vient des voitures
irrite Zoé or Zoé écrase la grenouille would not, because the complexity of the
relationships expressed between Zoé and the passing of the cars or between Zoé and the
frog, as observable at a semantic level in the meanings of

IRRITER

(“provoquer chez

[quelqu’un] un certain énervement pouvant aller jusqu’à la colère” (Lexis 1992)) and
ÉCRASER

(“déformer ou… aplatir [quelque chose] par pression ou par choc” (Lexis

1992)). This is considered here to be an inevitable drawback of pattern-based
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approaches, one that must be recognized, but is also, in our opinion, acceptable in
the context of research projects such as this one.
The second issue involves markers observed in this research that are ambiguous
in the sense that in some cases a marker indicates a “core” relation as retained for the
purposes of this research, while in others it corresponds to a relationship that includes an
element of causation but is complex enough that it was excluded from this study. The
phenomenon is reflected both in a brief discussion of such marker polysemy as observed
in the data evaluated in the study of marker precision (Section 4.7.2). It was also
discussed in Marshman and L’Homme (2006) and Marshman and L’Homme (2006a), in
which analyses of the different senses of the markers identified in this project — both
those senses that correspond to the core relations and those that are more complex —
were carried out.
A number of examples may be identified: induce and induire (which can indicate
the causing, i.e.,

CREATION,

or

INCREASE

of some kind of process, the

CREATION

of a

molecule, or another more complex causal sense involving the modification of a
molecule — generally an enzyme — so that it becomes functional); activate and activer
(which can indicate either

CREATION

or the transformation of a molecule to make it

functional); and block and bloquer, which can indicate “core” PREVENTION in addition to
more complex relationships, e.g., of preventing access to and thus the functioning of
something (generally a receptor), or preventing passage through something (generally a
blood vessel or a channel in a cell membrane). The case of block is illustrated in
Examples 370 to 372:
370. AT1 receptor antagonists block the oxidative stress… (Granger
et al. 2004)
371. Trastuzumab… specifically blocks HER2…(Schneeweiss et al.
2004)
372. … blood clots (thrombi), which partially or completely block
the vessel… (DiGiovanna and Adams 1999)
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Interestingly, the more specific senses are often linked with specific terms or
classes of terms in specialized domains (e.g., blocking of receptors, blocking of blood
vessels, stimulation of cells or of pathways, activation of cells or molecules, induction of
enzymes).
The usefulness of such specific relations may vary according to the application
envisaged in terminology work, and thus these cases may be interpreted from several
perspectives. One of these — which parallels that explored in Marshman and L’Homme
(2006, 2006a) — may allow the various senses involving causation to be retained in an
analysis, as long as those that involve the primary, “core” causal sense can be
differentiated from those that involve a more complex sense with a causal component.
Alternatively, strategies may be adopted to limit results to the core senses that
were originally targeted. This is an approach that may be chosen in a number of
approaches to KRC extraction, and the one used in this thesis (largely in an effort to
obtain a reasonably consistent, comparable and manageable range of data that reflects
the most appropriate contexts for pattern-based extraction). Projects focusing on the
establishment of direct links between concepts in concept structures included in or
underlying the structure of terminological resources, for example, will not likely be able
to make widespread use of the more specific types of relationships without entering into
an extremely detailed (and thus time-consuming) analysis of all of the kinds of
EFFECT-based

CAUSE–

relations present in a domain and how they connect to one another.

For example, in the case of the verbal marker block that consistently indicates
PREVENTION

of some kind, it would nevertheless be misleading to link concepts in a

concept system using identical

PREVENTION

links in the case of both the blocking of a

process’s occurrence and the blocking of a blood vessel or of a receptor (since it is not,
of course, the existence of the blood vessel or receptor that is prevented). Additional
information would have to be added to the link to specify what exactly is prevented,
thereby multiplying the types of links required in a resource — and the difficulties of
managing these — exponentially. This becomes very difficult or even impossible as the
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scale and scope of a terminological resource — and thus the range of potential subtypes of relations — increases (e.g., particularly if a large domain or several different
domains are covered). It might be equally misleading, in applications that attempt to sort
candidate KRCs by the relation present, to group together all of the contexts in which
any

PREVENTION-based

relationship is observed, as the above relationships are quite

distinct.
The choices made in this respect should reflect the application intended for the
results of knowledge extraction: tools focusing on more automatic applications or the
extraction of knowledge for the purposes of linking concepts in a system or terms in a
term base are likely to focus more on the core relations, while domain knowledge
acquisition and the creation of definitions may make use of information about the more
complex relationships these markers may indicate, provided that the nature of this
information can be clearly differentiated from core senses to prevent confusion.
At an interlinguistic level, the regularities observed, both in the polysemy of
markers in the two data sets and in associations with specific terms or classes of terms
suggest some possible methods for automatic sorting and/or elimination of these more
specialized contexts, depending on the needs of a given project. However, this kind of
technique would also confront a number of challenges (cf. Marshman and L’Homme
2006).

5.5.3.2

Challenges in Barrière's CAUSE–EFFECT relation classification

As described above in Section 3.3.1.2.2, Barrière's classification of the

CAUSE–EFFECT

relation was chosen for use in this project; it was considered to be the most appropriate
for this purpose because it targets important differences between types of CAUSE–EFFECT
relations in the medical domain, reflects a number of common characteristics of these
relations that were identified as important to take into account in analyses from a variety
of points of view (e.g., cognitive to linguistic), and is particularly suited to this kind of
project because it allows for marker-based sorting of contexts according to these criteria.
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Paralleling observations in Barrière (2002) and Marshman (2002), the system was
found to be adequate for the task of classifying relation occurrences in the majority of
cases observed in this project. Nevertheless, like any such system it does have
limitations. In this section, some of the most widely observed difficulties will be
outlined.
One difficulty observed in the use of this classification was related to
differentiating between potential classifications of ambiguous pattern markers. Such
markers, including stimulate/stimuler, inhibit/inhiber, and suppressor/suppresseur, may
potentially convey two or more sub-types of CAUSE-EFFECT relations (e.g., CREATION or
INCREASE; DECREASE, DESTRUCTION

or

PREVENTION),

and it may be very difficult even

for a human to determine which is pertinent in a given case (certainly without reading a
much larger part of the original document, which is of course what a pattern-based
KRC-extraction tool seeks to spare the terminologist wherever possible).183 Certainly,
this phenomenon poses even more difficulties for automatic context sorting.
For the purposes of this project and its descriptive orientation, occurrences of
these markers were classified according to the best possible interpretation of the
individual occurrences in light of further research (both in the text itself and of
supplementary resources where necessary).
However, to manage such cases in practice (i.e., in attempting to sort KRCs
retrieved using knowledge patterns) requires another approach. Some possibilities for
disambiguation may be observed in specific cases. In Example 373, for example, a rare
case in which the sense of the marker is clarified is found: by opposing stimuler with
provoquer, which is less ambiguous, the author has clearly indicated that the growth of
these lesions is increased — not caused — by hormones. This kind of input, however,

183

Moreover, in some cases it may be challenging to determine the exact relation present even in light of a
reading of a larger segment of or even a whole text.
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would be very difficult to represent formally in a consistent way, and would likely
not be widely useful for distinguishing senses in an automatic application.
373. Si les lésions, provoquées ou stimulées, peu importe, par les
hormones n'étaient que des lésions de faible malignité,
totalement curables ? (Bouchard 2001)

In other cases, modifiers of these markers may clarify at least to some extent the
type of relation that is present, as in Examples 374 and 375:184
374. La toxicité de l'acide flavone-acétique (FAA ou flavone-8acetic acid) sur des cellules cancéreuses mammaires in vitro est
totalement inhibée par un inhibiteur de NOS… (Gauthier et al.
2004)
375. La production des autres hormones surrénaliennes
(testostérone,
déhydrotestostérone
androstènedione,
progestérone et 17-hydroxyprogestérone) est très partiellement
inhibée. (De Crémoux 2000)

In Example 374, totalement helps to eliminate DECREASE from the possible relations; by
the same token, in Example 375, très partiellement eliminates
DESTRUCTION,

PREVENTION

and

leaving DECREASE as the best interpretation. Once again, however, formal

approaches to disambiguation based on these indications would be difficult to develop.
Alternatives for the disambiguation of at least some of the occurrences and
senses of these markers may include the use of the actantial structures in which they
appear and the semantic classes of their actants. As mentioned above in Section 2.2, this
possibility has been explored in research projects such as those of Feliu (2004),
Weilgaard (2004) and Bodson (2005), as well as in Marshman and L’Homme (2006),
which focused specifically on some of the ambiguous markers observed in this project.
In an alternative approach, Barrière (2002: 12–104) noted some cases of similar
ambiguities, and either assigned two possible sub-relations to a single marker, or
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These two examples are not part of the set of contexts identified and analyzed in this research, but are
provided here to illustrate phenomena that may be observed in pattern-based candidate KRC extraction.
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classified more ambiguous markers in a more general category, such as
INFLUENCE

EXISTENCE,

or CAUSAL.

From the observations made in the course of the research, an addition or
modification may be proposed. Most often in the ambiguous cases evaluated in this
research, ambiguity occurred between sub-relations that can be characterized as
“positive” or “negative” effects, between CREATION, MAINTENANCE and INCREASE on the
positive side, and DESTRUCTION, PREVENTION and DECREASE on the negative side.185 As
mentioned in the description of the relation classification (Section 1.5.2.8.3), the subrelation of MODIFICATION may be used in cases where it is impossible or very difficult to
identify with certainty whether a change results in an

INCREASE

or

DECREASE

of the

effect. In parallel, it could be possible to integrate into the classification — or otherwise
implement — a similar generic classification that could be used in cases of doubt, where
it is not feasible to assign a single sub-relation for a relation expressed in a given
context, and in which the ambiguity occurs between sub-relations in both the EXISTENCE
and INFLUENCE categories.
As in the case of

MODIFICATION,

a more specific classification is of course

desirable, but not at the cost of mis-classification of occurrences due to guesswork or
excessive generalization. The establishment of such relation categories would allow
misclassifications to be avoided, but also to retain the option of classifying occurrences
and patterns more specifically than the generic

CAUSAL

that was Barrière’s ultimate

solution to such problems. This intermediate level of granularity may be sufficient for
user needs in some applications, for instance if all a user needs to know is if a given
factor exerts a positive or negative influence on an event.
It is interesting to note that in these cases very similar markers presenting
parallel senses and ambiguities in English and in French were found. This would be an

185

This rejoins observations made by Nazarenko (2000) in her analysis of
semantics (cf. Section 1.5.2.3).

CAUSALITY

in French lexical
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advantage for developing bilingual tools, as strategies for disambiguating these
markers may also be similar, and thus the work required to resolve these ambiguities (if
possible) or to develop strategies for dealing with them may be useful in both languages.

5.5.3.3

Possible complements to the CAUSE–EFFECT relation classification

In addition to some potential adjustments of Barrière’s classification in itself, it is
possible to consider adding another layer to this classification in order to further refine
the granularity of context sorting. One method of doing so would be to consider
integrating criteria taken from such classifications as Nuopponen (1994; Section
1.5.2.5). While some of these were considered to be too specific for the orientation and
goals of this research (cf. Section 1.5.2.8.5), observations in the data in the two
languages did suggest some ways in which certain aspects could be implemented in
future research.
Nuopponen’s classification specified, among other questions, whether causes
produce an effect independently (closely linked to the idea of sufficient causes) or are
one of several that contribute either alternately or together to produce it, whether an
effect has one or more causes and whether these causes are co-operating or alternative.
At a conceptual level, this aspect of

CAUSE–EFFECT

relations is clearly

significant. It is nevertheless important to keep in mind that, when analyzing
EFFECT relations,

CAUSE–

one is necessarily drawing conclusions about connections between two

elements, identifying a cause (or possibly more than one cause) to the exclusion of all
other factors in the environment that may encourage or allow this connection to exist or
may fail to prevent it (e.g., the absence of counteracting causes as identified by
Nuopponen (1994), predispositions, the fundamental laws of nature and of chemistry,
biology, physics, etc.) In medicine, researchers and other specialists frequently have
only a partial picture of the processes that are taking place in the complex system that is
the human body, and any number of environmental factors may play a role in a given
event. Thus, the identification of any relationship between two elements, such as a cause
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and an effect, could be said to be conditional on environmental factors. Moreover, as
new environmental factors that influence these relationships are identified, researchers'
comprehension of causal links may evolve to include additional pertinent conditions.
Moreover, at a textual level (and particularly when conditions have already been
specified), authors may not specify at every mention of a relation whether the cause is
independent or not, contributing or alternative, or as yet uncharacterized. However, the
contributing nature of causes in some cases is reflected in the markers used to express
these relations, e.g., contribute to/contribuer à, participate in/participer à, involved
in/impliqué dans, play a role in/jouer un rôle dans.
Thus, the results indicate that while it is almost impossible to determine with
certainty from a given knowledge-rich context whether a given cause is sufficient to
produce an effect (according to knowledge at a given moment or in the long term), in
some cases, it is possible to conclude when it is not, on the basis of overt description of
a cause as contributing. Moreover, the interlinguistic similarities observed in these
markers suggest that this phenomenon is similar in the two languages, and that it may
thus be exploited in both English and French.
The next question for consideration is then how this type of information
distinguishing (definitively) contributing causes from others can be accounted for in the
classification of occurrences, i.e., whether it should be associated with and applied in the
processing of occurrences containing individual patterns, or whether this kind of
information should be integrated into the relation classification itself, as reflected in
Garcia (1997; Section 1.5.2.8.2). Moreover, in considering the potential for inclusion in
a relation classification, determining how this distinction may be integrated into a
hierarchical structure such as the one created by Barrière (2002) (e.g., as a separate
high-level class, or as a subordinate class of each of the sub-types already identified)
requires evaluation.
In the observations in the corpora, the markers observed to convey this kind of
information were included in the category of

CREATION

markers. For marker-based
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classification, it could thus be possible to consider integrating a sub-classification of
the CREATION sub-relation into the relation hierarchy, to deal with these cases.
At a fundamental level of the definition of relation types, however, another point
can be raised in the case of the

INCREASE

sub-relation. From one perspective, the

element responsible for increasing another (e.g., causing it to occur more, causing more
of it to exist) may be identified as a contributing cause of the latter’s existence or
occurrence (as, clearly, the former element cannot be the only cause of this existence or
occurrence, as the latter already existed or occurred before its intervention). This would
then suggest a need to reflect this reality in the classification system used if the
contributing nature of causes is to be reflected in a systematic way. Reflecting this
shared aspect of some occurrences of

CREATION

and all of the cases of

INCREASE

in a

relation classification, however, is considerably more complex.186
Another potentially interesting complement to the classification used here is also
based on the classification developed by Nuopponen (1994) and addresses the number
of causes or effects observed in a given relation, but suggests different strategies for
implementation as a complement to a classification such as that used in this project. This
approach would involve the evaluation of the form of the elements linked by markers,
and particularly the presence of multiple related elements sharing a role in a relation and
joined by conjunction or disjunction.
The presence of multiple elements filling a slot in a knowledge pattern can
clearly indicate cases in which (an author states that) two or more causes may contribute
to an effect, or two or more effects may result from a given cause. Automatic processing
of these kinds of structures may thus allow for semi-automatic sorting of contexts
expressing relations with single as opposed to multiple causes or effects.

186

Moreover, the issue of whether the mirror image of this reasoning can be applied in the case of the
sub-relation raises some equally — if not more — complex questions.

DECREASE
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However, the further classification of causes as co-operating or alternative
and effects as co-occurring or alternative may pose more challenges: at a contextual and
even a textual level, it may be difficult to determine exactly which situation is present
when conjunction of multiple elements occurs. One possibility involves an analysis
based on certain markers of conjunction. While many (including the most frequent and)
do not clarify the kind of relationship that is likely to be present, others, such as together
with or along with may suggest that causes are co-operating or that effects are cooccurring, rather than alternative. The case of disjunction, however, is more
straightforward, in that it more reliably indicates alternative causes and effects. Once
again, it seems that while some aspects of Nuopponen’s classification may be relatively
straightforward to implement on a formal level to complement other classifications used
for context sorting, further refinement is likely to require human interpretation and
intervention. This is particularly true when the possibilities of nuances in the ways in
which conjunction and disjunction may be interpreted are considered (e.g., differences
between exclusive and inclusive disjunctions).
It is interesting to note that the kinds of approaches that could be used to reflect
these different aspects of a single basic distinction are considerably different. One could
involve a refinement of a relation classification and is largely reflected in differences in
markers, while the other would be most usefully implemented in analyzing pattern
structures.187 As such, it appears that if this task is pursued, evaluation of the presence of
contributing causes should take place at multiple levels. This task would, however, be
relatively complex to automate in a coherent way, and it seems likely that a fairly
significant element of human evaluation would be necessary to obtain a complete,
precise and reliable picture of the relationships described in various contexts.

187

Additionally, if the structures in which multiple elements sharing a role in a relation can occur are
evaluated, this opens possibilities for the extraction of additional information from contexts containing
multiple elements sharing roles in a relation, including those that indicate SYNONYMY or GENERIC–
SPECIFIC relations between these elements. While these relationships do not directly affect the principal
CAUSE–EFFECT relation identified, they nevertheless are likely to be useful for conceptual analysis and
may be usefully extracted.
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Another potential application of some of the observations made by
Nuopponen (1994, 2005), in this case concerning the interpretation of alternative effects
in

CAUSE–EFFECT

relationships, involves a parallel with expressions of uncertainty such

as quantification, hedging or the use of modal verbs. The existence of alternating effects
indicates that a given effect will not always occur as a result of a cause, establishing a
potential parallel with quantifiers such as some or many, indicators of hedging as
generally or sometimes or modal verbs such as can or may. As this can be observed at a
surface level in the disjunction of related elements (discussed in Section 4.9.1.2), it
offers an additional strategy for the automatic evaluation of certainty levels. However,
as this phenomenon is not always explicitly marked, once again it can offer only a
partial contribution towards the evaluation of these factors. It may nevertheless be worth
exploring, especially since this phenomenon may be pertinent for some applications in
other relations as well (e.g.,

GENERIC–SPECIFIC,

as in a bicycle is a type of vehicle or of

sports equipment, or PART–WHOLE, as in a wheel is a part of a bicycle or of a car).
A final possibility for a refinement of the classification of contexts according to
additional criteria indicated in Nuopponen (1994) is the possibility of distinguishing at a
formal level between different types of causes (e.g., causal agents, causal events). In
some cases in which multiple elements share a role in a relation, an element
corresponding to each type of cause may be identified; this kind of conjunction of
elements may be indicated by such structures as By X-ing, Y causes Z (cf. the
discussion in Section 4.9.1.2). Formal analysis of these phenomena poses challenges due
to the complexity of such structures. Nevertheless, if strategies are developed to deal
with these cases, they may allow for different types of elements to be distinguished
automatically, and for the different types of causes to be presented to the user, providing
a more fine-grained classification of the information present and/or allowing for the
most useful cases for a given purpose to be retained or sorted within a list of results.
All of these possibilities, although complex to implement, could constitute useful
additions to the basic classification if more precise relation descriptions were desired.
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5.5.3.4

Possible refinements of the classification of ASSOCIATION relations

As discussed above in Section 1.5.1, in this project, while two specific types of
ASSOCIATIONS

(RISK and

CORRELATION)

were considered for the purposes of this

research, they were not specifically identified. Some observations of these specific
ASSOCIATIONS

will be presented below, and possibilities for refining the relation

classification discussed.

5.5.3.4.1 Risk
As stated in Section 1.5.1.4, the concept of “risk” has been included in this classification
of ASSOCIATION — given that (in the specialized domain of medicine) risk is calculated
based on observations of co-occurrence of two variables — but that it differs from other
types of associations, for example, in its directionality (i.e., the clear identification of an
outcome and a factor presumed to affect it).
In many cases, relatively coherent classes of elements are associated with these
markers; the prototypical combinations would involve the association between one of a
number of entities (e.g., a treatment, a characteristic, or a test result — indicating the
presence of a particular molecule in the blood, for example) and a disease or disorder,
with the former identified as indicating a risk of the latter. Some surface variants in this
form may be found in cases in which a particular aspect of the disease is mentioned, as
in Example 376, or when an anaphoric expression is present, as in Example 377:
376. Hyperhomocysteinaemia is a risk factor for the development
of CHD… (Mackness et al. 2004)
377. … an elevated serum creatinine level … was associated with an
approximately twofold higher risk of overall and CVD
mortality. After adjustment for cardiovascular risk factors …,
elevated serum creatinine remained an independent risk factor
for these outcomes as well as total CVD, congestive heart
failure (CHF) and claudication. (Coresh et al. 2004)188

188

This example is not part of the set of relation occurrences analyzed in this project, but is provided here
to illustrate the phenomenon in question.
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Another type of variation is observed when one of the variables involved is
expressed in adjectival form (e.g., cardiovascular or cardiovasculaire), as in Examples
378 and 379:189
378. However, in response to the traditional cardiovascular risk
factors,
such
as
hypertension,
diabetes,
and
hypercholesterolemia, the endogenous defenses of the vascular
endothelium begin to break down. (Szmitko et al. 2003)
379. En plus de ces deux critères majeurs de sélection, on suggère
de prescrire un bilan lipidique aux enfants démontrant d'autres
facteurs de risque cardiovasculaire (obésité, tabagisme,
hypertension, diabète, consommation d'aliments riches en
matières grasses, prise de médicaments augmentant les lipides
plasmatiques et sédentarité)… (Lambert 2002)

The use of specific markers to denote this special kind of

ASSOCIATION,

as well

as the important difference in the nature of the relation and the needs for processing the
results of extraction (e.g., in preserving the order of the elements observed, in order to
identify which factor is the assumed cause and which the assumed effect) indicates that
in future work — in which sufficient amounts of data are available — it would be
interesting to distinguish these occurrences from others of

ASSOCIATION.

Fortunately,

these relative formal regularities provide a promising starting point for this kind of
differentiation. Some challenges will of course be encountered, and further evaluation
would be helpful for developing strategies.
In another phenomenon observed in the relations, the risk and risque families of
markers were often observed in combination with other types of markers. With one
group of additional markers (e.g., associated with, effect of, role of… as, effet sur, effet
de, du fait de, à l’origine de), a reinforcement of the ASSOCIATION (or potential CAUSE–
EFFECT)

relation expressed in the context may be observed. In the second, very common

group (e.g., increase, increased, augmentation), the additional markers further describe

189

It should be noted that this form is elliptical; the risk is of cardiovascular disease or other similar
disorders of the heart and blood vessels. This may pose challenges for interpreting such contexts,
particularly in more highly automated applications.
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the type of relationship that exists between the two elements (often a MODIFICATION
(INCREASE or DECREASE) in the likelihood of the event in question). While the risk-based
marker is considered to determine the relation present and thus to take precedence over
any

CAUSE–EFFECT

markers present (cf. Section 3.3.1.5.1.1), it could be interesting to

take into account the more specific information conveyed by some of the additional
markers, particularly of MODIFICATION. Given the relatively stable structures observed in
many of these combinations, the development of strategies for further refining the
classification of such contexts appears promising.

5.5.3.4.2 Correlation
As noted above in Section 1.5.1.3, in contrast to other types of
the relation holds between static variables,

CORRELATION

ASSOCIATION

in which

involves a relationship

between dynamic, continuous variables at a series of points, in which the value of one
changes with the value of the other. However, general usage does not necessarily reflect
this distinction, posing challenges for automatic identification of this kind of relation in
corpora.
CORRELATION, as one would expect, may be indicated by markers such as
correlate, correlate with, corrélation entre and corrélé avec. In other cases, this kind of
ASSOCIATION

may be possible, but unconfirmed, as in Example 380:

380. … on observe une nette augmentation du risque avec la durée
d'utilisation… (Clavel-Chapelon and Hill 2000)

This may often occur in cases in which combinations of elements indicating
MODIFICATION, INCREASE

or

DECREASE

of a variable are observed, along with an

indication that this MODIFICATION occurs in ASSOCIATION with another variable (e.g., the
markers in, with, dans and avec). It may be very difficult to determine whether the
relation involves two dynamic variables (i.e., is a true CORRELATION), or whether it is a
simple case of an

ASSOCIATION

Examples 381 and 382:

involving one dynamic and one static variable, as in
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381. Two trials showed improved DFS with anthracycline-based
chemotherapy… (Shenkier et al. 2004)
382. A further aspect of the change of atherogenicity of lipoproteins
with HRT was tackled by Wakatsuki et al…. (Seed and Knopp
2004)

One possible criterion for the decision may depend on the nature of the related
elements. In Example 380, both elements (risque and durée) are continuous variables
(i.e., it is possible to characterize risk as high or low, duration as short or long, and so
on); thus they can potentially be compared at different values to determine if a dynamic
ASSOCIATION

(i.e.,

CORRELATION)

is present. However, in Examples 381 and 382, the

elements chemotherapy and HRT are less easily discussed in this way, and therefore are
less likely to be involved in a true

CORRELATION

(at least, without some additional

modification identifying what aspect of these treatments was being compared at
different values). However, the evaluation of the various concepts involved in a
potential correlation would involve highly developed analysis of corpus texts.
The variability in the expression of these kinds of relations suggests that
differentiating automatically between

ASSOCIATION

and

CORRELATION

would involve a

very significant investment of time and effort, and could not necessarily be successfully
achieved in many cases. The relative infrequency of this specific

ASSOCIATION

in this

research — or at least, of the cases in which it can be confirmed — does not suggest that
this investment would provide a significant return.
Thus, if the development of a more specific classification of types of
ASSOCIATION

relations at an automatic level is to be considered, the sub-type of

RISK

appears to be the more promising avenue for development. CORRELATION, in contrast,
appears to be best evaluated by a human user, perhaps using a tool that provides a
primary sorting of contexts in order to identify some that are more likely to involve this
sub-type of

ASSOCIATION

on the basis of the marker that is present, and perhaps even

providing more specific indications of specific types of these associations as indicated
by the presence of additional markers.
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5.5.3.4.3 Challenges in interpreting ASSOCIATION relations
In Section 4.9.1, some fairly clearly defined cases in which multiple elements may share
a role in relations were described, and some possibilities for processing them discussed.
However, in some cases of ASSOCIATION relations, it is difficult to interpret exactly how
multiple elements are related. This is the case, for example, in Examples 383 to 386:
383. Part 1 will provide a brief overview of the link between
inflammation, endothelial dysfunction, and atherosclerosis…
(Szmitko et al. 2003)
384. Associations between lymph node metastases, various
clinicopathological features, and development of distant
metastasis were assessed with the Pearson [chi]2 test. (Susnik
et al. 2004)
385. Il semble exister un lien très étroit entre le syndrome de
lipodystrophie, l'hyperlipidémie, l'intolérance au glucose et le
diabète, bien que chacun de ces troubles puisse survenir
isolément. (Baril and Junod 2004)
386. … un suivi attentif permettant d'établir les liens entre les
anomalies lipidiques, le tabagisme, l'hypertension artérielle, le
diabète et la maladie coronaire. (Bauduceau et al. 2004)

Here more than two elements are implicated in an
there is no clear proof of whether a series of binary

ASSOCIATION

ASSOCIATION

relation, but

relations involving

separate element pairs is present, or whether all of the elements are somehow linked in
the same relation (i.e., whether there is a question of the co-occurrence of all factors, or
some kind of constellation of factors that occur more or less consistently together). This
makes the use of the information conveyed by the context challenging: analysis of a
larger context (e.g., the paragraph or even full text) or further research may be needed to
confirm the relation(s) present. The occurrence is nevertheless useful — at least for
applications in which human interpretation of a larger context or other resources is
possible — as it does indicates a relation of interest.
In addition to the challenges this phenomenon poses at a conceptual level, this
kind of variant certainly has implications for the recognition of contexts using restrictive
pattern forms (for example, a form that allows for only a single element to be present
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with — or in the cases shown above, within — a marker would likely exclude such
occurrences). Ideally, pattern forms intended for applications in which human
interpretation is possible should allow for such variations. Some regularities in the
occurrences of this phenomenon may be exploited for this purpose. This phenomenon
was observed in the case of ASSOCIATION relations indicated by the markers association
between… and and link between… and in English, and by lien entre… et in French.
Thus, this phenomenon appears to be linked primarily to specific markers (for which
appropriate forms could be developed), and also shows similarities between the two
languages. This raises the possibility that strategies for dealing with such contexts in one
language might be useful in the other as well.

5.5.3.5

Occurrences of multiple patterns and/or markers

Many of the relation occurrences observed in this research contained multiple candidate
patterns or pattern markers indicating a relationship between the same two elements. As
described in Section 3.3.1.5.1.1, each context was associated with the relation identified
for the context as a whole, and the marker that corresponded to this relationship was
annotated as the principal one located in the context, although the presence of (an)
additional marker(s) was noted.
However, this solution at the pattern identification stage does not resolve the
issues that would be encountered at the stage of pattern-based tool use, and particularly
of relation identification. In order to present a user with a sorted list of contexts
expressing various relations or sub-relations, it is necessary to assign each context to one
or more groups, and this task is most likely to be carried out on the basis of the markers
present. The presence of more than one marker thus poses difficulties.
There is a danger, of course, in presenting misleading evidence in this
classification; for example, classifying contexts containing both a marker of
MODIFICATION

and of

MODIFICATION

relations would imply that a CAUSE–EFFECT relation has been determined,

ASSOCIATION

— a common combination — as occurrences of
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whereas the presence of the patterns indicating ASSOCIATION indicate that this is not
(or at least, not necessarily) the case. However, pertinent information would be lost if
the contexts were classified as indicating ASSOCIATION alone; certainly users would like
to know, if possible, what specific types of changes are observed in

ASSOCIATIONS

and

CAUSE–EFFECT relations.

One possible method for dealing with multiple relations and patterns in contexts
would be to establish a hierarchical system that determines how contexts containing
structures involving markers that generally indicate different relations or sub-relations
should be classified. However, here again the dilemma of preserving maximum
information with minimum chance of misleading the user must be confronted. For
example, in the case of contexts containing markers of CREATION and of MODIFICATION,
the most pertinent information appears to be that of the
with the marker of

CREATION

MODIFICATION

and its nature,

bolstering the causal element in the relation. In this case,

the contexts could thus be classified relatively safely according to the

MODIFICATION

sub-relation present. The precedence of markers of the

sub-relation is

MODIFICATION

therefore different when such markers are combined with a marker of ASSOCIATION and
with another

CAUSE–EFFECT

marker. Thus, if a relation hierarchy were created to

manage these types of occurrences, first priority in classification would likely be
assigned to ASSOCIATION markers, followed by markers of MODIFICATION, and finally to
other types of markers. However, this is only a partial portrait of the occurrences found
in the corpus, and such a hierarchy would need to be thoroughly tested and evaluated
before being implemented. Furthermore, the introduction of additional relations or subrelations into such a system — should the need arise — would likely increase the
complexity of the task considerably.
Another option would simply be to classify contexts containing multiple relation
markers into separate categories, according to the combinations of markers observed.
However, this would clearly increase the complexity not only of sorting the contexts,
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but also of consulting them in the final results. As the goal of tools is to simplify the
consultation of information for the user, this does not seem to be advisable.

5.5.4 Variation in expression of related elements: Some implications
for knowledge extraction
The use of a term-based methodology such as that used in this project for identifying
and extracting relation occurrences may also be affected by the phenomenon of variation
in the forms in which concepts are represented at a textual level. The specific
phenomenon of terminological variation can occur in many forms that are important to
take into account in applications such as information extraction (cf. Daille 2005 for an
overview of these kinds of variations, and Condamines and Rebeyrolle (2001) for a brief
discussion of this phenomenon in pattern-based applications). In addition, concepts may
be represented by non-terminological units; some examples of these were given in the
discussion of non-nominal related elements such as propositions. Of course, any tool
that searches for specific terms will encounter problems when such variations occur.
In the results of the analysis in the English and French data, some recurring
variations were observed, and could be taken into account in planning knowledgeextraction approaches to maximize recall, group together similar occurrences of
relations and/or to target specific types of information. One such widespread variation
often occurs in the description of the effects of a given treatment. For instance, in
Examples 387 to 393, a molecule or drug is said to have a given effect:
387. Interleukin-6 is an upstream proinflammatory cytokine that
induces both CRP and fibrinogen expression. (Rackley 2004)
388. These studies found no consistent associations between statins'
effects on CRP and lipid levels. (Balk et al. 2003)
389. Statins do not affect fibrinogen levels, and limited data suggest
little effect on lipid oxidation, tissue plasminogen activator, or
plasminogen activator inhibitor. (Balk et al. 2003)
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390. Consistent with previous studies, Virulizin had a high level of
anti-tumor activity against human breast, ovarian and prostate
tumor xenografts. (Du et al. 2003)
391. [I]n future tamoxifen may even help to prevent cancer
development. (Health News 1991)
392. Les mécanismes responsables des différences d’effet entre les
statines lipophiles et hydrophiles sur la prolifération des CML
ne sont pas encore élucidés… (Nalbone et al. 2002)
393. … ce qui implique Cox2 dans la prolifération tumorale…
(Guastalla et al. 2004)

In Examples 394 to 400, however, alternative expressions may be observed, in which it
is not a molecule or drug (i.e., an entity) but rather its presence or administration (i.e., an
event) that is identified as the cause of another phenomenon.
394. The presence of TNF- [alpha], IL-6, and other cytokines cause
[sic] hepatic production of C-reactive protein (CRP)…
(Pantaleo and Zonszein 2003)
395. Administration of Virulizin showed anti-tumor efficacy in the
treatment of human pancreatic cancers and melanoma in
previous preclinical studies… (Du et al. 2003)
396. The results of this study suggest that tamoxifen use may play a
greater role in the development of the endometrioid histologic
subtype of endometrial cancer… (Slomovitz et al. 2004)
397. As compared to the treatment with novantrone, which
demonstrated anti-tumor efficacy with an optimal T/C value of
56.8%... (Du et al. 2003)
398. … there is no support for using these markers to identify
patients likely to benefit from statin treatment. (Balk et al.
2003)
399. Un traitement de 3 mois par la pravastatine entraîne une
baisse du contenu en lipides (et de leur oxydation) des plaques
carotidiennes humaines… (Nalbone et al. 2002)
400. Même
si
ses
mécanismes
pathogéniques
restent
incomplètement compris, l’expression de Cox2 favorise la
prolifération tumorale en inhibant l’apoptose, en stimulant la
néo-angiogenèse et en favorisant le pouvoir invasif…
(Guastalla et al. 2004)

Cases such as Examples 394 to 400 may be interpreted in several ways: the
complex unit may be identified as representing a concept that participates in the relation;
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the entity may be identified as the pertinent item (i.e., as corresponding to the
concept that should be identified as participating in the relation); the entity may be seen
as an instrument and the event as the real cause of the effect; or the two elements (the
entity and event) may be seen as cooperating causes. The choice made in this research
was the first, to retain the complete form identified in the context as the textual
representation of the concept involved in a relationship, without differentiating between
events and entities.190 However, while the annotation of different types of causal
elements was not carried out in this research, certainly this possibility exists for
situations in which a greater level of detail in classification is required. The choice of
interpretation in these cases will affect the choice of strategy for dealing with this
variation. The relative regularity of some of these structures may offer possibilities for
analysis to identify a component that is considered to be most pertinent for a given
application, if desired.
These variations in the expression of related elements may also be pertinent in
subsequent applications of the information extracted. Given that more complex
structures are less likely to correspond to entries in term databases or nodes in
ontologies (i.e., molecule X is more likely to be the focus of a term record than treatment
with molecule X or administration of molecule X), the information extracted from
contexts such as Examples 394 to 400 may be — while admittedly less elliptical on a
conceptual level — less immediately usable.
Another form of variation with a similar impact may be observed when a
participant in a relation may be identified at a surface level either as a human patient or
as the disease from which this person suffers (or the manifestation of that disease, as in
the case of a tumour). This is illustrated in Examples 401 and 402:

190

Some cases in which both entity and event causes of a given effect were present were nevertheless
discussed briefly in Section 4.9.1.2.
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401. The locoregional management of patients with stage IIIC
disease who respond to chemotherapy should be
individualized. (Shenkier et al. 2004)
402. The treatment of patients with LABC whose tumours do not
respond to anthracycline-containing chemotherapy is unclear.
(Shenkier et al. 2004)

A similar variation may be observed in the expressions of

ASSOCIATIONS

between a given variable and a disease or other disorder or characteristic; while in some
cases the disorder itself is indicated, in other cases, such as Examples 403 to 405,
reference is made to the patient group that has this disorder or characteristic:
403. Microalbuminuria (urinary ACR>2 mg/mmol) was detected in
32.2% of patients with diabetes and in 14.7% of patients
without diabetes. (MacIsaac et al. 2004)
404. Endothelial cell function is impaired in patients with
atherosclerosis and could antecede the development of overt
evidence of the disease. (Griendling and FitzGerald 2003)
405. The presence of TNF- [alpha], IL-6, and other cytokines cause
hepatic production of C-reactive protein (CRP), which has been
shown to be elevated in patients with insulin resistance 66,67
as well as in T1DM patients… (Pantaleo and Zonszein 2003)

A similar phenomenon was also observed in the French data, in the expression of
ASSOCIATIONS

involving the explicit description of a variable (e.g., treatment with a

given drug) as a characteristic of a patient group, as in Example 406:
406. Par ailleurs, le diabète est apparu moins fréquemment chez les
patients qui étaient traités avec le losartan plutôt qu’avec
l’aténolol. (Garnier 2002b)

For the purposes of this project, and according to the definition given for the
ASSOCIATION

relation in this research, both types of contexts can nevertheless be

considered: medical research is of course often carried out in patient groups in order to
observe links between given variables, and thus the same ASSOCIATION might be said to
exist between the characteristics of patient groups (e.g., microalbuminuria and diabetes)
or in the patient groups in which these characteristics were observed (e.g., patients with
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microalbuminuria, patients with diabetes). Cases such as those above simply
illustrate a variation in the choice of expression for the two variables observed.
While the validity of the relation occurrence was considered to be equal in the
two types of expressions for the purposes of this project, however, the facility of
identifying the related elements in automatic applications is not. The more complex
forms such as those involving the mentions of patient groups are unlikely to correspond
to entries in term bases or other terminological resources, and thus would need to be
processed either manually or through relatively highly developed automatic analysis
before the information extracted from the corpus could be linked to an appropriate term
or term record.
This issue may also affect tools that attempt to disambiguate pattern markers
using the semantic classes of the elements that they link in contexts. Moreover, tools
that use semantic classes of related elements for pattern refinement or marker
disambiguation — a possibility discussed, for example, in Marshman and L’Homme
(2006) — would need to account for the possible variations in surface realization of
conceptually equivalent relations. If this is not done, disambiguation procedures may
result in the elimination of pertinent contexts.
While these challenges are certainly significant, their presence in both languages
in fairly similar forms indicates possibilities for adapting approaches developed in one
language for use in the other. This may significantly increase return on the investment of
time and effort in developing these strategies.

5.6 Discussion of semi-automatic and automatic approaches
This research has not focused explicitly on the comparison of automatic and semiautomatic knowledge extraction approaches (i.e., those that attempt to maximize the
automation of knowledge extraction and those that assume a certain — and potentially
substantial — degree of human interpretation of the results produced by a computer
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tool). However, the methodology used in this approach was chosen in large part in
order to provide access to data that can inform decisions about the kinds of approaches
that may be appropriate for a specific application or situation, including determining
appropriate levels of automation. As such, the results provide a basis for discussing the
challenges that are involved in increasing the level of automation in pattern-based tools
and their likely effect on the proportions of relation occurrences that may be retrieved
from a corpus.
The most striking measure of the challenges of automating the extraction and
processing of KRCs is that presented in 4.10.4, describing the proportions of the relation
occurrences observed that involved at least one of a set of challenges that constitute
departures from the most restrictive forms of patterns and relation occurrences, widely
accepted as candidates for use in highly automated applications.191 The proportions of
relation occurrences in this category are strikingly high: 75% of the occurrences
identified in the English data and 72% in the French data.
Moreover, this figure is only a proportion of occurrences that could potentially
be retrieved using the lexical knowledge patterns identified in this evaluation, and the
proportion of the total number of relations present in the corpora that would not be
located by such restrictive patterns would be even higher. In addition, this level of recall
would be reduced by additional difficulties related to phenomena such as variations in
pattern or marker forms that are not accounted for in pattern design.
The impact these phenomena have on the potential for identifying occurrences of
relations automatically is thus both undeniable and extremely significant. In situations in
which a high level of recall is desired or required — for example, when a tool is used in
an effort to obtain a complete picture of the information conveyed in a text or text
collection, or when a limited amount of data or data with limited redundancy is available

191

The set of challenges included non-nominal related elements, anaphoric expressions, unpredictable
interruptions, expressions of uncertainty and text-related issues.
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for analysis — a level of silences of over 70% would clearly be unacceptable.
Additional strategies would need to be implemented to overcome some of these
challenges and provide access to more occurrences, while taking into account the impact
these phenomena can have on the usefulness of this information. Conversely, if a large
amount of fairly redundant data is available and the goals of using a tool involve
obtaining only the most straightforward and/or certain relation occurrences observed,
even a fraction of the relation occurrences found in a corpus may be sufficient, and these
restrictive pattern forms may be adequate.
It is our belief that terminologists and terminographers are most likely to benefit
from access to a wide range of potentially useful information that they can evaluate
themselves in order to determine its applicability for a given application. Computer tools
are certainly not adequate to take over the kinds of evaluation that this work requires.
Rather, they should facilitate rapid and efficient access to textual information — but not
at the expense of its completeness. While setting a goal of 100% complete information
retrieval with a pattern-based tool is clearly not realistic, a level of recall of less than 25
to 30% of the occurrences that could potentially be located using such an approach is
just as clearly undesirable in this kind of work.
Increasing the potential for recall then involves developing strategies for dealing
with some of the difficulties identified. These might include measures as simple as
ensuring that a tool facilitates access to original texts to help in tasks such as the manual
resolution of anaphora, or as complex as the implementation of formalisms that assist in
identifying and evaluating pattern and marker interruptions or expressions of
uncertainty, or in identifying links between non-nominal forms of related elements and
the more conventional nominal forms to which they may correspond. The observations
in this research may provide a starting point for developing some of these strategies.
However, every effort to increase recall can be expected to lead to a decrease in
precision, which of course reduces the savings in time and effort that pattern-based tools
are intended to provide, requiring that users evaluate a larger number of contexts that are

492
ultimately not pertinent. Restricting the permissible degree of variation from
prototypical forms in certain areas is one way of controlling this increase in noise.
Another option could be offered by a hybrid approach that could identify the
most prototypical occurrences of relation forms and either process them automatically or
present them to users as the most promising of the contexts retrieved, while still
retrieving additional, less prototypical contexts as a complement to this information. The
types of variations from prototypical form present in these additional contexts could also
be used to provide an indication of their potential value and challenges. While a
comprehensive approach that can identify and deal with the various types of difficulties
would involve a significant investment of time in tool and pattern design, the possibility
of gradually expanding the coverage offered by a basic and restrictive tool — perhaps
by first targeting the issues that are identified as most pertinent for a given application,
relation or language — could provide a strategy for expanding coverage and improving
tool performance.

5.7 Limits of this work
This work has, in our opinion, shed light on some interesting and pertinent aspects of the
nature and behaviour of knowledge patterns and pattern markers in English and French
that are worthy of consideration in the development and use of pattern-based tools, and
of further research. However, it is also important to recognize the limits of this study,
considering both the perspective of the work and the methodology used.
The broad perspective on potential pattern-based approaches and thus on what
may constitute useful information envisioned in this project necessarily limits the
specificity with which each individual type of application may be considered. While we
felt that this kind of inclusive perspective was necessary in light of the novelty of
interlinguistic evaluation in the field, it is clear that the results of this study should be
supplemented by additional data selected to reflect the primary concerns of specific
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approaches and situations. The results of this work therefore constitute an indication
of avenues for further research in many areas, and a starting point for making
observations and formulating hypotheses.
The relations chosen as the focus of the research are also clearly pertinent to the
scope of the conclusions that can be drawn on the strength of this study. Even in these
two relations, which present a certain number of similarities, significant inter-relational
differences (in numbers of occurrences, in the nature and variety of markers, and even in
differences between the English and French data) were identified. The likelihood of
encountering equally — or even more — significant differences in knowledge patterns,
pattern markers and their behaviour between these and other relations (for example, the
commonly evaluated relations of GENERIC–SPECIFIC and PART–WHOLE) is high. As such,
it is impossible to conclude that the interlinguistic evaluations in this research will apply
to all relations. Rather, they indicate potential foci for research that should be expanded
to address these other relations. The choice to evaluate

ASSOCIATION,

a relation that is

closely linked to the fields of medicine and epidemiology, also imposes certain
limitations on the scope of the conclusions that may be drawn from this project, as the
relation may not be present or pertinent in other fields.
The choice of methodology for any work necessarily imposes certain limits on
the scope of the observations that can be drawn from it. At this level, the nature of the
corpora and terms used to extract the samples of contexts for analysis, the volume of
data analyzed, and the specific types of analyses carried out are pertinent for evaluation.
As is the case with any corpus-based project, the results of this research are
largely dependent on the corpora from which the observations were drawn. Due to
practical limitations (including those on the availability of sources and texts) the size
and scope of the corpora (i.e., domains, text types) are necessarily restricted. In addition,
while the corpora were designed to be as comparable as possible, such limiting factors
necessarily introduce the potential for variation resulting from the nature of the texts
included and the distribution of different types of texts, as well as the overall size of the
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two corpora. The conclusions drawn on the basis of this research thus apply to the
types of texts chosen for inclusion in the corpora. Of course, the results of this research
should be complemented by additional research in a variety of corpora representing
different domains, sub-domains and text types, in order to better characterize the scope
of the variations observed.
Moreover, while the corpora were designed to represent comparable subdomains and aspects of those sub-domains (i.e., etiology, development, effects,
diagnosis, prevention and treatment of the diseases in question) as well as text genres, at
a more specific level there is inevitably variation in the content of the individual texts,
which may directly or indirectly influence the observations in the research. Few options
are available to eliminate such sources of variation. The most obvious is of course the
use of parallel texts (i.e., an original and a translation). However, this approach would
introduce the equally problematic possibility of language interference or calquing of
structures from the source text in the target text.
The choice of term selection methodology also clearly affects the results
obtained and the interpretations that can be made of these. The contexts analyzed were
considered to be representative of those likely to be pertinent for terminologists in their
work in concept analysis and terminological description, and the methodology to reflect
commonly used approaches in pattern discovery (and therefore to provide a valid basis
for comparison of the productivity that can be expected in such an approach). However,
this methodology requires the selection among a number of candidate terms for use in
extracting initial contexts, which may in turn be expected to influence the kinds of
contexts that are retrieved and retained for analysis, and the types of relationships that
may be observed. The investigation of other types of approaches could complement this
term-based work and provide additional information.
As the comparison of the numbers of relations identified using the selected terms
— in addition to the discussion in Section 5.5.2.1 — illustrates, the results may show
differences related to the specific terms used. These may be linked to the status of these
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terms as equivalents or non-equivalents. The evaluation of both equivalent and nonequivalent terms in this work has provided concrete data that may guide the
development of future research and suggest strategies that may help to provide a
comparable basis for future analyses. However, the range of other factors that may
contribute to observed differences (for example, the volume of data, the varying
distribution of term sets among different semantic classes and of relation occurrences
among the relations and sub-relations, and of course the possibility of the interaction
among these and other factors) does not allow for the effects of this specific aspect of
term choice to be identified with certainty. As such, this question remains a subject for
future evaluation that may shed additional light on the kinds of interlinguistic
differences that may be observed.
The choice of a single classification for the types of

CAUSE–EFFECT

relations

observed in the corpora — in this case that of Barrière (2002), which was considered to
be appropriate both for the domain and for the application evaluated in this study —
necessarily involved the setting aside of a number of other potential bases for
classification, and as a result some potentially interesting criteria for relation
classification were not exploited in this research. Different classifications of the relation
that highlight additional distinctions among the specific types of relations could reveal
more pertinent data about the relations in the domain and the markers that denote them
in the two languages.
The volume of data analyzed of course also influences the strength of the
conclusions drawn from this study. Given the fact that a range of phenomena — some
more common than others — were analyzed, some of the more specific and rarer factors
were evaluated in a smaller pool of data than those that were more common. The
amount of data available for the analysis of these factors must be considered when
evaluating the strength of the evidence. The use of statistical measures such as the Chisquare test was intended to assist in the consideration of this factor, but this test clearly
cannot completely neutralize the influence of this variation.
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Some aspects of the methodology and limitations on the data gathered
imposed restrictions on possibilities for evaluating marker polysemy and precision. The
evaluation of a sufficient variety of markers and number of contexts for each one to
obtain an accurate portrait of the variations that may be observed was unfortunately
beyond the scope of this project. Further research should be pursued to fill this gap. The
structure of the study and the nature of the data observed also precluded the use of tests
to confirm the statistical significance of certain differences observed (for example, of
the frequency, variety and variation of the markers observed in the two data sets). As
such, these evaluations do not offer statistically conclusive evidence but rather are
indicative of the potential for interlinguistic variation and of the need for further
evaluation in a structure that allows for more precise evaluation from a statistical
standpoint.
Moreover, from a statistical perspective, it should be kept in mind that a
threshold of 0.05 for significance of results of Chi-square tests essentially admits the
possibility that one in twenty tests may indicate a significant difference where such a
difference is not in fact present. Given the numbers of Chi-square tests carried out in this
study, the possibility of observing a small number of apparently significant differences
as a result of chance should not be disregarded. (Clearly, however, the smaller the p
value identified for a given difference, the less likely it is to be a result of chance alone.)
Finally, as noted in a more specific context above, the potential for complex
direct and indirect interactions of many of the factors observed in this study poses
immense challenges for the evaluation of the ultimate effect of the differences observed
in the French and English data. It is far beyond the scope of this project to provide a
specific “recipe” for the construction of a bilingual tool for KRC extraction that can
produce perfectly comparable results. However, in highlighting a number of potential
differences that are likely to be pertinent in specific cases, this work will allow
researchers to identify potential sources of difficulties and subjects for future evaluation
and research.

Conclusion
This research was carried out with two objectives: to observe lexical knowledge patterns
for the conceptual

ASSOCIATION

and

CAUSE–EFFECT

relations in English and French

specialized medical texts and to explore several aspects of their nature and behaviour, as
well as their implications for the development and performance of pattern-based tools
for extracting candidate knowledge-rich contexts (KRCs) from these texts and the
ultimate use of these candidate KRCs for the purposes of terminological analysis and
description; and to compare these observations in the English and French corpora to
identify similarities and differences in the results that may affect these applications. This
comparison did reveal both similarities and significant differences that should be
considered in projects that aim to implement knowledge patterns for locating KRCs.
With reference to the work of a number of researchers (e.g., Pearson 1998;
Meyer et al. 1999; Séguéla 1999; Barrière 2001, 2002; Condamines and Rebeyrolle
2001; Meyer 2001; Bowker 2003; Feliu 2004), various types of projects in which
knowledge patterns may be used were identified, and some of the choices that must be
made in the design and use of pattern-based tools revealed. Also identified were a
number of characteristics of knowledge patterns and some additional challenges that
may influence these tasks.
The evaluation of these characteristics and challenges began with the analysis of
occurrences of candidate terms identified as specific to the corpora, in order to extract
contexts indicating the relations of interest and the candidate knowledge patterns
associated with them. These occurrences were then annotated to highlight the pertinent
factors observed, and the prevalence and characteristics of the various factors evaluated.
The data gathered from the two corpora were then compared and contrasted, in
order to reveal similarities and differences between the data in English and French and
to identify aspects of pattern-based applications that may be affected by these factors.
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The first concrete result of this study is the identification of a number of
markers of

CAUSE–EFFECT

and

ASSOCIATION

relations, as well as data on several

characteristics of these markers and the structures in which they participated that have
been identified as pertinent by various researchers. Many of these markers are promising
candidates for refinement and inclusion in pattern sets for semi-automatic KRCextraction tools in specialized English and French medical texts similar to those used in
this study, and the data gathered about their behaviour may help developers to determine
the most appropriate situations in which to implement these markers.
The use of Barrière’s classification of CAUSE–EFFECT relations provided evidence
of the usefulness and appropriateness of this system for pattern-based tools operating in
both languages, and also offered an opportunity to consider potential strategies for
refining the classification if required in a given situation. Moreover, the study provided
data that can assist in refining the analysis of the types of

ASSOCIATION

relations found

in the corpora.
In adopting a broad perspective on KRC extraction that included a wide range of
potentially useful information and pattern forms, the research provided access to data
that may be useful not only for basic applications (e.g., using character strings
representing markers), but also in a number of potential adaptations and refinements of
the basic approach (e.g., the use of lexico-syntactic knowledge patterns or further
processing of candidate KRCs).
This perspective also allowed many of the difficulties that may affect patternbased tool performance (including several observed but not studied systematically in
other projects) to be evaluated and quantified in the contexts analyzed in the two
languages. These results revealed what may be termed the “opportunity cost” of the
choice to limit analysis to contexts that correspond to a certain set of criteria (e.g., the
part of speech of relation markers, form of related elements, pattern structures, lack of
intervening elements). This cost, and in particular any differences observed in the data
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in the two languages, are essential to consider in the process of developing and using
tools for a given application.
At a general level, the data in the two languages showed some striking
similarities. The knowledge-pattern-based approach was revealed to be productive in the
two languages, and the presence of a number of recurrent and relatively frequent and
precise markers of both relations in the two languages shows that pattern-based tools
can certainly be effective for extracting information about these relations, which can
assist in the task of conceptual analysis and terminological description. In the data
analyzed in English and French, similar distributions of relation occurrences between
the

ASSOCIATION

and

CAUSE–EFFECT

relations and between the groups of contexts

identified using terms belonging to various classes (i.e., entities, activities, pathologies,
processes) were observed. The forms of these markers (e.g., simple or complex) in each
language were largely similar. The prevalence of contexts containing two or more
elements that shared a role in a relation, as well as the types of relationships that were
observed between these elements, also showed strong similarities in the two data sets.
Moreover, overall similarities were observed in the nature of many of the challenges
affecting tool development and performance and the ultimate use of the KRCs extracted,
as well as the proportions of relation occurrences identified as presenting these
difficulties.
This research thus provides clear and concrete evidence indicating that the
creation of pattern-based tools for use in a bilingual context is a promising avenue for
development, as the overall possibilities for extracting information using this approach
and many of the areas on which further research may be concentrated show similarities.
Thus, many general strategies may be equally or at least similarly viable in both
languages, facilitating bilingual tool development. Moreover, progress made in one
language in some areas of the field is also likely to be profitable at least to a certain
extent in the other language.
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However, in other aspects of knowledge patterns’ characteristics and the
challenges in their use — and often underlying these overall similarities at a more
specific level — some significant differences were observed. These indicate a need for
further evaluation in light of the observations in this study, as well as for careful
consideration in developing tools.
In designing pattern-based tools, it will be important to consider the fact that in
the two languages, the part of speech classes of the markers — and even more so of
marker occurrences — may vary, and thus different types of markers may be productive.
Moreover, the potential for locating candidate KRCs using the marker sets observed —
a function of their variety and frequency in corpora — was observed to differ in the two
data sets. This indicates that developers must take into account the possibility that more
markers may be required in pattern sets in French in order to retrieve a number of
contexts that is comparable to English results. Moreover, as markers were observed to
appear in a variety of forms and structures in the two languages, the need for more
markers in French could lead to a significant increase in the number of pattern forms
required for some applications.
The process of designing pattern forms for use in KRC-extraction tools may also
be better adapted to the two languages in light of the information gathered in this
research. Especially pertinent is the observation of challenges particular to one or other
of the English and French data sets in regard to different factors that influence aspects of
pattern development. This suggests that while there are certainly challenges in this area
in both languages, the sources in each — and therefore the choices to be made and the
strategies for dealing with issues — may well be quite different. The frequency with
which complex markers in the English data were interrupted indicates a particular need
for representing these markers in a way that allows contexts in which this phenomenon
occurs to be identified. The potential for increased variability in some aspects of marker
forms in this language also contributes to the need for more or more flexible pattern
forms in this language. The prevalence of variation in the form of related elements in the
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French data (e.g., non-nominal elements, anaphora, interruptions) may influence the
choice of approaches in pattern design, particularly for tools that attempt to target
contexts with specific structures or that attempt to sort contexts according to such
criteria. Both of these differences may affect the choices made in terms of the type and
specificity of pattern representation and/or in the investment of time and effort required
to develop pattern sets. The fact that different components of the pattern are involved
indicates that different types of tools may be affected (a wider range in English, and a
more restricted range in French that involve the representation or processing of related
elements at some level).
Once tools are developed, the comparability of their performance may also be
affected in the two languages by issues that have not been (completely) resolved in
planning stages. The potential recall of pattern-based tools will clearly be affected by the
variety and frequency of markers, and there are indications in the data observed that the
French markers identified may be less productive on this level. Conversely, observations
in a small sample of data on marker precision indicated that the French markers
evaluated (at least in the form of character strings) were somewhat more precise than the
English. It is possible, if this trend continues in evaluations of more data, that some tools
may provide fewer contexts, but a higher percentage of valid occurrences in this
language. Clearly, the challenges mentioned above relating to the form and nature of the
elements linked by markers in the French data could affect the performance of tools that
represent these elements as part of knowledge patterns, or try to identify them
automatically.
Possibilities for further processing and use of extracted candidate KRCs may
also be influenced by interlinguistic differences. Expressions of uncertainty appearing in
candidate KRCs may affect the information value of these contexts, and the form of
some of these expressions may offer cues for sorting the contexts according to their
value for relation identification. In other cases, the unpredictability of these expressions,
rather than offering an opportunity, may interfere with identification and processing of
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contexts retrieved. Interestingly, a higher prevalence of expressions likely to
introduce both possibilities and challenges was noted in the English data. In the French
occurrences, the presence of uncertainty was often indicated by the variation in the form
of verbal markers — another potentially useful formal cue. These differences in the two
data sets indicate that not only the possibilities of exploiting this kind of information,
but also the strategies for doing so, will once again vary between the two languages.
When a set of statistically evaluated challenges that may affect these various
aspects of pattern-based tool development and use are considered as a group (including
anaphora,

non-nominal

related

elements,

expressions

of

uncertainty,

and

“unpredictable” interruptions of markers), the proportions of the relation occurrences
affected in the two data sets is quite comparable. This reveals an interesting point in the
interlinguistic comparison: various individual factors are likely to interact, often in quite
complex ways, and differences in one aspect of pattern characteristics or challenges may
in some sense compensate for another variation. (For example, it is possible to imagine a
case in which more potentially useful French contexts are excluded by tools that require
that markers occur contiguously with related elements expressed in nominal forms, but
in which these same types of pattern forms exclude more contexts in English because of
factors such as variations in marker forms and expressions of uncertainty that interrupt
the pattern structure). However, as the sources of these issues differ, so do the
possibilities and strategies for dealing with them. Improving pattern-based tool
performance will likely involve focusing on areas that are specifically relevant to
processing texts in a given language.
Another interesting observation made in this research is that considerably more
obvious differences were identified between sets of contexts corresponding to the two
relations than between those corresponding to the two languages. The number of
relation occurrences, the number of markers, the types of markers and a number of other
factors varied substantially from relation to relation. This raises an important point for
future research: it is essential to study these aspects of pattern form and behaviour in
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more detail for each relation and for a wider range of individual relations in order to
better evaluate the adjustments that may be necessary in tools that attempt to identify
occurrences of different types of relations.
Moreover, some reflections on the methodology used to observe the knowledge
patterns may also be drawn from this experience. The approach, one that is widely used
in the field and focuses on the identification of relation occurrences and knowledge
patterns in contexts identified using (candidate) domain terms, attempted to neutralize
certain sources of bias (e.g., related to potential associations between semantic classes of
terms and the relations in which they may participate). However, the bilingual
orientation of this project and the use of terms that were equivalents and non-equivalents
in the two languages allowed for the observation of potential variations between these
two groups of terms (i.e., equivalent pairs and non-equivalents) in respect to many of the
evaluated characteristics. The precise sources of the differences observed and the
mechanisms that may produce them are interesting and important subjects for future
work. Moreover, these results suggest that future research (particularly with a bilingual
orientation) should at least consider the possibility of term-linked variation and evaluate
methodologies accordingly.
This work has thus revealed both the considerable possibilities for developing
tools that can support terminologists working in a bilingual environment, and the real
need to be aware of specific and potentially language-linked issues in pattern-based tool
development and use. It has offered concrete evidence of the impact that certain choices
may have on the effectiveness of tools for identifying KRCs in texts, and has indicated
some of the areas that are likely to be particularly pertinent in each language for further
research. It has targeted some potential strategies for further work to help improve the
results of pattern-based tools and to avoid specific pitfalls in these areas. It has also
provided quantitative and qualitative descriptions of various factors that may affect tool
development and performance, to help those carrying out further work in the field adjust
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their expectations and better plan research and development of tools that can meet
the specific needs of a situation.
In conclusion, this research has succeeded in its aim of providing a preliminary
evaluation and interlinguistic comparison of a number of factors that have been
identified as pertinent in extracting KRCs using knowledge patterns, to analyze how
potential interlinguistic differences may influence the development and use of patternbased tools. This is nevertheless one of only very few interlinguistic comparisons if its
kind, and as such will need to be complemented by a range of other studies. The
observations in this work have identified some areas in which further evaluation is
essential, and raised a number of questions about developing and using pattern-based
tools in English and French that may be researched in light of more data. However, the
study has also revealed a promising future for developing bilingual applications, as
indicated by some significant similarities in the two corpora.
Future work
Given the nature of this research, focusing on exploring a new perspective on patternbased tool development and performance — and the resulting goal of providing a
general overview of phenomena that may be observed in connection with lexical
knowledge patterns, and how these may be affected by language — success in the
project lies not identifying certain answers but rather in raising questions for further
evaluation. In this, the research has succeeded: a number of the factors evaluated show a
strong potential for interlinguistic difference, and many challenges for developing both
unilingual and bilingual tools have been identified, quantified and characterized in the
corpora evaluated here.
The next steps involve further study of the factors evaluated in light of the needs
of specific applications and in additional data, in order to develop new strategies for
dealing with challenges and creating the most effective bilingual tools possible. Each
project may target the factors considered most pertinent for its specific goals, assisted by
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the evaluation carried out here of the impact of the various phenomena in the
English and French data.
Due to the orientation of this research and some resulting methodological
choices, the data gathered in this project were not sufficient or appropriate for the
comprehensive evaluation of some aspects of the use of pattern-based tools. Analysis of
large numbers of occurrences of markers that are particularly appropriate for a given
application will provide a more reliable basis for evaluating factors such as marker
precision, marker polysemy, and variation in marker forms and pattern structures. Such
an evaluation is essential for filling the gaps in knowledge about how pattern-based
tools function in the two languages.
Moreover, the evaluation of how these various factors may interact and influence
one another and the overall results of pattern-based tool design and use is a complex
task that will require additional study. The development and implementation of patternbased tools for specific applications, and the analysis of their performance in both
languages, will provide concrete evidence that may help to examine these questions
more closely.
One approach to observing more specific aspects of the phenomena studied here
could focus on specific sub-corpora (in the spirit of evaluations such as those carried out
by Condamines 2002 and Bowker 2003), to allow for a more comprehensive and
detailed evaluation. The corpora used here could be sub-divided and analyzed according
to language variety (geographical origin, level of specialization, etc.), text type or
segment of text (e.g., research or review articles; texts representing different types or
grades of evidence; abstracts, introductions, results, and conclusions), sub-domain (heart
disease or cancer; etiology, development, diagnosis, treatment), and so on. Alternatively,
more specifically oriented corpora, or corpora that focus on texts that differ from those
used here in one or more of the criteria indicated above, could be built and analyzed.
Each of these distinctions may reveal interesting phenomena that would allow for a
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more fine-grained analysis of the phenomena likely to be observed both unilingually
and bilingually.
Another more specialized study that is clearly worth pursuing is that of interrelational differences that may be observed in many of the aspects of markers and the
patterns in which they participate. This research provided an opportunity to explore
differences between relations in respect to a number of factors; given the significant
divergences observed in these evaluations, it would be interesting to evaluate other
issues to examine the ways the identified differences — and others not yet revealed —
may directly or indirectly affect tool development and performance. The evaluation of
other relations both individually and in combination with those evaluated here could
also reveal important phenomena affecting pattern-based tool development and use in
the two languages.
In addition, a number of other observations made in the course of this project
indicate a need for further study. Some specific links between relations and relation
markers and particular items or classes of items with which they may be used were
identified (similar to observations in Feliu 2004; Weilgaard 2004; Bodson 2005; and
Marshman and L’Homme 2006). Further research into this phenomenon may be useful
for applications such as pattern marker disambiguation, and thus in developing strategies
for refining pattern forms and increasing precision of pattern-based tools. The evaluation
of these specificities may also be pertinent in the choice of patterns used in a given
application, and even in the description of relation markers as part of the phraseology of
a given domain.
The comparison of sub-groups of the contexts located using equivalent and nonequivalent terms raised a number of questions. Some of these differences (e.g., in the
numbers of relation occurrences observed) are more clearly and directly linked to the
terms used, and thus more easily explained. Others do not appear to have such simple
explanations, and seem likely to result from more complex interactions of various
factors with one another. Further research with more data is advisable in order to
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develop a more comprehensive understanding of the phenomena that contribute to
these differences.
One approach to further research that would also provide a new perspective on
the issues evaluated in this study at a more general level would be the evaluation of
knowledge patterns as they may be observed in parallel texts (i.e., original texts and
their translations). Such a study would provide another perspective on interlinguistic
variations that may be considered as a complement to and as a basis for comparison with
this work’s observations of how conceptual relations are expressed in the two languages.
The final — but certainly not least important — of the suggestions for future
work to be discussed here involves evaluating the possibilities and challenges of
developing and using pattern-based knowledge extraction techniques in more languages.
The Canadian context in which this work was carried out identified English and French
as primary candidates for this kind of evaluation. However, the multilingual nature of
terminology work makes the discovery of knowledge patterns and the evaluation of their
effectiveness for identifying KRCs in other languages a promising avenue for further
work. In a North and South American context, Spanish and Portuguese would be logical
next languages for evaluation; at a more international level, it would be interesting to
study languages that are likely to present very different opportunities and challenges in
order to evaluate the potential for developing tools with as wide an applicability as
possible.
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Appendix A: Aristotle’s four causes
cause
(of a sculpture)

material

formal

(bronze)

(form the matter takes)

efficient

final

(sculptor)

(Art)

(adapted from Aristotle, Physics II, 3)
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Appendix D: Samples of TermoStat candidate terms
English Breast Cancer Corpus
Rank
1
2
3
4
5

Candidate
patient
breast cancer
woman
study
tumour

Frequency
1824
1119
1168
785
302

6
7
8

breast
352
datum
287
chemotherapy 285

76.2463109044819
75.0355093102698
72.0415847581739

9
10
11
12
13
14
15
16
17
18
19
20

table
risk
cell
fig
diagnosis
ci
tamoxifen
situ
cancer
tamoxifen
mastectomy
estrogen

69.1740855677445
65.7652255830385
64.9668656404107
62.0138175369551
60.8739616002897
58.4668198494263
57.2714111122373
56.2119577080129
55.76751799266
54.6218075761259
54.4132566691411
52.3743904439555

391
423
258
208
235
174
167
162
329
152
153
151

Score
176.239538038895
145.88589976288
108.788840154425
94.3047934904199
77.1254456545308

Variants
patients
breast cancer, breast cancers
women, woman
studies, study
tumor, tumors, tumour,
tumours
breast, breasts
data
chemotherapy,
chemotherapies
table, tables
risk, risks
cells
fig, figs
diagnosis, diagnoses
ci
tamoxifen
situ
cancer, cancers
tamoxifen
mastectomy, mastectomies
estrogen, estrogens

English Heart Disease Corpus
Rank
1
2
3
4
5
6
7
8
9
10

Candidate
patient
study
crp
cvd
diabetes
ldl
c
atherosclerosis
risk
hdl

Frequency
1015
646
315
312
354
297
323
265
458
230

Score
131.744051920077
86.5136195839876
83.1925845582329
82.7941448079654
82.6261574724528
80.4782807257173
79.8894487158858
75.3572115527315
74.0110446323065
70.5445799645403

Variants
patients
study, studies
crp
cvd
diabetes
ldl
c
atherosclerosis
risk, risks
hdl
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Rank
11
12
13
14
15
16
17
18
19
20

Candidate
statins
datum
hrt
mg
non
cardiovascular
disease
chd
hypertension
crp level
effect

Frequency
224
220
216
241
198
202

Score
70.1064515824974
69.3036274593833
68.8371805261588
67.9395788578486
65.89199879345
65.6780795432247

174
176
158
393

61.7469834520221
61.1633444113279
58.8216128160411
58.2519181877572

Variants
statins
data
hrt
mg
non
cardiovascular disease,
cardiovascular diseases
chd
hypertension
crp level, crp levels
effects

English Corpus192
Rank
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Candidate
be
patient
use
breast cancer
study
woman
associate
show
compare
report
increase
follow
risk
include
reduce
suggest

Frequency
14268
2839
1487
1153
1431
1664
845
1056
753
823
742
696
881
1131
555
730

Score
373.445831785241
159.695960580705
107.483002920471
105.15363241013
99.5719406485045
97.7761166513834
91.7968063779598
87.6904443467637
85.7073719527371
83.9865353929805
83.8820043917688
79.9286130857794
77.121628580089
75.4446533530109
73.4316569471329
73.2452171415376

17
18
19
20

datum
find
base
demonstrate

507
732
482
455

70.9905282087879
68.6525692351978
67.8029157000071
66.2899971451623

192

Variants
is, were, was, are, am
patients
used, using, uses
breast cancer, breast cancers
studies, study
women, woman
associated, associating
shows, showed, showing, shown
compared, comparing, compares
reported, reporting, reports
increases, increased, increasing
follows, followed, following
risk, risks
included, including, includes
reduced, reduces, reducing
suggest, suggests, suggested,
suggesting
data
found, find, finding, finds
based, bases, basing
demonstrating, demonstrated,
demonstrates

Due to some technical issues in the part-of-speech tagging and comparisons of the corpora in English,
many verbs were identified as specific to the corpus. Because of these issues, the verbs were not
considered for the purposes of this research.
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French Breast Cancer Corpus
Rank
1
2
3
4
5
6
7

Candidate
mélatonine
atm
microcalcifications
tau_taux
protéine
fig
protéine atm

Frequency
50
25
19
15
65
14
13

Score
332.502554768934
230.487978961058
203.596449471151
179.595814291336
174.041818005985
173.078490893893
166.307226221013

8
9
10
11
12

p53
tumeur
carcinome
athérosclérose
patient atteindre

13
32
11
9
8

160.25208681221
149.475154846428
139.686049515207
128.933550788178
127.199085240091

13
14
15

strie lipidique
œstradiol
cancer du sein

8
8
17

127.199085240091
119.917503953711
119.240457779977

16
17
18

foi_fois
mmic
niveau de gris

7
7
7

117.85014278672
117.85014278672
117.85014278672

19

rehaussement de
contraste
segmentation

7

117.85014278672

14

114.414391550123

20

Variants
mélatonine
atm
microcalcifications
taux
protéine, protéines
fig
protéine atm,
protéines atm
p53
tumeur, tumeurs
carcinomes
athérosclérose
patients atteints,
patientes atteintes
strie lipidique
oestradiol
cancer du sein,
cancers du sein
fois
mmic
niveaux de gris,
niveau de gris
rehaussement de
contraste
segmentation

French Heart Disease Corpus
Rank Candidate
1
tau_taux
2
patient
3
4
5
6
7
8

athérosclérose
cholestérol
artère
facteur
plaque
cour_cours

Frequency Score
Variants
435
227.594195844988 taux
784
225.131772701218 patient, patiente, patients,
patientes
358
206.126268280915 athérosclérose
343
197.685752561504 cholestérol
358
178.33203690295 artères
651
171.428413854167 facteurs
451
166.262972794589 plaque, plaques
170
142.021128467512 cours
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Rank
9
10
11
12
13
14
15

Candidate
fibrinogène
sténose
lésion
diabète
foi_fois
cellule
cellule endothélial

Frequency
167
167
292
227
159
594
148

Score
140.754894996576
139.905585269512
139.437605143521
137.854309427887
137.321205502368
136.155774203418
132.454629133259

16
17
18
19
20

hypertension
moi_mois
traitement
endothélium
activation

154
125
579
122
133

122.410244369794
121.65162242132
120.227946893754
120.170963853626
118.872356419911

Variants
fibrinogène, fibrinogènes
sténoses
lésions
diabète, diabètes
fois
cellules
cellules endothéliales,
cellule endothéliale
hypertension
mois
traitement, traitements
endothélium
activation

French Corpus
Rank
1
2
3
4
5
6
7

Candidate
cancer
patient
tau_taux
tumeur
traitement
sein
cancer du sein

Frequency
3697
2944
1337
1382
2245
2599
785

8
9

cellule
1545
chimiothérapie 711

163.602171127413
158.738246201005

10
11
12
13
14
15
16
17
18
19
20

étude
ganglion
facteur
gène
moi_mois
cour_cours
récepteur
tamoxifène
mg
lésion
risque

157.797370005786
157.092506316242
150.251827499501
147.118827494809
135.675340708472
131.805742805043
129.083280712833
128.676847587802
128.109055104211
126.616587389685
125.345191252419

2570
680
1190
892
499
471
487
450
517
606
1849

Score
333.169271258705
297.147014982997
222.229722774642
220.13391968066
203.853184346005
174.756942567812
167.229581333366

Variants
cancer, cancers
patients, patientes
taux
tumeur, tumeurs
traitement, traitements
sein, seins
cancer du sein, cancers du sein,
cancers des seins
cellules
chimiothérapie,
chimiothérapies
étude, études
ganglions
facteurs
gène, gènes
mois
cours
récepteurs
tamoxifène
mg
lésions
risque, risques
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Appendix E: Candidate terms for concordances
English193
Term
chemotherapy/
chemotherapies
HRT/ HRTs/ hormone
replacement therapy/
hormone replacement
therapies
patient/ patients
cell/ cells
CRP/ CRPs/ C-reactive
protein/ C-reactive
proteins

UMLS Semantic
Type

Frequency
(in full
corpus)194

Specificity
F//C//H195

Sample
size196

Activity

540

51//72//n/a

100

Activity

516

53//37//69

101

3992

160//176//132

100

2143

58//65//44

106

562

56//n/a//83

101

Entity/ conceptual
entity
Entity/ physical
object
Entity/ physical
object

193

Bold in the Term field indicates the form of the term suggested as a candidate by TermoStat. In most
cases, this is the lemmatized form of the term. However, all forms of the term indicated in the field were
included in generating the concordances. In the case of abbreviations, both the forms of the abbreviation
and the full forms of the term were included. In the case of processes, only the singular form was used
(although in rare cases, plurals did occur in the corpus).
194

This value is the frequency in the corpus as calculated by TermoStat, which due to technical
differences may vary slightly from frequencies calculated using other software, e.g., WordSmith Tools.
195

Specificities are indicated in the full corpus (F), breast cancer corpus (C) and heart disease corpus (H).
n/a indicates that no specificity value was available for the term in the corpus in question.

196

The sampling was done using WordSmith’s “At random” feature, which allows user to define the
chances of each hit for a given string appearing in the results. Description in the Help file for settings of
100 Entries Wanted and 1 in 3 at random: “Entries Wanted: The maximum is 16,368 lines. This feature is
useful if you're doing a number of searches and want, say, 100 examples of each. In that case, the 100
entries will be the first 100 found. [A]t random is a feature which allows you to randomise the search.
Here Concord goes through the text files and gets the 100 entries by giving each hit a random one-in-three
chance of being selected. To get 100 entries Concord will have found around 250-350 hits. You can set
the randomiser anywhere from 1 in 2 to 1 in 1,000.”
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breast cancer/ breast
cancers
tumour/ tumours/
tumor/ tumors

diabetes

atherosclerosis
CHD/ CHDs/ coronary
heart disease/ coronary
heart diseases
expression

development

activation

oxidation

pathogenesis

Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process

2533

105//146//n/a

99

1325

55//77//8

100

425

56//n/a//83

92

410

51//3//75

85

373

42//n/a//62

77

592

30//21//30

100

367

25//8//30

99

266

35//21//47

107

84

18//n/a//26

84

61

23//9//33

61
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French
Frequency
Term
traitement/
traitements
chimiothérapie/
chimiothérapies
patient/ patiente/
patients/ patientes
cellule/ cellules
cholestérol/
cholestérols
cancer du sein/
cancers du sein/
cancer des seins/
cancers des seins
tumeur/ tumeurs

athérosclérose

récidive

diabète

197

(in full
corpus)

Specificity
F//H 197

Sample
size

Activity

2357

203//120

100

Activity

738

159//n/a

100

3504

297//225

100

1678

163//136

100

356

112//198

100

2092

167//37

96

1481

220//19

99

392

119//206

100

272

99//19

100

233

78//138

100

UMLS Semantic Type

Entity/ Conceptual
entity
Entity/ physical object
Entity/ physical object
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process

A technical problem with the coding of the documents made it impossible to rely on the specificity of
the terms as indicated in the TermoStat results for the French breast cancer sub-corpus alone. The
specificity obtained from the full corpus, in comparison with the heart disease corpus, was used to support
the term choice.
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activation

prolifération

transcription

oxydation

coagulation

Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process
Phenomenon or
process/ Natural
phenomenon or
process

237

90//118

100

138

41//21

101

101

36//16

101

54

41//68

54

41

37//65

41
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Appendix F: Candidate terms and their definitions
English
Term

Definition

activation198

1. The act or process of rendering active. 2. The transformation of a
proenzyme into an active enzyme by the action of a kinase or another
proenzyme. … 4. The process by which the central nervous system is
stimulated into activity through the mediation of the reticular activating
system. (Dorland’s 28th)

atherosclerosis

breast cancer

cell

chemotherapy

198

(Biochemistry) DEF – The act or process of rendering active, as in the
transformation of pre-enzyme into an active enzyme by the action of a kinase
or another pre-enzyme,...
(Physical chemistry) DEF – The process of treating a substance or a molecule
or atom by heat or radiation or the presence of another substance so that the
first mentioned substance, atom or molecule will undergo chemical or
physical change more rapidly or completely. (TERMIUM)
An extremely common form of arteriosclerosis in which deposits of yellowish
plaques (atheromas) containing cholesterol, lipoid material, and lipophages
are formed within the intima and inner media of large and medium-sized
arteries. (Dorland’s 28th)
(Vessels, Medicine) DEF – Thickening and hardening of the walls of the
arteries, associated with atheroma. (TERMIUM)
(malignant neoplasm of breast) A breast neoplasm with metastatic potential
arising from the breast parenchyma or the nipple. The most common are
breast carcinomas. Malignant breast neoplasms occur more frequently in
females than in males. -- 2003 (NCI Thesaurus)
1. any one of the minute protoplasmic masses that make up organized tissue,
consisting of a nucleus which is surrounded by cytoplasm which contains the
various organelles and is enclosed in the cell or plasma membrane. A cell is
the fundamental, structural, and functional unit of living organisms.
(Dorland’s 28th)
(Chemotherapy, Pharmacodynamics) Chemotherapy
DEF – The treatment of a disease by means of chemical substances or drugs.
OBS – The term chemotherapy has been applied over the centuries to a
variety of therapies, including the treatment of malaria with herbs and the use
of mercury for syphilis. In modern usage, chemotherapy usually refers to the
use of chemicals to destroy cancer cells on a selective basis. (TERMIUM)

The presence of multiple specialized senses for candidate forms was not considered to reduce their
value for use in the context of this research; rather, these were seen as good examples of the type of
candidate terms that a terminologist might find difficult to describe, and for which techniques for
facilitating conceptual analysis would be particularly useful.
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coronary heart
disease

C-reactive protein

development

diabetes

expression

hormone replacement
therapy
oxidation

An imbalance between myocardial functional requirements and the capacity
of the coronary vessels to supply sufficient blood flow. It is a form of
MYOCARDIAL ISCHEMIA (insufficient blood supply to the heart muscle)
caused by a decreased capacity of the coronary vessels. (MeSH)
(Vessels, Medicine) CONT – Coronary heart disease (CHD), also called
coronary artery disease ... develops when fatty material (plaque) builds up in
the heart arteries. Coronary arteries supply blood and oxygen to the heart
muscle (myocardium). The plaque may slow the flow of blood. This slowing
causes chest pain, or angina. (TERMIUM)
A plasma protein that circulates in increased amounts during inflammation
and after tissue damage. (MeSH)
A globulin that forms a precipitate with the somatic C-polysaccharide of the
pneumococcus in vitro; the most predominant of the acute phase proteins.
Abbreviated CRP. (Dorland’s 28th)
The process of growth and differentiation (Dorland’s 28th)
/.../ the act, process, /.../ of developing. (GDT)
A general term referring to disorders characterized by excessive urine
excretion (polyuria), as in diabetes mellitus and diabetes insipidus. When used
alone, the term refers to diabetes mellitus. (= a chronic syndrome of impaired
carbohydrate, protein and fat metabolism owing to insufficient secretion of
insulin or to target tissue insulin resistance. …) (Dorland’s 28th)
(The Pancreas) (d~ mellitus) DEF – A chronic disorder characterized by
impaired metabolism of glucose and other energy-yielding fuels, as well as
the late development of vascular and neuropathic complications. Diabetes
mellitus consists of a group of disorders involving distinct pathogenic
mechanisms with hyperglycemia as the common denominator. Regardless of
cause, the disease is associated with insulin deficiency, which may be total,
partial, or relative when viewed in the context of coexisting insulin resistance.
(TERMIUM)
(gene expression) The phenotypic manifestation of a gene or genes by the
processes of GENETIC TRANSCRIPTION and GENETIC TRANSLATION.
(MeSH)
(protein biosynthesis) The biosynthesis of PEPTIDES and PROTEINS on
RIBOSOMES, directed by MESSENGER RNA, via TRANSFER RNA that is
charged with standard proteinogenic AMINO ACIDS. (MeSH)
Therapeutic use of hormones to alleviate the effects of hormone deficiency.
(MeSH)
The act of oxidizing or state of being oxidized. Chemically it consists in the
increase of positive charges of an atom or the loss of negative charges. Most
biological oxidations are accomplished by the removal of a pair of hydrogen
atoms (dehydrogenation) from a molecule. Such oxidations must be
accompanied by reduction of an acceptor molecule. (Dorland’s 28th)
(oxidation-reduction) A chemical reaction in which an electron is transferred
from one molecule to another. The electron-donating molecule is the reducing
agent or reductant; the electron-accepting molecule is the oxidizing agent or
oxidant. Reducing and oxidizing agents function as conjugate reductant-
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oxidant pairs or redox pairs (Lehninger, Principles of Biochemistry, 1982,
p471). (MeSH)

pathogenesis
patient
tumour199

(Industrial chemistry processes and operations) DEF – Chemical reaction of a
compound with oxygen or a reaction that causes an atom or a group of atoms
to lose one or more electrons.
OBS – The term "oxidation" originally meant a reaction in which oxygen
combines chemically with another substance, but its usage has long been
broadened to include any reaction in which electrons are transferred.
Oxidation and reduction always occur simultaneously (redox reactions), and
the substance which gains electrons is termed the oxidizing agent.
OBS – The opposite of reduction. (TERMIUM)
The development of morbid conditions or of disease; more specifically the
cellular events and reactions and other pathologic mechanisms occurring in
the development of disease. (Dorland’s 28th)
Individuals participating in the health care system for the purpose of receiving
therapeutic, diagnostic, or preventive procedures. (MeSH)
(neoplasm) New abnormal growth of tissue. Malignant neoplasms show a
greater degree of anaplasia and have the properties of invasion and metastasis,
compared to benign neoplasms. (MeSH)
An abnormal tissue growth resulted from uncontrolled cell proliferation.
Benign neoplastic cells resemble normal cells without exhibiting significant
cytologic atypia, while malignant ones exhibit overt signs such as dysplastic
features, atypical mitotic figures, necrosis, nuclear pleomorphism, and
anaplasia. Representative examples of benign neoplasms include papillomas,
cystadenomas, and lipomas; malignant neoplasms include carcinomas,
sarcomas, lymphomas, and leukemias. -- 2004 (NCI Thesaurus)

199

While the choice was made to follow the classification of the UMLS in this case for the sake of
consistency, it seems important to note that linguistically, the co-occurrents of this term seem to indicate
that a tumour is often considered as a concrete entity rather than as a phenomenon or process (e.g., large
tumour, tumour is located, tumour can be observed). This alternate classification of the term is also
reflected in the definition given in the UMLS Metathesaurus. Thus it may be observed that the term is at
best viewed from different perspectives, and at worst is mis-classified from a semantic point of view.
However, given the goals of associating terms with classes in the research, and the presence of this
phenomenon in both corpora (as it may also be observed in the case of tumeur) was not considered to
preclude the use of this term in the study.
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French
Term

Definition

activation

(Physical chemistry) DEF – Passage d'une molécule, d'un atome ou d'un ion,
de sa forme normale à une forme activée.
(Biological sciences) CONT – Principaux modes de régulation de l'activité
enzymatique : - La rétroinhibition. (...) - L'activation d'un enzyme par un
précurseur du substrat ou par le substrat lui-même. - L'activation par un
produit de dégradation du métabolite terminal, permettant d'élever à nouveau
la concentration de ce métabolite (qui peut être une substance à haut potentiel
énergétique par exemple). - L'activation d'un enzyme d'une suite métabolique
conduisant à un métabolite A par un métabolite B, qui est synthétisé par une
suite indépendante, lorsque A et B sont tous deux nécessaires à la synthèse
des mêmes macromolécules, ce qui permet une production coordonnée des
précurseurs.
(Biochemistry) CONT – Les activateurs des enzymes sont les substances qui
exaltent de façon plus ou moins spécifique l'activité du biocatalyseur. (...)
L'activation enzymatique par des ions est bien différente de l'activation des
proenzymes ou zymogènes, (...), et qui implique une modification de la
protéine enzymatique, souvent accompagnées d'une variation du poids
moléculaire (...) (TERMIUM)

athérosclérose

cancer du sein

cellule

… 2. Augmentation de l’énergie d’une molécule ou d’un atome (énergie
d’activation). 3. Accroissement de la perméabilité membranaire lié à la
dépolarisation. 4. Dans un sens plus large, dépolarisation d’une fibre
myocardique lors de la propagation de l’excitation auriculaire ou
ventriculaire. (Flammarion, Kernbaum 2001)
(Vessels, Medicine) DEF – Sclérose artérielle caractérisée par l'accumulation
de lipides amorphes dans la tunique interne du vaisseau (athérome).
OBS – L'athérosclérose siège surtout sur les vaisseaux coronariens, l'aorte et
ses principales collatérales, plus rarement sur les vaisseaux pulmonaires.
(TERMIUM)
V. athérome. = Lésion très fréquente entraînant dans le cadre de
l’artériosclérose, frappant essentiellement les artères de type élastique (aorte
et gros vaisseaux) et caractérisée, initialement, par une altération dégénérative
de l’intima avec dépôts lipidiques, réaction histiocytaire de type lipophagique
et sclérose périfocale. Secondairement, la nécrose lipophagique libre des
cristaux lipoïdiques et de cholestérine avec réaction à corps étranger, sclérose
et éventuellement calcification. (Flammarion, Kernbaum 2001)
C'est avec le cancer de l'utérus, la plus fréquente des néoplasies de la femme.
Parmi les facteurs prédisposants, on peut retenir, outre l'âge, une ménopause
tardive, la nulliparité, un poids, et une taille élevés, un facteur génétique. Le
cancer du sein peut évoluer sous différents aspects, dont il faut individualiser
la mastite aiguë carcinomateuse de la jeune accouchée, en raison de sa haute
fréquence. /.../ Il se révèle le plus souvent par une tuméfaction indolore,
découverte par hasard, ou par un écoulement du mamelon. (GDT)
1. (Histol.) Masse de protoplasme limitée par une membrane et renfermant un
noyau, correspondant à la plus petite quantité de matière vivante structurée,
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chimiothérapie

cholestérol

coagulation

diabète

oxydation

patient

douée de vie autonome et susceptible de se reproduire. (Flammarion,
Kernbaum 2001)
Terme générique désignant tout traitement par des agents chimiques. Le mot
s’applique plus particulièrement à certains traitements antinéoplasiques et
anti-infectieux. (Flammarion, Kernbaum 2001)
(1) à l'origine, administration d'un produit chimique spécifique qui peut
stériliser l'organisme en le libérant de la présence d'agents infectieux pour
lesquels il a une affinité particulière, sans qu'il en résulte des phénomènes
toxiques notables pour le malade lui-même ; (2) actuellement, administration
d'un produit chimique spécifique afin de guérir une maladie cliniquement
reconnaissable ou d'enrayer sa progression (EURODICAUTOM, from
Manuila, vol.4, p.558)
Stérol synthétisé par de nombreux tissus de l’organisme, et surtout le tissu
hépatique, à partir d’acétyl-coenzyme A. Le cholestérol et ses esters entrent
dans la constitution des lipoprotéines sériques et sont présents dans de
nombreux produits de sécrétion. Le cholestérol est également le précurseur
des hormones stéroïdes et des acides biliaires. (Flammarion, Kernbaum 2001)
Ensemble des processus biochimiques permettant l’élaboration du caillot de
fibrine. La coagulation, phénomène plasmatique, complète l’hémostase
primaire pour assurer l’arrêt des hémorragies. (Flammarion, Kernbaum 2001)
Terme générique englobant un certain nombre d’affections dont le
dénominateur commun est l’association d’une polyurie et d’une polydipsie.
Le terme diabète, sans épithète, désigne, le plus souvent, le diabète sucré. (=
1. Stricto sensu : passage anormal de sucre dans les urines lié à une élévation
anormale du taux de glucose dans le sang. 2. Cette définition très restrictive
du diabète n’est plus acceptable. On considère actuellement que le diabète
sucré est une affection chronique, caractérisée par une insuffisance absolue ou
relative de la sécrétion en insuline, dont l’une des conséquences est
l’hyperglycémie (permanent dans le nycthémère ou seulement post-prandiale)
qui peut s’accompagner ou non de glycosurie.) (Flammarion, Kernbaum
2001)
V. oxyréduction. = Ensemble comprenant des réactions couplées d’oxydation
(ou perte d’électrons) et de réduction (ou gain d’électrons) et dont l’équilibre
peut varier selon les circonstances. Ces réactions comportent toujours un
agent oxydant (accepteur d’électrons) et un agent réducteur (donneur
d’électrons). (Flammarion, Kernbaum 2001)
(Industrial chemistry processes and operations) DEF – Réaction au cours de
laquelle un composé chimique (dit «réducteur») perd des électrons au profit
d'un autre (appelé «oxydant»).
CONT – Il ne peut y avoir oxydation d'un composé sans qu'il y ait réduction
simultanée d'un autre composé.
OBS – Contraire de réduction.
Personne qui a recours aux services médicaux ou paramédicaux, qu'elle soit
malade ou non.
Note(s) : Le terme patient n'est plus réservé aux malades qui souffrent,
comme le voudrait son étymologie latine. Il peut désigner une personne
soumise à un examen médical, suivant un traitement ou subissant une
intervention chirurgicale de même que les femmes enceintes. (GDT)
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prolifération

récidive

traitement
transcription

Multiplication rapide de cellules ou de micro-organismes.
Note(s) : La prolifération cellulaire s'accompagne parfois de l'apparition d'une
certaine anarchie de structure, pouvant aller jusqu'à la perte de la forme et de
propriétés caractéristiques. Des proliférations cellulaires s'observent
notamment au cours de processus de nature inflammatoire ou tumorale.
Ce phénomène, normal au cours du développement et de la croissance pour la
plupart des tissus et d'une façon permanente pour certaines lignées cellulaires
(éléments figurés du sang, lignée spermatique, etc.), devient anormal dans
certaines conditions; il conduit à la formation de tissus néoformés ou
néoplasiques. La prolifération d'un agent pathogène est sa multiplication au
sein d'un organisme réceptif ou d'une culture. (GDT)
Réapparition d’une maladie antérieurement guérie. (Flammarion, Kernbaum
2001)
Réapparition d'une maladie, habituellement infectieuse, après une période de
santé complète.
Note(s) : Il ne faut pas confondre les termes « rechute », « récidive »,
« récurrence » et « recrudescence ». …. La récurrence se définit comme la
reprise d'une maladie infectieuse apparemment guérie. De plus, elle apparaît
plus tardivement que la rechute. Le terme « récurrence » est rendu en anglais
par « récurrence ». (GDT)
Ensemble de prescriptions médicamenteuses et hygiénodiététiques employées
pour guérir une maladie ou combattre ses effets. (Flammarion, Kernbaum
2001)
(Genetics) DEF – Processus par lequel la séquence d'un gène est copiée en
ARN. (TERMIUM)
Passage de l'information génétique de l'ADN à l'ARN, sous forme de
ribonucléotides complémentaires, survenant durant la synthèse de l'ARN
simple brin à partir d'une matrice d'ADN par l'action d'une ARN polymérase.
(GDT)

tumeur

En génétique, opération de copie d’un gène en un messager, ou chez des
eucaryotes, en un précurseur du messager. (Flammarion, Kernbaum 2001)
1. Anciennement, toute lésion provoquant une augmentation de volume
localisée. Cette définition correspond maintenant à celle du terme
tuméfaction. 2. Actuellement, synonyme de néoplasme : « toute néoformation tissulaire (plus ou moins volumineuse) qui ressemble (plus ou
moins) au tissu normal homologue (adulte ou embryonnaire) aux dépons
duquel elle s’est développée, qui a tendance à persister et à s’accroître et qui
échappe aux règles biologiques de la croissance et de la différenciation
cellulaire ». (Flammarion, Kernbaum 2001)
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Appendix G: Statistical tests
Chi-square (χ2) test
As used in this thesis, this statistical test of association compares the number of cases in
which a given phenomenon was present in the results (i.e., the number of contexts in
which a given characteristic was noted, C+) and the number of cases in which it was
absent (i.e., the rest of the annotated contexts, C-), in each of two groups (i.e.,
languages, EN and FR). These data can be represented in a 2 x 2 table such as Table
129, (which is similar to Table 6, presented in the description of the

ASSOCIATION

relation).
Table 129. Illustration of a 2 x 2 table as used for the Chi-square test
C+
C-

EN
V1
V2

FR
V3
V4

The test involves the calculation of how much the values (V) — i.e., numbers of
occurrences — observed in each group deviate from an expected value (EV), which is
predicted for each cell in the table using proportions based on the combined data for the
two groups, in formulae such as those below (adapted from Norman and Streiner 2003:
87):

EV 1 =

V1 + V 3
* (V 1 + V 2)
V1 + V 2 + V 3 + V 4

EV 2 =

V2 +V 4
* (V 1 + V 2)
V1 + V 2 + V 3 + V 4

EV 3 =

V1 + V 3
* (V 3 + V 4)
V1 + V 2 + V 3 + V 4

EV 4 =

V2 +V 4
* (V 3 + V 4)
V1 + V 2 + V 3 + V 4

For calculation of the Chi-square (χ2) statistic, these differences between the
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observed and expected values for each cell are then squared, divided by the expected
value for that cell, and summed, as shown below:

(V 1 − EV 1) + (V 2 − EV 2) + (V 3 − EV 3) + (V 4 − EV 4)
2

χ2 =

EV 1

2

EV 2

2

EV 3

2

EV 4

The result of this calculation provides a measure of how much the observations differ
from the expected values. This result can then be interpreted using standard tables (such
as the one provided in Fleiss 1981: 258) in order to identify the p value with which it is
associated (i.e., a measure of the probability that a difference at least as large could have
occurred strictly by chance).200 The lower the p value, the lower the probability that the
results could have been observed by chance, and thus the more confident one can be that
the difference observed is real. The Chi-square values reported in this thesis were
computed using Microsoft Excel (v. 2003).
In statistics, a p value of less than or equal to 0.05 is generally considered to be
statistically significant (Norman and Streiner 2003: 32). This test may be used when
expected values of V (i.e., EV) are greater than or equal to 5 (Norman and Streiner 2003:
88); below this threshold, the test is considered inaccurate.
Another form of this test that adds additional rows to the table allows for the
comparison of more than two categories of occurrences (e.g., the measurement of
variation of pattern marker distribution among several part of speech classes, rather than
of the presence or absence of a single characteristic).201

200

Use of such standard tables requires specification of the number of degrees of freedom (df) in the data.
The number of degrees of freedom = (no. rows - 1) * (no. columns - 1). Therefore, in the case of a 2 x 2
table the appropriate p value is that corresponding to one degree of freedom.
201

This involves an increase in the degrees of freedom, which is taken into account in the identification of
the appropriate p value in the standard table.
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Example of a Chi-square test

An example based on the data on the number of occurrences of verbal marker
occurrences observed in the passive voice (as described in Section 4.8.1.1, Table 63) is
presented below. In the English corpus, 175 occurrences of verbal markers were
observed, 24 of which were in the passive voice; in the French data, 140 verbal marker
occurrences, 5 in the passive voice, were identified. This data is represented in Table
130, where for reasons of clarity, cells containing the totals for each row and column
have been added to the basic 2 x 2 table.
Table 130. Comparison of the proportions of verbal marker occurrences in passive and
active voice
passive
active
Total

EN
24
151
175

FR
5
135
140

Total
29
286
315

The proportion of occurrences of markers in the passive voice is thus calculated
based on the ratio of the total number of occurrences of markers in the passive voice
divided by the total number of verbal marker occurrences, or 28/315 = 0.092; the
proportion of verbal marker occurrences in the active voice is then 286/315 = 0.908.
Thus, the expected values for English passive occurrences would be 0.092 * 175
= 16.10, French passive occurrences 0.092 * 140 = 12.88, English active occurrences
0.908 * 175 = 158.90, and French active occurrences 0.908 * 140 = 127.12.
This provides the information required for the Chi-square test, as shown below:

(24 − 16.10) + (5 − 12.88) + (151 − 158.90) + (135 − 127.12)
2

χ2 =

2

χ =

16.10

2

12.88

2

158.90

(7.90) 2 + (− 7.88) 2 + (− 7.90) 2 + (7.88) 2
16.10

12.88

158.90

127.12

2

127.12

62.41 62.09 62.41 62.09
+
+
+
χ2 =
16.10 12.88 158.90 127.12
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χ2 = 3.88 + 4.82 + 0.39 + 0.49
χ2 = 9.58

In Fleiss (1981: 258) and Arkin and Colton (1963: 126), the p value for a Chisquare result of 9.58 with one degree of freedom is found to be less than 0.01 (p = 0.01
at a Chi-square value of 6.63 and p = 0.001 at a value of 10.83).202 Since the p value is
clearly less than 0.05 (as p = 0.05 corresponds to a Chi-square value of 3.84), the
difference observed between the two data sets is considered to be statistically
significant, and thus supports the rejection of the null hypothesis that there is no
difference in the proportions of passive and active verbal marker occurrences between
the languages.

202

The value returned by Excel for this calculation is p = 0.00197495.
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Appendix H: Complete list of pattern markers observed in the sample
English
Association (33 markers, 18 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms203

associated

ppl.a.

X [conjunction]
associated Y

Occurrences in
sample
17

Total
occurrences in
corpus204
848

Occurrences per
1,000
corpus
tokens205
1.47

Sample context
Abnormal endothelium-dependent vasomotor
responses predict the long-term progression of
atherosclerosis and associated coronary events…
(Davignon 2004)

203

Pattern forms reflect the basic standard structure of the pattern as observed in the occurrences analyzed, including the relative positions of pattern components
(markers and related elements), as well as regular insertions within pattern forms (excluding the presence of structures involving relative pronouns, which are
considered separately). In cases in which regular interruptions by ASSOCIATION or CAUSE–EFFECT markers were observed, the nature of these elements is noted in the
pattern form. Irregular interruptions were eliminated from these structures to more clearly reflect the pattern structures. Optional but relatively regular elements
appearing within pattern structures are indicated by parentheses, and alternatives by forward slashes (/). Copula verbs appearing within pattern structures are
represented by the indicator [copula], except in cases in which a specific form that was considered to be potentially important to the analysis of the structures or the
nature of the marker itself was observed.
204

Due to technical restrictions in WordSmith Tools, a maximum of 16,001 occurrences of a given string can be extracted from each corpus. In the few cases in
which this ceiling was reached in the calculation of the total number of occurrences of a given marker (generally in the case of prepositions), this value is indicated.
205

These figures were calculated by dividing the number of occurrences observed by the number of tokens in the appropriate corpus and multiplying the result by
1,000.

597

ppl.a. +
prep.

risk

X [copula] associated
with ([causal marker])
Y

Diabetes was associated with accelerated
atherosclerosis at both 14 and 20 weeks of age…
(Yan et al. 2003)

X associated with Y

…cardiovascular dysfunction associated with
diseases such as hyperlipidemia, diabetes mellitus,
hypertension, ischemic heart disease, and chronic
heart failure. (Taniyama and Griendling 2003)
Most recent studies indicate a particularly harmful
effect of combined estrogen/progestin regimens in
terms of increased breast cancer risk. (Kocjan and
Prelevic 2003)

n.

[causal marker] X
[preposition] [causal
marker]Y risk

n. + prep.

X ([causal marker])
risk for Y

14

2961

5.13

There is good evidence that HRT increases the
risk for VTE… (Kocjan and Prelevic 2003)
In univariate analysis, genotype CHD risk for
APOE was P =0.01. (Humphries et al. 2004)

n. + prep.

([causal marker]
[preposition] [article])
risk of X [association
marker] Y
X ([verb])[causal
marker] [article] risk
of Y

…analysis… demonstrated a modest increase in
risk of breast cancer with increasing duration of
use. (Weiss et al. 2002)
Pike argues that oral contraceptives may slightly
increase the risk of breast cancer, a contention
disputed by a number of other researchers.
(Fackelmann 1992)
Users of combined HT, however, had an overall
1.7-fold (95% CI 1.3-2.2) increased risk of breast
cancer… (La Vecchia 2003)

n. + prep.

[causal marker] X risk
in relation to Y

Indirect evidence of a biologically important role
of AFP comes from epidemiologic findings of a
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risk factor

n. + n.

X risk factor,
[conjunction] Y

n. + n. +
prep.

X [copula] ([article])
risk factor for Y

10

421

0.72

Hyperhomocysteinaemia is a risk factor for the
development of CHD. (Mackness et al. 2004)

X as
([article/quantifier])
risk factor for Y
marker

n.

n. + prep.

X [copula]
[article/quantifier] Y
marker

reduced maternal breast cancer risk in relation to
pregnancy conditions, such as hypertension, 15
preeclampsia 16,17 and multiple births… (Lambe
et al. 2003)
Development of CVD and its risk factors,
including HTN and atherosclerosis… (Schwartz
2003)

9

339

0.59

… unable to establish low-dose diagnostic X-ray
exposure or therapeutic treatment as risk factors
for female breast cancer (Zheng et al. 2002)
CRP, sCD40L, and IL-18 are three inflammatory
markers that result in endothelial activation.
(Torres and Ridker 2003)

X marker Y

The inflammatory marker C-reactive protein
(CRP) can indicate low-grade chronic
inflammation… (MacKenzie 2004)

X Y marker

However, a recent analysis from the Women's
Health Initiative Observational Study suggests that
although hs-CRP and other inflammatory markers
such as IL-6 may independently predict adverse
cardiovascular events

X [copula] [article]
marker for Y

WT-1 is not a general marker for ovarian surface
epithelial-stromal tumors… (Lerwill 2004)

X [copula] [article]
marker of Y

As carotid IMT is a good early marker of
atherosclerosis and risk of cerebrovascular
ischemic events… (Zambon et al. 2003)
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X [noun] as [article]
marker of Y

Soluble P-selectin originates from both endothelial
cells and platelets, 13 thereby limiting its utility as
a marker of endothelial cell activation. (Granger
et al. 2004)

marker of X: Y

relationship

in

n.

X-Y relationship

n. + prep. +
conj.

relationship between
X and Y

prep.

X in Y

9

8

300

15453

0.52

26.76

X [causal
marker/modifier] in Y

association

n. + prep. +
conj.

association between X
and Y

n. + prep. +
prep.

association of X with
Y

… the human subjects had a modest but significant
reduction in key markers of blood vessel
inflammation: C-reactive protein, tumor necrosis
factor, and the interleukins IL-1 and IL-6… (Cabe
2000)
The influenza-atherosclerosis relationship is
analogous to some other relationships between
CHD risk factors and atherosclerosis. (Madjid et
al. 2004)
… additional randomized clinical trials are
necessary to further elucidate the relationship
between CRP and CHD. (Rackley 2004)
Although Ras is not often mutated in breast
cancer, physiological activation of Ras is
frequently associated with malignant progression.
(Wang et al. 2003)
Moreover, these processes are exaggerated in
diabetes… (Yan et al. 2003)

7

456

0.40

Because of the traditional view that ERa
expression is low in breast cancer in women from
developing countries… (Tran and Lawson 2004)
Overall, results of our investigation indicate that
the association between risk of breast cancer and
HRT varies by regimen. (Weiss et al. 2002)
Associations of plasma fibrinogen with coronary
heart disease (CHD) have been investigated in
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and

conj.

X and Y

5

16001

27.70

link

v. + prep.

X has been linked to
Y

5

130

0.23

with

prep.

[study, finding] links
X to Y

LDL-C remains the primary target of lipidlowering therapy based on a robust database of
studies linking LDL-C to atherosclerosis and
cardiovascular events… (Bittner 2003)

[pathway] links X
with Y

These factors appear to converge with known
pathways that link oxidative stress with adhesion
molecule expression (Granger et al. 2004)
The mammographic density does not increase with
tibolone, unlike with HRT. (Kocjan and Prelevic
2003)

X ([causal marker])
with Y

5

7007

12.12

Odds ratios for VTE were increased with oral
HRT as compared with controls; the same applied
for oral as opposed to transdermal HRT. (Seed and
Knopp 2004)

[causal marker] X
with Y

related to

ppl.a. +
prep.

many long-term observational studies…
(Fibronogen Studies Collaboration 2004)
CRP and Acute Myocardial Infarction The first
association between CRP and cardiovascular
disease was in the context of… (Shah and Newby
2003)
Oxidative stress has been linked to the activation
of both NF-[kappa]B and AP-1. (Granger et al.
2004)

X [copula] related to
Y
X related to Y

4

150

0.26

A further aspect of the change of atherogenicity of
lipoproteins with HRT was tackled by Wakatsuki
et al. … (Seed and Knopp 2004)
… psychosocial factors may be related to the
development of CVD. (Harris and Matthews 2004)
… the risk of mortality from breast cancer related
to HRT could not be determined. (Watkins 2003)
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correlate

relevant to

v. + prep.

X correlate with Y

3

118

0.20

X has been correlated
with Y

Cell adhesion molecules have also been
correlated with CHD. (Rackley 2004)

v. + conj.

[data] correlates X and
Y

adj. + prep.

X [copula] relevant to
Y

To date, only limited data correlate Bcl-XL
expression and breast cancer treatment response in
humans… (Garg et al. 2003)
… lipid-independent effects of statins on various
signaling pathways that are potentially relevant to
the pathogenesis of atherosclerosis. (Balk et al.
2003)

3

18

0.03

X relevant to Y

find… in

… increased circulating IGF-1 concentrations
correlate very closely with the relative risk for the
development of several common cancers,
including breast, prostate, colon, and lung.
(McCance and Jones 2003)

v. + prep.

X was found in Y

2

106

0.18

[researcher] found X
in Y
link
between…
and
predict

n. + prep. +
conj.

link between X and Y

2

42

0.07

v.

X predicts Y

2

195

0.34

prediction of

n. + prep.

X [conjunction/
association marker]

2

22

0.04

The endothelium contributes to the regulation of
vascular tone, platelet aggregation, and other
processes relevant to atherosclerosis. (Schwartz
2003)
… strong expression of cyclin D1,
p21WAF1/CIP1, and Ki-67 was found in a DCIS
lesion… (Wang et al. 2003)
Barbareschi et al. (15) found high expression of
p21WAF1/CIP1 in DCIS and invasive breast
cancer. (Wang et al. 2003)
Part 1 will provide a brief overview of the link
between inflammation, endothelial dysfunction,
and atherosclerosis… (Szmitko et al. 2003)
In addition, baseline renal function predicted
development of CHF. (Coresh et al. 2004)
High-sensitivity C-reactive protein and the
prediction of coronary events among patients with
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relation

n. + prep. +
conj.

[article] prediction of
Y
relation between X
and Y

renal disease (Torres and Ridker 2003)
2

110

0.19

n. + prep. +
prep.

relation of X to Y

connect… to

v. + prep.

[data] connecting X to
Y

1

2

0.003

detect… in

v. + prep.

X was detected in Y

1

36

0.06

identify

v.

X identifies Y

1

408

0.71

indicate

v.

X indicates Y

1

338

0.59

indication of

n. + prep.

X [copula] [article]
indication of Y

1

20

0.03

note… in

v. + prep.

X have been noted in
Y

1

12

0.02

observe… in

v. + prep.

[researcher] observed
[causal marker] X in
Y

1

94

0.16

occur with

v. + prep.

X occurs with Y

1

12

0.02

… the exact nature of the relation between
hepatic lipase and atherosclerosis remains
controversial (Zambon et al. 2003)
Relation of Nonhypertensive BP Categories to
Development of Hard CVD in Framingham Study
Subjects, Ages 35-90 (Kannel et al. 2003)
The first data connecting the ubiquitous EpsteinBarr virus to smooth muscle tumors surfaced…
(Fackelmann 1995)
Microalbuminuria (urinary ACR>2 mg/mmol) was
detected in 32.2% of patients with diabetes and in
14.7% of patients without diabetes. (MacIsaac et
al. 2004)
In this clinical setting higher levels of albuminuria
most likely identified patients with an exaggerated
inflammatory response. (MacIsaac et al. 2004)
The inflammatory marker C-reactive protein
(CRP) can indicate low-grade chronic
inflammation… (MacKenzie 2004)
Low expression of co-stimulatory molecules on
circulating DCs is an indication of immaturity.
(Pockaj et al. 2004)
Although improved CRP levels have been noted
in acutely ill patients receiving insulin… (Pantaleo
and Zonszein 2003)
...we observed further down-regulation of ARHI
expression in the invasive carcinoma component
compared with adjacent normal epithelia (P
0.000001; Table 3). (Wang et al. 2003)
… syndrome of high insulin levels that occur with
type II diabetes and atherosclerosis. (McCance and
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parallel

v.

X parallels Y

1

3

0.005

predictor of

n. + prep.

X [copula] [article]
predictor of Y

1

134

0.23

prognostic
factor in

adj. + n. +
prep.

X [copula] [article]
prognostic factor in Y

1

11

0.02

relate… to

v. + prep.

[mechanism] relates X
to Y

1

36

0.06

report… in

v. + prep.

X has been reported in
Y

1

92

0.16

specific to

adj. + prep.

X [copula] specific to
Y

1

11

0.02

susceptibility to

n. + prep.

X [causal marker]
[noun]’s susceptibility
to Y

1

16

0.03

3.76

1390.97

0.26

Mean

Jones 2003)
… frequency rises rapidly in middle age and
parallels, with some lag time, the development of
obesity in the population. (Grundy et al. 2004)
In this regard, epidemiologic and laboratory
evidence suggest that hs-CRP may be a powerful
predictor of vascular risk among such patients.
(Torres and Ridker 2003)
Lymph node status at the time of diagnosis is a
major prognostic factor in breast cancer…
(Susnik et al. 2004)
… endothelial function may provide a testable
model for exploring a novel mechanism relating
psychosocial factors to CVD development. (Harris
and Matthews 2004)
As is the case for chemotherapy, radiation-induced
NF-[kappa]B activation has been reported in a
variety of cancer cell types… (Garg et al. 2003)
It is also seen in this study that MUC2 expression
is highly specific to CC, regardless of the location
of the tumor in the breast or pancreas. (Adsay et al.
2003)
While heredity can influence a person's
susceptibility to development of the disease, a
sedentary lifestyle and long-term obesity are key
triggering events for most people. (Haskell 2003)
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CAUSE–EFFECT: CREATION (51 markers, 26 with 2 or more analyzed occurrences)
Marker
role

Marker
POS

Pattern Forms

v. + art. +
n. + prep.

X plays ([article]) role
in ([article])Y

Occurrences in
sample
33

Total
occurrences in
corpus
596

Occurrences per
1,000
corpus
tokens
1.03

Endothelial dysfunction plays a central role in the
pathogenesis of CVD in patients with abnormal
carbohydrate metabolism. (Pantaleo and Zonszein
2003)
It has been recognized that atherosclerosis is an
inflammatory disease in which various cytokines
play a significant role… (Taniyama and
Griendling 2003)

X in which Y plays a
role
n. + prep. +
prep.

Sample context

role for X in Y
William Osler 3 was one of the first to propose a
major role for acute infection in the pathogenesis
of atherosclerosis. (Madjid et al. 2004)
role of X in ([article])
Y

As with heart failure, the role of aldosterone in the
pathogenesis of hypertension has also been studied
for decades. (Moore et al. 2003)

n. + prep.
X role in Y
contribute to

v. + prep.

X contributes to Y

13

206

0.36

induce

v.

X induces Y

11

338

0.58

Endothelial function is important because of its
role in CVD development. (Harris and Matthews
2004)
By studying the normal function of BRCA2, we
can understand how changes in the protein
contribute to the development of cancer…
(Graham 2002)
hs-CRP has also been reported to induce the
expression of plasminogen activator inhibitor-1…
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(Torres and Ridker 2003)
X [verb phrase] by
inducing Y
lead to

v. + prep.

X leads to Y

9

352

0.61

involved in

ppl.a. +
prep.

X involved in Y

8

105

0.18

X [copula] involved in
[article] Y
implicate

v. + prep.

[evidence] implicates
X in [article] Y

7

31

0.05

Recently, accumulating evidence has shown that
fractalkine is involved in the pathogenesis of
various clinical disease states or processes, such as
atherosclerosis… (Umehara et al. 2004)
There is a large body of evidence that implicates
inflammation and adhesion molecules in the
pathogenesis of CVD, including atherosclerosis,
stroke, and myocardial infarction. (Granger et al.
2004)

0.52

MMPs have been broadly implicated in a number
of cardiovascular diseases, including
atherosclerosis, 90,94 aortic aneurysms, 95 and
heart failure… (Jaffer and Weissleder 2004)
The response to injury hypothesis developed by
Russell Ross in the late 1970s suggested that
atherosclerosis, at least, resulted from an initial
injury to endothelial cells… (Griendling and
FitzGerald 2003a)

X is/have been
implicated in Y
result

v. + prep.

X results from Y

X results in Y

7

302

Other preclinical studies show that CRP may
facilitate the development of atherosclerosis by 1)
inducing foam cell formation necessary for plaque
development … (Rackley 2004)
While the ADH3 [gamma]1 allele leads to rapid
oxidation of ethanol, the [gamma]2 allele results in
slow ethanol oxidation. (Humphries et al. 2004)
…the relationship between ANS and endothelial
function provides a testable model for examining
processes involved in CVD development. (Harris
and Matthews 2004)

While the ADH3 [gamma]1 allele leads to rapid
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mediated

ppl.a.

X-mediated Y

ppl.a. +
prep.

X ([copula]) mediated
by Y

cause

v.

X causes Y

5

229

0.40

importance
of… in

n. + prep. +
prep.

importance of X in
([article]) Y

5

27

0.05

important in

adj. + prep.

X [copula] important
in Y

5

52

0.09

pathway

n. + prep.

6

155

0.27

oxidation of ethanol, the [gamma]2 allele results
in slow ethanol oxidation. (Humphries et al. 2004)
Endothelial dysfunction and the subsequent
changes in blood flow promote CD40-mediated
endothelial activation by decreasing the
intracellular expression of a CD40 signaling
blocker. (Szmitko et al. 2003)
Platelet activation and aggregation ensue,
mediated by interactions with thrombin, TF, and
von Willebrand factor. (Szmitko et al. 2003)
Preoperative chemotherapy often caused
shrinkage of the tumour… (Shenkier et al. 2004)
Third, researchers increasingly recognize the
importance of nonlipid factors in the pathogenesis
of atherosclerosis. (Balk et al. 2003)
We now appreciate that the fractalkine/CX3CR1
system is important in various clinical diseases,
such as atherosclerosis, cardiovascular disease,
graft rejection, HIV infection, and inflammatory
diseases. (Umehara et al. 2004)

[copula] X important
in Y

… the following critical question remains
unanswered: 'is oxidation important in human
atherosclerosis?'. (Brennan and Hazen 2003)

X [causal marker]
[article] important
[noun] in Y
X [copula]/[verb +
preposition] [article]
pathway for Y

Aldosterone has been implicated for many years as
an important substance in the pathogenesis of
heart disease. (Moore et al. 2003)
… mitochondrial oxidative stress is a major central
pathway in the pathogenesis of diabetic
complications. (MacIsaac et al. 2004)

X [copula] [article]
pathway in Y

4

268

0.46

Endothelial dysfunction is a new pathway in
cardiovascular disease (CVD) development.
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X as[article] pathway
of Y
due to

adj. + prep.

X due to Y

3

181

0.31

X [copula] due to Y
mediate
(by/through/
via)

produce

v.

v.

X ([copula]) mediated
by Y

3

215

0.37

n. + prep.

Therefore, the anti-tumor efficacy of Virulizin
observed in these models is likely due to
activation of macrophages. (Du et al. 2003)
MMP overexpression and activation within the
plaque are mediated by IL-1[beta], TNF-[alpha],
oxLDL, and CD40L. (Szmitko et al. 2003)

X ([copula]) mediated
through Y

These effects appear to be mediated in part
through activation of the c-Src, p38 mitogenactivated protein kinase, and the cell survival
kinase (Akt) … (Griendling and FitzGerald 2003a)

X ([copula]) mediated
via Y

The chemopreventive effects of retinoic acids
might be mediated via PKC-[delta] activation.
(Schondorf et al. 2004)
Activation of these receptors produces
endothelium-dependent relaxation of human
coronary arteries. (Harris and Matthews 2004)

X produces Y

3

248

0.43

X [copula] produced
by Y
cause of

However, many questions remain regarding
interactions between ANS and endothelial function
as a pathway of CVD development. (Harris and
Matthews 2004)
… persons scoring higher on a scale of spirituality
or religious participation have lower mortality due
to CHD… (Haskell 2003)

cause of X [copula] Y

2

95

0.16

Reactive oxygen species are produced
continuously by all cells in normal and
pathological aerobic metabolism, from xenobiotics
to ionizing radiation. (Kang 2002)
The most common cause of brain infarction is
hardening of the arteries (atherosclerosis).
(DiGiovanna and Adams 1999)
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X [copula] [article]
cause of Y
X drives Y

2

22

0.04

drive

v.

implicated
in

ppl.a. +
prep.

X implicated in Y

2

41

0.07

induced

ppl.a.

X-induced Y

2

207

0.37

ppl.a. +
prep.

X induced by Y

initiate

v.

X initiates Y

2

88

0.15

key… in

adj. + prep.

2

29

0.05

mechanism
of

n. + prep.

X [copula] [article]
key [noun] in Y
([causal marker]) X
[as] [article]
mechanism of Y

2

73

0.13

Atherosclerosis is the leading cause of morbidity
and mortality in developed countries.
It is presumed that aberrant cyclin D1 expression
drives the phosphorylation and functional
inactivation of pRB in tumor cells. (Sicinski and
Weinberg 1997)
... we recently tested whether statins decrease
formation of nitric oxide-derived oxidants in vivo
[22**], species implicated in development of
atherosclerosis. (Brennan and Hazen 2003)
As is the case for chemotherapy, radiationinduced NF-[kappa]B activation has been reported
in a variety of cancer cell types… (Garg et al.
2003)
Rho belongs to a family of small GTP-binding
proteins that mediate intracellular signaling
induced by activation of heterotrimeric G proteincoupled receptors and growth factor receptors.
(Force et al. 2004)
Thus, other triggers--including diabetes, high
blood pressure, or chemicals in cigarette smoke-can also initiate the signals… (Stix 2003)
Oxidation of LDL is a key process in
atherogenesis. (Mason et al. 2003)
Further, recent studies implicating translocation of
SK1 to the membrane as a mechanism of
activation have not been demonstrated for SK2.
(Saba and Hla 2004)
Activation of nuclear factor-[kappa]B as a
mechanism of resistance to chemotherapy (Garg
et al. 2003)
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participate
in

v. + prep.

X participates in Y

2

73

0.13

product of

n. + prep.

X, [article] product of
Y

2

34

0.06

trigger

v.

X triggers Y

2

72

0.12

X [causal marker]
trigger Y

via

prep.

X via Y

2

86

0.15

as a result of

prep. + art.
+ n. + prep.
prep.

X as a result of Y

1

49

0.08

X behind Y

1

20

0.03

behind
caused by

ppl.a. +
prep.

X caused by Y

1

31

0.05

complicatio
n of

n. + prep.

X [copula] as [article]
complication of Y

1

12

0.02

confer

v.

X confers Y

1

32

0.06

… is consistent with this heme protein
participating in the development of
atherosclerosis and its thrombotic complications.
(Brennan and Hazen 2003)
AGEs, the products of nonenzymatic glycation
and oxidation of proteins and lipids, accumulate in
the vessel wall… (Yan et al. 2003)
This enhances retention of the lipoprotein and
possibly triggers, along with oxidation, the
formation of a recognizably foreign substance…
(Caslake and Packard 2003)
This is in stark contrast with the properties of
fibroblasts where the ectopic expression of cyclin
D1 shortens the G1 phase but is not sufficient to
trigger S-phase entry. (Sicinski and Weinberg
1997)
Lipid oxidation via reactive nitrogen species
(Brennan and Hazen 2003)
… coronary arteries that are becoming blocked as
a result of atherosclerosis. (Beardsley 2000)
The mechanisms behind aberrant expression of
NF-[kappa]B are beginning to be understood.
(Garg et al. 2003)
The association between antibiotic use and death
caused by breast cancer was similar to that
observed for incident breast cancer… (Sawka
2004)
Although atherosclerosis is a multifactorial
disease, often occurring as a complication of
hypertension, obesity, and diabetes… (Umehara et
al. 2004)
… oxidation of LDL conferred these apparent
'atherogenic' properties to an otherwise
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consequence
of

n. + prep.

consequence of X
[copula] Y

1

37

0.06

contributor
to

n. + prep.

X [copula] ([article])
contributor to Y

1

10

0.02

create

v.

1

54

0.09

dependent

adj.

X [causal marker]
create Y
X-dependent Y

1

237

0.41

effect of

n. + prep.

effect of X (Y)

1

417

0.72

elicit

v.

X elicits Y

1

20

0.03

explain

v.

X explains Y

1

149

0.26

explanation
for

n. + prep.

explanation for X
[copula] Y

1

29

0.05

for

prep.

X (for Y)

1

6076

10.53

'nonatherogenic' native LDL particle… (Brennan
and Hazen 2003)
One of the consequences of increased ROS
production is oxidation of LDL, which modifies its
bioactivity extensively in vitro… (Griendling and
FitzGerald 2003a)
Platelets, angiotensin II, and the CD40/CD40
ligand signaling system are gaining recognition as
contributors to the pathogenesis of CVD.
(Granger et al. 2004)
Endothelial cells help create this antithrombogenic
surface. (Granger et al. 2004)
Witztum's group 40,41 has developed a range of
antibodies directed against oxidation-dependent
epitopes in LDL (anti-oxLDL)…
… they are important targets of the biological
effects of fractalkine (ie, chemotaxis, adhesion,
and activation) while also having cytoplasmic
granules containing perforin and granzyme B.
(Umehara et al. 2004)
Activated platelets can release and/or activate a
variety of inflammatory molecules (Table 2) that
can elicit endothelial activation. (Granger et al.
2004)
… common tumor pathogenesis might explain
similarities in tumor features in the FDT and
PABC groups. (Siegelmann-Danieli et al. 2003)
The explanation for this discrepancy could be the
incidental activation of the TP by lipid
peroxidation products, including the iPs…
(Griendling and FitzGerald 2003)
There was no consistency among these patients
with respect to prior chemotherapy (1 for
metastatic disease, 6 adjuvant, 3 chemonaive).
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from

prep.

X from Y

1

2246

3.89

generate

v.

X [copula] generated
by Y

1

129

0.22

involve

v.

X involves Y

1

179

0.31

involvement
of… in

n. + prep. +
prep.

involvement of X in
[article] Y

1

13

0.02

mediator of

n. + prep.

X [copula] [article]
mediator of Y

1

15

0.03

participant
in

n. + prep.

X [copula] [article]
participant in Y

1

25

0.04

production
of

n. + prep.

X production of Y

1

110

0.19

prompt

v.

X prompts Y

1

24

0.04

In 2000 there were over an estimated over 1
million new cases and approximately 373,000
deaths from breast cancer worldwide… (Carrick et
al. 2004)
MCa-35 and A549 tumors were generated by
injecting 1 x 106 or 10 x 106 cell s.c. in the right
thighs of C3H/He or nu/nu NCR mice… (Liu et al.
2003)
… a highly coordinated and well-regulated process
that involves the expression and/or activation of
adhesion molecules on endothelial cells and
circulating inflammatory cells. (Granger et al.
2004)
… in accordance with the involvement of a
localized process, such as clustering of
mononuclear infiltrates, in the pathogenesis of
plaque rupture. (Willerson and Ridker 2004)
ONOO[middle dot]- is an important mediator of
lipid peroxidation and protein nitration, including
oxidation of LDL, which has dramatic
proatherogenic effects. (Griendling and FitzGerald
2003a)
Collectively, this has raised questions about the
validity of the hypothesis that oxidation is a
critical participant in the atherosclerotic disease
process. (Brennan and Hazen 2003)
The presence of TNF- [alpha], IL-6, and other
cytokines cause hepatic production of C-reactive
protein (CRP)… (Pantaleo and Zonszein 2003)
The R +enantiomer of amlodipine, once present in
the plasma membrane, prompts the production of
NO, ultimately through the activation of eNOS.
(Mason et al. 2003)

612

provoked

ppl.a.

X-provoked Y

1

1

0.002

responsible
for

adj. + prep.

X, responsible for Y

1

61

0.11

spur

v.

X spurs Y

1

11

0.02

3.31

276.71

0.48

Mean

… recall of an emotional stressor can recreate BP
elevations and that the potential for recallprovoked activation may be sustained over
significant periods of time. (Schwartz 2003)
The 26S proteosome, responsible for the
degradation of the inhibitory I[kappa]B[alpha]
protein and subsequent activation of NF-[kappa]B
(Fig. 2), has been the subject of intense study…
(Garg et al. 2003)
Dickman and his colleagues found that the tumor
cells contained an Epstein-Barr protein known to
spur certain immune cells to divide in laboratory
experiments. (Fackelmann 1995)

CAUSE–EFFECT: DESTRUCTION (5 markers, 2 with 2 or more analyzed occurrences)
Marker

Marker
POS

anti-

affix

X [verb] anti-Y
[causal marker]

3

880

Occurrences per
1,000
corpus
tokens
1.52

against

prep.

X [preposition] [causal
marker] against Y

2

188

0.33

Pattern Forms

X against Y

Occurrences in
sample

Total
occurrences in
corpus

Sample context
Administration of Virulizin showed anti-tumor
efficacy in the treatment of human pancreatic
cancers and melanoma… (Du et al. 2003)
As the armamentarium of CTX combinations
with effectiveness against breast tumors expands,
additional crossover regimens for patients with
resistant disease will be more readily available…
(Newman et al. 2003)
COX-2 inhibition combined with immune-based
therapy that would induce cytotoxic T-
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destroy

v.

X [copula] [causal
marker] destroy Y

1

11

0.02

loss of…
through

n. + prep. +
prep.

loss of X through Y

1

1

0.002

kill off

v. + prep.

X [copula] killed off
by [article] Y

1

2

0.003

1.6

216.4

0.38

Mean

lymphocyte activity against tumor cells is a novel
concept that needs further exploration in
preclinical animal models and in clinical settings.
(Pockaj et al. 2004)
Others skipped radiation treatment, which is used
to destroy any cancer cells left behind after
surgery. (Loecher 2001)
… allele has been found to be imprinted,
methylated, and silenced in 7 of 9 informative
cases (3), consistent with a loss of expression
through imprinting and a LOH of the
nonimprinted allele. (Wang et al. 2003)
Long before that, cancer cells make their way into
the bloodstream and lymphatic system, where
they're either killed off by the body's own
immunity… (Perlmutter 1992)

CAUSE–EFFECT: MAINTENANCE/PERMISSION (11 markers, 1 with 2 or more analyzed occurrences)
Marker
required for

Marker
POS

Pattern Forms

ppl.a. +
prep.

X [copula] required
for Y

Occurrences in
sample
2

Total
occurrences in
corpus
23

Occurrences per
1,000
corpus
tokens
0.04

Sample context
Therefore, it is currently suggested that ER[alpha]
function may be required for maximum activation
of IGF-signaling pathways. (McCance and Jones
2003)

614

allow for

v. + prep.

X allows for [article]
X

1

34

0.06

critical for

adj. + prep.

1

12

0.02

dependent

adj.

X [copula] critical for
Y
X-dependent Y

1

237

0.41

enable

v.

X enables [article] Y

1

32

0.06

necessary
for

adj. + prep.

X [copula] necessary
for Y

1

20

0.03

permit

v.

X permits [article] Y

1

25

0.04

perpetuate

v.

X perpetuates Y

1

9

0.01

pivotal in

adj. + prep.

X [copula] pivotal in
[article] Y

1

2

0.003

require

v.

X requires Y

1

234

0.41

Furthermore, the fact that cancer cells express
proteins different from those of normal healthy
cells has allowed for the development of targeted
molecular therapies such as the use of HER2
monoclonal antibody trastuzumab. (Major 2003)
S1P1 is particularly critical for Rac activation in
endothelial cells… (Saba and Hla 2004)
First, the estrogen-dependent step in mammary
gland development, the ductal elongation that
takes place during puberty (27,28), proceeds
normally in cyclin Dl-deficient mice… (Sicinski
and Weinberg 1997)
With faster scans, greater coverage, and improved
spatial and temporal resolution, MDCT has
enabled the development of fundamentally new
applications of CTA… (Napoli et al. 2004)
It is possible that basal IGF activation of the ER
may be necessary for maximal estrogen-mediated
activation… (Mason et al. 2003)
Preoperative chemotherapy often caused shrinkage
of the tumour and permitted the performance of
breast-conserving surgery (BCS)… (Shenkier et al.
2004)
This suggests that cognitions or emotions induced
after the stressor perpetuate cardiovascular
activation. (Schwartz 2003)
Because T cells and DCs are pivotal in the
development of antitumor immunity… (Pockaj et
al. 2004)
… effects of oxidized LDL on vascular smooth
muscle cells, which contribute to the atherogenic
process appear to require the activation of SK.
(Saba and Hla 2004)

615

support

v.

X supports [article] Y

Mean

1

220

0.38

1.09

77.09

0.13

A LARGE AREA of suspicious new blood-vessel
growth supporting a cancer tumor is clear in an
image made with computed tomography laser
mammography (CTLM). (Miller 2002)

CAUSE–EFFECT: PREVENTION (6 markers, 3 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

prevent

v.

X prevents Y

prevention

n.

Occurrences in
sample
6

Total
occurrences in
corpus
194

Occurrences per
1,000
corpus
tokens
0.34

Sample context
Normally, HDL prevents LDL oxidation. (Cabe
2000)

[causal marker] X to
prevent Y

… it would have important implications for the
ability of PON1 to prevent atherosclerosis.
(Mackness et al. 2004)

X [causal marker] to
prevent Y
X as Y prevention

… in future tamoxifen may even help to prevent
cancer development. (Health News 1991)
It is believed that this effect is insufficient to
recommend HRT as a diabetes prevention
strategy in women with CHD. (Kocjan and
Prelevic 2003)

6

322

0.56

n. + prep.
X in ([article])
prevention of Y
X ([ppl.a.]/[noun]/
[copula] [adjective])
for ([article])

These studies provide a scientific basis for further
trials of HRT in prevention and amelioration of
type 2 diabetes… (Seed and Knopp 2004)
HRT is effective for prevention or treatment of
osteoporosis… (Kocjan and Prelevic 2003)
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suppressor

n.

prevention of Y
X suppressor Y

4

48

0.08

block

v.

X block Y

1

86

0.15

role of… in

n. + prep. +
prep.

role of X in Y

1

113

0.20

suppression
of

n. + prep.

X, [causal marker]
suppression of Y

1

21

0.04

3.17

130.67

0.23

Mean

This effect has now been seen for more than a
dozen tumor suppressor genes, and investigators
expect to find many more like them. (Gibbs 2003)
As one caveat, PD98059 and U0126 also block
activation of MEK5… (Force et al. 2004)
Although the role of dietary and vitamin
antioxidants in the development of breast cancer is
not conclusive in human studies… (Kang 2002)
… the inhibitory effect of statins on promoter IV
of MHC-II transactivating factor, leading to
suppression of T-lymphocyte activation.
(Davignon 2004)

CAUSE–EFFECT: MODIFICATION (20 markers, 6 with 2 or more analyzed occurrences)
Occurrences in
sample

Total
occurrences in
corpus

Occurrences per
1,000
corpus
tokens
2.54

Marker

Marker
POS

Pattern Forms

effect

n. + prep.

X effects of Y

n. + prep.

X’s effect on Y

No study evaluated the associations between
statins' effects on LDL oxidation and lipid
levels… (Balk et al. 2003)

n. + prep. +
prep.

X has
([article]/[quantifier])
effect on Y

Unlike combination HRT, therapy with estrogen
alone did not appear to have any effect (either
favorable or adverse) on heart disease…

12

1465

Sample context
If so, how could prior assessments of the health
effects of hormone replacement therapy (HRT)
have been so different? (Grimes and Lobo 2002)
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(Aschenbrenner 2004)
effect of X on Y

affect

v.

X affects Y

7

198

0.34

X [copula] affected by
Y
respond to

response

v. + prep.

X responds to Y

n. + prep. +
prep.

response of X to Y

n. + prep.

X response to Y

X [verb] [article]
response to Y

6

5

47

726

0.08

1.29

Recognition of the effects of influenza on CHD
provides the medical community with a valuable
opportunity to further reduce cardiovascular death
and morbidity. (Madjid et al. 2004)
In addition, interactions between dihydropyridines
and these pathways affect lipid oxidation and
cholesterol metabolism and can thereby reduce
atherosclerosis development. (Mason et al. 2003)
It is well known that multiple aspects of one's
QOL can be affected by the development of
coronary artery disease. (Berra 2003)
… among ER-positive tumors, nearly 70% of
those that are also progesterone receptor (PR)positive and 25-30% of PR-negative tumors will
respond to hormonal therapy. (Vogel 2003)
Patients with stage IIIB disease who respond to
chemotherapy should receive surgery plus
locoregional radiotherapy. (Shenkier et al. 2004)
Koh [36**] has argued that the response of
endothelium to HRT depends on the presence of
estrogen receptors.
The conceptual advantage of in vivo assessment of
primary tumor response to the selected CTX
regimen is another benefit derived from the
neoadjuvant CTX approach. (Newman et al. 2003)
… colorectal cancer patients homozygous for the
triple repeat (3R/3R) had a poorer response to 5FU chemotherapy. (Karvellas et al. 2004)
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influence

v.

X influences [article]
Y

2

124

0.21

regulated

ppl.a.

X-regulated Y

2

35

0.06

act on

v. + prep.

X acts on Y

1

10

0.02

address

v.

X addresses Y

1

118

0.20

change in

n. + prep.

X [causal marker]
([article]) change in Y

1

252

0.44

complicatio
n of… in

n. + prep. +
prep.

complication of X in
Y

1

12

0.02

control

v.

X for controlling Y

1

166

0.29

for

prep.

X for Y

1

6051

10.48

impact on

n. + prep.

impact on X [copula]
[causal marker]
[article] Y

1

41

0.07

Emerging data reveals that a large number of
additional proteins (i.e., growth factors) influence
the transcriptional activation of ER[alpha] and
possibly ER[beta]. (McCance and Jones 2003)
TNF-[alpha]-regulated SK activation is likely to
be important in nuclear factor-[kappa]B (NF[kappa]B) activation and inhibition of apoptosis.
(Saba and Hla 2004)
The balance between these opposing forces acts
on the vascular smooth muscle cells to maintain
the appropriate vessel tone. (Harris and Matthews
2004)
Further testing of other therapies, particularly ones
addressing oxidation and thrombosis, is needed.
(Coresh et al. 2004)
Receptor-mediated leukocyte activation leads to
conformational changes in LFA-1 structure…
(Granger et al. 2004)
Ultimately, these pathways synergize to construct
a scaffold on which the complications of diabetes
in the vasculature and heart may be built. (Yan et
al. 2003)
… it warrants extensive research, which may pave
the way for new, more efficient methods for
preventing and controlling CHD. (Madjid et al.
2004)
… 28% beginning new medications for
cholesterol, blood pressure, or diabetes and 12%
changing current medication dosages. (Berra 2003)
It should be remembered that mouse Lp-PLA2
cannot bind to LDL and the impact on
atherosclerosis in these models is the result of the
action of the enzyme carried in the HDL reservoir.
(Caslake and Packard 2003)
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importance
of… upon

n. + prep. +
prep.

importance of X upon
[article] Y

1

1

0.002

influence on

n. + prep.

X [verb] [article]
influence on Y

1

12

0.02

manifestation of

n. + prep.

X manifestation of Y

1

14

0.02

modulate

v.

X modulates Y

1

51

0.09

regulation
of… by

n. + prep. +
prep.

regulation of X by Y

1

6

0.01

regulator of

n. + prep.

X [copula] [article]
regulator of Y

1

18

0.03

role of… for

n. + prep. +
prep.

role of X for Y

1

4

0.01

2.40

467.55

0.81

Mean

Recent research has emphasized the importance
of the intra-uterine environment upon the
subsequent development of a number of adult
diseases (Barker, 1992). (Rigby et al. 2002)
… no account was made of differing methods of
laboratory analysis, grade (which has a profound
influence on ERa expression), type of breast
cancer, and threshold value… (Tran and Lawson
2004)
… can occur well before the structural
manifestation of atherosclerosis… (Szmitko et al.
2003)
Recently, an exciting report provided evidence for
a new pathway by which hepatic lipase may
modulate atherosclerosis. (Zambon et al. 2003)
The regulation of VSMC growth by oxidized
LDLs operates through the activation of the
Ras/Raf/MEK/MAPK signaling pathway by a
Pertussis toxin-sensitive, G protein-coupled
receptor. (Mason et al. 2003)
Although promising, this kinase is a critical
regulator of many basic cellular processes,
including development, cardiac growth and
hypertrophy, and tumorigenesis. (Shenkier et al.
2004)
the role of radiation therapy for invasive breast
cancer treated with BCS is now well accepted.
(Meric-Bernstam 2004)
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CAUSE–EFFECT: INCREASE (14 markers, 7 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

promote

v.

X promotes Y

Occurrences in
sample
10

Total
occurrences in
corpus
159

Occurrences per
1,000
corpus
tokens
0.28

[causal marker] to
promote X, Y

increase

v.

X increases Y

9

741

1.28

X, increasing Y
enhance

v.

X enhances Y

2

130

0.23

X has been enhanced
by Y
facilitate

v.

X facilitates Y

2

73

0.13

increased

ppl.a.

increased X [causal
marker] Y

2

538

0.93

Sample context
IL-18 also promotes adhesion molecule
expression on the endothelium and promotes
plaque instability by enhancing MMP secretion.
(Szmitko et al. 2003)
In addition to having direct effects to promote EC
activation, CRP appears to function in a fashion
that inhibits bone marrow-derived endothelial
progenitor cell survival… (Szmitko et al. 2003)
Several recent reports have demonstrated that
estrogen therapy increases expression of MMP.
(Karas 2004)
… all of which are reported to interact, increasing
the development of insulin resistance syndrome.
(McCance and Jones 2003)
Lp(a) also enhances oxidation of LDL. (Cabe
2000)
The development of spatial statistics has been
greatly enhanced by rapidly evolving
computational tools… (Schootman and Sun 2004)
Other preclinical studies show that CRP may
facilitate the development of atherosclerosis…
(Rackley 2004)
This increased thrombogenesis is caused by
several mechanisms that include platelet activation
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and hyperaggregability, as well as elevated levels
of procoagulants such as fibrinogen and von
Willebrand factor. (Pantaleo and Zonszein 2003)

stimulate

v.

X [causal marker]
increased Y
X stimulates Y

upregulate

v.

X upregulates Y

2

6

0.01

augment

v.

X can be augmented
by Y

1

33

0.06

catalyse

v.

X [copula] catalysed
by Y

1

32

0.06

catalyst

n.

X as [article] catalyst
of Y

1

6

0.01

elevate

v.

X elevates Y

1

30

0.05

enhanced

ppl.a.

X, [causal marker]
enhanced Y

1

65

0.11

pro-

affix

X [verb] pro-Y [causal
marker]

1

136

0.24

2

99

0.17

Receptor-mediated leukocyte activation leads to …
increased adhesiveness… (Granger et al. 2004)
Adiponectin decreases postprandial FFA levels
and stimulates myocellular fatty acid oxidation…
(Pantaleo and Zonszein 2003)
Because LDL upregulates angiotensin II receptor
type 1 (AT1) receptor expression… (Griendling
and FitzGerald 2003)
Plasma levels of PAI-1 are regulated on a genetic
basis, and its expression can be augmented by
insulin resistance and other factors such as
abnormal adiposity… (Pantaleo and Zonszein
2003)
(In)activation of aromatic amine carcinogens is
catalysed by metabolic enzymes including Nacetyltransferase 1… (Van der Hel et al. 2003)
Myeloperoxidase as an enzymatic catalyst of lipid
oxidation: formation of the lipid-laden plaque
(Brennan and Hazen 2003)
By inhibiting ACC, AMPK elevates fat oxidation.
(Force et al. 2004)
Impaired ANS regulation is associated with greater
platelet activation, contributing to enhanced
aggregation and adhesion to vessel walls. (Harris
and Matthews 2004)
… oxidation of LDL, which has dramatic
proatherogenic effects. (Griendling and FitzGerald
2003a)
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stimulated
by

ppl.a. +
prep.

X stimulated by Y

Mean

1

7

0.01

2.57

146.79

0.26

NO[middle dot], which, because of its ability to
scavenge radicals, can act as an antioxidant and
reduces VCAM-1 expression stimulated by TNF[alpha], possibly by inhibiting the formation of
peroxy-fatty acids. (Taniyama and Griendling
2003)

CAUSE–EFFECT: DECREASE (13 markers, 7 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

reduce

v.

X reduces Y

Occurrences in
sample
6

Total
occurrences in
corpus
554

Occurrences per
1,000
corpus
tokens
0.96

Sample context
CRP was recently shown to reduce synthesis of
the vasodilator nitric oxide in cultured endothelial
cells. (Rackley 2004)

by X, Y [copula]
reduced

The interesting thing they found was that by
combining soy and tamoxifen, the tumors were
reduced even further, by an impressive 62 percent.
(Franzen 2001)

X [causal marker]
reduce Y

... chemotherapy,... tamoxifen,... and RT... all act
to reduce LR independently of surgery. (Naik et
al. 2004)
Hydroxy metabolites of atorvastatin, but not the
parent compound, inhibit oxidation of both LDL
and very-low-density lipoprotein as well as highdensity lipoprotein. (Davignon 2004)
NO is an important vasodilator that decreases
LDL oxidation and smooth muscle cell

inhibit

v.

X inhibits Y

5

175

0.30

decrease

v.

X decreases Y

2

297

0.51
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downsizing

n.

X for Y downsizing

2

7

0.01

n. + prep.

X downsizing with Y

inhibition of

n. + prep.

X [causal marker]
inhibition of Y

2

96

0.17

lower

v.

X lowers Y

2

236

0.41

X [preposition]
lowering Y

reduced

ppl.a.

X [causal marker]
reduced Y

2

108

0.19

attenuate

v.

X attenuates Y

1

30

0.05

decreased

ppl.a.

X, [causal marker]
decreased Y

1

174

0.30

proliferation. (Torres and Ridker 2003)
… the role of preoperative chemotherapy for
tumor downsizing… (Meric-Bernstam 2004)
… locally advanced tumors may also become
eligible for breast-conserving surgery after tumor
downsizing with preoperative chemotherapy…
(Meric-Bernstam 2004)
… free radical-scavenging abilities that may
contribute to inhibition of lipoprotein oxidation.
(Davignon 2004)
… studies showed that HRT lowered low-density
lipoprotein (LDL) cholesterol levels…
(Aschenbrenner 2004)
In randomized, controlled trials, 3-hydroxy-3methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, in the form of statins, have
been shown to provide effective therapy for
lowering CRP, in conjunction with their lipidlowering effects. (Willerson and Ridker 2004)
Loss of ER[alpha] in MCF-7 cells causes reduced
expression of IGF-signaling molecules, diminished
IGF signaling, and failure to proliferate in
response to estrogen or IGF-1. (McCance and
Jones 2003)
Preliminary observations also suggest that CRP
upregulates nuclear factor [kappa]B (NF[kappa]B)
signaling in ECs while attenuating endothelial
progenitor cell survival… (Szmitko et al. 2003)
As is the case for chemotherapy, radiation-induced
NF-[kappa]B activation has been reported in a
variety of cancer cell types, including breast
cancer, leading to decreased apoptosis… (Garg et
al. 2003)
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diminished

ppl.a.

impaired

ppl.a.

inhibitor of

n. + prep.

target

v.

X [causal marker]
diminished Y
X [causal marker]
impaired Y

1

9

0.02

1

68

0.12

X, [article] inhibitor of
Y
X targets Y

1

60

0.10

1

101

0.17

2.08

147.31

0.25

Mean

… this phenomenon contributed, at least in part, to
diminished atherosclerosis… (Yan et al. 2003)
These results indicate that SNS activation may
contribute to impaired endothelial function,
possibly because of activation of [beta]-adrenergic
receptors. (Harris and Matthews 2004)
… formation of malonyl-CoA, a potent inhibitor
of fatty acid oxidation. (Force et al. 2004)
These findings have implications for therapies
targeting insulin resistance and diabetes as well as
CVD. (Willerson and Ridker 2004)

CAUSE–EFFECT: PRESERVATION (1 marker, none with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

sustain

v.

X sustains Y

Mean

1

27

Occurrences per
1,000
corpus
tokens
0.04

1

27

0.04

Occurrences in
sample

Total
occurrences in
corpus

Sample context
Rumination may be an example of a psychological
process that tends to sustain cardiovascular
activation. (Schwartz 2003)
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French
ASSOCIATION (30 markers, 13 with 2 or more analyzed occurrences)
Marker

Marker
POS

et

conj.

lié à

ppl.a. +
prep.

Pattern Forms
X et ([association
marker]) Y
X lié à [article] Y

Occurrences in
sample
10

7

Total
occurrences in
corpus
16001

90

Occurrences
per 1,000
corpus
tokens
23.00

0.13

X, lié à [article] Y

facteur de
risque

n. +
prep. +
n. +
prep.

facteur de risque X tels
que [article] Y

6

386

0.56

Sample context
CMV et athérosclérose (Chidiac and Braun 2002)
Traitement hormonal substitutif et risque de cancer
du sein (Serin and Escoute 1998)
L'hypertension artérielle exacerbe les
complications liées au diabète, telles que les
complications microvasculaires (néphropathie et
rétinopathie)… (Gonzalez and Palardy 2004)
Cette implication des LDL oxydées nous amène à
envisager une autre voie du dysfonctionnement
endothélial, liée à l’oxydation des LDL et à
l’athérosclérose. (Bonnefont-Rousselot et al. 2002)
… les facteurs de risques cardiovasculaires
traditionnels tels que l'hypertension, les
dyslipidémies, le diabète et l'obésité tronculaire
sont en effet observés avec une fréquence
croissante chez les patients VIH+… (Duong et al.
2003)

facteur de risque X (Y)
n. +
prep. +
n.

… enfants démontrant d'autres facteurs de risque
cardiovasculaire (obésité, tabagisme, hypertension,
diabète, consommation d'aliments riches en

626

matières grasses, prise de médicaments augmentant
les lipides plasmatiques…)… (Lambert 2002)
facteur de risque de X
(Y)

caractérisé
par

n. +
prep. +
n. +
prep.
ppl.a. +
prep.

X [copula] caractérisé
par [article] Y

5

12

0.02

X caractérisé par
[article] Y

risque de

n. +
prep.

risque de X [causal
marker]
[article]/[preposition] Y

Nous avons recherché chez tous les patients les
facteurs de risque d'athérosclérose (diabète,
hypertension artérielle, tabagisme,
hormonothérapie, intoxication alcoolique,
dyslipidémie, hérédité)… (Desauw et al. 2002)
L'hypercholestérolémie familiale est caractérisée
par un cholestérol sérique élevé, des xanthomes
tendineux, xanthélasmas, arcs cornéens et une
athérosclérose précoce. (Chalès and Guggenbuhl
2004)
Dans l'adénose sclérosante, affection bénigne du
sein caractérisée par une prolifération des cellules
épithéliales et myoépithéliales, Clarke et al. [13]
ont montré, à l'aide de l'anticorps CT-1, que…
(Angèle et al. 2001)

5

695

1.00

Pour 17 patientes, il y avait un haut risque de
récidive pariétale du fait de la présentation
clinique… (Racadot et al. 2003)
Par ailleurs, les risques de diabète de type 2, de
maladie coronarienne et d'hypertension
s'accroissent si le tour de taille dépasse 88 cm pour
les femmes… (Béliveau and Léger 2004)

associé à

ppl.a. +
prep.

X [causal/association
marker] risque de
([article]) Y
X [copula] associé à
[article] Y

4

123

0.18

L’obésité, le syndrome métabolique et le diabète
accroissent notablement le risque de maladies
cardiovasculaires. (Lambert 2002)
La prolifération des cellules myoépithéliales est
donc associée à une néosynthèse de la protéine
ATM au niveau nucléaire… (Angèle et al. 2001)
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X associé à [article] Y

lien entre… et

n. +
prep. +
conj.

lien(s) ([verb]) entre
([article]) X et
([association marker])
([article]) Y

4

18

0.03

au cours de

prep. +
n. +
prep.

X [causal marker] au
cours de Y

2

302

0.52

corrélé avec

ppl.a. +
prep.

X [copula] corrélé avec
[article] Y

2

25

0.04

en cas de

prep. +
n. +
prep.
ppl.a. +
prep.phr
.
n.

en cas de X, Y

2

353

0.51

X observé au niveau
de/dans [article] Y

2

111

0.19

prédispositions X
[causal
marker/association
marker] Y

2

102

018

prep. +
n. +
prep.

X de prédisposition à
[article] Y

observé
prédisposition

Bien que primordial, nous ne parlerons pas du
traitement de la dyslipidémie ou des autres troubles
fréquemment associés à l'athérosclérose
(notamment le diabète et l'hypertension).
(Gendreau 2003)
Il semble exister un lien très étroit entre le
syndrome de lipodystrophie, l'hyperlipidémie,
l'intolérance au glucose et le diabète, bien que
chacun de ces troubles puisse survenir isolément.
(Baril and Junod 2004)
La vitesse de l’onde de pouls est significativement
altérée au cours du vieillissement, de
l’hypertension artérielle, du diabète et de
l’athérosclérose. (Levenson et al. 2000)
… ses changements peuvent être corrélés avec une
activation ou une répression de la transcription.
(Chailleux et al. 2000)
En cas de diabète équilibré, TG et LDL sont quasi
normaux, cependant on peut noter un taux de
HDL… (Fredenrich et al. 2004)
Par ailleurs, les anomalies qualitatives des
lipoprotéines sont similaires à celles observées
dans le diabète de type 2. (Fredenrich et al. 2004)
Les gènes BRCA1 et BRCA2 sont impliqués dans
deux tiers des prédispositions génétiques à
l’origine d’un risque majeur de cancer du sein.
(Coupier and Stoppa-Lyonnet 2002)
Nous présentons ici une mise au point des
connaissances sur les gènes de prédisposition
héréditaire au cancer du sein, les perspectives de
recherche et leurs implications dans la pratique du
conseil génétique. (Bonadona and Lasset 2003)
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retrouvé dans

ppl.a. +
prep.

X retrouvé dans [article]
Y

2

68

0.10

X [copula] retrouvé
dans [article] Y
accompagner

v.

X accompagne [article]
Y

1

16

0.03

associer… à

v. +
prep.

[person] associe
[article] X à [article] Y

1

16

0.02

avec

prep.

X avec [article] [causal
marker] [article] Y

1

2605

3.74

corrélation
de… et

n. +
prep. +
conj.

corrélation de X et Y

1

1

0.002

dans

prep.

dans X, Y [causal
marker]

1

7621

10.94

de
susceptibilité
à

prep. +
n. +
prep.

X de susceptibilité à Y

1

8

0.01

Le profil lipidique le plus fréquemment retrouvé
dans le diabète de type 2 associe une élévation du
taux plasmatique des triglycérides (TG)…
(Fredenrich et al. 2004)
… Cox1 est localisée dans les cellules du stroma et
n’est pas retrouvée dans les cellules tumorales…
(Guastalla et al. 2004)
La protéine C réactive (CRP) a longtemps été
considérée comme un marqueur de l'état
inflammatoire accompagnant l'athérosclérose.
(Nalbone et al. 2002)
[O]n associe maintenant une faible capacité aérobie
et une mauvaise composition corporelle aux
maladies cardiovasculaires et au diabète, un
manque de souplesse aux maux de dos, etc.
(Béliveau and Léger 2004)
Les hyperlipoprotéinémies familiales primitives
regroupent des maladies héréditaires avec une
augmentation plasmatique du cholestérol et des
triglycérides, résultant d’un déficit dans l’une des
étapes du métabolisme lipidique… (Chalès and
Guggenbuhl 2004)
Il y a une corrélation significative de la
transcription de l'ARNm de Cox2 et la progression
depuis le tissu normal témoin, normal voisin des
tumeurs, carcinomateux et… (Guastalla et al. 2004)
Dans les cellules AT exposées aux rayonnements
ionisants, l’induction de p53 est réduite et très
retardée… (Angèle et al. 2001)
En raison de la concordance de plusieurs études en
faveur de l’implication d’autre(s) gène(s) de
susceptibilité au cancer du sein… (Bonadona and
Lasset 2003)
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élevé chez

adj. +
prep.

X [copula] élevé chez Y

1

32

0.05

fréquemment
chez

adv. +
prep.

X [verb] fréquemment
chez [article] Y

1

2

0.003

fréquent dans

adj. +
prep.

X [copula] fréquent
dans [article] Y

1

26

0.037

marqueur de

n. +
prep.
adj. +
prep.

X, marqueur de [article]
Y
X [copula] présent dans
[article/quantifier] Y

1

66

0.10

1

61

0.09

n. +
prep. +
conj.
v. +
prep.

rapport entre [article] X
et [association marker]
[article] Y
X a été relié à [article]
Y

1

11

0.02

1

22

0.03

sans

prep.

sans X, [article] Y

1

872

1.25

suivant

prep.

suivant [article] X,
[article] Y

1

9

0.01

sur

prep.

X [causal marker] sur
[article] Y

1

3545

5.09

présent dans
rapport
entre… et
relier à

La prolifération lymphocytaire en réponse aux
extraits protéiques des lésions a tendance à être
plus élevée chez les patients atteints d'angor
instable que chez les patients stables. (Caligiuri
2004)
Par ailleurs, le diabète est apparu moins
fréquemment chez les patients qui étaient traités
avec le losartan plutôt qu’avec l’aténolol. (Garnier
2002b)
L'inactivation des gènes codant pour p16 et p15 est
très fréquente dans les lignées cellulaires
cancéreuses et les tumeurs dont elles sont issues.
(Blanchard 2003)
Les MP, marqueurs de l'activation cellulaire in
vivo
Sur 44 tumeurs du sein étudiées par immunoblot et
immunohistochimie, une expression de Cox1 est
présente dans 30 cas… (Guastalla et al. 2004)
… les rapports entre le traitement hormonal
subtitutif [sic] de la ménopause et le risque de
cancer du sein. (Serin and Escoute 1998)
… la perfusion d'angiotensine II induit la formation
d'anévrismes, qui a été reliée à l'activation des
leucocytes circulants. (Michel 2004)
Sans traitement, le taux de récidives spontanées est
de 21 % dans la série du NSABP 04.
Suivant le type de chimiothérapie utilisé, un taux
plus ou moins important d'aménorrhées va survenir
dans le bras qui reçoit la chimiothérapie… (Namer
and Ramaioli 2000)
De plus, l'activation et l'agrégation des plaquettes
sont inhibées sur une prothèse modifiée par rapport
à une prothèse vierge… (Chevallier et al. 2003)
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témoigner de

v. +
prep.

X témoigne de [article]
Y

Mean

1

21

0.03

2.33

1107.33

2.19

… elle double pour une HbA1c à 9 %, valeur
témoignant d'un diabète déséquilibré. (Fredenrich
et al. 2004)

CAUSE–EFFECT: CREATION (54 markers, 25 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

conduire à

v. + prep.

X conduit à [article] Y

8

190

Occurrences
per 1,000
corpus
tokens
0.27

entraîner

v.

X entraîne [article] Y

7

326

0.47

Occurrences in
sample

Total
occurrences in
corpus

X, entraînant [article] Y

induire

v.

X induit [article] Y

7

232

0.33

Sample context
Cette oxydation conduit à la déplétion des LDL en
antioxydants, en phosphatidylcholines et en esters
de cholestérol… (Bonnefont-Rousselot et al. 2002)
Cette activation entraîne de nombreuses réponses
cellulaires avec stimulation de la croissance et de la
division cellulaire… (Penault-Llorca et al. 2002)
Les ERO formées par la NADPH oxydase des
cellules musculaires lisses sont également
impliquées dans l'activation par la thrombine du
facteur de transcription hypoxia-inducible factor-1
(HIF-1), entraînant l'expression de l'inhibiteur de
l'activateur du plasminogène (PAI-1) et du vascular
endothelial growth factor (VEGF)… (BonnefontRousselot et al. 2002)
… l'engagement de Fas induit la dénitrosylation de
la caspase 3 et son activation. (Kolb 2001)
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induit par

ppl.a. +
prep.

X induit par [article] Y

7

92

0.13

Une hypothèse est que l'activation des récepteurs
TP induite par les isoprostanes est responsable des
effets indépendants des cyclooxygénases.
(Cracowski 2004)

X (induit par Y)

participer à

v. + prep.

X participe à [article] Y

6

63

0.09

X, participant à [article]
Y
résulter de

v. + prep.

X résulte de [article] Y

6

54

0.08

il X résulterait [article]
Y

activer

v.

X active Y

[causal marker] [article]
X : activer [article] Y

5

115

0.20

Augmentation de la survie globale et sans récidive
par la suppression ovarienne (induite ou non par
chimiothérapie) et la prescription de tamoxifène
(Debourdeau et al. 2004)
Cette prolifération musculaire lisse participe à la
constitution de la plaque athéroscléreuse… (Teiger
2001)
… un signal de transduction capable d'activer
directement la NADPH oxydase, participant en
retour à l'oxydation des LDL. (BonnefontRousselot et al. 2002)
Dans les conditions d'études in vitro et in vivo chez
le rat, la formation d'adduits hépatiques résulte de
l'activation des microsomes hépatiques. (Sasco
2000)
… en altérant le statut réducteur de la cellule lié
aux groupements thiols [36]. Il en résulterait une
activation de NFjB, peut-être par l'intermédiaire de
radicaux libres issus de l'homocystéine…
(Bonnefont-Rousselot et al. 2002)
En conséquence, la caténine ß n'est plus dégradée,
diffuse dans le noyau, déplace Groucho et active la
transcription sous le contrôle de LEF/Tcf.
(Blanchard 2003)
Ce dernier résultat illustre le double rôle que joue
le complexe Cdk4-cycline D1: activer la
transcription du gène cycline E, et limiter la
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quantité libre de l'inhibiteur p27Kip1… (Blanchard
2003)
X [copula] [causal
marker] activer [article]
Y
exprimer

v.

X ([affix])exprime
([article]) Y

5

243

0.35

facteur de

n. + prep.

facteur de X
([conjunction]) Y

4

533

0.92

Les AINS sont capables d'activer la transcription
de leur propre enzyme cible, notamment Cox2
(mais pas Cox1)… (Guastalla et al. 2004)
La cellule transfectée produisant du NO endogène
exprimerait Fas et produirait du FasL autotoxique.
(Gauthier et al. 2004)
À l'opposé, le facteur de transcription c-Jun, en se
fixant sur le promoteur de son propre gène,
contribue à amplifier sa production. (Blanchard
2003)
… des protéines G comme H-ras ou K-ras; des
kinases cytoplasmiques comme raf/mil, mos ou
pim-1; des facteurs de transcription comme myc,
jun, fos ou erbA (récepteur de l’hormone
thyroïdienne T3). (Blanchard 2003)

X [causal marker]
facteur de Y

impliqué
dans

ppl.a. +
prep.

X [copula] impliqué
dans [article] Y

X impliqué dans
[article] Y

4

151

0.22

L’ensemble des données recueillies suggère que la
protéine p8 agit en tant que facteur de
transcription dans la voie conduisant à la
tumorigenèse. (Vasseur and Iovanna 2003)
Les ERO formées par la NADPH oxydase des
cellules musculaires lisses sont également
impliquées dans l'activation par la thrombine du
facteur de transcription hypoxia-inducible factor-1
(HIF-1)… (Bonnefont-Rousselot et al. 2002)
… un autre groupe de gènes surexprimés dans les
lignées (figure 3, C) contenait essentiellement des
gènes impliqués dans la prolifération cellulaire
(cyclines, CDK, PCNA, tubulines...)… (Bertucci et
al. 2002)
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provoquer

v.

X provoque [article] Y

4

116

0.17

X [causal marker]
provoque [article] Y
4

203

0.34

La présence de bactéries et/ou de virus dans les
cellules endothéliales et/ou musculaires lisses
provoquerait d'abord une activation des cellules
infectées avec pour conséquence une augmentation
de l'expression de molécules d'adhérences…
(Lizard and Gambert 2001)
Le dimère ainsi formé se lie au PPRE et provoque
l'activation de la transcription du gène cible.
(Gervois and Fruchart 2003)
La NADPH oxydase jouerait donc un rôle majeur
lors des premières étapes du processus
athéromateux (oxydation des LDL, adhésion
monocytaire, accumulation de cellules spumeuses).
(Bonnefont-Rousselot et al. 2002)

v. + art. +
n. + prep.

X joue [article] rôle
dans/lors de [article] Y

n. + ppl.a.
+ prep. +
prep.

rôle joué par [article] X
dans [article] Y

Des études de plus en plus nombreuses mettent en
évidence le rôle joué par l'activation des NADPH
oxydases dans des modèles expérimentaux de
pathologies cardiovasculaires telles que
l'hypertension… (Bonnefont-Rousselot et al. 2002)

n. + prep.
+ prep.

rôle de [article] X dans
[article] Y

stimuler

v.

X stimule [article] Y

4

85

0.12

conséquence
de

n. + prep.

X [copula] [article]
conséquence de [article]
Y

3

52

0.07

Le rôle des estrogènes dans la prolifération des
tumeurs mammaires hormonodépendantes a été
montré depuis de nombreuses années [1]. (De
Crémoux 2000)
NO stimule l'activation de caspases et l'apoptose
dans les RAW 264. (Kolb 2001)
… les maladies métaboliques qui en découlent,
c'està- dire [sic] le diabète, les dyslipidémies et
l'hypertension artérielle, sont les conséquences du
mode de vie adopté par les humains… (Essiambre
2003)

rôle

conséquence de [article]
X [copula] [article] Y

La première conséquence fonctionnelle majeure de
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déclenchement de

déclencher

n. + prep.

X [causal marker]
[article] déclenchement
de [article] Y

n. + prep.
+ prep.

déclenchement de
[article] X par [article]
Y

v.

X déclenche [article] Y

3

3

9

53

0.01

0.08

X doit être déclenché
par [article] Y
pour

prep.

X pour ([article]) Y

3

4806

6.91

produire

v.

X produit [article] Y

3

100

0.14

responsable
de

adj. +
prep.

X [copula] responsable
de [article] Y

3

147

0.21

à l’origine
de

prep. + n.
+ prep.

X [copula] à l’origine
de [article] Y

2

51

0.07

l'activation des plaquettes est le changement de
conformation des glycoprotéines GP IIb/IIIa
présentes à leur surface… (Collet et al. 2004)
L'événement essentiel responsable du
déclenchement de la coagulation après une lésion
vasculaire est l'externalisation de molécules de
facteur tissulaire à la surface de l'adventice…
(Mallat and Tedgui 2004)
Lorsque la plaque est rompue, le déclenchement
de la coagulation par les cellules inflammatoires
aboutit à la thrombose… (Collet et al. 2004)
L'oxydation exagérée des acides gras de ces
lipoprotéines modifiées déclenche une réaction inflammatoire… (Ferrières 2004)
Comme toute réponse immunitaire, la réponse antitumorale doit être déclenchée par des cellules
présentatrices d'antigènes. (Catros-Quemener et al.
2003)
… mastectomies subtotales pour tumeur
maligne… (Lilliu et al. 2002) ou in situ
(intracanalaire). (Martin 2003)
La distribution de l'apoptose dans la plaque est
hétérogène: elle est ainsi plus fréquente dans les
régions riches en cellules produisant des cytokines
pro-inflammatoires. (Mallat and Tedgui 2004)
L'activation des ostéoclastes est responsable de
l'hyperrésorption osseuse et de la libération de
facteurs de dégradation… (Tubiana-Hulin et al.
2001)
L’athérosclérose est à l’origine de la plupart des
maladies coronaires. (Ferrières 2004)
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important

adj. +
prep.

X important dans/pour
[article] Y

2

109

0.16

intervenir
dans

v. + prep.

X intervient dans
[article] Y

2

35

0.05

médié par

ppl.a. +
prep.

X [copula] médié par
[article] Y

2

4

0.006

par

prep.

X par ([article]) Y

2

6116

8.79

réponse à

n. + prep.

X [verb] [preposition]
[article] réponse à
[article] Y

2

152

0.22

prep. + n.
+ prep.

X en réponse à [article]
Y

à cause de

prep. + n.
+ prep.

X à cause de [article] Y

1

46

0.07

activateur de

adj. +
prep.

X [causal marker]
activateur de Y

1

4

0.007

… visent d'abord une restriction en lipides totaux
ainsi qu'en graisses saturées et en cholestérol
alimentaire, deux facteurs importants dans
l'apparition de l'athérosclérose. (Blais_2001a)
… les c-jun kinases (JNK), importantes pour la
croissance et la prolifération cellulaire…
(Bonnefont-Rousselot et al. 2002)
… de nombreuses autres cellules peuvent les
synthétiser, en particulier d'autres cellules
vasculaires intervenant dans la pathologie
thrombotique, principalement les monocytes…
(Drouet 2004)
L'ensemble des données disponibles suggère que
l'effet vasculaire de la 15- F2t-IsoP est médié par
une activation du récepteur TP (récepteur commun
à la prostaglandine H2 et au thromboxane)…
(Cracowski 2004)
… peut réduire de façon significative la mortalité
par cancer du sein [6]. (Spyckerelle et al. 2002)
L'athérosclérose est considérée actuellement
comme une réponse inflammatoire aux lésions de
la paroi artérielle. (Duriez 2004)
La prolifération lymphocytaire en réponse aux
extraits protéiques des lésions a tendance à être
plus élevée chez les patients… (Caligiuri 2004)
… les femmes pensent que cette séquelle est due à
un traitement plus important à cause d'une tumeur
agressive. (Bobin et al. 2002)
AF-1 (Activating Function-1), en position N
terminale de la section A-B, qui exerce une
fonction activatrice de la transcription…
(Kirkiacharian 2000)
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activateur de

n. + prep.

[verb] [preposition] X
[article] activateur de
[article] Y

1

13

0.02

cause de

n. + prep.

X [copula] [article]
cause de Y

1

254

0.37

causé par

ppl.a. +
prep.
v.

X causé par [article] Y

1

9

0.01

X cause [article] Y

1

33

0.05

complication de…
dans

n. + prep.
+ prep.

complication de [article]
X dans [article] Y

1

1

0.001

découler de

v. + prep.

X Y découle

1

7

0.01

dérivé de

n. + prep.

X [copula] [article]
dérivé de Y

1

20

0.03

dû à

adj. +
prep.

X [copula] dû à [article]
Y

1

38

0.05

du fait de

prep. + n.
+ prep.

X du fait de [article] Y

1

101

0.15

engager…
vers

v. + prep.

X engage Y1 vers
[article] Y2

1

2

0.003

causer

C/EBPß est indispensable pour l'expression du
gène p8, faisant du facteur de transcription C/EBPß
un activateur majeur de la transcription du gène.
(Vasseur and Iovanna 2003)
Le diabète est en France la première cause de
cécité, chez des malades souvent jeunes. (Blot et al.
1999)
… la castration chimique causée par la
chimiothérapie… (Dufresne 2003)
Tout particulièrement, l'activation du récepteur
AT1 de l'angiotensine, en plus de causer de la
vasoconstriction, participe au développement…
(Constance and Pranno 2002)
Les complications de l'ostéolyse maligne dans le
cancer du sein engagent rarement le pronostic vital
immédiat, mais sont source d'une morbidité
importante.
… le cumul de certains gènes prédisposants et, bien
sûr, les maladies métaboliques qui en découlent,
c'est-à-dire le diabète, les dyslipidémies et
l'hypertension artérielle… (Essiambre 2003)
Les espèces lipidiques oxydées responsables de ces
effets sont essentiellement des dérivés d'oxydation
des phospholipides tels que le POVPC.
(Bonnefont-Rousselot et al. 2002)
Même très modéré, il fait craindre la rechute, car
les femmes pensent que cette séquelle est due à un
traitement plus important à cause d'une tumeur
agressive. (Bobin et al. 2002)
Elle conduit à la surcharge des monocytes en
lipoprotéines du fait de l'activation de leur
récepteur " scavenger ". (Boisseau 2004)
… des effecteurs impliqués dans la mort cellulaire
peuvent entrainer soit l'apoptose, soit engager la
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engendrer

v.

X [causal marker]
engendrer [article] Y

1

39

0.06

expression
par… de

n. + prep.
+ prep.

expression par [article]
X de [article] Y

1

13

0.02

forcer

v.

X, forçant [article] Y

1

3

0.005

implication
dans
impliquer…
dans
induction
de… par

n. + prep.

X implication dans
[article] Y
[(pro)noun] implique X
dans [article] Y
induction de X par
[article] Y

1

7

0.01

1

8

0.01

1

16

0.02

initiateur de

n. + prep.

1

7

0.01

intervention
de… dans

n. + prep.

X [copula] [article]
initiateur de [article] Y
intervention de [article]
X dans [article] Y

1

3

0.004

médiateur de

n. + prep.

médiateur de [article] X
[preposition] [article] Y

1

11

0.02

production
de… par

n. + prep.
+ prep.

production de X par
[article] Y

1

20

0.03

v. + prep.
n. + prep.
+ prep.

cellule vers la prolifération ou la différenciation.
(Kolb 2001)
Cette activation directe permet d'engendrer une
réponse cellulaire cytotoxique protectrice. (CatrosQuemener et al. 2003)
Le premier concerne l'expression par des cellules
tumorales du ligand de la molécule Fas. (Sasco
2000)
Mois après mois après mois d'assauts
oestrogéniques inondant les récepteurs cellulaires,
forçant la transcription et finalement l'erreur.
(Bouchard 2001)
Par ailleurs, leur implication dans l'athérosclérose
mériterait d'être approfondie.
… ce qui implique Cox2 dans la prolifération
tumorale. (Guastalla et al. 2004)
L'induction de tumeurs bénignes ou malignes
ovariennes par une stimulation continue des
ovaires est une hypothèse qui a déjà été soulevée...
(Sasco et al. 1997)
Le facteur tissulaire est l'initiateur de la
coagulation. (Duriez 2004)
Les débats sur l'intervention possible du
cytomégalovirus dans l'athérosclérose commencent
à peine à s'allumer que déjà d'autres microbes
candidats pointent à l'horizon. (L’Allier 2003)
En recherchant des médiateurs de l'activation du
gène p8 parmi les cytokines et les facteurs de
croissance, nous avons observé que le TGFß
induit… (Vasseur and Iovanna 2003)
De cette interaction résulte une production d’IL-1
et de prostaglandines par les cellules endothéliales,
source d’entretien d’une réaction inflammatoire…
(Meyer 2001)
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produit de

n. + prep.

X, produit de Y

1

57

0.08

produit par

ppl.a. +
prep.

X produit par Y

1

41

0.06

réalisé par

ppl.a. +
prep.

X réalisé par [article] Y

1

53

0.08

réaliser

v.

X réalise [article] Y

1

603

0.87

résultat de

n. + prep.

résultat de X [copula]
[article] Y

1

291

0.50

secondaire à

adj. +
prep.

X secondaire à [article]
Y

1

26

0.04

synthétiser

v.

X Y synthétise

1

15

0.02

2.41

292.19

0.43

Mean

À des degrès [sic] divers l'estrone 2, produit
d'oxydation de l'hydroxyle en 17 de l'estradiol et
son dérivé 17-a-éthinylé possèdent aussi les
propriétes [sic] biologiques de… (Kirkiacharian
2000)
Dans ce modèle, c’est le NO produit par les
cellules tumorales elles-mêmes, et non par les
cellules stromales, qui a une activité antitumorale.
(Gauthier et al. 2004)
… les économies réalisées par le traitement sur le
coût des complications évitées… (Launois et al.
1997)
L'adénose microglandulaire (AMG) réalise une
prolifération glandulaire bénigne qui peut être prise
pour un adénocarcinome… (Charafe-Jauffret et al.
2001)
… le résultat de cette cascade d'activations est la
transcription du gène de Cox2, une forte
concentration de son ARNm, de sa protéine Cox2
et de PGE2. (Guastalla et al. 2004)
De façon analogue, les inhibiteurs du système
rénine-angiotensine diminuent la prolifération
intimale des cellules musculaires lisses secondaire
à une angioplastie. (Michel 2004)
… de nombreuses autres cellules peuvent les
synthétiser, en particulier d’autres cellules
vasculaires intervenant dans la pathologie
thrombotique… (Drouet 2004)
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CAUSE–EFFECT: DESTRUCTION (7 markers, 2 with 2 or more analyzed occurrences)
Occurrences in
sample

Total
occurrences in
corpus

Occurrences per
1,000
corpus
tokens
1.76

Marker

Marker
POS

Pattern Forms

anti-

affix

X antiY

2

1223

destruction
de

n. + prep.

2

9

0.01

arrêt de

n. + prep.

X [causal marker]
[article] destruction de
[article] Y
X [causal marker]
[article] arrêt de
[article] Y

1

84

0.12

curatif

adj.

X [verb] [article]
[causal marker] curatif
[preposition] Y

1

12

0.02

détruire

v.

X [causal marker]
détruisant [article] Y

1

5

0.007

élimination
de

n. + prep.

1

17

0.02

stopper

v.

X [copula] [causal
marker] [article]
élimination de [article]
Y
X stoppe [article] Y

1

3

0.004

1,29

193,29

0.13

Mean

Sample context
… nécessité d'une radiothérapie antalgique ou
recours à un nouveau traitement antitumoral en
raison d'une progression osseuse. (Tubiana-Hulin
et al. 2001)
... plusieurs protéines qui sont impliquées dans
des processus qui conduisent à la destruction de
la cellule. (Chène 1999)
… une toxicité non négligeable ayant conduit à
l'arrêt du traitement dans trois cas (2 pour
somnolence et 1 pour anxiété) et à la diminution
des doses dans un cas [31]. (Debourdeau et al.
2004)
Des essais précliniques montrent que les cellules
dendritiques présentent un pouvoir curatif et
préventif à l'égard de tumeurs greffées. (CatrosQuemener et al. 2003)
La chimiothérapie agit en détruisant les cellules
en multiplication (cellules tumorales
potentiellement en circulation). (Martin 2003)
Les protéines mutées sont incapables de
provoquer l'élimination des cellules ayant, par
exemple, un ADN endommagé par les UV.
(Chène 1999)
In vitro, les anticorps se fixent sur ce récepteur,
le bloquent et stoppent la prolifération
cancéreuse. (La Recherche 2002)
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CAUSE–EFFECT: MAINTENANCE/PERMISSION (10 markers, 3 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

permettre

v.

X permet ([article]) Y

Occurrences in
sample
5

Total
occurrences in
corpus
911

Occurrences per
1,000
corpus
tokens
1.31

X, permettant [article]
Y

nécessaire à

adj. +
prep.

X nécessaire à [article]
Y

4

53

0.08

X [copula] nécessaire à
[article] Y
dépendant

adj.

X Y dépendant

adj. +
prep.

X [copula] dépendant
de [article] Y

3

133

0.21

Sample context
Par ailleurs, l'exercice physique permet
l'oxydation mitochondriale des acides gras au
niveau des muscles… (Ferrières 2004)
Ainsi, les éléments de base nécessaires au
développement et à l'évolution de
l'artériosclérose seront en place, permettant
l'oxydation des particules de LDL et leur
incorporation dans les macrophages
(monocytes)… (Essiambre 2003)
… est en effet capable de stimuler le recrutement
et l'assemblage des sous-unités p47phox et
p67phox, étape nécessaire à l'activation de la
NADPH oxydase. (Bonnefont-Rousselot et al.
2002)
… l'activation du protéasome est, au contraire,
nécessaire à l'accomplissement du processus
apoptotique… (Kolb 2001)
Inhibition de la transcription REα dépendante
de gènes de la prolifération par BRCA1 (Pujol et
al. 2004)
…à l'inverse de celle-ci, il est dépendant de
l'activation des caspases. (Kolb 2001)
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X dépendant de Y

assurer

v.

X pour assurer [article]
Y

1

89

0.13

crucial dans

adj. +
prep.

X cruciale dans
[article] Y

1

5

0.007

essentiel
dans

adj. +
prep.

1

16

0.02

nécessiter

v.

[noun] essentiel de
[article] X dans
[article] Y
X nécessite [article] Y

1

142

0.20

passer par

v. + prep.

X passe par [article] Y

1

25

0.04

sous la
dépendance
de

prep. +
article +
n. + prep.

X [copula] sous la
dépendance de [article]
Y

1

8

0.01

valeur… de

n. + prep.

valeur X de
[article/quantifier] Y

1

25

0.04

Dans des lignées de cancer du sein et de la
prostate, BRCA1 inhibe la transcription
dépendante du REα de gènes impliqués dans la
prolifération cellulaire. (Pujol et al. 2004)
… le récepteur ET-A devait être activé par ET-1
au stade embryonnaire X0 pour assurer une
prolifération normale des cellules de la crête
neurale. (Pinet 2004)
L'extravasation des lipoprotéines de basse
densité (LDL) et leur oxydation dans l'espace
sous-endothélial pourraient constituer l'étape
cruciale dans la formation de la plaque.
(Caligiuri 2004)
Le caractère essentiel de la PS dans la
coagulation est illustré par le syndrome de Scott.
(Martin 2003)
L'expression du gène cycline E est alors
directement sous la dépendance des signaux
extrinsèques, et ne nécessite plus une activation
préalable de la cycline D1. (Blanchard 2003)
Cette protection passe vraisemblablement par
une activation de PKG, protéines kinases
dépendantes du GMPc… (Ferrières 2004)
L’assemblage et l’activation d’un tel complexe
sont sous la dépendance, d’une façon qui n’est
pas encore claire, des kinases Cdk2-cycline E…
(Blanchard 2003)
Néanmoins, la définition classique du syndrome
de Li-Fraumeni ne tient pas compte de la valeur
diagnostique de certaines tumeurs
exceptionnelles dans la population générale,
comme les corticosurrénalomes… (Frebourg et
al. 2001)
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Mean

1.90

140.70

0.20

CAUSE–EFFECT: PREVENTION (11 markers, 4 with 2 or more analyzed occurrences)
Marker

Marker
POS

suppresseur
de

adj. +
prep.

prévention

prep. + n.

n. + prep.

bloquer

v.

Pattern Forms
X suppresseur de Y

[causal marker]
suppresseur de X
[preposition] Y
X de prévention [verb]
[article] Y

Occurrences in
sample
4

3

Total
occurrences in
corpus
14

328

Occurrences per
1,000
corpus
tokens
0.02

0.47

Sample context
Avec les gènes RB p53, WTA ou APC, est
apparue une première génération de gènes
suppresseurs de tumeurs. (Bénard 1997)
… cette observation ouvre plusieurs perspectives
très intéressantes sur le rôle suppresseur de
tumeur de Ptc1. (Blanchard 2003)
Les stratégies hormonales de prévention
pourraient ainsi concerner à la fois les tumeurs
sporadiques et les tumeurs génétiques.

X [verb] [preposition]
[article] prévention de
[article] Y

Le THS n'est recommandé qu'en cas
d'intolérance à un autre traitement indiqué dans
la prévention de l'ostéoporose et après une
évaluation individuelle précise et soigneuse…
(Rozenbaum 2004)

[causal marker] X
[copula] [article]
prévention de [article]
Y
X bloque [article] Y

Le but du traitement du syndrome métabolique
reste la prévention du diabète et des maladies
cardiovasculaires. (Gonzalez and Palardy 2004)
2

71

0.10

Le tamoxifène bloque la prolifération cellulaire
qui est rétablie par l'addition d'estrogènes.
(Vinatier and Orazi 2003)
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préventif

adj.

X [verb] [article]
[causal marker]
préventif [preposition]
Y

2

62

0.09

X Y, préventif
blocage de

n. + prep.

X ([causal marker]
[article] blocage de
[article] Y)

1

18

0.03

bloquant

adj.

1

22

0.03

empêcher

v.

X [causal marker]
bloquant [preposition]
[article] Y
X [verb phrase] en
empêchant [article] Y

1

51

0.07

garantir
contre

v. + prep.

X garantit contre
[article] Y

1

1

0.001

protecteur
contre

adj. +
prep.

1

7

0.01

suppresseur
de
verrouiller

n. + prep.

X [verb] [article]
[causal marker]
protecteur contre
[article] Y
suppresseur de X Y

1

18

0.03

v.

X vérouille [article] Y

1

1

0.002

Des essais précliniques montrent que les cellules
dendritiques présentent un pouvoir curatif et
préventif à l'égard de tumeurs greffées. (CatrosQuemener et al. 2003)
… la résistance biologique ainsi définie a une
signification clinique justifiant sa recherche et
son traitement, au moins préventif.
Cependant, une inactivation de BRCA1 par
méthylation de la région promotrice (aboutissant
au blocage de la transcription de BRCA1) a été
décrite dans des cancers sporadiques. (Pujol et
al. 2004)
L'inhibition par NO du protéasome pourrait donc
rendre compte de son effet bloquant sur
l'activation de NF-jB. (Kolb 2001)
Il inhibe l'induction de Cox2 par le phorbol-ester
(PMA) dans les celules mammaires humaines en
empêchant l'activation de la protéine kinase C
par PMA et l'activation du promoteur de Cox2
par c-Jun. (Guastalla et al. 2004)
Bien qu'une RCH ne garantit pas définitivement
contre une récidive, sa valeur puissante
pronostique est confirmée dans de nombreuses
analyses multifactorielles. (Brain 2000)
Les estrogènes ont un effet protecteur contre
l'athérosclérose et l'hypertension artérielle [19]
découlant de leur action sur le métabolisme des
lipides… (Kirkiacharian 2000)
Interaction entre le suppresseur de tumeur Ptc
et la cycline B1. (Blanchard 2003)
… un autre type d'altération, telle une
hyperméthylation verrouillant la transcription
du gène… (Frebourg et al. 2001)
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Mean

1.64

53.91

0.08

CAUSE–EFFECT: MODIFICATION (32 markers, 9 with 2 or more analyzed occurrences)
Occurrences in
sample

Total occurrences in
corpus

7

1578

Occurrences per
1,000
corpus
tokens
2.27

Marker

Marker
POS

effet

n.

X [verb] [article] effet
Y

n. + prep.

X [verb] [article] effet
sur [article] Y

Dans ce travail [12], l'exercice physique n'a pas
eu d'effet sur le cholestérol total ou le LDL
cholestérol. (Ferrières 2004)

n. + prep.
+ prep.

effet de/[preposition]
[article] X sur [article]
Y
X [causal marker]
[article] régulation de
[article] Y

… il est nécessaire de connaître les effets du NO
sur les cellules cancéreuses, les tumeurs et l'hôte.

régulation
(de/entre…
et)

moduler

n. + prep.

Pattern Forms

n. + prep.
+ conj.

régulation entre X et Y

v.

X module [article] Y

4

3

74

58

0.11

0.08

Sample context
… de nombreux traitements ont des effets
rhéologiques… (Boisseau 2004)

Ce complexe migre vers le noyau, où il intervient
dans la régulation de la transcription… (Vasseur
and Iovanna 2003)
Sachant qu'il existe une régulation étroite entre
apoptose et prolifération cellulaire, un point
important à considérer très rapidement dans le
développement clinique des inhibiteurs…
(Lavelle and Jehanno 1998)
Les molécules qui modulent sélectivement
l'activation des récepteurs hormonaux (SERM)…
(Vinatier and Orazi 2003)
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anti-

affix

X antiY

2

1223

1.76

commander

v.

X commande [article]
Y

2

8

0.01

complicatio
n … de

n. + prep.
+ prep.

complication X de
[article] Y

2

30

0.04

contrôler

v.

X est contrôlé par
[article] Y

2

114

0.16

nuire à

v. + prep.

X nuit à [article] Y

2

8

0.01

agir sur

v. + prep.

X, agissant sur
[article] Y

1

29

0.04

altération de

n. + prep.

1

64

0.09

altérer

v.

X [causal marker]
[article] altération de
[article] Y
X est altéré
[preposition] [article]
Y

1

57

0.08

amélioration
de… par

n. + prep.

1

97

0.14

améliorer

v.

amélioration de
[article] X par [article]
Y
X améliore [article] Y

1

154

0.22

… une hormonothérapie (anti-aromatase) ou une
chimiothérapie antitubuline… (Guastalla et al.
2004)
L'activation de ces récepteurs commande la
transcription des gènes insulinosensibles…
(Leblond 2001)
Les interactions entre système rénineangiotensine et complications vasculaires du
diabète constituent un autre exemple de
l'implication du TGF-ß. (Michel 2004)
La prolifération des cellules cancéreuses
mammaires est contrôlée par les oestrogènes et
les facteurs de croissance… (Chailleux et al.
2000)
Plus besoin non plus du coeur-poumon artificiel,
qui dégrade le sang et nuit à sa coagulation.
(Simard and Dussault 1997)
… facteurs de croissance, agissant sur la
prolifération des cellules musculaires lisses…
(Caligiuri 2004)
Cette oxydation serait susceptible d'entraîner
l'altération de diverses structures nerveuses. (La
Recherche 1997)
La vitesse de l'onde de pouls est significativement
altérée au cours du vieillissement, de
l'hypertension artérielle, du diabète et de
l'athérosclérose. (Levenson et al. 2000)
… on peut donc proposer avec un objectif de 5 %
d'amélioration de la SSR par la
chimiothérapie… (Bachelot et al. 2002)
… l’utilisation de trastuzumab, en association
avec la chimiothérapie, améliore le taux de survie
globale. (Penault-Llorca et al. 2002)
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contrôle

n. + prep.

X [verb] [noun] de
[article] contrôle de
[article] Y
[causal marker] [verb]
[preposition] [article]
X dans [article] Y

1

303

0.44

dans

prep.

1

7887

11.34

dépendre de

v. + prep.

X dépend de [article]
Y

1

107

0.15

déterminer

v.

X détermine [article]
Y

1

109

0.19

gouverner

v.

X gouverne [article] Y

1

4

0.001

impact de…
sur

n. + prep.
+ prep.

impact de X sur
[article] Y

1

57

0.08

influencer

v.

X influence [article] Y

1

73

0.10

influer sur

v. + prep.

X [causal marker] en
influant sur [article] Y

1

7

0.01

maîtrise de

n. + prep.

X [causal marker]
[article] maîtrise de
[article] Y

1

18

0.02

Proto-oncogènes et gènes suppresseurs de
tumeurs ont ainsi constitué le yin et le yang du
contrôle de la prolifération. (Blanchard 2003)
Les résultats obtenus avec le paclitaxel en
monothérapie dans le cancer du sein métastatique
ont tout naturellement conduit à associer ce
médicament aux anthracyclines… (Ferrero et al.
2003)
… l'effet ambivalent du NO sur la croissance
tumorale dépend de la cellule productrice et de la
quantité de NO produite. (Gauthier et al. 2004)
… ce qui détermine la transcription de Cox2 via
l'élément de réponse AMP cyclique-dépendant…
(Guastalla et al. 2004)
… l'oncostatine M module le système
fibrinolytique qui gouverne l'évolution des
thrombus intravasculaires et l'activation des
MMP… (Drouet and Bal Dit Sollier 2002)
Valantine [26] a évalué l'impact du ganciclovir
administré en prophylaxie immédiate après
transplantation cardiaque sur l'athérosclérose du
transplant… (Chidiac and Braun 2002)
Après analyse multifactorielle, seul le traitement
chirurgical de la rechute a influencé le contrôle
local après le traitement de la rechute locale
isolée. (Deniaud-Alexandre 2004)
Nous verrons plus loin que NO peut également
exercer un effet indirect sur la perméabilité
mitochondriale en influant sur la transcription ou
la dégradation des molécules des familles bcl-2 et
bax… (Kolb 2001)
… lorsque l'association de metformine et d'une
sulfonylurée ne permet pas une maîtrise optimale
du diabète ou ne peut être utilisée en raison d'une
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maîtrisé par

ppl.a. +
prep.

X [copula] maîtrisé
par [article] Y

1

1

0.001

modification
par

n. + prep.

X modification par Y

1

2

0.003

modifier

v.

X modifie [article] Y

1

180

0.26

modulateur
de

n. + prep.

X [copula] [article]
modulateur de [article]
Y

1

6

0.009

régler

v.

X règle [article] Y

1

12

0.02

régulateur
de

n. + prep.

régulateur de [article]
X [conjunction]
[article] Y

1

7

0.01

réguler

v.

X régule [article] Y

1

20

0.03

répercussion
de… dans

n. + prep.
+ prep.

répercussion de
[article] X dans
[article] Y

1

2

0.003

contre-indication ou de l'intolérance à l'un de ces
médicaments… (Leblond 2001)
… qui est atteint d'un "petit diabète" qui semble
bien maîtrisé par le régime alimentaire.
(Gendreau 2003)
… leur rétention dans la matrice sousendothéliale
et leur modification par oxydation radicalaire ou
fixation aux glycosaminoglycanes de la matrice
extracellulaire. (Meyer 2001)
Les rétinoïdes règlent la croissance cellulaire …,
modifient la prolifération …, inhibent l'ornithine
décarboxylase …, facilitent la différentiation et
l'apoptose. (Vinatier and Orazi 2003)
Comme NO est par ailleurs un modulateur de
l'activation des caspases, ceci fournit un moyen,
via la PARP de contrôler finement les
processus… (Kolb 2001)
… la phosphorylation des protéines Smad qui, en
migrant dans le noyau, règlent la transcription
des gènes cibles du TGFß, dont p8. (Vasseur and
Iovanna 2003)
… une incidence accrue de cancers avec un
dérèglement de l'expression de plusieurs
régulateurs du cycle cellulaire et de la
prolifération tels que les cyclines D1 et A et les
protéines Mdm2 et c-myc. (Blanchard 2003)
… la p53 qui régule la transcription de diverses
molécules impliquées dans l'apoptose (bax,
inhibiteurs de kinases dépendantes de cyclines)…
(Kolb 2001)
L'idée initiale restait ici d'approcher les
répercussions psychosociales du cancer du sein
dans un groupe particulier de la population
française, les femmes immigrées d'origine
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réponse à

n. + prep.

réponse X à [article] Y

1

152

0.22

retentissement de…
sur
Mean

n. + prep.
+ prep.

retentissement de
[article] X sur Y

1

2

0.003

1.50

388.84

0.56

maghrébine… (Nguyen et al. 2002)
Cependant, la réponse osseuse au traitement reste
toujours difficile à évaluer de par la faible
spécificité de la scintigraphie osseuse… (Leriche
and Bonneterre 1997)
… le retentissement métabolique moindre des
associations " à la française ", en particulier sur la
coagulation… (Azoulay 2004)

CAUSE–EFFECT: INCREASE (10 markers, 5 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

favoriser

v.

X favorise [article] Y

X, favorisant [article]
Y

Occurrences in
sample

Total occurrences in
corpus

7

188

Occurrences per
1,000
corpus
tokens
0.27

Sample context
…l'expression de Cox2 favorise la prolifération
tumorale en inhibant l'apoptose… (Guastalla et al.
2004)
…une activation de NFjB, peut-être par
l'intermédiaire de radicaux libres issus de
l'homocystéine, favorisant la prolifération des
cellules musculaires lisses vasculaires.
(Bonnefont-Rousselot et al. 2002)

649

augmentation de

n. + prep.

X [causal marker]
[article] augmentation
de [article] Y

4

497

0.71

augmentation de
[article] X, [causal
marker] [article] Y

augmenter

v.

X augmente Y

3

325

0.47

augmenter X, [causal
marker] Y

accroître

v.

X accroît [article] Y

2

92

0.13

X [causal marker]
accroître Y
faciliter

v.

X facilite [article] Y

2

53

0.08

accru

ppl.a.

X [causal marker]
[article] Y accru

1

86

0.15

L'activation de récepteurs endothéliaux produit
une augmentation de [Ca]i dans les cellules
endothéliales… (Feletou et al. 2003)
Les hyperlipoprotéinémies familiales primitives
regroupent des maladies héréditaires avec une
augmentation plasmatique du cholestérol et des
triglycérides, résultant d'un déficit dans l'une des
étapes du métabolisme lipidique… (Chalès and
Guggenbuhl 2004)
En revanche, les deux études randomisées les plus
récentes ont désormais démontré qu'une
chimiothérapie d'induction peut augmenter les
possibilités de chirurgie sans diminuer
significativement les taux de survie… (Lerouge et
al. 2004)
Le but essentiel de la radiochimiothérapie
concomitante est d'augmenter l'activité
cytotoxique de la radiothérapie, et donc le
contrôle local, grâce à une chimiothérapie
radiosensibilisante... (Serin_1997)
Le traitement hormonal substitutif accroît
l'incidence du cancer du sein. (Noël et al. 1998)
Les monocytes sont alors activés en macrophages
(Ma) ce qui contribue probablement à accroître
l’oxydation des LDL. (Arnal et al. 2003)
Dans le cas des tumeurs, l’expression de p8
faciliterait la transcription de gènes
indispensables à la progression tumorale.
(Vasseur and Iovanna 2003)
Lorsqu'il est activé, il induit une cascade de
phosphorylations intracellulaires, conduisant à
une transcription de protéines et à une croissance
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augmenté

ppl.a.

X [causal marker]
[article] Y augmenté

1

117

0.17

catalyser

v.

X [verb phrase] en
catalysant [article] Y

1

18

0.03

pro-

affix

[causal marker] pro-X
de [article] Y

1

121

0.17

promoteur

adj.

[causal marker…]
promoteur […causal
marker…] X […causal
marker] Y

1

6

0.01

2.30

150.30

0.22

Mean

cellulaire accrues. (Cornez and Piccart 2002)
… une athérosclérose prématurée responsable
d'une mortalité coronarienne et neurovasculaire
augmentée… (Meyer 2001)
Les macrophages ont une fonction d'épuration des
lipides de l'intima mais initient un cercle vicieux
en catalysant l'oxydation des lipides de la plaque
et en augmentant la perméabilité endothéliale aux
lipides circulants. (Teiger 2001)
Dans ce cas également, le potentiel pro-coagulant
des cellules athéroscléreuses est lié au nombre
élevé de cellules en apoptose… (Mallat and
Tedgui 2004)
… si on admet la possibilité d'un effet promoteur
du THS sur certains cancers du sein, il est
difficilement concevable que cet effet cesse dès la
1re année suivant l'arrêt de celui-ci…
(Rozenbaum 2004)

CAUSE–EFFECT: DECREASE (12 markers, 5 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

inhiber

v.

X inhibe [article] Y

X peut être inhibé par

Occurrences in
sample

Total occurrences in
corpus

7

173

Occurrences per
1,000
corpus
tokens
0.25

Sample context
… si l'on bloque la synthèse de NO dans ces
cellules ou si l'on inhibe l'activation de la
guanylate cyclase par NO, on induit l'apoptose…
(Kolb 2001)
À droite : l'activation de la protéine G Arf par ses
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[article] Y
diminuer

v.

X diminue Y

3

310

0.45

X [causal marker]
diminuer Y
réduire

v.

X réduit Y

3

291

0.42

X [causal marker]
réduire Y

inhibiteur

inhibition
de (… par)

adj. + prep.

n. + prep.

X inhibiteur de
[article] Y
[causal marker…]
inhibiteur de X
[…causal marker]
[article] Y
X [causal marker]
[article] inhibition de
[article] Y

2

249

0.36

GEF à domaine Sec7 peut être inhibée par
stabilisation de complexes abortifs Arf-GD…
(Cherfils and Pacaud 2004)
De façon analogue, les inhibiteurs du système
rénine-angiotensine diminuent la prolifération
intimale des cellules musculaires lisses secondaire
à une angioplastie. (Michel 2004)
La chimiothérapie et l’hormonothérapie sont des
traitements systémiques qui ont pour but de
diminuer la récidive, surtout systémique. (Martin
2003)
Ces médicaments non seulement réduisent le
cholestérol plasmatique et ses dérivés, mais aussi
ont des effets " pléïotropes "… (Asmar et al.
2003)
Cette stratégie à [sic] pour effet de réduire le
cholestérol total et le cholestérol LDL (ou
mauvais cholestérol) de l'ordre de 10 à 20 % et de
12 à 16 % respectivement. (Blais 2001a)
L'activité paraoxanase 1 inhibitrice de
l'oxydation des LDL est très diminuée chez les
patients ayant des antiphospholipides. (Meyer
2001)
…ce qui contribuerait à l’effet inhibiteur de NO
sur la prolifération cellulaire. (Kolb 2001)

2

92

0.13

… le récepteur AT2, dont l'activation oppose les
effets de l'activation du récepteur AT1 et cause
donc, entre autres, une inhibition de la croissance
et de la prolifération cellulaire… (Constance and
Pranno 2002)
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inhibition de X par Y
baisse de

n. + prep.

X [causal marker]
[article] baisse de Y

1

87

0.12

contre

prep.

X contre [article] Y

1

564

0.81

contrer

v.

X pour contrer
[article] Y

1

1

0.001

diminution
de… par

n. + prep. +
prep.

diminution de [article]
X par [article] Y

1

9

0.02

freiner

v.

X pour freiner [article]
Y

1

11

0.02

opposer

v.

X oppose [article] Y

1

58

0.08

réprimer

v.

X réprime [article] Y

1

7

0.01

2.00

154.33

0.22

Mean

Inhibition de la transcription REα dépendante de
gènes de la prolifération par BRCA (Pujol et al.
2004)
Un traitement de 3 mois par la pravastatine
entraîne une baisse du contenu en lipides (et de
leur oxydation) des plaques carotidiennes
humaines… (Nalbone et al. 2002)
Il y a quelques mois, les médias du monde entier
chantaient les vertus d'un "médicament-miracle"
contre le cancer du sein. (Simard 1998)
… n'a mis en évidence aucun bénéfice attribuable
à l'HTR pour contrer l'athérosclérose….
(Bouchard 2001)
… une diminution de la prolifération de
l'épithélium mammaire normal par une carence
estrogénique réduirait l'incorporation d'une
mutation… (Vinatier and Orazi 2003)
… ce qui aidera le mélange gène-cholestérol à se
coller assez longtemps sur la paroi pour freiner la
prolifération des cellules… (Simard and Dussault
1997)
… le récepteur AT2, dont l'activation oppose les
effets de l'activation du récepteur AT1…
(Constance and Pranno 2002)
Par contre, p53 réprime la transcription de gènes
anti-apoptotiques comme bcl-2 et comme la NOSi
elle-même. (Kolb 2001)
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CAUSE–EFFECT: PRESERVATION (1 marker, none with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

limiter

v.

X limite [article] Y

Mean

Occurrences in
sample

Total occurrences in
corpus

1

94

Occurrences per
1,000
corpus
tokens
0.16

1

94

0.16

Sample context
… ces substances stimulaient les défenses
immunitaires de l'organisme qui, à leur tour,
limitaient la prolifération cancéreuse. (CatrosQuemener et al. 2003)
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Appendix I: Part of speech classes of pattern markers observed
Table 131. Parts of speech of English markers
POS

ASSOCIA-

CAUSE

CREATION

TION

adj.
adv.
affix
conj.
n.
ppl.a.
prep.
v.
Total

2
0
0
1
12
2
2
14
33

DESTRUCTION

9
0
2
0
36
15
6
53
121

5
0
0
0
16
6
4
20
51

0
0
1
0
1
0
1
2
5

MAINTENANCE
/ PERMISSION
4
0
0
0
0
1
0
6
11

PREVENTION

MODIFICA-

INCREASE

DECREASE

TION

PRESERVA-

Total

TION

0
0
0
0
4
0
0
2
6

0
0
0
0
11
1
1
7
20

0
0
1
0
1
3
0
9
14

0
0
0
0
3
4
0
6
13

0
0
0
0
0
0
0
1
1

11
0
2
1
48
17
8
67
154

PREVENTION

MODIFICA-

INCREASE

DECREASE

PRESERVA-

Total

Table 132. Parts of speech of English marker occurrences
POS

ASSOCIA-

CAUSE

CREATION

TION

adj.
adv.
affix
conj.
n.
ppl.a.
prep.
v.
Total

4
0
0
5
59
21
13
23
125

DESTRUCTION

17
0
4
0
100
36
8
152
317

13
0
0
0
55
23
5
71
167

0
0
3
0
1
0
2
2
8

MAINTENANCE
/ PERMISSION
4
0
0
0
0
2
0
6
12

TION

0
0
0
0
14
0
0
6
20

0
0
0
0
24
2
1
19
46

TION

0
0
1
0
1
4
0
30
36

0
0
0
0
5
5
0
17
27

0
0
0
0
0
0
0
1
1

21
0
4
5
159
57
21
175
442
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Table 133. Parts of speech of French markers
POS

ASSOCI-

CAUSE

CREATION

ATION

adj.
adv.
affix
conj.
n.
ppl.a.
prep.
v.
Total

3
1
0
1
8
6
7
4
30

DESTRUCTION

16
0
3
0
46
9
5
58
137

5
0
0
0
20
6
3
20
54

1
0
1
0
3
0
0
2
7

MAINTENANCE /
PERMISSION
4
0
0
0
2
0
0
4
10

PREVEN-

MODIFICA-

TION

TION

INCREASE

DECREASE

PRESERVA-

Total

TION

4
0
0
0
3
0
0
4
11

0
0
1
0
14
1
1
15
32

1
0
1
0
1
2
0
5
10

1
0
0
0
3
0
1
7
12

0
0
0
0
0
0
0
1
1

19
1
3
1
54
15
12
62
167

PREVEN-

MODIFICA-

INCREASE

DECREASE

PRESERVA-

Total

TION

TION

Table 134. Parts of speech of French marker occurrences
POS

ASSOCI-

CAUSE

CREATION

ATION

adj.
adv.
affix
conj.
n.
ppl.a.
prep.
v.
Total

3
1
0
10
21
23
8
4
70

DESTRUCTION

34
0
5
0
75
20
9
136
279

8
0
0
0
33
17
7
68
133

1
0
2
0
4
0
0
2
9

MAINTENANCE /
PERMISSION
12
0
0
0
1
0
0
8
21

9
0
0
0
4
0
0
5
18

1
0
2
0
25
1
1
20
50

TION

1
0
1
0
4
2
0
15
23

2
0
0
0
4
0
1
17
24

0
0
0
0
0
0
0
1
1

37
1
5
10
96
43
17
140
349
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Appendix J: Analysis of pattern variation
Summary
Total markers (occurrences ≥ 2)
Total occurrences
Total marker forms
Total pattern structures
ASSOCIATION markers (occurrences ≥ 2)
ASSOCIATION occurrences
ASSOCIATION marker forms
ASSOCIATION pattern structures
CAUSE–EFFECT markers (occurrences ≥ 2)
CAUSE–EFFECT occurrences
CAUSE–EFFECT marker forms
CAUSE–EFFECT pattern structures
Marker occ. to form ratio
ASSOCIATION marker occ. to form ratio
CAUSE–EFFECT marker occ. to form ratio
Pattern occ. to structure ratio
ASSOCIATION pattern occ. to structure ratio
CAUSE–EFFECT pattern occ. to structure ratio
Marker form to marker ratio
ASSOCIATION marker form to marker ratio
CAUSE–EFFECT marker form to marker ratio
Pattern structure to marker ratio
ASSOCIATION pattern structure to marker ratio
CAUSE–EFFECT pattern structure to marker ratio
Mean marker forms per occ.
Mean ASSOCIATION marker forms per occ.
Mean CAUSE–EFFECT marker forms per occ.
Mean pattern structures per occ.
Mean ASSOCIATION pattern structures per occ.
Mean CAUSE–EFFECT pattern structures per occ.

English
70
360
106
134
18
109
32
43
52
251
74
91
3.4
3.4
3.4
2.7
2.5
2.8
1.5
1.8
1.4
1.9
2.4
1.8
0.41
0.38
0.42
0.50
0.48
0.51

French
65
240
85
112
13
53
17
25
52
187
68
87
2.8
3.1
2.8
2.1
2.1
2.1
1.3
1.3
1.3
1.7
1.9
1.7
0.43
0.43
0.43
0.54
0.56
0.53

Difference
5
120
21
22
5
56
15
18
0
64
6
4
0.6
0.3
0.6
0.6
0.4
0.7
0.2
0.5
0.1
0.2
0.5
0.1
-0.02
-0.05
-0.01
-0.04
-0.08
-0.02
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English
Association (33 markers, 18 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms206

Occurrences in
sample

Marker
forms207
Total

associated

ppl.a.
ppl.a. +
prep.

risk

206

X [conjunction] associated Y

Pattern
forms208
Details

17

2

associated,
associated with

14

4

risk, risk for, risk
of, risk in relation
to

Forms
per occ.
0.12

Total
4

Forms
per occ.
0.24

5

0.36

X [copula] associated with
([causal marker]) Y

n.

X associated with Y
[causal marker] X [preposition]
[causal marker]Y risk

n. + prep.

X ([causal marker]) risk for Y

n. + prep.

([causal marker] [preposition]
[article]) risk of X [association

0.29

The conventions for representing the pattern structures described in the full lists of markers have also been followed in these tables.

207

Marker forms are distinguished on the basis of changes or additions of marker components, based on the identification of the longest possible form in each
context analyzed. Morphological variations are not taken into account in the analysis, nor are variations in articles that may occasionally appear within marker forms.

208

These counts of pattern forms reflect differences linked to the order of pattern elements (i.e., markers, related elements) as well as insertions of additional items
within pattern forms. They also reflect variations linked to the transition from active to passive voice or verbal markers. They do not, however, take into account the
presence or absence of articles within structures.
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marker] Y
X ([verb])[causal marker]
[article] risk of Y
n. + prep.
risk factor

marker

n. + n.

[causal marker] X risk in relation
to Y
X risk factor, [conjunction] Y

n. + n. +
prep.

X [copula] ([article]) risk factor
for Y

n.

X as ([article/quantifier]) risk
factor for Y
X [copula] ([article/quantifier]) Y
marker

10

3

risk factor, risk
factor for, as a risk
factor for

0.33

3

0.30

9

4

marker, marker for,
marker of, as a
marker of

0.44

6

0.67

9

2

relationship,
relationship
between… and

0.22

2

0.22

8

1

0.12

2

0.25

X marker Y
X Y marker
n. + prep.

X [copula] [article] marker for Y
X [copula] [article] marker of Y
X [noun] as [article] marker of Y

relationship

n.

in

n. + prep.
+ conj.
prep.

marker of X: Y
X-Y relationship
relationship between X and Y
X in Y
X [causal marker/modifier] in Y
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association

and
link

n. + prep.
+ conj.

association between X and Y

7

2

n. + prep.
+ prep.
conj.
v. + prep.

association of X with Y

0.28

2

0.28

5
5

1
2

0.20
0.40

1
2

0.20
0.40

[pathway] links X with Y
X ([causal marker]) with Y

5

1

0.20

3

0.6

[causal marker] X with Y
X [copula] related to Y

4

1

0.25

2

0.50

X related to Y
X correlates with Y

3

2

0.67

3

1.00

[data] correlates X and Y
X [copula] relevant to Y

3

1

0.33

2

0.67

X relevant to Y
X was found in Y

2

1

0.50

2

1.00

[researcher] found X in Y
link between X and Y

2

1

0.50

1

0.50

X predicts Y

2

1

0.50

1

0.50

X and Y
X [copula] linked to Y

association
between… and,
association of…
with
link to, link with

[study, finding] links X to Y
with

prep.

related to

ppl.a. +
prep.

correlate

v. + prep.

correlate with,
correlate… and

X has been correlated with Y
relevant to

v. + conj.
adj. +
prep.

find… in

v. + prep.

link
between…
and
predict

n. + prep.
+ conj.
v.
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prediction of

n. + prep.

relation

n. + prep.
+ conj.
n. + prep.
+ prep.

X [conjunction/association
marker] [article] prediction of Y
relation between X and Y

2

1

2

2

109

32

relation between…
and, relation of…
to

0.50

1

0.50

1.00

1

0.50

relation of X to Y

Total

43

CAUSE–EFFECT: CREATION (51 markers, 26 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

role

v. + art. +
n. + prep.

X plays ([article]) role in
([article])Y

33

5

Pattern
forms
Details
play a role in, in which…
plays a role, role for… in,
role of… in, role in

Forms
per occ.
0.15

Total
4

Forms
per occ.
0.12

0.08
0.18

1
2

0.08
0.18

0.11

1

0.11

X in which Y plays a
role

contribute to
induce

lead to

n. + prep.
+ prep.

role for X in Y

n. + prep.
v. + prep.
v.

X role in Y
X contributes to Y
X induces Y

13
11

1
2

v. + prep.

X [verb phrase] by
inducing Y
X leads to Y

9

1

role of X in ([article]) Y

induce, by inducing
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involved in

implicate in

ppl.a. +
prep.
v. + prep.

X involved in Y
X [copula] involved in
[article] Y
[evidence] implicates X
in Y

result

v. + prep.

X [copula] implicated in
Y
X results from Y

mediated

ppl.a.

X results in Y
X-mediated Y

cause
importance
of… in
important in

ppl.a. +
prep.
v.
n. + prep.
+ prep.
adj. + prep.

X ([copula]) mediated
by Y
X causes Y
importance of X in
([article]) Y
X [copula] important in
Y

8

1

0.12

2

0.25

7

1

0.14

2

0.29

7

2

result in, result from

0.29

1

0.14

6

2

mediated, mediated by

0.33

3

0.50

5
5

1
1

0.20
0.20

1
1

0.20
0.20

5

1

0.20

3

0.60

4

3

0.75

2

0.50

[copula] X important in
Y

pathway

n. + prep.

X [causal marker]
[article] important
[noun] in Y
X [copula]/[verb +
preposition] [article]
pathway for Y
X [copula] [article]
pathway in Y

as a pathway of, pathway
in, pathway for
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due to

adj. + prep.

mediate

v.

X [copula] [article]
pathway of Y
X due to Y

3

1

3

3

v.

X ([copula]) mediated
via Y
X produces Y

3

2

n. + prep.

X [copula] produced by
Y
cause of X [copula] Y

2

X [copula] [article]
cause of Y
X drives Y
X implicated in Y
X-induced Y

X [copula] due to Y
X ([copula]) mediated
by Y

0.33

2

0.67

mediated by, mediated
through, mediated via

1.00

2

0.67

produce, produced by

0.67

2

0.67

1

0.50

2

1.00

2
2

1
1

0.50
0.50

1
1

0.50
0.50

2

2

1.00

2

0.50

2
2

1
1

0.50
0.50

1
1

0.50
0.50

2

1

0.50

2

0.50

X ([copula]) mediated
through Y

produce

cause of

drive
implicated in
induced

v.
ppl.a. +
prep.
ppl.a.

initiate
key… in

ppl.a. +
prep.
v.
adj. + prep.

mechanism
of

n. + prep.

induced, induced by

X induced by Y
X initiate Y
X [copula] [article] key
[noun] in Y
([causal marker]) X as
[article] mechanism of Y

663

participate in
product of

v. + prep.
n. + prep.

trigger

v.

X participating in Y
X, [article] products of
Y
X triggers Y

prep.

X [causal marker]
trigger Y
E1 via E2

via
Total

2
2

1
1

0.50
0.50

1
1

0.50
0.50

2

1

0.50

2

1.00

2
144

1
39

0.50

1
44

0.50

CAUSE–EFFECT: DESTRUCTION (5 markers, 2 with 2 or more analyzed occurrences)
Marker

Marker
POS

anti-

affix

against

prep.

Pattern Forms

X [verb] anti-Y [causal
marker]
X [preposition] [causal
marker] against Y

Occurrences
sample

in

Marker
forms
Total

Details

3

1

Forms per
occ.
0.33

2

1

0.50

5

2

Pattern
forms
Total
1

Forms per
occ
0.33

2

1.00

X against Y
Total

3
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CAUSE–EFFECT: MAINTENANCE/PERMISSION (11 markers, 1 with 2 or more analyzed occurrences)
Marker

required
for
Total

Marker
POS
ppl.a. +
prep.

Pattern Forms

Occurrences in
sample

X [copula] required
for Y

Marker
forms
Total

2

1

2

1

Details

Forms per
occ.
0.50

Pattern
forms
Total

Forms per
occ.
0.50

1
1

CAUSE–EFFECT: PREVENTION (6 markers, 3 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

prevent

v.

X prevents Y

6

1

6

3

4
16

1
5

Pattern
forms
Details

Forms
per occ.
0.17

Total
3

Forms
per occ.
0.50

0.50

5

0.83

0.25

1
9

0.25

[causal marker] X to prevent Y
prevention

n.

X [causal marker] to prevent Y
X as Y prevention
X in ([article]) prevention of Y

suppressor
Total

n.

X ([participial adjective]/[noun]/
[copula][adjective]) for ([article])
prevention of Y
X suppressor Y

as… prevention, in
prevention of, for
prevention of
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CAUSE–EFFECT: MODIFICATION (20 markers, 6 with 2 or more analyzed occurrences)
Marker

effect

Marker
POS

Pattern Forms

n. + prep.

X effect of Y

n. + prep. +
prep.

effect of X on Y

Occurrences in
sample

Marker
forms
Total

Details

12

3

effect, effect of…
on, effect on

affect, affected by

Forms per
occ.
0.25

Pattern
forms
Total
4

Forms per
occ.
0.33

0.28

2

0.28

0.17

1

0.17

0.40

3

0.60

0.50
0.50

1
1
12

0.50
0.50

X’s effect on Y
n. + prep.

X has ([article]/[quantifier])
effect on Y

affect

v.

X affects Y

7

2

respond
to
response

v. + prep.

X [copula] affected by Y
X responds to Y

6

1

n. + prep. +
prep.

response of X to Y

5

2

n. + prep.

X response to Y

v.
ppl.a.

X [verb] [article] response to
Y
X influences [article] Y
X-regulated Y

2
2
34

1
1
10

influence
regulated
Total

response of… to,
response to
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CAUSE–EFFECT: INCREASE (14 markers, 7 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

v.

X promotes Y

10

1

Forms per
occ.
0.10

increase

v.

X [preposition]
promoting Y
X increases Y

9

1

enhance

v.

X, increasing Y
X enhances Y

2

2

2
2

promote

facilitate
increased

v.
ppl.a.

X has been enhanced
by Y
X facilitate Y
increased X [causal
marker] Y

stimulate

v.

X [causal marker]
increased Y
X stimulates Y

upregulate
Total

v.

X upregulates Y

Details

Pattern
forms
Total
2

Forms per
occ.
0.20

0.11

2

0.22

1.00

2

1.00

1
1

0.50
0.50

1
2

0.50
1.00

2

1

0.50

1

0.50

2
29

1
8

0.50

1
11

0.50

enhance,
enhanced by
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CAUSE–EFFECT: DECREASE (13 markers, 7 with 2 or more analyzed occurrences)
Marker

reduce

Marker
POS
v.

Pattern Forms

X reduces Y

Occurrences
in sample

Marker
forms
Total

3

Forms
per occ.
0.50

0.20
0.50
1.00

1
1
2

0.20
0.50
1.00

1

0.50

1

0.50

2

1

0.50

2

1.00

2

1

0.50

1

0.50

21

9

6

2

5
2
2

1
1
2

2

Details
reduce, reduce by

Forms
per occ.
0.33

Pattern
form
Total

by X, Y [copula]
reduced

inhibit
decrease
downsizing
inhibition
of
lower

reduced
Total

v.
v.
n.
n. + prep.
n. + prep.
v.

ppl.a.

X [causal marker] to
reduce Y
X inhibits Y
X decreases Y
X for Y downsizing
X downsizing with Y
X [causal marker]
inhibition of Y
X lowers Y
X [preposition]
lowering Y
X [causal marker]
reduced Y

for downsizing,
downsizing with

French
ASSOCIATION (30 markers, 13 with 2 or more analyzed occurrences)

11

668

Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

et
lié à

conj.
ppl.a. +
prep.

facteur de
risque

n. + prep.
+ n. +
prep.

caractérisé par

2
2

Forms
per occ.
0.20
0.28

0.50

3

0.50

1

0.20

3

0.60

5

1

0.20

2

0.40

4

1

0.25

2

0.50

X et ([association marker]) Y
X lié à [article] Y

10
7

1
1

X, lié à [article] Y
facteur de risque X tels que
[article] Y

6

3

5

n. + prep.
+ n. +
prep.

facteur de risque de X (Y)

n. + prep.
+ n.
ppl.a. +
prep.

facteur de risque X (Y)
X [copula] caractérisé par
[article]/[preposition] Y

Pattern
forms
Details

facteur de risque,
facteur de risque de,
facteur de risque… tel
que

Forms
per occ.
0.10
0.14

Total

X caractérisé par [article] Y
risque de

associé à

n. + prep.

ppl.a. +
prep.

risque de X [causal marker]
[article] Y
X [causal/association marker]
risque de ([article]) Y
X [copula] associé à [article]
Y
X associé à [article] Y
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lien entre… et

n. + prep.
+ conj.

au cours de

prep. + n.
+ prep.
ppl.a. +
prep.
prep. + n.
+ prep.
ppl.a. +
prep.phr.
n.

corrélé avec
en cas de
observé
prédisposition

prep. + n.
+ prep.
retrouvé dans

ppl.a. +
prep.

lien ([verb]) entre ([article])
X et ([association marker])
([article]) Y
X [causal marker] au cours de
Y
X [copula] corrélé avec
[article] Y
en cas de X, Y

4

1

0.25

3

0.75

2

1

0.50

1

0.50

2

1

0.50

1

0.50

2

1

0.50

1

0.50

X observé au niveau de/dans
[article] Y
prédisposition X [causal
marker/association marker] Y

2

2

1.00

1

0.50

2

2

1.00

2

1.00

2

1

0.50

2

1.00

53

17

X de prédisposition à [article]
Y
X retrouvé dans [article] Y

observé dans, observé
au niveau de
prédisposition, de
prédisposition à

X [copula] retrouvé dans
[article] Y
Total

25

CAUSE–EFFECT: CREATION (54 markers, 25 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

conduire à
entraîner

v. + prep.
v.

X conduit à [article] Y
X entraîne [article] Y
X, entraînant [article] Y

8
7

1
1

Pattern
forms
Details

Forms
per occ.
0.12
0.28

Total
1
2

Forms
per occ.
0.12
0.28
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induire
induit par

v.
ppl.a. +
prep.

X induit [article] Y
X induit par [article] Y

7
7

1
1

0.14
0.14

1
2

0.14
0.28

0.17

2

0.33

0.33

2

0.33

0.20

3

0.60

0.40

1

0.20

X (induit par Y)
participer à

v. + prep.

X participe à [article] Y

6

1

résulter de

v. + prep.

X, participant à [article]
Y
X résulte de [article] Y

6

2

activer

v.

il X résulte [article] Y
X active Y

5

1

5

2

4

1

0.25

3

0.75

4

1

0.25

2

0.50

résulte de, il en résulterait

[causal marker] [article]
X : activer [article] Y

exprimer

v.

facteur de

n. + prep.

impliqué dans

ppl.a. +
prep.

X [copula] [causal
marker] activer [article]
Y
X ([affix])exprime
([article]) Y
facteur de X
([conjunction]) Y
X [causal marker]
facteur de Y
X [copula] impliqué
dans [article] Y
X impliqué dans
[article] Y

exprimant, surexprimant
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provoquer

rôle

stimuler
conséquence
de

déclenchement
de

v.

X provoque [article] Y

4

1

v. + art. +
n. + prep.

X [causal marker]
provoquer [article] Y
X joue [article] rôle
dans/lors de [article] Y

4

4

4
3

1
1

3

2

v.

déclenchement de
[article] X par [article]
Y
X déclenche [article] Y

3

2

prep.
v.

X doit être déclenché
par [article] Y
X pour ([article]) Y
X produit [article] Y

3
3

1
1

n. + v. +
prep. +
prep.

rôle joué par [article] X
dans [article] Y

n. + prep.
+ prep.

rôle de [article] X dans
[article] Y

v.
n. + prep.

X stimule [article] Y
X [copula] [article]
conséquence de [article]
Y

n. + prep.

n. + prep.
+ prep.
déclencher

pour
produire

conséquence de [article]
X [copula] [article] Y
X [causal marker]
[article] déclenchement
de [article] Y

0.25

2

0.50

1.00

3

0.75

0.25
0.33

1
2

0.25
0.67

déclenchement de,
déclenchement de… par

0.66

2

0.67

déclenche, déclenché par

0.67

2

0.67

0.33
0.33

1
1

0.33
0.33

jouer un rôle dans, jouer
un rôle lors de, rôle joué
par, rôle de…. dans

672

responsable de

adj. +
prep.

X [copula] responsable
de [article] Y

3

1

0.33

1

0.33

à l’origine de

prep. + n.
+ prep.
adj. +
prep.
v. + prep.

X [copula] à l’origine de
[article] Y
X important dans/pour
[article] Y
X intervient dans
[article] Y
X [copula] médié par
[article] Y
X par ([article]) Y
X [verb] [preposition]
[article] réponse à
[article] Y

2

1

0.50

1

0.50

2

2

1.00

1

0.50

2

1

0.50

1

0.50

2

1

0.50

1

0.50

2
2

1
2

0.50
1.00

1
2

0.50
1.00

101

34

important
intervenir dans
médié par
par
réponse à

ppl.a. +
prep.
prep.
n. + prep.
prep. + n.
+ prep.

important dans, important
pour

réponse à, en réponse à

X en réponse à [article]
Y

Total

41

CAUSE–EFFECT: DESTRUCTION (7 markers, 2 with 2 or more analyzed occurrences)
Marker

antidestruction
de
Total

Marker
POS
affix
n. + prep.

Pattern Forms

X antiY
X [causal marker] [article]
destruction de [article] Y

Occurrences in
sample

Marker
forms
Total

2
2

1
1

4

2

Details

Forms per
occ.
0.50
0.50

Pattern
forms
Total
1
1
2

Forms per
occ.
0.50
0.50

673

CAUSE–EFFECT: MAINTENANCE/PERMISSION (10 markers, 3 with 2 or more analyzed occurrences)
Marker

permettre

nécessaire
à

dépendant

Marker
POS

Pattern Forms

v.

X permet ([article]) Y

adj. +
prep.

X, permettant [article]
Y
X nécessaire à [article]
Y

adj.

X [copula] nécessaire à
[article] Y
X Y dépendant

adj. +
prep.

X [copula] dépendant
de [article] Y

Occurrences in
sample

Marker
forms
Total

Details

5

1

Forms per
occ.
0.20

4

1

3

2

12

4

dépendant,
dépendant de

Pattern
forms
Total
2

Forms per
occ.
0.40

0.25

2

0.50

0.67

3

1.00

X dépendant de Y
Total

7

CAUSE–EFFECT: PREVENTION (11 markers, 4 with 2 or more analyzed occurrences)
Marker

suppresseur
de
prévention

Marker
POS
adj. +
prep.
prep. + n.

Pattern Forms

X suppresseur de Y
[causal marker] suppresseur
de X [preposition] Y
X de prévention [verb]
[article] Y

Occurrences
in sample

Marker
forms
Total

4

1

3

2

Details

de prévention,
prévention de

Forms
per occ.
0.25

0.33

Pattern
forms
Total
2

3

Forms
per occ.
0.50

1.00

674

n. + prep.

bloquer
préventif

v.
adj.

X [verb] [preposition]
[article] prévention de
[article] Y
[causal marker] X [copula]
[article] prévention de
[article] Y
X bloque [article] Y
X [verb] [article] [causal
marker] préventif
[preposition] Y

2
2

1
1

11

5

0.50
0.50

1
2

0.50
1.00

X Y, préventif
Total

8

CAUSE–EFFECT: MODIFICATION (32 markers, 8 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences in
sample

Marker
forms
Total

effet

régulation de

n.

X [verb] [article] effet Y

n. + prep.

X [verb] [article] effet sur
[article] Y

n. + prep.
+ prep.
n. + prep.

effet de/[preposition]
[article] X sur [article] Y
X [causal marker] [article]
régulation de [article] Y

Pattern
forms
Details

7

3

effet, effet sur,
effet de… sur

4

2

régulation de,
régulation entre…
et

Forms
per occ.
0.43

0.50

Total
2

2

Forms
per occ.
0.28

0.50

675

moduler
anticommander
complication
… de
contrôler
nuire à
Total

n. + prep.
+ conj.
v.
affix
v.
n. + prep.
+ prep.
v.
v. + prep.

régulation entre X et Y
X module [article] Y
X antiY
X commande [article] Y
complication X de [article]
Y
X est contrôlé par [article]
Y
X nuit à [article] Y

3
2
2
2

1
1
1
1

0.33
0.50
0.50
0.50

1
1
1
1

0.33
0.50
0.50
0.50

2

1

0.50

1

0.50

2
24

1
11

0.50

1
10

0.50

CAUSE–EFFECT: INCREASE (10 markers, 5 with 2 or more analyzed occurrences)
Marker

Marker
POS

Pattern Forms

Occurrences
in sample

Marker
forms
Total

Details

favoriser

v.

X favorise [article] Y

7

1

Forms
per occ.
0.14

augmentation
de

n. + prep.

X, favorisant [article] Y
X [causal marker] [article]
augmentation de [article] Y

4

1

3

Pattern
forms
Total
2

Forms
per occ.
0.28

0.25

2

0.50

1

0.33

2

0.67

augmenter

v.

augmentation de [article] X,
[causal marker] [article] Y
X augmente Y

accroître

v.

augmenter X, [causal marker] Y
X accroît [article] Y

2

1

0.50

2

1.00

faciliter

v.

X [causal marker] accroître Y
X faciliter [article] Y

2

1

0.50

1

0.50

676

Total

18

5

9

CAUSE–EFFECT: DECREASE (12 markers, 5 with 2 or more analyzed occurrences)
Marker

inhiber

Marker
POS

Pattern Forms

Occurrences
in sample

Marker
forms
Total

Details

X inhibe [article] Y

7

2

diminuer

v.

X peut être inhibé par
[article] Y
X diminuent Y

3

1

0.33

2

0.67

réduire

v.

X [causal marker] diminuer Y
X réduit Y

3

1

0.33

2

0.67

inhibiteur

adj. + prep.

X [causal marker] réduire Y
X inhibiteur de [article] Y

2

1

0.50

2

1.00

2

2

1.00

2

1.00

17

7

inhibition
de

n. + prep.
n. + prep. +
prep.

Total

inhibition de,
inhibition de…
par

2

Forms
per occ.
0.28

v.

[causal marker…] inhibiteur
de X […causal marker]
[article] Y
X [causal marker] [article]
inhibition de [article] Y

inhiber, inhibé
par

Forms
per occ.
0.28

Pattern
forms
Total

inhibition de X par Y
10

