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Abstract

The concept of “relevance” is the fundamental concept of
information science in general and information retrieval, in
particular. Although “relevance” is extensively used in
evaluation of information retrieval, there are considerable
problems associated with reaching an agreement on its
definition, meaning, evaluation, and application in
information retrieval. There are a number of different
views on “relevance” and its use for evaluation. Based on
a review of the literature the main problems associated with
the concept of “relevance” in information retrieval are
identified. The authors argue that the proposal for the
solution of the problems can be based on the conceptual IR
framework built using a systems analytic approach to IR.
Using this framework different kinds of ‘“relevance”
relationships in the IR process are identified, and a
methodology for evaluation of ‘relevance” based on
methods of semantics capturing and comparison is
proposed.

Keywords:

Information Retrieval; Relevance; Evaluation Studies

Introduction

The concept of “relevance” plays an important role in
information science in general and information retrieval
(IR) in particular. Saracevic [1] argues that the concept of
“relevance” is the main reason for the emergence of
information science as an independent area of research.
Park [2] concurs with this view and describes “relevance”
as “a fundamental concept of information science” and “a
key problem in IR research.”

At the same time, despite the numerous publications that
have discussed and used the concept of “relevance” since
the beginning of information science as a distinct discipline,
there exists “little agreement as to the exact nature of
relevance and even less that it could be operationalized in
systems or for the evaluation of systems” [3, p. 124].
Schamber, Eisenberg, and Nilan argue that “an enormous
body of information science literature is based on work that
uses relevance, without thoroughly understanding what it
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means” [4, p. 756]. Park supports their view: “The idea of
relevance has played a major role in the evaluation of
information retrieval, but without a consensus on the
meaning of this concept” [2, p. 135]. Schamber [5] thinks
that the majority of problems are related to the use of
different views of relevance, as well as “loose and
inconsistent” terminology by different researchers.
Froehlich [3] has identified the following main factors
contributing to “relevance”-related problems in information
science: the inability to define relevance; the inadequacy of
topicality as the basis of relevance judgements; the diversity
of non-topical, user-centered criteria that affect relevance
judgements; the dynamic and fluid character of information
seeking behavior; the need for appropriate methodologies;
and the need for more complex, robust models for system
design and evaluation.

Review of the literature

The classical research paradigm for IR evaluation is the
Cranfield paradigm [6]. In this paradigm, experiments are
conducted in the artificial conditions of experimental
settings, and real users do not participate in the
experiments. In the Cranfield paradigm, relevance means
“on the topic,” “on the subject,” “aboutness” [2]. Some
researchers [4] refer to this view as “topical relevance,”
meaning that to be judged “relevant,” the topic of the
document has to match the topic of the query. This
approach implies a fixed and unchanging relationship
between a query and a document. This view of relevance
has been intensively criticized since the beginning of IR
experiments.  “Topical relevance” does not take into
account circumstances of a search, including the
individual’s information need. It does not consider a user’s
individual characteristics, as well as the dynamic nature of a
user’s state of knowledge and information needs during a
search. Many researchers have pointed to the necessity of
studying the nature of relevance from the perspective of real
users.

Different aspects of user-centered relevance have been
investigated. A concept of “utility” was introduced quite
early in IR research [7]. This concept includes quality,
novelty, importance, and credibility of information from the
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point of view of a user, as opposed to just topical
relatedness. Wilson [8] discusses a “situational relevance”
that implies multiple concepts and involves the relation
between information and a particular individual’s view and
situation. Swanson [9] defines “subjective relevance” as the
mental experience of an individual person who has an
information need. As another important result of the
discussion of user-related relevance, the difference between
“relevance” and “pertinence” has been pointed out [10].
“Pertinence” requires that, to be judged “relevant,” a
particular document has a relationship to a user’s specific
information problem, and that it changes a user’s state of
knowledge about this problem [11].

Some attempts to summarize different views of “relevance”
and clarify the usage of relevance-related terminology have
been made. Schamber [S] presents three views of
relevance: a system view, an information view, and a
situation view. The system view is objective and refers to a
match between a query and a document. The information
view is subjective and refers to the relation between a
request for information and a document. The situation view
is subjective and refers to the relationship between a user’s
information need and a document.

Schamber [5] shows that there is an overlap in the
terminology used in each of these views. This overlap is a
result of “conceptual gray areas” in our understanding of the
concept of “relevance.” One of these areas is the role of
topicality in relevance judgements. Even researchers that
argue for the subjective character of relevance agree that
topicality is a necessary, but not sufficient, condition in the
relevance judgements of real users [2]. Therefore, there is a
connection between objective and subjective views of
relevance. While Froehlich argues that “the prototypical
core for relevance judgements or the nuclear sense of
relevance is topicality” [3, p. 129], Schamber [4] proposes
that the use of topicality in evaluation is a logical step for
information systems development.

Some authors believe that evaluation has to involve real
users making relevance judgements [2, 12]. Others argue
that any person who is knowledgeable about the subject of a
search can make relevance judgements [6, 13]. This
argument addresses the issue of “relevance judgement.”
The authors supporting the involvement of real users in
evaluation consider a relevance judgement to be a
representation of the value of the document for a particular
user in a particular situation (time, place, context, etc). The
contra-argument is based on the view of a relevance
judgement as a decision about whether or not a retrieved
document answers a query.

A variety of methods for capturing relevance decisions have
been proposed [5, 13, 14]. Some of them use binary (“yes”
or “no”) or category scales. However, the use of these
scales for relevance decisions often implies a direct topical
relation between a query and a document based on a fixed
and unchanging relationship. The majority of researchers
agree that the traditional experimental approach (objectivist
approach) is not an adequate methodology for
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understanding the nature of psychological relevance. The
large number of variables that can effect relevance
judgements [S] emphasize the necessity of a new
methodology for evaluating relevance. As an alternative to
the traditional experimental approach, different methods of
qualitative research are used for studying user-based
relevance. The main advantage of the qualitative research
approach is that it takes into account the dynamics of an
individual’s cognitive state and situational factors. While
qualitative research is complex, it can, nevertheless,
produce data that is systematic and measurable. All these
factors explain the growing popularity of the qualitative
research in evaluating relevance in IR [2-4, 15].

A Proposal for Solution

Conceptual IR Framework

We have proposed and applied a theoretical framework
based on the systems analytic approach to information
retrieval [16, 17]. This framework has permitted to identify
components of the IR process, their structural and
functional characteristics, and interactions with other
components of this process. We proposed a new definition
of IR, distinguishing between an IR process and a technical
IR system (search engine). Using the proposed framework,
we provided a critical analysis of the relevance-based
measures of recall and precision, and outlined some
alternatives to evaluation of search engines based on users’
information needs satisfaction.

We define Information Retrieval (IR) as a process of
human interaction with a technical IR system (search
engine) in a specific setting with the goal to find
information sources relevant to a specific information need.

A generalized model of IR process may be stated as follows
(Figure 1). Humans initiate the IR process. A user operates
in an environment, which is characterized by such variables
as setting (laboratory or operational), organizational policy,
or type of research. To be able to solve a problem in an
environment, the user accesses and evaluates her state of
knowledge (SK) about the task. If a user’s SK is not
sufficient for decision-making, the user has an anomalous
state of knowledge (ASK) [18]. This state of knowledge
can also be called an implicit information need. Based on
the ASK, the user can make a statement about her
information need explicitly using a natural language.

The next step is to make a decision about a strategy to
resolve the ASK. This decision is based on a user’s
previous knowledge about the subject, formulation of
information need(s), availability of information sources, a
user’s familiarity with these sources, and other factors.
Some of the possibilities include looking for a person who
has the needed information, or finding this information in a
printed form. A search for printed resources can lead to
library and/or electronic data sources. The human interacts
with the technical IR system through the interface. The
interface transforms user’s queries into system specific



Chapter 5: Information Management

User

"’I State of knowledge (SK)

I‘—‘—)I Problem I

Environment

i

' Anomalous state of knowledge (ASK)

I}

[ Information need

]

!

I ASK -solving strategy

‘l' Search
[ Query formulatio‘lil and submission I_—’I Interface I engine
I Data gathering |‘

Data analysis and synthesis

L]

]

I Database I

Figure 1 - Process model of IR

commands and presents the retrieved set of documents.
This bi-directional function explains the relation between
the processes of the user’s query formulation and the
querying mechanisms of the search engine.  These
mechanisms work in connection with other functions of the
technical IR system. Users have to be able to transform
their information needs properly into a search statement (the
verbalized statement of information needs) and build a
query through the use of the interface. The query consists
of the commands stated in syntax permitted by the querying
component of the technical IR system. It has a structure of
search elements (terms, codes, etc.) that depends on the
model of data representation in the document set built by
the technical IR system.

The retrieved set of documents is presented to the human
component of the IR process through the interface, which
serves as transport medium for presentation on a screen or
as a printed copy. This set of documents can be read and
evaluated by a user who extracts information from the
documents and attempts to incorporate it into her cognitive
model. Based on this cognitive model, the user can either
decide to stop her search or to adjust her information needs.
In this last case the cycle outlined above can be continued.

Discussion

Identifying “relevance” relationships

Using the process model of IR (Fig. 1) the following
“relevance” relationships can be identified and considered
for evaluation:

1. How is a user’s state of knowledge relevant to a
problem?
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2. How is a formulated information need relevant to a
user’s state of knowledge?

3. How is a user’s information seeking strategy (ASK-
solving strategy) relevant to

a. auser’s explicit information need?
b. auser’s implicit information need (ASK)?
c. aproblem?

4. How is a formulated query relevant to a user’s

a. state of knowledge (implicit information need)?
b. explicit information need?

5. How are retrieved documents relevant to
a. asubmitted query?

b. auser’s explicit information need?
c. auser’s ASK?
d. auser’s problem solving?
This list of “relevance” relationships includes the most

typically used ones. For example, it includes the most often
considered views of “relevance” as the “subject relatedness”
of a record to a query and the “value” or “utility” of a
record to a user. In addition, it includes those relationships
identified by other researchers [19], such as how retrieved
documents are relevant to a problem or a user’s ASK. To
these this list further adds new types of “relevance”
relationships and introduces new perspectives on the
concept of “relevance” in IR. For example, the following
“relevance” relationships have not been identified by IR
researchers: how a formulated information need is relevant
to a user’s state of knowledge; how a user’s information
seeking strategy is relevant to a user’s explicit information
need, user’s implicit information need (ASK), and a
problem. Although further “relevance” relations might
exist, we consider the proposed list as likely complete for
now.
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Although, some authors describe the “subject relatedness”
as corresponding to type 5a in our scheme of “relevance”
relationships [13], others identify it as corresponding to
type 5b [20]. The same is true for the interpretation of the
“value” and “utility” aspects of “relevance” that might
correspond to types Sc or 5d, depending on the preferences
of researchers. In contrast, our proposed classification of
“relevance” relationships permits us to identify more
precisely the types of relationships under consideration.
Therefore, our structured model of IR built using a systems
analytic approach makes the process of “relevance” analysis
and evaluation more comprehensive and precise.
Moreover, it will be shown that the same model provides a
basis for choosing appropriate approaches to evaluating
these “relevance” relationships in IR.

A proposal for evaluating “relevance” relationships

We propose the following steps to evaluate “relevance™: 1)
choose a “relevance” relationship for evaluation; 2)
characterize this relationship; 3) identify an experimental
design; for example: identify subjects, how the experiment
will be conducted, and other issues; 4) capture the
semantics of each part of the “relevance” relationship; for
example: a query, a document, a user’s state of knowledge,
a problem description, a user’s action, and others; 5)
compare the semantics of both parts involved in the
“relevance” relationship; 6) make suggestions.

One example could be an evaluation of a “relevance”
relationship between a problem description and a statement
of users’ information needs. This relationship reflects how
well users are able to express their understanding of the
problem by means of a natural language'. Evaluating this
type of relationship is very important, as it is well known
that people usually cannot sufficiently express their needs
for data and information by means of a natural language [5].
Thus, librarians often complain that users usually have
difficulties formulating what they are looking for during a
pre-search interview.

The following is a possible experimental design. Users are
presented with a description of a problem”. They are asked
to “think aloud” as they analyze the problem and identify
their knowledge about this problem, trying to formulate a
statement of their information needs. A problem
description and users’ information needs statements are
analyzed using, for example, propositional analysis [21].
Their captured meanings are compared and a conclusion
about this “relevance” relationship is made.

! As we are interested in a user’s ability to translate mental
constructs into a natural language, we do not have to
investigate a user’s original level of knowledge about the
problem,

? Although a problem can be also presented through a story-
telling or a movie, a textual form is easier to use for our
purposes. However, in the future it could be interesting to
investigate different ways of presenting a problem.

The proposed experimental design would also permit
analysis of the dynamics of working with cognitive
structures that characterize users’ states of knowledge about
a problem. This can be done using “think aloud” protocol
analysis [22]. The results of this analysis can help to
identify problems and cognitive blocks, and to plan steps
for improving a process of formulating users’ information
needs statements, for example, users’ education.

Possible approaches to the capturing and comparison of
semantics

To choose appropriate methods to be used in semantics
capturing and comparison for evaluating “relevance”
relationships in IR is not a simple task. We are currently
comparing existing methods and testing them on textual
data. Based on our experience and a literature review the
following problems can be identified: the methods have to
be domain independent, handle different types of data, and
have to be robust and reproducible. For example, to be
useful for IR evaluation a required method of semantics
capturing has to be able to work with a text (queries and
documents), transcripts of “think aloud” protocol
representing users’ cognitive processes, and users’ actions.

Methods of semantics capturing have a goal to represent a
meaning formally. Two main areas working on semantics
capturing are artificial intelligence (AI) and cognitive
psychology. The most often used methods in Al are frames,
semantic networks, and conceptual graphs [23]. In
cognitive psychology, researchers use methods of
propositional analysis [21], prose analysis [24], and
Frederiksen’s grammar [25]. Kintsch [26] has offered a
detailed comparison of different methods of semantics
capturing (features systems, associative networks, semantic
networks, schemes, frames, scripts, and propositional
analysis).  This comparison shows that propositional
analysis is a robust, flexible method that is well suited for
analysis of cognitive processes. Based on this comparison,
and on the fact that in IR we deal with analysis of cognitive
processes either directly (a user) or indirectly (text), we
have chosen Kintsch’s propositional analysis as a method
for future research.

Semantics comparison is even a more complicated issue that
has to be researched further. However, as results of
propositional analysis can be represented as a network of
propositions, it is possible to explore graph-theoretic
methods [27], overlay analysis [28], and other strategies.

Conclusion

The proposed conceptual IR framework built using the
systems analytic approach to the IR process provides a basis
for a methodology to address long-standing problems and
controversies associated with the concept of “relevance.”
This methodology can help in identifying “relevance”
relationships in the IR process and choosing methods for
their evaluation. Methods of semantics capturing and
comparison can be used to create better approaches to
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evaluating “relevance” relationships. Additional research is
required to create, test, and implement these new
approaches.
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