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INTRODUCTION

This chapter reviews and discusses critically the development during the last decade of the cognitive
approach to information retrieval (IR) research and theory. The focus is analytic and empirical research on the
complex nature of information need formation and situation, their inherent association with the concept of
relevance, and the development of cognitive and related IR theory and evaluation methods. The time span is
largely 1992-2000 (references to earlier works are provided as needed). Thus, the review complements and
extends the previous ARIST chapters on cognitive research (ALLEN, 1991) and the user-oriented perspectives of
IR research and analysis methods (SUGAR).

Since its start in 1977, the cognitive approach to information science has developed in two periods. The first
covers 1977-1991 and can briefly be characterized as user- and intermediary-oriented. The second period is 1992-
2000 (the major concentration of this chapter), when the approach turns into a holistic view of all the interactive
communication processes that occur during information transfer.

Following the introduction, the review falls into five major sections. The first section highlights the scientific
developments, characteristics, and substantial results of the cognitive approach in the first period. This section
also includes drawbacks and criticisms of the approach, that is, the lack of realism, theory integration, and
holistic perspective. This is followed by a section covering the development in the second period about the focus
shift into a holistic cognitive view, with a subsection on views of information processing. The third section
covers information structures, with a subsection on information need. The fourth section looks into the
dimensions of cognitive IR theory in a holistic perspective. Subsections concern polyrepresentation of
information objects, the cognitive space and IR interactions, and relevance and evaluation issues. This section
includes work task conceptions and issues concerned with feedback and query modification. The fifth section
approaches the integration of cognitive models of information seeking, IR, and scientific communication,
including a discussion of critical issues. A concluding section ends the review.

THE INDIVIDUAL COGNITIVE VIEW

The cognitive approach in information science and IR research started at the end of the 1970s. It was
influenced by discussions of cognitive science in the early 1970s, the establishment of the journal Cognitive
Science, and De Mey’s epistemological contributions on the cognitive viewpoint in general (DE MEY, 1977, 1982)
and its relation to information science (DE MEY, 1980). While initially the cognitive viewpoint influenced theory
building in information science as such (see, for instance, BROOKES's equation), it soon became useful to the
growing user-centered IR research community. The viewpoint was here clearly seen as an alternative to the
mainstream system- and document-driven IR research tradition. Reviews and discussions of the cognitive
approach to IR during the 1980s can be found in BELKIN’s (1990) overview, ELLIS’s (1989; 1992) critical essays,
and INGWERSEN's (1992) book. Belkin outlines the major contributions of an analytic and empirical nature that
have been rather explicitly based on the cognitive approach. Ellis (1992) contrasts the system-driven mainstream
tradition in IR, which he calls physicalistic, with the user-oriented and the cognitive school, both merged under
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the label of a cognitive paradigm. One may argue that the concept of paradigm in a Kuhnian sense is an
exaggeration with respect to the cognitive approach. However, in relation to the system-driven tradition in IR,
there is no doubt that it possesses paradigmatic properties. Ingwersen (1992) discusses in detail the cognitive
viewpoint and its implications for the concept of information in information science, the understanding of
information need development leading to user modeling—the Mediator Model—and, in particular, its
theoretical potential for IR research.

One may divide the development of the cognitive approach to IR into two distinct periods. During the first
period, 1977-1991, cognitive IR research built on DE MEY’s (1977; 1980) original theses, mainly his central point:
“that any processing of information, whether perceptual or symbolic, is mediated by a system of categories or
concepts which, for the information processing device, are a model of his (its) world” (1977, p. xvi-xvii). To this
Ingwersen adds that the world model consists of cognitive structures that are determined by the “individual and
social/ collective experiences, education, training etc.” (INGWERSEN, 1982, p. 168).

During the second period, 1992-2000, De Mey’s core evolutionary view, consisting of four stages through
which thinking on information processing has developed (DE MEY, 1980, p. 49), gained importance, for
example, in relation to the conceptualization of information and the understanding of the limitations of
information processing by computers INGWERSEN, 1992, 1995, 1996).

Clearly, the current cognitive state of the individual is affected by the past and the social context. This
understanding of the central assumption of the cognitive view was influenced by the Russian cognitive
psychologist LURIA and his empirical work in the 1920s on humans’ classification of objects. Luria
demonstrates how educational background as well as work routines and situations trigger the way humans
classify objects and separate their relationships into situational and into categorical (generic and part-whole)
categories. Naturally, such classificatory behavior impacts the perception by individuals (users) of, for instance,
knowledge organization in libraries.

The cognitive view assumes a variety of individual differences in cognitive structures. According to
INGWERSEN (1982), the task of IR is to bring into accord the cognitive structures of authors, systems designers,
and indexers with those of the intermediary (human or computer) and the user, in order to cope with the actual
information need. Ingwersen emphasizes that collective cognitive structures, the result of social interaction and
subject domains, as well as scientific and social paradigms, also influence the structure of indexing systems and
the relations of topics and concepts treated in the body of literature and in information needs. This notion of
bringing into accord cognitively different structures immediately ought to have ensured the establishment of a
dominant and workable holistic approach to IR. With the exception of BROOKES, this was unfortunately not the
case during the first period. Instead, the main bulk of researchers focused on the individual nature of the
cognitive structures in a range of empirical studies of the behavior and cognitive structures of users, human
intermediaries, their interactions (including interactions with operational Boolean IR systems), and individual
information need formation. The goal was to obtain an improved understanding of such interactive phenomena
and factors affecting the actors in order to improve IR performance from a stand different from that of the
prevailing system-driven research. One must bear in mind that researchers taking the system view did not
involve real users in their experiments, which at that time were carried out on small-scale test collections as a
means to find and tune the best retrieval algorithm.

Major Research Results

The results of several studies highlight applications of the individual cognitive view. BELKIN ET AL. (1982a)
originated the Anomalous States of Knowledge (ASK) hypothesis, which concerns the development of
individual information needs founded in the notion of a problem situation. As a quite novel approach in user-
centered research, BELKIN ET AL. (1982b) applied a best-match (non-Boolean) system in their empirical
investigation matching structures of users' need descriptions with document abstract structures. The idea was
that the user narrative should provide context to the ASK in the form of a problem description. Although the
results of these comprehensive experiments were unsatisfactory, they led the IR community to new knowledge
concerning the role of the intermediary mechanism and systems design. In similar studies, FENICHEL



investigated on a pragmatic psychological basis the influence of different types of experience on end-user online
searching and BATES (1981) produced her well-known search tactics for online retrieval. Quite comprehensive
empirical investigations of user or of intermediary communications with online systems (BORGMAN; FIDEL,
1991a, 1991c; SARACEVIC ET AL, 1990, 1991) led to a detailed understanding of interactive processes and use
of feedback by end users. INGWERSEN (1984) demonstrated how frequency analyses of indexing terms and
other representative structures may aid users in their understanding of the information contents of IR systems.
Cognitive subject representation and feedback mechanisms are further explored by INGWERSEN & WORMELL
and by MCALPINE & INGWERSEN in relation to supportive interface designs. To a great extent WORMELL
(1981; 1984) builds her implementation of the inherent natural-language features of monographic material on the
cognitive approach in combination with semiotics in the Subject Access Project and database system. The
application of controlled vocabulary versus natural language during online searching was further investigated
empirically by FIDEL (1991b). At the same time, T. D. WILSON (1980) started his empirical studies of
nonscientific information seeking processes with the INISS project, which pursued quite a different track in
investigating the task-driven information seeking behavior of social workers in community environments. T. D.
Wilson’s (1981) analyses were to a great extent inspired by the cognitive approach. One may find that, in
particular, the ASK work as well as the INISS project point to the present state of research in which the
integration of broader information seeking processes and IR interaction based on domain work tasks and
problem situations is an emerging research issue (VAKKARI, 1999, 2000).

Based on empirical evidence and international cooperation during the mid-1980s, BELKIN ET AL. (1983) and
BROOKS (1986) investigated the possibility of creating a user-oriented and cognitively based framework for
intelligent interface design based on discourse analyses of user-intermediary-system interactions: the Monstrat
Model. Similar protocol analyses led Ingwersen to the discovery of the Label-Effect and the influence of context
concerned with information requests (INGWERSEN, 1982) and to a typology of information needs
(INGWERSEN, 1986). The Label-Effect means that users, even those with well-defined knowledge of their
information gap, tend to label their initial requests for information verbally by means of very few terms or single
concepts. This implies two obstacles to successful IR. First, intermediary mechanisms have difficulty in reaching
out into the proper directions in information space where data are located relevant to a particular user. Due to
the lack of context in the request, a multitude of directions are indeed possible. This was observed in the
scientific online age 10 to 20 years ago, and the same phenomenon is dominant today in web searching. Second,
intermediary mechanisms may not be capable of distinguishing between users with detailed, some, or no
knowledge about their information requirements, that is, whether the user's ASK is intrinsically well- or ill-
defined. Independently of Belkin et al. (1982a; 1982b), Ingwersen's observations (1982) of the situational
influence of context on information need descriptions and perceptions, for instance in the form of reasons for
having a knowledge gap, confirmed the problem situation conception in the ASK hypothesis by Belkin et al.
(1982a). Also, the investigations point to contextual perceptions of users leading to problem situations, e.g.,
perceived goals or interests, and a certain randomness and nonrationalism in the cognitive behavior of
searchers. The information need typology consists of three categories, depending on the nature and strength of
the conceptual cognitive structures of the user: verificative, conscious topical, and intrinsically muddled or ill-
defined. The importance of distinguishing between levels of retrieval knowledge (from novices to experts) and
status of conceptual or subject-domain knowledge was originally analyzed in BATES's doctoral dissertation
(1972) on catalog search success. The effect of the two distinctive types of knowledge was confirmed —also as a
result of BORGMAN's and MARCHIONINI's detailed studies of user-system interaction. Borgman investigates
online searchers with different knowledge levels while Marchionini focuses on novice users of full-text
encyclopedias (1989), later generalized in 1995. Mainly due to the ASK hypothesis, the development of the
Monstrat Model, and the user-need typology, a great deal of interest was invested in the area of cognitive user
modeling. DANIELS, as part of the Belkin team, produced an extensive overview of research on cognitive
models, including her own, and OFORI-DWUMFUO stressed the importance of dialogue modeling, an issue
already investigated by ODDY (1977a; 1977b).

These research efforts led to two novel lines of research within the IR community. First was the intelligent
retrieval attempts, as reviewed by BROOKS (1987). These were carried out by researchers such as CROFT &



THOMPSON and FOX in projects where artificial intelligence (Al) tools were used to create knowledge-based IR
systems and experiments. Although belonging to the cognitivistic Strong-Al tradition, not the information
science cognitive view, these designs demonstrated an interesting similarity to the otherwise user-driven and
empirical Monstrat Model. The second line of research was the supportive IR systems approach, in which
interface and systems design aid the user by means of a detailed empirical analysis of user, domain, and
retrieval characteristics. This approach was shown, for instance, by PEJTERSEN (1980; 1989) in her Bookhouse
project on fiction. Pejtersen’s and similar lines of research into systems design (e.g., BATES, 1989) completely
contrast with the approach taken by RICH (1979) in the Grundy project, which was also on fiction retrieval, but
founded in the cognitivistic Al tradition of user stereotype applications. While the supportive systems approach
has developed into a comprehensive model for general systems design based on ideas from cognitive
engineering in the area of human-computer interaction in the 1990s (FOX ET AL.; RASMUSSEN ET AL.), the
former intelligent IR perspective ran out of steam in the 1980s along with other complex expert system-based
design attempts. The main reasons are that automatic knowledge acquisition in complex IR scenarios thus far is
unsolvable and presumes the same user and domain analyses carried out as for supportive systems. The
supportive systems are easier to design and implement than expert systems and, according to SPARCK JONES
(1987; 1990), traditional retrieval systems yield better IR results than the knowledge gained by the expert system
from question-answering. In a cognitive sense, this outcome is not surprising given that the user is the only truly
intelligent and dynamically knowledge-based actor in interactive IR.

Critical Issues

From the results of this first period of cognitive research, it is apparent that the individual cognitive approach
falls short in three ways: realism, theory integration, and holistic perspective.

Lack of realism. Too much emphasis was put on the analysis of user and human intermediary behavior during
interaction without also including the cognitive structures embedded into the system side and the contextual
environment. Further, the systems under investigation were mainly Boolean, large-scale online systems, not
experimental best-match retrieval engines. The most interesting and promising exception was the THOMAS
retrieval system, or rather program as ODDY put it (1977a; 1977b). THOMAS represented an approach quite
different from traditional online or experimental IR to the nature of interaction between user and database. IR
was meant to be facilitated not by issuing orders to the system, but rather by forms of dialogue that should
resemble personal communication. Thus, comprehensive IR theory-building was not really attempted, and the
predictive power of the cognitive viewpoint in collaboration with best-match techniques leading to novel
workable research questions and investigations was in general not put to use. For instance, during this first
period it would have been appropriate to ask which (combination of) retrieval engines and relevance feedback
methods best suit different types of information needs, and why. Only the BELKIN & KWASNIK work comes to
mind as an explicit example of addressing such issues. Although CROFT & THOMPSON's famous I’°R system
actually made use of both clustering and probabilistic models, this was done to improve precision and recall but
not founded in any particular cognitive theory of, say, user relevance. Also, the prevailing methods of IR
systems evaluation and testing (the Cranfield methodology) suffered from lack of user involvement—that is,
lack of realism —which was not improved by cognitive researchers. One critical reason was perhaps that only a
few of the researchers, even the pragmatic user-centered investigators, knew enough about best-match retrieval
principles, probabilistic and vector space models, or logic. This changed substantially during the second period
in connection with the upscaled TREC experiments, initiated in 1991-1992. Generally, too much ignorance
prevailed in most sectors of the IR research community, particularly about results obtained in other sectors. An
exception from this gloomy picture was the result of a workshop held at Rutgers University (BELKIN ET AL.,
1987). A number of leading IR researchers from various approaches came together to exchange views on the
current state of affairs in IR research and to attempt to bring together the variety of views, from intelligent IR
over traditional experimental research to cognitive and user-oriented pragmatic views.

Lack of theory integration. During the first period other scientifically based approaches to information transfer
were proposed. In 1986 DERVIN & NILAN presented their sense-making theory in a substantial ARIST chapter



based on communication theory and regarded as an alternative to pragmatic and cognitive approaches. Also in
1986 WINOGRAD & FLORES published their more general socio-hermeneutic approach to systems design.
Where Dervin & Nilan’s work became highly influential in information need and seeking studies (although
hardly in IR research), Winograd & Flores” ideas did not penetrate heavily, except into certain metatheoretical
approaches to information science (BRIER) and into the reopening of the relevance discussion by SCHAMBER
ET AL. in 1990. Perhaps due to its broader scope, Dervin & Nilan’s sense-making theory was not sufficiently
compared to nor integrated into the cognitive approach, although both theories deal profoundly with
information need formation by individuals and its underlying rationale. Now it is possible to observe mutual
agreements between the sense-making and the cognitive approaches, because both fundamentally concern
communication phenomena and acts of interpretation in a social context (DERVIN).

Lack of holistic perspective. With researchers conducting empirical studies on the individual cognitive
properties of end users, intermediaries, and their interactions, the cognitive approach became open to various
kinds of criticism. Because IR consists of a human side and a system side it is evident that any (new) theory for
IR must circumscribe both sides. Retrieval systems require search engines and research into such engines,
including their underlying assumptions as well as strengths and weaknesses.

ELLIS (1989) raises some critical questions associated with the individual cognitive approach as a theory for
IR. He questions the ability of the viewpoint on its own to support cognitive empirical investigations that are
different from the traditional pragmatic user-system studies carried out in operational IR environments. Ellis
(1992; 1996) merges cognitive and pragmatic user-oriented research into one line of cognitive research and
development in IR, but essentially his arguments are the same.

It is important to understand that from a methodological point of view, the user-centered studies and the
cognitive studies have data collection methods in common, including direct observations, recordings of
thinking/talking aloud, post-search interviews, and transaction logs. Due to Belkin and colleagues (BELKIN,
1984; BELKIN ET AL., 1982a, 1982b, 1983; BROOKS, 1986), INGWERSEN (1982), and T. D. WILSON (1981),
among others, the methodological issues concerned with the widespread use of these inherently obtrusive
methods, mainly in combination, became evident to the user-centered research community. The major problem
lies in the treatment of the collected data during data analysis. Micro as well as macro protocol analyses and
discourse analyses were used both at qualitative and quantitative levels by cognitive researchers to produce
both descriptive results and causal cognitive explanations of, for instance, user-librarian interactions (BELKIN &
VICKERY; PEJTERSEN, 1989). It is essential to uncover the kind of cognitive factors or structures that trigger
users’ information needs and problem statements, for instance, the reasons for users’ (mis)conceptions of
classification structures or icons in systems. The cognitive nature of representative structures of information
objects or knowledge sources are thus of direct interest. Common semantics, that is, social or collective cognitive
structures influencing the IR outcome, can then easily be detected. Causality analyses require models in order to
function. However, several so-called pragmatic studies are actually based on phenomenological approaches or
general social science investigative models. Hence, their outcomes may be quite similar to, but often more
descriptive than, those of more “pure” cognitive studies. Evidently, the results of pragmatic investigations are of
high value when their hypotheses and assumptions are clearly stated. INGWERSEN & PEJTERSEN discuss the
utility of a variety of qualitative and quantitative methods, and INGWERSEN (1993) provides a list of
cognitively inspired empirical research in response to ELLIS’s (1992) questions. SANDSTROM & SANDSTROM
present a detailed discussion and exemplification of anthropological methods, including their misuse and
proper use in information science. YUAN & MEADOW investigate the use of the variety of variables pertaining
to IR user studies, and PORS argues for the introduction of more rigorous social science-based experimental
models in interactive IR research, including the application of the classical setting of control groups, also known
from medical drug testing.

THE HOLISTIC COGNITIVE VIEW

The reasons for initiating the second period of cognitive research at the beginning of the 1990s are several. (1)
The SCHAMBER ET AL. article on situational relevance in 1990 inspires an increasing amount of hitherto



unanswered or ignored questions about relevance phenomena in fora outside the algorithmic IR domain. For
instance, HARTER proposes in 1992 the conception of psychological relevance and its relationship to
information need formation. With respect to the concept of information need, he challenges the ASK hypothesis
proposed a decade earlier by BELKIN ET AL. (1982a). However, he misinterprets the central point of the
hypothesis, that is, that the system design in the paper by Belkin et al. is based on the idea of a constantly
changing ASK, exactly by virtue of the interaction process over IR session time. Essentially, Harter (p. 610)
restates the Belkin et al. view and adds nothing new to the information need and ASK discussion. What is
important is the quite comprehensive understanding of the relevance issue seen as a dynamic and complex
phenomenon. (2) This discussion of relevance complexity is in direct contrast to the view on relevance and
interaction taken in the large-scale mainstream TREC experiments that start in 1991-1992 (HARMAN). In TREC,
continuing the empirical Cranfield tradition, relevance is regarded as a binary, topical, and stable, manifestation.
TREC forces IR research to reconsider the nature of IR and IR theory. IR theory is not simply algorithmic
solutions to technical problems in settings without realism, nor just socio-psychological theories of user behavior
in more realistic settings. Both mainstream, cognitive and user-centered theorists recognize the fragmented often
black-box like state of affairs at this point in time, and some serious attempts are made during the ensuing years
to clarify and understand the situation. (3) ROBERTSON & HANCOCK-BEAULIEU point to three recent
revolutions in IR that, in their opinion, are crucial to understand in order to proceed toward a more holistic
theory of IR: the cognitive, the relevance, and the interactive revolutions. The cognitive and relevance
revolutions in empirical IR require realism with reference to the processes of information need development and
human relevance assessments. This means that an information need ought to be treated as a potentially dynamic
concept, and that the multidimensional and similarly dynamic nature of relevance should be taken into account.
Relevance ought to be judged against the information need situation, not the query or request, by the person
who owns the information need or problem situation. The interactive revolution points to the fact that (even
experimental) IR systems have become increasingly interactive, due to actual applications of dynamic relevance-
feedback and query- modification techniques by users over IR session time. Thus, experimental or evaluative IR
settings, as well as theory, have to incorporate this realism that would incorporate the context or situation
surrounding the IR activity, i.e., seeking processes. At the same time, experiments must maintain a degree of
control. The question is, what do IR researchers wish to observe, analyze, measure, or make theories about? The
revolutions can thus be seen as the real challenge to the IR community. (4) DE MEY’s (1980; 1982) original view
of cognition in contextual social interaction as well as his stages of information processing, their effect on the
concepts of information and information need formation, and their association with IR research are not fully
explored. An attempt is thus made by INGWERSEN in 1992 and 1996 to discuss in detail the state of IR theory
and research from an interactive perspective, hereby following up on the work by BELKIN & VICKERY.

By contrasting the usual relevance notion of topicality with the concept of situational relevance, SCHAMBER
ET AL. also stress the importance of context in IR. Situational relevance derives from P. WILSON’s original
concept in 1973. Context may come from the information objects or knowledge sources in systems, but may also
be influenced by the actual information seeking situation adhering to a domain. Situational also implies a series
of dynamic cognitive states in the mind of the user during an IR session. Essentially, this means that if relevance
evaluation is dynamic, the corresponding information need is dynamic as well. During an IR session, an
information object may thus be topically relevant in the sense of the TREC experiments (HARMAN), but may
not be useful to the situation the end user is facing at that time. Obviously, only the user can assess this type of
relevance.

There is some similarity between situational relevance and LURIA’s situational classification of objects. For
example, one can easily detect situational assessments in the empirical studies of user-intermediary-system
interactions. The user’s current perception of the situation, rather than the user per se, becomes the focal point
for IR interaction. The intentionality of the user (in the sense presented by SEARLE, i.e., the user’s goal or
purpose) and background knowledge at a given time can be seen as the crucial components in IR interaction. IR
implies a continuous process of interpretation and cognition. In a holistic sense such processes take place both
on the user side and on the system side during human-machine interactions. However, DE MEY's (1980; 1982)
stages of understanding information processing in a broad sense define the limitations and characteristics



involved on both sides in a cognitively asymmetrical way. The shift into a holistic cognitive view implies that
the belief that the variety of cognitive structures in IR (e.g., indexing structures, information object structures by
authors, or users' cognitive interpretations) can be commonly understood shifts to the acceptance that such
structures are inherently different. The goal is to explore and employ the cognitive differences of structures in
such a way that IR can be facilitated and improved. At its current level of cognition, i.e., recognition and
algorithmic processing following implemented rules, the machine cannot become aware of and understand what
the user is looking for, in particular when the user's ASK initially is ill-defined. The machine may, however, be
designed to support the user during the interactive process of IR in order to make the user interpret and learn so
he/she feeds data back to the machine, which eases its way of further supporting the user. Ultimately,
information retrieval in its real sense takes place only in the mind of the information seeker, that is, information
is seen as process or as knowledge and cognition, as discussed by BUCKLAND (1991a; 1991b). The road is
constantly uphill from the machine point of view.

Information Processing

Generally, the shift into a situational context assumes consideration of intentionality and processes of
interpretation. We are thus seeking an understanding of phenomena that pertain to both machine functions and
human cognition. To this end, INGWERSEN (1992, p. 33) proposes a model of the cognitive communication
system for information retrieval originally put forward by BELKIN (1977), and, later made more detailed in
INGWERSEN (1996, p. 6). The latter model is depicted in Figure 1. It shifts the focus of the cognitive viewpoint
into the four generalized evolutionary stages proposed by DE MEY (1980): monadic, structural, contextual, and
cognitive. These are seen as stages of information processing consistent with the similar common evolutionary
levels of language understanding (SMEATON): morpho-lexical, syntactic, semantic, and pragmatic.

In human information processing, the world model constitutes the cognitive space, consisting of highly
dynamic autopoietic and changeable cognitive structures, that controls the perception and further processing of
external input, for instance during communication and IR interaction. Originating from BOULDING, the
individual cognitive space and, in particular, the individual’s current cognitive/emotional structures and states,
are determined by the experiences gained over time in a social and cultural context through social interaction. In
computerized information processing, the computer's world model is not self-contained. It consists of the
human cognitive structures embedded in the system prior to processing. Its cognitive structures (e.g., algorithms
or textual symbolic strings) may interact with one another and with structures generated by humans external to
the system, according to the capabilities of the system’s algorithms. However, the processing constantly takes
place at a linguistic sign level of communication, never at a cognitive level (see Figure 1). The linguistic sign
levels consist of the morpho-lexical, the syntactic, and the semantic levels of language understanding. For
human recipients of communicated signs, perception may also take place at a cognitive-emotional level. In this
case, the signs provide information that may transform the current cognitive states into new states of
knowledge. During any act of human or computerized communication, all communicated messages are
regarded as signs transferred at a morpho-lexical linguistic level. Only perception and interpretation by humans
in their current cognitive states can transform signs into information at a cognitive level. This implies that any
intentionality and meaning underlying the communicated messages are immediately lost (SMEATON) in what
is known as a cognitive free fall (Figure 1). The message must be rebuilt, or interpreted, by individuals (or the
computer) based on the presuppositions, in context, that they bring to the communication act. Cognitive free fall
means that essentially all cognitive manifestations in messages are lost when uttered or transmitted, whether
from machine or any other entity. The messages consist of signals, data, or signs at a monadic stage. This is the
reason we may not, or only partly, perceive and understand people's, nature's, or machines' messages, which
inherently are ambiguous. However, we may give meaning to or interpret (also erroneously) perceived
messages or objects according to our current presuppositions in a situational context. Naturally, machines
constantly suffer from similar problems of correct recognition and interpretation at the linguistic sign-processing
levels. Figure 1 shows one instance of communication between a sender or generator and a recipient. In true
interaction the recipient role becomes the sender role at the following instance (summarized from INGWERSEN,



1992, 1996).

Computers (or books for that matter) hold fixed human presuppositions, while those of humans are
unpredictable, formed by episodic, semantic, and tacit knowledge, or emotional experiences in context. The
semantic level is identified as the stage of language understanding in which a domain or culture shapes the
common interpretation of a sign at a given point in time by means of social interaction in a common context
(context A overlapping context B).

Four fundamental characteristics are of crucial importance to IR:

* All interactive communication activities during IR can be regarded as processes of cognition,
which may occur in all the information processing components involved, but at different levels of
cognition.

* The presuppositions and intentionality underlying messages are vital for the perception and
understanding of such messages, but are lost by any transmitting system between sender and
recipient, whether human or machine.

* Uncertainties and unpredictabilities are inherent in IR interaction and associated with all acts of
interpretation carried out by senders and recipients, whether human or machine.

* Direct and real information retrieval, as opposed to text retrieval performed at a linguistic level,
Figure 1, is possible only by the individual user in context.

Because of these characteristics, IR systems may be most successful only when they support IR by humans.
Further, because of the dynamic nature of cognition, time becomes an important issue in interactive IR.

DE MEY’s (1980) four information processing stages stated above limit the level of cognition for machines to a
linguistic sign level, up to and including the contextual (or semantic) stage. Communicative discrepancies may
occur between humans and between humans and machines because machines cannot reach the same level of
understanding as humans unless the meaning of a sign is common to both. To be understood by human or
machine, a text or image must be interpreted at a certain linguistic stage. The lower the stage, the larger the
semantic openness of the object or sign. This means that an object or sign does not necessarily yield the same
information to the recipient as intended by the sender or, for that matter, does not yield the same information to
different recipients at the same time.

INFORMATION STRUCTURES

In the comprehensive cognitive view, the concept of information, building on WERSIG, BROOKES, BELKIN
(1978), and SEARLE, must satisfy two conditions simultaneously (INGWERSEN, 1992, p. 33): "on the one hand
information being the result of a transformation of a generator’s knowledge structures (by intentionality, model
of recipients’ states of knowledge, and in the form of signs); and on the other hand being something which,
when perceived, affects and transforms the recipient’s state of knowledge.” The satisfaction of these two
conditions means that information goes beyond meaning. A sentence or an image may have several meanings or
semantic values, and each meaning may provide many different interpretations and transformations of the state
of knowledge. In machine translation, the attempt is to establish the one correct linguistic meaning (semantics)
by means of textual context. In IR, the goal is to give recipients access to plausible meanings or values for
interpretation at a pragmatic level in their specific situational context. The information is associated with the
situation in context, not just with its general semantic value.

The implication for the interactive communication process taking place between human and machine is that
messages sent by machines or humans to a human recipient can become information in the real sense; however,
signs communicated by machines or humans to a machine can never become information, although they are
perceived and affect the embedded cognitive structures. Such signs stay signs, or remain as potential
information (BELKIN, 1978; INGWERSEN, 1984, 1992) at a linguistic surface level. Figure 1 demonstrates the
two conditions that must be met. The first condition is found at the sign level and corresponds to the
information concept applied by SALTON and others who conduct system-driven research. Texts and text



features are information; hence the possibility of retrieving information in text retrieval by means of term
weighting and similarity measures in the algorithmic approach. The second condition corresponds to
information concepts centered on reduction of uncertainty and similar transformations of cognitive structures.
In a very generic sense LOSEE ends his information understanding discussion by viewing information "as the
result of a process." The process may be any process, such as chemical, biological, mental, etc. In our cognitive
framework each condition is a process involving intentionality —and both conditions must be met. Hence, our
information concept, like BROOKES's and BUCKLAND's (see below), is a limited case in terms of Losee's almost
universal concept. Further discussions of the cognitive information understanding are provided by Ingwersen
(1992; 1996) and, in connection to Popper and Shannon, by COLE in a recent analysis.

BROOKES's and BUCKLAND's (1991a; 1991b) information concepts have properties in common. Brookes
regards information as an increment of knowledge where information interacts with the existing cognitive
structures of an individual. The result is a modified set of structures: K(S) + 61 = K( S + 8S). This, BROOKES's
equation, is in pseudo-mathematical form and acts like a model. It states in a very general way that the
knowledge structures K(S) are changed into a new modified state of knowledge K(S + 3S) by the information 8I,
the 8S indicating the effect of the modification. In other versions the equation symbol is replaced by an arrow
pointing to the right, whereby its irreversible aspects are stressed. The equation can be illustrated by the
dynamic interaction at the cognitive levels of information between generator and recipient (Figure 1). By
introducing Popper’s Three World Ontology into information science, Brookes suggests a dual model of
knowledge: Objective knowledge (World 3), that is, man-made data structures, such as books or computer files;
and Subjective knowledge (World 2), that is, the cognitive spaces of individuals. The interaction between the
two constitutes the information processes and the focus for information science. Brookes places the focus on
World 3. (World 1, i.e., artifacts, is not discussed.) The problem with his model is the omission of the forces
driving the information processes, for example, intentionality and interpretation, the reasons for information
transfer.

A similar flaw occurs in BUCKLAND's (1991a; 1991b) tripartite notion of information. Without reference to
Brookes’ 1980 contribution, Buckland divides the world into similar concepts. (1) Information-as- Thing, that is,
the words, texts, images, man-made data structures, exhibitions of natural artifacts, etc. equals Objective
knowledge. (2) Information-as-Knowledge is analogous to Brookes’s Subjective knowledge. (3) Information-as-
Process is like Brookes’s interactions, or the informing acts during which data structures transform into
cognition and knowledge. Also, Buckland introduces an additional notion of information processing, which
signifies the tangible manipulation of data at a linguistic sign level (Figure 1) and may take place in computers.
In contrast to Brookes, Buckland discusses whether a natural artifact such as an animal or a DNA molecule is
Information-as-Thing. In my opinion, this question is about how sensory data can become information, that is,
can inform and become cognition and knowledge. With the two-conditional concepts in mind, one would
suggest that this is possible if an intentional hypothesis exists concerning an object. For example, a person
observing an object, such as a star, with a hypothesis in mind, acts both as sender of a message (a test) and as
recipient of data (the test result). Depending on the person’s perceptions and presuppositions (a theory),
influenced by a domain, this process affects and transforms the state of knowledge. The test data becomes
information on the object.

According to his holistic cognitive model (INGWERSEN, 1992, p. 16), later enhanced (1996, p. 9) to attempt a
cognitive IR theory, IR interaction consists of interactive communication processes involving five major
cognitive actors: (1) information objects or knowledge sources, including their representations, originating from
author and indexer knowledge structures; (2) system structures, such as retrieval algorithms, generated by
designers, system owners, etc.; (3) interface functionalities, made by system designers or consisting of human
intermediary cognitive structures; (4) the user’s cognitive space, consisting of work task and situational
perceptions, current state of knowledge, problem and uncertainty states, etc.; and (5) the socio-organizational
environment, including the situational context, domain structures, work tasks, strategies, and preferences. The
model emphasizes that the last two components interact and influence human behavior and the generation of
new information objects over time.



This cognitive model illustrates BUCKLAND's (1991a; 1991b) tripartite notions. Foremost, the information
objects as well as the system setting encompass his concept of Information-as-Thing. His Information-as-
Knowledge equals the cognitive space, and the interactions occurring during information transfer between the
components illustrate Information-as-Process. Information processing, his other notion, coincides with the
interaction of information objects and the setting. Only the socio-organizational environment is not dealt with
explicitly by Buckland.

Information Need

According to the cognitive approach, an individual information need is a function of the current knowledge
state of the individual (BELKIN ET AL., 1982a; BELKIN & VICKERY; WERSIG; WILSON, 1981).

Information needs may be stable and well-defined, as is often the case in patent searching and selective
dissemination of information (SDI) or information filtering. However, frequently information needs are variable,
especially in initial exploratory search sessions where they may be vaguely stated or ill-defined (BORLUND &
INGWERSEN; SCHAMBER ET AL.; SU).

According to INGWERSEN (1996, p. 15) four types of information need initiation cases may occur, each of
which affects subsequent interaction and information need development. If the cognitive structures behind the
information need are strong, the probability that the need can be well-defined is high; the information need may
then be either (1) stable or (2) variable. If it is variable, the user is not sure whether the initial information need is
adequate but is willing to learn. However, if the structures are weak, that is, the user scarcely knows how to
define the lack of information, two cases occur: (3) the need is intrinsically ill-defined or muddled and the user
feels the need as stable, or (4) the user is motivated for change, that is, willing to learn. Ill-defined stable
information needs (case 3) can be observed in cases of librarians carrying out retrieval on behalf of users, as
shown by INGWERSEN (1982). All four cases represent different problems to the computer interface/human
intermediary and the retrieval system.

Under the individual cognitive view, the suggestion would have been to provide feedback to the user about
the information space, such as characteristics of the knowledge resources stored in or retrieved by the system;
see for example, proposals by INGWERSEN (1984) and evaluations by EFTHIMIADIS (1995). Under the holistic
view, this might work for the two cases in which the user’s information need is well-defined. In the two cases in
which the user’s cognitive structures are weak, the information need may be too ill-defined to be useful for
interactive system activities such as providing relevance feedback or assisting in query modification, expansion,
or enhancement. In such cases of cognitive confusion, additional means for information transfer and cognition
are required. According to the cognitive view, one way is to provide exploratory means for learning and
cognition in IR systems, e.g., by browsing and navigation, as proposed by BATES (1989), and supported by
plausible inference networking (TURTLE & CROFT). It is important to be aware of the distinctions between (1)
the real work tasks, problem situations, or simply interests that lead people to engage in information seeking
behavior; (2) the intrinsic perception or understanding of such situations or tasks presumably of more stable
nature than a need for information triggered by such perceptions; and (3) the statements concerned with the
perception of the information need. WILSON (1981) makes similar distinctions between the intrinsic
information need and the perceived reasons underlying it in his cognitively based analyses of information need
characteristics.

Current interactive TREC experiments involve feedback from systems; relevance feedback to systems; and
query modification, expansion, or enhancement. Because noninteractive TREC experiments typically evaluate IR
systems based on stable and well-defined topics, one may argue that the results basically pertain only to stable
and well-defined information need statements. The most recent interactive experiments, however, allow for
variations in information need and its perception over IR session time. Generally, the interactive TREC
experiments as well as the OKAPI evaluation studies (ROBERTSON) provide useful results that demonstrate (1)
the actual limitations of TREC, in particular concerning its noninteractive tracks; and (2) how searcher
inconsistency, feedback, and query modification can support a holistic cognitive IR theory.

Preliminary interactive TREC experiments on the retrieval performance of combined query versions



generated by several searchers, but deriving from the same well- and pre-defined information need statement
(i.e., a TREC topic), demonstrate a performance result similar to that of the best-performing single query. This
single-query result is, of course, always unknown beforehand and hence unpredictable (BELKIN ET AL., 1993).
IIVONEN also looks into searcher and search-term inconsistencies in applying interactive TREC topics. This
interesting research on intersearcher consistency, similar to the interindexer consistency and hypertext
interlinker consistency experiments made outside TREC (ELLIS ET AL.), strongly indicates that the individual
cognitive nature of the request formulation is rooted in intrinsic situational causality. Following the cognitive
view, the intrinsic causality concerns the perception and interpretation in context of the incoming messages, say
a TREC topic and the ensuing interactive feedback from the system. With scarce or no situational context
provided around the test topic—the why of the search—the user must provide for it him/herself. This may be
the reason for the variations and inconsistency observed in the experiments. More realistically, the most recent
interactive TREC experiments ask the test persons to retrieve aspects of topics over session time (HARMAN).
This makes room for more dynamics in the IR processes. In a cognitive sense the next step toward more realism
during experimentation would be to introduce problem situations or work tasks to be solved by the test persons.
In this way the test persons would have cause for their retrieval behavior, and one might make use of the
persons' work-task perceptions in the form of statements or search activities, in addition to often vague
descriptions of the information gaps. From empirical research outside TREC we obtain strong indications that
feedback from systems is used differently during IR sessions (SPINK & LOSEE; SPINK & SARACEVIC, 1998).
During the session users increasingly tend to focus on the perceived underlying situation, problem, or task
leading to information seeking in the first place, or other aspects of the interaction (ROBINS)—and less on the
topic. This conception of utilizing the "problematic situation"—but less explicitly the perceived work task—
essentially refers to WERSIG's (1979) original ideas, the ASK hypothesis (BELKIN ET AL., 1982a), and the
Monstrat Model (BELKIN ET AL., 1983).

DIMENSIONS OF THE HOLISTIC VIEW

During this second period the understanding of information as a situational phenomenon is quite clear. A
direct consequence of the situational approach and the enhanced cognitive model is a shift away from the idea
of simply bringing cognitive structures into accord. Instead, the new cognitive IR theory focuses on the explicit
application of the cognitive structures of different origin involved in IR interaction. The objective is to point to
the potential value of matching the multidimensional variety of representations inherent in or
extracted/interpreted from information objects and from the cognitive space of a user in a social and situational
context. The work task and its perception by a user is regarded as just as valuable as the information need in the
form of requests (INGWERSEN, 1996).

Polyrepresentation of Information Objects

Cognitive IR theory favors all kinds of variations in information structures, and particularly favors retrieval
overlaps between such variations. The assumption is that the more disparate the structures in cognitive origin,
logic, functionality, and time, the smaller the overlap and the better and probably more relevant the retrieval
outcome (INGWERSEN, 1996). The concepts of cognitive retrieval overlaps, data fusion (BELKIN ET AL,
1995b), and request fusion are essential elements of a theory framed by the cognitive perspective. For example,
SARACEVIC & KANTOR point to retrieval overlaps and their potential for improved retrieval outcome in a
combined information seeking and retrieval user study.

The overlaps are based on a principle of multiple evidence or polyrepresentation. The principle originates
from the arguments proposed by TURTLE & CROFT in 1990 with regard to their generic inference network
proposal. The network implies different ways of referring to the same concept and of linking different concepts
in the form of a conceptual net thrown over the underlying information objects. Following INGWERSEN (1992,
p. 201), the principle implies analog representations in a variety of different forms of one information object, or
of an information requirement. Fundamentally the representations are forms of the different cognitive



structures noted above.

Representations of different cognitive origin and type are generated via a variety of well-known retrieval and
(automatic) indexing methods applied to IR systems. Different indexing methods, for example, natural language
versus controlled vocabulary, applied to the same text collection retrieve different sets of text or passages for the
same query. A passage can equal a paragraph, a section, or a figure in a full-text object. In online bibliographic
databases, human indexing with a small number of controlled terms per document results in a representation
based on human interpretation and domain expertise of the entire full-text object. As such, this leads to a heavy
reduction in access possibilities, although new facets of potential informative value may have been added by the
indexer. The automatic natural-language processing (NLP) approach provides many more access points, but
generated by the author. The author’s terms in section headings or titles are assumed to have greater weight
than similar words in the text body. Hence, the writing style in scientific communication influences the NLP
result differently due to its domain dependence. The NLP result can be automatically filtered through a domain-
specific thesaurus of controlled terms. Thesauri are actually interpretations of a domain by experts different
from the indexers (INGWERSEN, 1996).

Several empirical investigations carried out in the operational Boolean environment demonstrate clearly that
the combination or the overlap of controlled index terms and natural-language representations yields better
retrieval results than the two separately (KATZER ET AL.; LANCASTER; TENOPIR). The more variety in
cognitive origin of representation, the more different the results and narrower the overlaps. Because of
individual variance in interpretation, human indexing results in retrieved sets rather different from those based
on automatic indexing. INGWERSEN (1996) exemplifies how the mixing of author-generated title and abstract
terms with indexer-generated terms can be applied following a Boolean quorum logic combined with the
cognitive principle of polyrepresentation or multiple evidence in traditional online bibliographic databases.
AHLGREN (1998; 1999) proposes how to improve and logically simplify this cognitive online approach.

One of very few investigations of the overlap in retrieval of journal articles using term indexing and citation
indexing was carried out by MCCAIN. As expected, for the same queries in Medline and the citation databases,
the two very different cognitive structures of indexers and citing authors yielded an overlap of only 11% on
average. PAO’s (1993; 1994) similar investigations of the overlap between indexing and citation analysis went
further by clearly demonstrating that up to 90% of retrieved documents in the narrow overlap set were judged
relevant by experts. HARTER ET AL. investigated two confirmatory representative structures associated with
scientific communication—those of citing and cited authors—and observed their semantic relationships or
overlaps. SWANSON’s 1986 methodology for examination of scientific communication patterns to discover
hitherto unknown connections between two medically remote research communities belongs to the same kind of
multiple evidence approach. There is a small but increasing interest in these approaches to retrieval based on
different types of citation indexing. When invented three decades ago, citation indexing was seen as an
alternative to text retrieval (GARFIELD). Now in light of current cognitive theory and information technology,
they appear to offer far more in combination than anticipated.

With respect to overlaps between sets of texts retrieved via different best-match (and Boolean) techniques or
search engines for the same user statement, the picture is identical. From a cognitive perspective, this evidence
of variety is obvious. This is the idea behind data fusion as discussed by KANTOR and first put into practice in
the IR system developed by CROFT & THOMPSON.

An interesting line of research is proposed by VAN RIJSBERGEN & LALMAS and LALMAS & RUTHVEN.
Van Rijsbergen & Lalmas suggest the application of uncertainty logics, including abduction, because uncertainty
and unpredictability are fundamental obstacles to effective access to information in IR. They go on to propose
the application of the Dempster-Schafer theory of evidence as a logical tool in IR. The proposal is carried on by
Lalmas & Ruthven. In many ways their approach seems associated with or complementary to cognitive theory,
primarily with regard to the use of uncertainty and multiple evidence or polyrepresentation of information
objects. A comprehensive cognitive IR theory should not only attempt to bridge or associate with prevailing
theories in mainstream research, but it ought also to be able to explain some fundamental problems that occur in
such theories. One example is the well-known but unrealistic assumptions of term and relevance-assessment
independence concerning probabilistic and vector-space techniques (ELLIS, 1996). The term-independence



assumption implies that each term or feature in an information object is independent of other features. Terms
are the entities on which probabilistic or vector calculations are made, and they seem to yield a better
performance result on average than the use of concepts or composite terms or phrases. Similarly, each relevance
assessment of a ranked list of objects is assumed to be independent, or not to influence other assessments. The
first assumption is in fact realistic in a cognitive sense if we assume that authors actually write meaningful texts
and the query is rich. In such cases (INGWERSEN, 1996), when a text passage is retrieved containing a vast
number of independent query terms, the probability that we reach a meaningful text entity is high and correct
topicality is assured. Clearly, we have not necessarily retrieved information in a cognitive sense, but conceivably
a meaning quite identical to the query. DRETSKE's semantic information theory comes to mind, in which
information (seen as the text itself, as opposed to the cognitive information conception) leads to meaning, that is,
to making sense. In addition, although phrases are more concise and precise features, they are more
semantically closed than single terms. In a cognitive sense, the bigger the context, the more disambiguation at
the semantic linguistic level (Figure 1), and the fewer the paths into information space of possibly useful nature
to the user. Hence, phrases limit recall. The relevance-independence assumption should be seen in the light of
the Cranfield-like experiments in which titles or short abstracts were presented to users. In that case the
assumption does not necessarily hold because each assessment will be as fast and possible to remember as the
ensuing one. This depends, of course, on the presentation mode of objects. However, if full-text objects are
assessed, the independence assumption may very well hold due to cognitive overload during assessments.

Cognitive Space and IR Interactions

Two particularly important structures in the cognitive space of the user are the perceptions of the work task
and the information need that drive the user’s seeking behavior. Various researchers are finding ways to observe
and understand the relationship of work task to information need with the goal of designing more responsive IR
systems that employ mechanisms such as feedback and query expansion.

Work task. As part of the situational context surrounding the world model of the user (Figure 1) are the work
tasks imposed by the social-organizational environment and perceived by the user by means of his or her
current cognitive state as an interest, problem, or task to be pursued (INGWERSEN, 1996). This act of
perception can be seen as a dominant component of the problematic situation conceived in the ASK hypothesis
(BELKIN ET AL., 1982a), or the component regarded as the cause for information need development. In a
cognitive sense the user's perception of a work task is likely to be more stable over IR session time than the
corresponding dynamic information need. The perception of work task is thus appropriate to utilize, as it may
provide the context necessary for the system to retrieve relevant information, i.e., information useful to that user
in carrying out the work task. This conception of context and information use is associated with WILSON (1981).
In this respect we may see how decade-old conceptions, proposals and observations often are resurfacing and
tuned into new shapes due to the ongoing process of research in the field.

Several extensive studies of the influence of work task on IR have been made. BYSTROM & JARVELIN, in a
study based partly on the cognitive view and partly on sense-making theory, investigated the complexity of
work tasks and how it affects not only IR but also information seeking and use in decision making. Their results
show that, in the case of complex and ad hoc work tasks, both the information need and corresponding problem
perception are extremely weak or nonexistent. The user can describe only the perceived work task itself.
Evidently, any IR design and/or evaluation ought to take that factor into consideration. Researchers should
investigate the socio-organizational environment and domains with respect to characteristics of work tasks and
preferences as well as their associated problem and need manifestations. This type of domain analysis can be
carried out by means of common social science data collection and analysis methods, such as process analysis. A
detailed model for work-task analyses is provided by RASMUSSEN ET AL. (p. 206) in their empirically based
cognitive ecological framework, which covers both design and evaluation issues of information systems and is
both analytical and empirical.

In evaluation of IR systems, BORLUND & INGWERSEN (1997) created simulated work-task situations, or
cover stories, that were employed by test users to generate their own information needs. Although the study



was small in scale, the results indicate that IR systems can be tested applying simulated task frames. Currently,
the technique of applying real information needs generated by test users in response to simulated work tasks is
being studied in large-scale IR system evaluation experiments involving full-text and best-match algorithms
including query modification (BORLUND; BORLUND & INGWERSEN, 1999). ALLEN (1996a, 1996b) and
HERSH ET AL. use the work-task approach in a more pragmatic and user-centered study, while JOSE ET AL.
rely on the Borlund technique of simulated tasks and information situations in an evaluation study of image
retrieval. REID supports Borlund’s technique in promoting a task-oriented approach to IR evaluation in general.
It should be noted that a task can be understood in two ways in IR: (1) as a work task that originates external to
the user from an information and domain situation and (2) as one or several different retrieval or search tasks of
specific conceptual or retrieval nature to be performed in connection with searching for information. Hersh et al.
study the task phenomenon in its latter capacity as does MARCHIONINI, who regards information seeking as a
process in which the search task consists of a series of actions in pursuit of an aim. The aim is identical to the
work task or interest. Search tasks are also (re)investigated in relation to online searching, i.e., searching virtual
environments, such as digital libraries or the World Wide Web. Various approaches to investigating cognitive
style are recently discussed. FORD introduces the use of neural networks to handle fuzzy navigational behavior,
while PALMQUIST & KIM observe search performance in terms of time spent and number of nodes traversed,
and S. PARK looks into the role of integrated interaction and user control of the distributed environment
including database selection.

The work task and its effect on the user’s perception constitutes a valuable dimension of the cognitive space
of the user, in line with problem and information need perceptions. Conceivably, this multidimensionality can
be further exploited in building request models to extract descriptions of various user perceptions.

Feedback and query expansion. SPINK ET AL. (1998a) conducted a large-scale empirical investigation of
elicitations of information from users by search intermediaries in standard online IR situations. By means of 40
mediated IR interactions and more than 1500 elicitations, the authors establish a categorization of purpose and
strategies for mediated questions from users with real needs and monitor the transition sequences from one type
of question to another. Their conclusions are compared to previous interaction studies and models (BELKIN ET
AL., 1987, INGWERSEN, 1982, 1996, SARACEVIC, 1996a; SARACEVIC ET AL., 1990) and stress in a very
detailed manner the importance of extracting information from the user on search terms, domain knowledge
level, previous information seeking experience, and search knowledge. SPINK & SARACEVIC (1997) found that
search terms evaluated from systems feedback and later applied to query expansion were found to be highly
productive, as was the interactive IR session in teams of users.

Feedback from IR systems is thus a fundamental element both in standard online retrieval and in relation to
best-match IR, for instance, in TREC. Based on the cognitive approach and cybernetics theory, SPINK analyzes
three different feedback frameworks applied in information science research. She suggests enhancing the
feedback concept within the cognitive understanding of information, thus illuminating the information seeking
and retrieval context. In an ARIST chapter, SPINK & LOSEE present a comprehensive overview of feedback
issues in IR. SPINK & SARACEVIC (1998) provide a smaller but highly structured review related to human-
computer interaction in IR.

Manual query modification during experimentation, for example, in the OKAPI experiments (HANCOCK-
BEAULIEU ET AL.), combined with relevance feedback, demonstrates highly interesting results from a
cognitive view. It provides the basis for improved cognition and expression by the user of the underlying
problem or work task and, possibly, of the actual need for information, by forcing the user to interpret the search
outcome (SPINK ET AL., 1998a). This outcome does not have to be monolithic, that is, one simple ranked list,
but may also contain pointers to several conceivable routes into information space, for example, hypertext links,
class names, condensed or structured lists of concepts, and analogous means of conceptual feedback. The
structures of monolithic term lists have been empirically evaluated by EFTHIMIADIS (1995) from a cognitive
and user-centered view. Simple frequency-ranked term lists seem less valuable than lists ranked with the “best”
search terms first.

The results of some investigations disagree on the effect of query modification on retrieval outcome. BELKIN
ET AL. (1996a) maintain that interactive query modification adds to the performance of the total IR system,



measured as recall and precision in interactive TREC experiments. In contrast, HANCOCK-BEAULIEU ET AL.
claim that manual query expansion in various forms does not increase overall performance but rather decreases
it. The latter result has been confirmed by MAGENNIS & VAN RIJSBERGEN. However, the investigations on
this matter are very few and, due to the experimental settings, difficult to compare. We have indications that
successful use of ranked retrieval systems depends heavily on the users' mental models of how such systems
operate, including functionality like relevance feedback and query modification (BELKIN ET AL., 1996b).

It should be noted that equal treatment, accumulation, or fusion of request versions (or relevance feedback)
over IR session time, as done in noninteractive best-match algorithms, is incompatible with a cognitive theory
for information transfer. Because cognitive theory assumes that dynamic interpretations, learning and cognition
take place during information interaction, the latest versions of requests should be given higher priority or
weighting than previous versions in interactive best-match algorithms. This does not make objects redundant
that previously have been judged relevant and still are seen as useful by the user. The systems design should
obviously allow for a return path or save functions, consistent with the observations of relevance behavior by
FLORANCE & MARCHIONINI. CAMPBELL and CAMPBELL & VAN RIJSBERGEN propose an application of
a probabilistic model, called the Ostensive Model, that reduces the weights given to previous relevance feedback
results, thus conforming to the realistic concept of information need and situational variation during IR. The
implemented system is intended to work without query reformulations by the user, a conception similar to that
of the THOMAS system (ODDY, 1977b); instead it displays image representations of the information objects in
the form of clusters of candidate objects generated by the highest-ranked objects based on the previous relevance
feedback actions with falling probabilistic weights. In the effort to reduce clutter, the candidates are only shown
around the current object chosen by the user. The path of previously assessed clusters is the sequence of objects
from the starting point to the current object. The user is thus free to select any object at any time as the new
current object (CAMPBELL).

Relevance and Evaluation

The TREC and other interactive investigations and experiments demonstrate the problematic issues
concerned with the concept of relevance and the evaluation methods generally applied in IR. Until recently a
basic drawback of the cognitive approach has been a lack of discussion directed toward these issues. Yet, the
number of journal articles on relevance alone has increased tremendously since the SCHAMBER ET AL. article
in 1990: in that year 9 articles were published and in 1996-1997 the trend peaked with more than 50 articles per
year. Schamber reviews the issue of relevance in ARIST (SCHAMBER, 1994) and has herself contributed to the
empirical study of relevance assessment criteria from a cognitive approach (SCHAMBER, 1991), along with
others, including BARRY, BARRY & SCHAMBER, BRUCE, and T. K. PARK. A thorough discussion of
evaluation of IR systems can be found in the ARIST 32 chapter by HARTER & HERT.

The relevance experiments and investigations, including those associated with TREC, led SARACEVIC
(1996b) to produce the most comprehensive model of relevance types and IR interaction. The model is seen as an
alternative to but strongly associated with the cognitive models proposed by INGWERSEN (1992; 1996) and
BELKIN ET AL. (1995a). Saracevic’s model is at least two-dimensional. One dimension is occupied by three
communication levels. The (1) processing level corresponds roughly to SMEATON’s morpho-lexical and
syntactic linguistic levels, and the (2) interactive and (3) cognitive levels to Smeaton’s semantic and pragmatic
levels. The other dimension consists of five increasingly subjective types of relevance: from (1) algorithmic,
which is similar to ranked machine output, e.g., in TREC; through (2) topicality; (3) pertinence to information
needs; and (4) situational relevance. Situational relevance corresponds to the work-task situation. Saracevic also
introduces (5) an emotional/intentional type of relevance that can be seen as a socio-cognitive assessment
category referring to the domain and its collective preferences (COSIJN & INGWERSEN). Later SPINK ET AL.
(1998b) add two new dimensions to the model: time and relevance scaling. BORLUND & INGWERSEN (1998)
propose the application of scaling during IR experimentation and two new performance measures built on the
Saracevic model: relative relevance, which compares different types of relevance assigned by users to the same
ranked output; and ranked half-life measures, which measure the capacity of the system to rank the most



relevant object as high on the list as possible. From a more logical and structured stand, MIZZARO (1996; 1997)
analyzes the variety of conceptualizations of relevance, including cognitive contributions in IR.

INTEGRATION OF MODELS

The holistic cognitive approach to IR attempts to cover both the information object and system facets of the
retrieval processes as well as the user and socio-organizational environment. Information is seen as situational
and contextual. Only recently we begin to observe a trend of integrating information retrieval with its natural
context: information seeking processes and behavior. The question of integration has always been there, for
instance already modeled implicitly by WILSON (1981). Another integrative approach can be seen in connection
to the field of scientific communication and informetrics, for which IR has been an essential means to data
collection. However, prior to looking into those integrative efforts we will deal with the critical issues of the
cognitive view, mainly arising from a meta-theoretical stand.

Critical Issues

VICKERY outlines the individual cognitive approach, mainly belonging to the first period, 1970s to 1990s, and
compares it to other epistemological views on information science. His main criticism of the approach is that it is
said to lack predictability and practical investigations along its theoretical lines. Since the cognitive view does
not adhere to a natural science research tradition, no formal ways exist to model IR and IR interaction from that
standpoint. Nevertheless, at a theoretical conceptual level —as a middle-range theory—the holistic cognitive
view predicts that deliberate simultaneous use of several different formal IR techniques or algorithms will
produce retrieval overlaps that are more relevant (useful) to a user, the more cognitively different the
techniques. The condition is that the user's cognitive space is also represented in IR by different but causal
cognitive structures in terms of polyrepresentation or multi-evidence. We have seen some empirical indications
that this prediction may be correct (MCCAIN; PAO) when applying citation and term representations
simultaneously. Another prediction is that simulated work-task situations or cover stories may function just as
well as real needs, and more realistically than simple queries, during controlled investigations of interactive IR
activities (BORLUND & INGWERSEN, 1997), mainly due to their situational and contextual nature. So far this
assumption seems not to have been falsified (BORLUND). The building and use of cognitive user and request
models that successfully guide researchers through large-scale studies of interaction with IR systems seem
successful in the sense that we know of their functional limitations (BELKIN ET AL., 1983, BROOKS, 1987;
INGWERSEN, 1992). Hence, more elaborated models, based on empirically investigated successes, errors, or
limitations of the former models have been proposed, discussed, and empirically tested (BELKIN ET AL., 1995a;
BORLUND & INGWERSEN, 1997, HARTER & HERT; INGWERSEN, 1996; MIZZARO, 1996, 1997;
RASMUSSEN ET AL.; SARACEVIC, 1996a; SPINK ET AL., 1998b; WILSON, 1999). This is perhaps the major
contrast to the prevailing black-box system-driven research tradition in IR. The crude Cranfield model
(CLEVERDON ET AL.) has hardly changed for decades, although the same tradition increasingly produces
evidence that suggests including variables of more interactive nature than simplistic relevance feedback. The
complexity on the user side, framed by social interaction in dynamic situational contexts, forces the cognitive
researcher to finely grain the investigative models in order to observe and analyze the dependent variables
between system elements, properties of information objects, and actors in context. One should note that the
context surrounding the actor actually includes both the socio-environmental (domain) influence and the
information objects embedded in system settings produced by that environment. Some research concepts are
common to both types of context, but with quite different connotations. For instance, uncertainty is a dominant
concept in formal probabilistic retrieval models. However, uncertainty is regarded as a state of mind during
social interaction, information seeking, and IR activity. This uncertainty during interpretation of knowledge
sources was predicted earlier (BELKIN ET AL., 1982a; INGWERSEN, 1992; WERSIG) and is found empirically to
increase during the initial stages of interaction, dependent on the knowledge state of the user (KUHLTHAU,
1991, 1999). Comprehensive cognitive models should operate with both kinds of uncertainty.



One may agree with VICKERY and ELLIS (1992) that both cognitive (and user-oriented) research as well as
system-driven R&D (named physicalistic by Ellis (1992)) suffered from a kind of theory weakness or, at least,
theory fragmentation. With respect to the individual cognitive approach Ellis's objections concern mainly two
aspects of the theory. First, he disapproves of the attempt to view cognitive structures in systems and
information objects, seen as artifacts, and human cognition under the same model (1992, p. 59). In a cognitive
theory for IR this unified conception is, however, regarded as a strength, exactly in order to understand the
differences between and limitations of such structures that prohibit the interaction. In contrast to traditional IR
research, the cognitive view does not per se regard user behavior as highly rational, well-defined, and
purposeful. Rather, random action and vagueness are seen as typical elements of retrieval behavior, due to
uncertainties and ambiguities as, for instance, demonstrated by the label effect. Second, Ellis indicates that the
cognitive view lacks empirical research results (1992, p. 53). This observation is surprising exactly because
cognitive modeling is empirically based, for instance by studying the activities and language use during
interaction as manifestations of cognitive processes. The modern holistic cognitive view continues to build a
unified theory that circumscribes interactive IR processes in which one of the cornerstones is the understanding
of the complexity of relevance, relevance assessments, and information use over time. With the recognition of
the three revolutions by ROBERTSON & HANCOCK-BEAULIEU, i.e., the cognitive, the interactive, and the
relevance revolutions, and the proposed research perspectives by VAKKARI (1998; 1999), VAKKARI &
HAKALA, and WILSON (1999) on information behavior, the possibility of creating a unified theory of ISR
(information seeking and retrieval)—or at least a comprehensive research framework or program—has
increased. The strength of the cognitive approach is its encouragement to engage in empirical investigations at
both general and quite detailed levels of study due to its models, assumptions, hypotheses, and hitherto
obtained results. Typical to cognitively inspired research is the diversity of data-collection methods, including
case-based, observation, and interviewing, and qualitative and quantitative analyses at various levels, including
talking-aloud protocol, log, contents, and discourse analyses. However, as in other complementary information
research perspectives or approaches, such as the sense-making framework (DERVIN & NILAN), one must be
aware of the pitfalls of investigation. For instance, when studying variables in interactive IR or information
behavior and seeking processes it is important not only to focus on the correlation of some selected variables,
but also to ask whether such variables in fact happen to be marginal, or possibly related to other known
variables recognized in earlier work. Similarly, it is important not to invent new names for old concepts, and to
relate really novel conceptions to already existing ones.

VICKERY and ELLIS (1992) are critical of the cognitive view in IR because they do not observe a drastic
improvement in the theoretical basis of the field. They both wish to see theory proceeding into a better
understanding of phenomena, applications, and information practice. A quite different critical view of the
individual cognitive view derives from metatheoretical and philosophical approaches to information science.
Observations start with FROHMANN (1990), who argues that the individual cognitive view shows heavy signs
of mentalism, signifying that reality and the social context are a mental construct. Frohmann (1992) takes his
critique further by implying that the view as applied in IR (and in the sense-making framework of DERVIN &
NILAN) signifies the "erasure of the social" (FROHMANN, 1992, p. 376), mechanistic instrumentality and,
indeed, cognitivism (p. 380), also known as Strong Al. Frohmann's critical views are based on discourse analysis
of a variety of articles produced in the 1980s, foremost by Belkin and his teams. HJORLAND (1992) sees the
approach as subjective idealism —close to the mentalistic position —as opposed to his own (1997) methodological
collectivist point of view. In our view, such metatheoretical criticism is unavoidable in a research field which, in
reality, is heavily technology-dependent but progressing from a natural science-like IT-focused framework into
the domains of social science with all its variety of philosophical attributes and schools.

The essential research problem in information science, IR and information seeking, and like fields is to
understand the reality and functionality of complex formal technologies, such as best-match retrieval systems, in
interaction with a multitude of interlinked and unstructured knowledge resources, some even constantly
changing like the World Wide Web, and individuals in a situated social context. In such information fields and
sciences, the system/knowledge source/actor/domain/social context of interactivity is most often seen as a
phenomenon in which the totality of activities becomes fragmented into separate elements. This is unfortunate



because it reduces the potential for understanding the complexity of information phenomena.

HJORLAND & ALBRECHTSEN propose domain analysis as a "new horizon in information science" as
opposed to the individual cognitive view. Domain analysis in their sense assumes that the domain and social-
cultural structures are the determining factors for information transfer and communication. From a cognitive
stand, however, such structures only influence the symbolic and perceptual cognitive structures of individuals
in their current situations. The actors in context, i.e., all the derived human knowledge structures involved in IR
interaction and seeking of information, are the determining factors that change the domain. For instance, the
World Wide Web changes over time due to individual contributions in social interaction. Human social domains
can only be dynamic and changeable if individual cognitive structures change, and when they involve and
change other structures collectively. The critique is recently summarized by JACOB & SHAW in connection to
document representation in an ARIST review, in particular with respect to the linguistic issues of representation.

The major differences between the (holistic) cognitive approach in information science and the critical
approaches of social realism, including critical hermeneutics, semiotics, and social constructivism (TALJA), are
that the latter theoretical constructs thus far have not generated workable empirical research methodologies.

Converging Models

During the 1990s several models of an integrative nature have emerged. The production of convergent
models takes place in two dimensions: vertically, by placing interactive IR as an integrative part of information
seeking processes, framed by information behavior (VAKKARI 1998, 1999; WILSON, 1999); and horizontally,
by modeling interactive IR as seeking strategies or episodes (BELKIN ET AL., 1995a), or by viewing interactive
IR in a stratified way (SARACEVIC, 1996a), including the modeling of relevance (1996b).

WILSON (1999) outlines earlier models of information seeking and other aspects of information behavior,
initiated by his model (1981). He demonstrates the relationship between communication and information
behavior in general with information seeking and retrieval in IR systems in the form of a nested model, arguing
that the earlier models address issues at various levels of information behavior. By investigating and discussing
the sense-making framework (DERVIN & NILAN), ELLIS's (1989) feature model, KUHLTHAU's (1991)
phenomenological stage process model, BELKIN ET AL.'s (1995a) episodic model, INGWERSEN's (1996)
cognitive communication model for interactive IR, SARACEVIC's (1996a) stratified IR processing model, and
SPINK's feedback framework, Wilson succeeds in bringing together and generalizing the variety of central
aspects involved in information behavior in context (1999, pp. 257, 264). In this comprehensive study Wilson
further views uncertainty stages in the transition process of (pragmatic) problem solving as an alternative way
of approaching information behavior and thus IR. On this issue Wilson relies on the comparison or merge of
Ellis's feature and Kuhlthau's stage process models. In relation to uncertainty and problematic situations and
solutions Wilson might, for example, have pointed to the ASK hypothesis (BELKIN ET AL., 1982a). Wilson
suggests that the discussed models are complementary rather than conflicting, and that his problem-solving
model (p. 266) provides a basis for relating the models in appropriate research strategies. In a pioneering effort,
VAKKARI (1998) provides a detailed analysis of theory growth in information seeking, in particular the growth
of a theoretical research program on the relation between work-task complexity and information seeking.
Vakkari follows up on this effort by explicitly addressing and emphasizing the processes and theoretical aspects
that link information retrieval theory to information seeking research frameworks (1999).

BELKIN ET AL.'s (1995a) episodic model of information seeking strategies (ISS) or behavior considers the
types of search a system must support. It might br considered a model of IR interaction behavior rather than an
information seeking model, depending on the level of generalization at which one regards it. The idea behind
the model is that people commonly engage in multiple searching behaviors both during IR sessions and across
sessions. The goal of the model is to support retrieval (or seeking) by making design and implementation of IR
systems adapt to the changing requirements of the systems. Implementation was done in the so-called MERIT
system. The model consists of 16 types of behaviors or episodes within a four-dimensional classification of IR
modes. Each mode contains a binary number of values and each type of behavior is defined by the four-
dimensional values. The four modes are method of searching (scanning or browsing); mode of retrieval



(recognition or specification of relevant objects); the goal of retrieval (learning about the system and information
space or finding relevant information); and the resource considered (information objects or meta-information).
The model has been applied to Web searching and navigation studies, for instance by PHARO. Pharo's test
seems to show that the model is not exhaustive and that there is a potential for interdependency between the
method of searching and mode of retrieval (p. 211).

SARACEVIC's model of stratified interaction displays a three-level structure consisting of surface, cognitive,
and situational strata (1996a). The surface stratum deals primarily with the computational data processing based
on a query. The cognitive stratum embraces the process of perceiving information during human-machine
interaction in relation to the perceived need for information, and the situational stratum refers to the information
use with respect to a perceived work task in context of the environment. The model is clearly associated with
that of INGWERSEN (1996, p. 9) and is seen as an alternative model for interactive IR. It is made more
comprehensive by incorporating a typology of relevance (1996b), consisting of five different types of relevance:
algorithmic, in relation to the system output; topical, in relation to aboutness of information objects and query;
pertinence or cognitive relevance, associated with the perceived information need of the user; situational, seen
as the usefulness of the objects to the current interest of the user; affective/motivational, associated with the goal
of the user.

This model has recently inspired several empirical studies and further modeling of relevance phenomena. For
instance, BORLUND & INGWERSEN (1997) explored the possibility of applying situational relevance and
topicality assessments in interactive IR experiments using nonbinary relevance assessments and by modeling
SARACEVIC's typology (1996b) in relation to real as well as simulated work tasks. That model was later (1998)
modified to emphasize the relation between a perceived work task, the dynamic information need developing
over time, and relevance categories for test persons as well as assessors in IR experiments. The Borlund &
Ingwersen approach also suggests performance measures that incorporate types of relevance (1998). SPINK ET
AL. (1998b) empirically investigate what they call regions of relevance, including the application of nonbinary
assessments in large-scale interactive studies. Very recently, COSIJN & INGWERSEN re-analyze Saracevic's
typology and propose to replace the affective/motivational relevance type with a socio-cognitive category,
directly associated with the contextual environment and domain, and originating from JROM.

With the re-incorporation of situational relevance and situated context into IR and information seeking
models, the issue of information use becomes paramount as a research topic. This issue extends the time line
commonly observed during IR investigations and makes it increasingly necessary to view information seeking
and retrieval as a whole (VAKKARI, 1998). Longitudinal studies of information behavior and search processes
should hence play a more central role as an empirical foundation for information seeking and retrieval (ISR)
models. KUHLTHAU's (1999) investigations of problem solutions and information behavior over time come to
mind, as do the more retrieval-oriented longitudinal studies by WANG and WANG & WHITE. Kuhlthau's
study included observations of uncertainty developments in relation to the knowledge state of the user. Wang
investigates the alterations of the perceived information needs over research project time, represented by the
distribution of articulated unique and novel versus overlapping search terms. Also in an empirical research
environment, VAKKARI (2000) and VAKKARI & HAKALA follow the development of relevance, relevance
criteria, and contributing information types of searched documents in task performance over an academic term
period. Similarly, Wang & White investigate and provide a cognitive model of the actual application of
documents at the reading stage, in particular in relation to decisions of citing the works used.

As a special case, one may regard author co-citation maps as adequate indicators of actual interpretations of
information and its use. NOYONS ET AL. demonstrate the technique in a bibliometric sense but also with
reference to citation mapping that can be applied as a visual IR gateway to the underlying information. WHITE
& MCCAIN and DING ET AL. visualize the clustering of the most co-cited authors in information science and IR
respectively. The maps visualize the cognitive authority over a given time period in a scientific community and
inform about how the community makes use of scholarly works as well as how it perceives closeness of
relationships among works through co-citations on reference lists. In principle, maps of words or other
representative means, like journals, produced by identical multidimensional scaling methods and factor analysis
from document data, have similar meanings, i.e., how terms or journals are used in connection with one another



in information objects that all are results of interpretation and information use.

CONCLUSIONS

The cognitive research approach, based on the epistemological cognitive view, has made significant
contributions to a more comprehensive understanding of retrieval processes. As stated by JACOB & SHAW (p.
131), this approach has been instrumental in shifting the focus from the system per se to the interaction between
user and the system. However, we cannot claim that the view has completely penetrated the frameworks
applied to mainstream research on IR. This fact can easily be observed in the co-citation maps published recently
(WHITE & MCCAIN; DING ET AL.) that show the amount and concentration of purely system-driven
researchers. Only recently can we detect a more comprehensive view of information retrieval in the context of
information seeking, that is, in the context of the social and cultural environment (BYSTROM & JARVELIN;
VAKKARI, 1998, 1999; WILSON, 1999).

Generally speaking, the cognitive approach has from its start in the 1970s been associated with the user and
intermediary mechanism configuration in the universe of IR research. Later, in the 1990s, the cognitive view
broadens its scope by also seeking to encompass and understand the formal and experimental dimensions of IR
by concentrating on all the processes of interaction that take place between the complex variety of actors in
interactive IR. Thus, there appear elements of a holistic theory for IR that attempts to view such interactions
between representative structures of information objects, symbolic structures in systems, and the user's
cognitive space in context of the work or interest domain in a situated manner.

In a more detailed manner we may regard the years 1977-1982 as a time when the cognitive view is
established as a theoretical perspective that moves into a research program with initial research models and
empirical investigations carried out in accordance with those models. During the period 1982-1986 we find the
next wave of empirical research and theoretical analyses, which achieve the ASK hypothesis (BELKIN ET AL.,
1982a), the Monstrat Model for knowledge-based intermediary and systems design (BELKIN ET AL., 1983), and
the observation of the Label-Effect and information need typologies (INGWERSEN, 1982, 1984, 1986). The
central issue is the user-system interaction via an intermediary mechanism (BELKIN & VICKERY). From 1987 to
1991 we observe the drawbacks of the so-called intelligent (knowledge-based) IR approach (BROOKS, 1987) and
attempts to integrate the variety of investigative models in IR (BELKIN ET AL., 1987). We can observe a shift in
user-driven research toward exploratory information behavior (BATES, 1989) and situated context (SCHAMBER
ET AL.). The period 1992-2000 can be characterized by the increasing interest in phenomena of relevance and
uncertainty (SARACEVIC, 1996a, 1996b; SCHAMBER, 1994; WILSON, 1999), the TREC experiments that
reinforce the discussion of measures of relevance, realism, and control in experimental settings (HANCOCK-
BEAULIEU ET AL.; INGWERSEN, 1996; ROBERTSON & HANCOCK-BEAULIEU), and in particular the focus
on a comprehensive perspective on IR interaction in work-task and domain context (BORLUND; BYSTROM &
JARVELIN; VAKKARI, 1999). During this period we further observe remodeling of interactive IR as well as
information seeking, based on solid empirical studies of a broad nature in both fields. The critique of the
individual cognitive view also appears during this period (HJURLAND & ALBRECHTSEN; TALJA).

The history of the cognitive view in IR and information studies thus covers nearly 25 years of impressive
activity of both theoretical, analytic and, foremost, empirical nature. Although still weak on aspects of
information seeking and behavior, the viewpoint increasingly demonstrates the potential of contributing
interesting and valid research questions, directions, and solutions to the integrated study of information seeking
and retrieval (ISR) in situated context. “We shall not cease from exploration and the end of all our exploring will
be to arrive where we started and know the place for the first time.”

T. S. Eliot “Little Gidding V” in Four Quartets
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