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SYSTEMS VERSUS USERS: AN ANALYSIS OF THE ART AND/OR SCIENCE OF SEARCH NEGO
TIATIONS 

Kathleen T. Bivins 

Guest Professor, Linköping University, Linköping, 

Sweden 

1. Introduction 

Each time a user has a problem which necessitates using an information 
retrie~al (IR) system of any kind, each time th at happens, a negotiation of 
some kind must take place. This negotiation can be between the end-user and 
the system, between the end-user and a librarian/mediator, or between the 
librarian/mediator and the system. The process is complex and delicate, in
volving, variously, deductive and inductive logic, combinatorial thinking, 
knowledge of system structures, knowledge of knowledge structures, personal 
communicative abilities, guessing, sheer speculation, and, in the end, luck. 

All this just to find a book in a library, to take a simple example? Yes 
and no. In a typical large research library, on ce a decision is made to add 
a document of some kind to the collection, the process of deciding where to 
place it within the context both of its subject content and the system struc
ture must be made. And therein lies the first part of the problem. The mat
ter of access by title, author, and/or other specific information unique to 
a particular document is not of concern here. Wh at is of concern, of course, 
is the assignment of subject terms from an indexing language. Generally 
speaking, indexing languages can be assumed to include classification systems 
and the various forms of thesauri and simpler alphabetical subject heading 
systems. The person responsible for the indexing decision is working both 
from his/her framework, as well as from th at of the indexing language. In 
addition, since it is normal practice for an indexer to be instructed to 
consider the user of the IR system, a situation exists whereby the indexer 
is attempting to figure out what a user would be apt to look for in regard 
to the document in question. Who knows? Or can really say? So, some know
ledge (of the indexing language and of the knowledge structure of the docu
ment), some technical competence (in applying the "rules" of the indexing 
language) and some guesswork is involved. Now, the user must do a sort of 
reversal of this process. S/he must deal with his/her information need in 
all its vagueness and try to both figure out how the system works as well as 
how his/her need can be expressed in the terms of that system. The user is 
really the only one who can truly say what is his/her need, although this is 
frequently a very difficult process. Indeed, there is some validity in say
ing that the system itself may well influence that need, perhaps in a way 
that wouldn't have been the intent of the user if s/he had known of the in
fluence~ More of ten than not, this hapless user has little knowledge of the 
system, and finds it a rather mysterious, not to say arcane, procedure to 
delve into a formal IR system. In the situation where the user asks for the 
aid of an intermediary (mediator), we add yet another dimension, that of the 
person-person communication. At this stage, one might well wonder how indeed 
anyone manages to retrieve anything at all from an IR system~ Of course, in 
many cases, users find information which presumably satisfies their needs, 
and when looking for specific information, that is not so difficult - provid
ed that the IR system has the document in stock. So, what have we arrived 
at? A person on the one hand indexing from certain sorts of conditions, and 
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a user searching from ot her sorts of conditions, and of ten an intermediary' 
as a sort of buffer between the two. Having attempted to describe the para
meters of the IR process, I shall proceed to discuss IR systems in general, 
followed by different search and research approaches, along with alternatives 
and concluding remarks. 

2. IR systems 

As a generalism, one might say th at IR systems are system, rather than 
user, oriented. If one is discussing, for example, a card catalog for a 
large research library, it is possible to state that the catalog is construc
ted by librarians for use by librarians. It is well-known that card cata
logs are complex structures which are based on an equally complex series of 
rules and elaborations thereof. It is also well-known that librarians have 
long since constructed a rather neat set of principles for the establishment 
of just such complex card catalogs, and therefore have provided a basis of 
justifications for these IR devices. Of course, the problem of use of these 
catalogs is a difficult one. Not only is a card catalog hard to use, one 
of ten wonders how much of the elaborately constructed informatlon is actually 
pertinent. We do not know these answers, despite the fact that the problem 
is one which is quite frequently addressed. In the same mood, one might 
question the current machine-readable files of bibliographic references which 
have been constructed more or less in the same spirit. The wonders of online 
searching and the like have long since become a fixture of sorts in the in
formation world, but again, the same cavils apply to these types of systems. 
At best, they provide a union catalog sort of approach to different subject 
areas, that union catalog being in machine-readable form. One might say 
that this could provide a speedier mechanism for collecting literature and 
for searching that same literature. While this is possible, it is more 
likely that the large machine-readable data bases which exist (many hundreds 
at this point) probably do not significantly improve service to the end-user. 

The systems here generalized about are most certainly document-oriented, 
and even system-oriented, systems, rat her than user-oriented, which may ac
count for their relative failure. The most common means of searching them 
is none other than that of trial-and-error, certainly the most inefficient 
method of problem-solving, but at present about the only workable approach 
available to system users. The aim of the "trial-and-error" method is to 
produce relevant documents/information (almost invariably documents) with as 
few trials as possible and with a minimum of error. This is done primarily 
through manipulating the document surrogates, be they cards or representa
tions in a machine-readable file. In order to attempt to improve perfor
mance of the system (and thereby providing the most relevant documents with 
the least irrelevant ones) many efforts have been made to manipulate (usual
ly) subject terms. One can easily see that this is an effort to improve the 
system, with, it is to be hoped, benefits to the end-user of that system. 

Why has this approach been taken in this field? The answer is at once 
simple and complex. Simple, because there has long been a number of assump
tions made regarding IR systems, and complex, because it has seemed next to 
impossible to construct IR systems without making these kinds of assumptions. 
The assumptions made are that relevance (the primary measure for determining 
"success" of an IR system) is a function of both the document and the ques
tion, and that the question represents accurately the information need. 
Both these assumptions are integral to the vast majority of IR system con
struction, development, and manipulation. Of course, the validity of these 
assumptions, while frequently questioned, has never been wholly verified. 
In fact, the rather large body of literature which has grown up around the 
assumptions has for many years effectively removed attention from the actual 
user of the IR system in favor of the system itself and its contents, the 
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representations of documents. Thus, comments on the "art" and/or "science" 
of search negotiations must dwell heavily on this aspect of IR systems. If 
one makes a rat her broad assumption that the work done in attempting to im
prove the effectiveness of IR systems, based on relevance, is "science", 
then one must also assume that the construction of search languages and the 
learning thereof by intermediaries (or end-users) has some element of "sci
ence" to it. The "art" may indeed be in the ingenuity of intermediaries to 
"guess" at the mechanics of the system to attempt to retrieve relevant in
formation. 

3. Search approaches 

In this section, I shall focus on the various ways and means of search 
negotiating, be it within manual or automated IR systems. I shall by no 
means attempt a thorough review of the rat her vast literature, but shall 
direct my comments to wh at seems to be a stream of effort over the years, 
with digressions on the popular methods of automatic term manipulation. 

3.1 Traditional approaches 

Two threads are apparent in the literature of the past twenty or so 
years. First, there are studies involving question negotiation, usually 
focussing on the "reference" process, and, second, there are information 
transfer studies which attempt to trace information flows in varied settings 
among different population groups. 

Question negotiation has been the focus of a sizeable number of studies 
appearing in the traditional library literature (1-2). The majority of 
these studies focus on the role of the reference librarian as the facilita
tor of a particular IR system and, as such, I consider them too restrictive 
to be discussed in any further detail. Other studies, however, attempt to 
analyze the question negotiation process as a process in itself, and are not 
necessarily restricted to a particular institutional setting. 

For example, Shera's model (3) introduces the importance of the person
al characteristics of both the system user and the negotiator, and incor
porates a feedback loop. Jahoda and Olson (4) and Rees and Saracevic (5) 
are particularly concerned with the formulation of the "information need", 
while Taylor (6) has analyzed the process itself in a more comprehensive 
manner. In Taylor's work, a potential user of an IR system is seen as an 
individual who has doubts which can be resolved by information. Formula
ting a question in regard to these doubts is considered the critical aspect 
of the search process. Taylor's analysis of question formulation takes the 
form of four levels: .unarticulated need for information, conscious descrip
tion of the need, formal statement of the need, and the question stated to 
the formal store. In addition, before the question is actually presented 
to the formal store, it undergoes five "filters" which enable the negotiator 
to pre-select relevant information. These filters involve subject determin
ation, user objectives and motivation, user personal characteristics, rela
tionship of inquiry to files, and acceptable answers. Taylor's model, while 
not invalid, suffers from the assumption that the user has an ability to 
perceive a gap in his/her knowledge space. Indeed, this assumption has in
directly led to a number of interesting studies which are discussed in ano
ther section. 

Some relevant studies have been performed which are concerned with 
analysis of information needs and information-gathering processes. These 
are concerned with a more generalizable process which is irrespective of 
the user-librarian negotiation, and are thus grouped under the broader head
ing of information transfer studies. Harmon (7) has established a four-
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stage model of "user information need" that parallels Taylor's model of the 
four levels of questions. He refers to five variables associated with user 
information need identified in a study conducted by Cuadra and Katter (8). 
These include the intended use of the inforrnation, differences in the userls 
background knowledge and "cognitive style", the influence of economie and 
temporal pressures, the limits placed on the information sought, and user 
reaction such as "surprise". Harmon also cites a study by Rees and Schultz 
(7) that suggests the importance of these variables in user information needs. 

Har'mon's model of user information need comes closer to representing the 
overall search process than does Taylor's model of the levels of questions. 
In Harmon's model, the user gat hers information, places it in order, per
ceives the gaps in his/her knowledge and gathers the specific information to 
fill these gaps. Harmon speculates th at the formation and articulation of 
questions asked differs with each of these four stages. As the user gathers 
more information and perceives the gaps in the order of his/her knowledge, 
s/he is better able to form specific questions expecting specific information 
in response. Harmon further speculates that information systems could be de
signed to enhance the assistance to the user gathering and ordering needed 
information during each of these stages . 

. Kennington (9), in an artiele on managerial decision-making, outlines 
four modes of scanning, four different levels of information search applica
ble to the needs of the searcher. These modes consist of undirected viewing, 
which is aimed at the user who has not defined an information need, and con
ditioned viewing, which has the searcher looking for more specific kinds of 
information. In the third mode, a limited and unstructured search is con
ducted, while in the fourth mode, a fully structured, fully defined search 
takes place in a formal system, for specific literature or information. 

White (10), in her study of the research behavior of academie econo
mists, identifies three stages of research which can be subdivided into 
seven information functions. In order of occurrence, these information 
functions are perception of idea, definition of problem, development of 
methodology, provision of data, suggestion of information souree, analytical 
assistance, and practical assistance. While her study was not designed for 
the purpose of examining relevanee judgments, the results indicate a general 
agreement with the findings of others. The economists were increasingly 
aware of their specific information needs as their projects progressed, and 
White notes that this acute awareness seemed to peak during the methodology 
phases of the research projects. 

These studies have considerable value, but are limited in that they 
focus on specific population groups, institutional settings, or interactions 
with formal IR systems. Let us now have a look at the "non-user"-oriented 
work to see what is going on in that area. 

3.2 Manipulation techniques 

In recent years, there has been an increasing amount of research in the 
area of manipulation of the search language (i.e., the terms employed in the 
Boolean mode which "match" terms in the document description) of automated 
IR systems, in order to attempt to provide some more satisfactory results. 
In order to improve the effeetiveness of retrieving documents from the 
store, a number of theories and models have been proposed, almost invariably 
based on a form of mathematical reasoning. Fuzzy set theory, utility 
theory, cluster models, vector space models, and probability theory have all 
been used to address the problem of IR. Applications in IR systems based on 
theories and models involve most frequently, term weighting, cluster files, 
automatic feedback processing, and ranking algorithms (11-13). 
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There has developed a controversy between the fuzzy set adherents and 
those favoring probability theory, the two theories which have been applied 
more of ten than others. Fuzzy set theory allows for degress of membership 
in a set, an admittedly appealing notion in the fuzzy area of IR and rele
vance, but while it seems somewhat analogous to IR, its very imprecision 
seems to be a barrier to further understanding of IR systems. Probability 
theory, on the other hand, is significantly better developed in IR, and an 
increasing amount of work is being based on it. The central notion here is 
that it is possible to estimate the probability of the relevance of a given 
document. If one assumes this, then various activities can take place, such 
as using the theory to develop indexing and retrieval models based on word 
occurrences, creating document vectors (one here assumes that the pattern of 
index terms in relevant documents differs from that in non-relevant docu
ments), and rank ordering according to orobability of relevance. 

One of the few applications on a large working database is dependent on 
probabalistic associations being used to find terms associated with yet ot her 
terms. These associations are based on term occurrences in a Boolean query 
retrieval set, and the frequency of terms in a database (14). Another ap
proach uses automatic term weighting based on relevance feedback. Here, an 
online dialog permits users free term listing, following which system compu
tations weight terms and rank retrieved citations. The user then enters 
relevance judgments on the ranked display and the system computes new term 
weights, thus modifying the query (15). These two methodologies are both 
operating on live systems, as opposed to the experimental work done in more
or-less laboratory environments. At the present time, the use of probability 
theory with weighting, ranking, and automatic or user-generated feedback, 
seems quite promising from the system point of view. 

In addition, some work is being done on alternative methods for IR. 
The use of free text, as opposed to controlled vocabulary terms, the use of 
natural language in "sentence" form, and the use of dialogs are all areas of 
current interest. Free text searching, as currently practiced, has been em
ployed in the models described above. Most of the uses of natural language 
in IR are in the form of attempts at dialog situations (16). Invariably, 
these dialogs are quite rudimentary and it is dubious as to whether they are 
beneficial for users or not. Other approaches involve different forms of 
display of the contents of files. One that is conceptually similar to IR 
thesaurus approaches is the use of document-to-document relationships (ci
tations) coupled with subject terms in a graphic presentation (17). This 
work is quite interesting, and will soon be implemented in a database. 

Now, having presented (albeit briefly) the "scientific" approach, we 
return to the "art" approach, which is now being rather interestingly in-
vestigated . . 

3.3 Cognitive methods 

The one large issue which we have not yet addressed except in passing 
is that of the end-user. As stated previously, end-user oriented (or user
friendly) systems consist by far and large of dialog-based approaches, or 
attempts at freeing the end-user from Boolean commands and the like. The 
major drawback to this is the assumption that the system designer and those 
who provide the input make in regard to the user (to return to our initial 
comments). It is assumed that the design structure and input choices are 
appropriate to users (to repeat), however, very little is known about that 
user. If the computer or other IR system is the intermediary, than what is 
critical is the dialog between producers and users. This dialog is the 
means by which the capacity and capability of the system can be best util
ized. 
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If one can discern something of the process by which users (whether 
end- or intermediate) search for information, then it may be possible to 
implement other than the current assumption-based systems, which cannot be 
considered as more than ad hoc representations. In discussing user-system 
interactions, what is really being addressed is the fact that very of ten 
(and to some degree, always) systems are being used ,in ways that do not agree 
with the assumptions on which they are based. It may be that some form of 
user-system dialog will be the most effective means of interaction. A dia
log which attempts both to represent the assumptions of the system as well 
as the assumptions of the users may well be an appropriate step. Some work 
along these lines is currently underway in IR (18-22). 

In my opinion, the most exciting contributions to the literature are in 
the area of cognitive processing of system users. There are a few studies 
here, which consist of both theoretical and experimental efforts aimed at 
an understanding of what it is that occurs during the search process. This 
cognitive approach has been taken by Ingwersen and Kaae (20), f1ark Pejtersen 
(22), Belkin and Oddy (18) and Bivins (19-20) among others. Significant 
elements of these studies include the use of the "thinking aloud" technique 
(23) combined with various analyses of data so collected. It is most inter
esting that the "thinking aloud" technique is gaining both popularity and 
credibility among researchers in this field. While long-validated as a 
methodology, it of course suffers from the problem of great obtrusiveness. 
However, much data can be generated through the use of verbal protocols 
(another name for data generated through this means), the majority of which 
come from tape recordings, sometimes combined with video recordings. 

Although Ingwersen et al. did not pioneer the method in this field (24), 
their work is certainly the most thoroughly performed and documented, and 
should serve as a model and a pattern to current and fut ure researchers. 
These researchers, at the Danish Library School, were primarily concerned 
with attempting to find out something of patterns and the like in search 
methodjroutines of public librarians andjor students searching in public 
libraries, with an eye towards improved educational methods in the library 
school. Their careful work and extensive data analysis has led to more 
experiments and has shown promising leads for future studies. 

Mark Pejtersen, also of the Danish Library School, using the same 
methodological technique, was able to develop a new kind of classification 
scheme for fiction in public libraries. Based on analyses of verbal proto
cols, she developed a scheme which involved types and characteristics of 
fiction works, and which was used by librarians in directing users to wh at 
they wanted. An unexpected side result of this was that many of the books 
which had not previously circulated were borrowed by readers~ This is à 

small, but convincing, piece of evidence for developing user-oriented sys
tems. Readers really borrowed books which were classed (in a multi-dimen
sional way) through a scheme developed from their (the readers') wants and 
needs. 

Belkin and Oddy have been working on a design study for a system which 
would be based on a modelother than the traditional one. They first postu
late that IR system users have an anomalous state of knowledge (ASK), whereby 
they cannot specify exactly wh at they need, and therefore can't be expected 
to "match" that ASK to the specific terms required by an indexing language. 
Once again, using the "thinking aloud" technique, users of a particular 
library were queried as to their reasons for coming there. The recorded 
information was transcribed into verbal protocols, which were then subjected 
to rat her rudimentary linguistic analyses, resulting in the development of 
what can be termed association networks revolving around the central con
cepts expressed in the protocols. Next, the sujects queried were asked to 
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verify the networks, which were accordingly adjusted. In order to attempt 
to construct a navel IR system, Belkin and Oddy performed a similar linguis
tic analysis on abstracts of certain artieles, sent the resulting networks 
to the authors, and, again, made adjustments as necessary. They then had 
the beginni~ , of what would be an IR system - document concepts expressed as 
networks of dssociations, and representations of verbal protocols expressed 
in a simil~r way. It is obvious, of course, that the proposed system would 
attempt to develop an ASK of the user (through word co-occurrence strengths 
and so forth) and then search its other networks for, presumably, relevant 
information. It will be most interesting to see whether, in fact, and how, 
if so, such a system would actually work. 

Bivins has performed some experiments aimed at determining a level of 
indexing expec'ted by users versus the actual level used in the system. 
This ' was done by presenting IR system users with a search query, and then 
asking them' to "think aloud" while developing search terms they thought 
might be appropriate for the query. These verbal statements were subsequent
ly transformed into lists which the same subjects used as points of depar
ture for actual search on the same query in a real IR system. Subjects were 
again tape-recorded during the act~al search. Results indicated an extreme
ly high level of consistency in initial development of search terms, and the 
expected lack of agreement with terms actually used in the system. This is 
an interesting finding, and could have some impact on the development of 
user interfaces to IR systems. 

4. Conclusions 

Having at somé length discussed some of the pertinent literature in 
the area of search negotiations (and no doubt neglecting other pertinent 
material!), I shall attempt to pull it together. The continuous stream 
of literature in this area, whether it be intuitive, system, "sc ientific", 
or otherwisè-oriented, is a valuable indication of the concern for both 
investigating and attempting to develop, various kinds of interfaces between 
the IR system and its users. Have we made progress? And is there any sign 
of model and/or theory development? To the first question, I would say 
that yes, we have made some progress, but partially because of the lack of 
some kind of concerted model and theoretical development, our efforts, on 
the whole, remain rather diffuse. The encouraging fact of a number of 
researchers banding together regularly to discuss IR, and, in particular, 
user-oriented theories, as well as an increasing interest in methodological 
issues" gives one considerable hope that we may yet develop a serious body 
of literature and serious students. The steady increase of interest in 
"cognitive" research in IR is also extremely heartening. This is certainly 
a fruitful area to investigate now, as witness the developments in many 
other areas some of which may surely bear relevanee to ours. We are most 
assuredly still in the "art" stage, but there are signs that we may some 
day progress to a more ordered stage, perhaps even that of "science" ~ (26) 
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