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To support browsing-based subject access to image
collections, it is necessary to provide users with net-
works of subject terms that are organized in an intuitive,
richly interconnected manner. A principled approach to
this task is to organize the subject terms by their rela-
tionship to activity contexts that are commonly under-
stood among users. This article describes a methodol-
ogy for creating networks of subject terms by manually
representing a large number of common-sense activities
that are broadly related to image subject terms. The
application of this methodology to the Library of Con-
gress Thesaurus for Graphic Materials produced 768
representations that supported users of a prototype
browsing-based retrieval system in searching large, in-
dexed photograph collections.

Browsing Interfaces for Image Retrieval

The use of subjec terns in the catalogirg of images has
been one of the red succes stories in the information
sciencesThe growth of large indexing thesaurinotaby the
Library of Congres Thesaura for Grapht Materials
(LCTGM) (Library of Congres Prints and Photographs
Division, 1995 ard the Art and Architectue Thesaurus
(Peterson1990) has bean coupled with arich theoretical
understandig of subje¢ term assignmen (Orbach 1990;
Shatford 1986 Shatfod Layne 1994 Svenonius1994).
Together thes tools hawe supporte the catalogirg and
organizatim of millions of photograpk and othe imagesin
our mog value collections including those of the Library
of Congressthe New York Public Library, and the Chicago
Historicd Society amorg mary others When assistd by
referene librarians who are knowledgeal# of the indexing
vocabulary uses of thes collectiors hawe been able to
med a wide variely of retrievd needs including thos of
historicd researchpublishing and advertising.

In the online environmentwhere uses are not assisted
by knowledgeal# referene librarians subje¢ acces to
image collectiors has nat faired as well. The generd prob-
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lem stens from the difficulty in matchirg the vocabulary
tha peopk use to descrile their retrievd need to the way
that collection materiab are catalogedin investigatig what
they referrel to as the Vocabulay Problem Furnas Land-
auer Gomez & Dumak (1987 found that peopk use vastly
different words to refer to the sarre item, despie their best
efforts to do otherwise In asd of studiesthes researchers
found that if a single archivid assigis alabd to aparticular
item, othe untutorel uses of the archive will fail to access
the item on 80 to 90% of their attempts Throughot its
history, the information retrievd researbh communiy has
primarily addresse this problen by matchirg agains the
full text of documentsexpandiry users queries or catalog-
ers indexes and filtering basel on collaborative or content
statisticé information.

Browsing-baseé retrievd systens take a different ap-
proach Rathe than designirg bette algorithns for match-
ing users textud queriesto documergin acollection these
systens attemp to organiz the materiak into a coherent
browsirg spae tha can be traverse by uses to find what
they arelooking for. A growing theoretichunderstandig of
the browsirg proces has begwn to emerg (Bates 1989;
Charg & Rice 1993) In addition application prototypes
hawe becone increasingy similar in design ard in the
manne tha uses explore acollection (Allen, 1994 Cooper
& Byrd, 1997 Johnso & Cochranel1995 Schatz Johnson,
Cochrane& Chen 1996) Rathe than traversimg a network
of collection materiaé directly linked to ead other, uses of
thes systens are presentd with a netwok of the subject
terms that are usal to index the collection—a browsing
spa@ tha can reman constah as the collection size
changes.

In adaptimg this style of interaction for image retrieval,
we mug reconside the characte of the browsirg spae of
indexes that the use navigates Browsing spacs for the
retrievd of text documers can reasonalyl contan words
tha haw littl e or no correlation to traditiond subjed terms
from controlled indexing thesauriIndeed sone of the most
innovative approache extrad the indexes of the browsing
spae from the text collection itseff using a variety of
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statistical and lexical analysis techniques (Chen, Yim, Fye, The theoretical discussion of the nature of relationships
& Schatz, 1995; Cooper & Byrd, 1997). For the retrieval of between thesaurus terms has enjoyed a long history (Green
images from previously indexed collections, browsing& Bean, 1995; Maniez, 1988; Neelameghan & Maitra,
spaces must be limited to the terminology that is present i1974; Soergel, 1967; Willets, 1975), largely grounded in
the controlled indexing thesauri used. In following this linguistic theory. However, we argue that this discussion
approach, our problem immediately becomdew can we would be better placed within the theoretical context of
construct effective networks of image subject terms to supsognitive science. Put simply, if we are interested in build-
port browsing-based retrieval? ing browsing spaces that are understandable to users, we are
This article describes an approach to solving this probbetter off thinking about conceptual relationships between
lem by elaborating the relationship between image subjedierms than linguistic relationships between words.
terms and common-sense knowledge related to their corre- Neelameghan and Maitra (1974), in listing 39 types of
sponding concepts. We argue that image indexes are bestlationships between subject terms, noted one particular
organized in a manner that parallels our common-sensype of relationship that was just beginning to become a
understanding of human activities in the everyday world.major focus of attention in cognitive science research at that
This article presents a methodology for identifying a set oftime. They identified an important relationship: “Two Per-
common-sense activities that have broad coverage over tteons interacting in a special context,” such as between
domain represented by an image thesaurus, and describ&sachersand Studentsand Doctors and Patients In cog-
how this methodology was used to identify 768 activitiesnitive science research, thespecial contexthave been
related to the terms in the LCTGM. These representationseferred to asScripts which describe the relationship be-
were used to create an intuitive and richly interconnectedween people, places, things, and actions that had roles in
browsing space integrated into a browsing-based photocommonly understood, stereotypical human activities
graph retrieval system. Evaluations of this retrieval systen{Abelson, 1975, 1981). The script-based relationship be-
with large photograph collections are reviewed. tween Doctors and Patientsis that these terms indicate
people who play a role in our common-sense understanding
of the activities of (1) going to a doctor's office for a
Relationships Between Terms in the LCTGM physical examination, (2) performing surgery in an operat-
ing room, and (3) working in an emergency care center,
Identifying appropriate links between subject terms hasamong others.
become an expected activity of any thesaurus authoring Although it is unclear whether activity contexts can play
effort (American National Standards Institute, 1993). How-a role in organizing other types of subject thesauri, they
ever, if we examine the quantity of links between thesauruseem appropriate as a theoretical tool for organizing and
terms for image indexing, it is difficult to argue that theselinking subject terms for images. The scope of the terms in
efforts have led to richly interconnected browsing spaces. fone of the major image thesauri, the LCTGM, is largely
recent release of LCTGM contained 5,760 terms, linked bylimited to indexes that refer to people, places, things, and
4,421 taxonomic links (Broader and Narrower term pairs)activities. Moreover, this thesaurus was primarily designed
and 5,888 associative links (Related term pairs). Addedo index photographs, which are largely taken in specific
together, these 20,618 one-directional links offer only 3.58activity contexts that are broadly understood, capturing both
links, on average, for each of the terms in the thesaurus. instances and exceptions to our expectations of the world
The key question to ask here is: How many browsingaround us.
links are enough? In the ideal case, we would like each term
in the thesaurus to be linked to all of the other terms that
would be useful in supporting end-user navigation of therepresenting Activities using LCTGM Terms
thesaurus. However, for any given term in the LCTGM, the
links that are provided by its authors seem inadequate. Taking the theoretical position that shared activity con-
Consider the LCTGM tern$chool Childrenwhich has one texts are the backbone by which image subject terms may be
Broader Term,Children and four Related TermsZlass-  linked, a new methodology for identifying appropriate links
rooms School RecesseSchoolsandStudentsWhile these  was developed. The main task in this methodology is to
five links are more than are given to most terms in theidentify all of the activity contexts that are widely shared
LCTGM, there are an enormous number of equally well-among thesaurus terms. The goal is to find a large set of
related terms in the thesaurus, including some that seemctivities that provide a reasonable amount of coverage over
absolutely essential, for examplEeachersOther, less es- the breadth of the subject vocabulary, and which are widely
sential but useful links include those 8chool discipling  understood as common sense in the user community at
School meals Physical education, Religious education, large. These activities should include commonly experi-
School safety patrols, Sunday schools, Teaching methodsnced activities like taking a subway train and taking a
and Children reading & writing What is needed by the shower, as well as commonly understood but less frequently
authors of the LCTGM is a principled and efficient method experienced activities like giving birth to a baby or taking
of identifying additional appropriate links. shelter during a tornado.
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The methodology, which is best completed by a knowl- This methodology was used by the author to identify a
edge engineer who is familiar with the subject terms, resset of common-sense activity contexts that have broad cov-
quires a manual analysis of every term that is in the theerage over the terms of the LCTGM. One pass of the 5,760
saurus. For each thesaurus term, a knowledge enginetarms in the LCTGM (in alphabetical order) required half-
attempts to identify and represent a set of activities in whicltime work over the course of 4 months to complete. The
the term plays an expected, conceptual role. This is done bgesulting set of activities consisted of 768 representations
first generating a candidate list of common-sense activitiegpublished in Gordon, 1999). In all, subject terms were used
identified by a short textual phrase authored by the knowl9,417 times to represent concepts in activities, with an
edge engineer. Then, for each of the candidate activities, th@verage of 1.63 activities per subject term and 12.26 subject
knowledge engineer attempts to map the other expecte@rms per activity representation.
roles of the activity on to other subject terms that exist in the
thesaurus. To aid in the identification of other vocabulary N .
terms, the knowledge engineer organizes the search baségpllcatlons and Evaluations
upon a simple representation frame for activities consisting The representations of activity contexts that are produced
of five slots: Events, Places, People, Things, and Miscellausing this methodology provide the basis for generating
neous ldeas. The result of this analysis, then, is a represetarge numbers of intuitive links between image subject
tational frame consisting of categorized lists of image subindexes. In the simplest approach, any two terms that par-
ject terms, and a descriptive title. ticipate in the same activity representation can be linked.

For example, the LCTGM terr@aveswould elicit a set  For example, a representation of “Taking a dog for a walk”
of common-sense activities including “Exploring a cave” can be used to fully interconnect the LCTGM terParks
and “Working as a miner in an Underground Mine.” In Collars, Dogs andFire Hydrants among others.
representing the activity of “Exploring a cave,” LCTGM The representations identified by the methodology de-
terms for Events would includ€rawling & creeping Dis-  scribed above can be used to produce a rich network of
covery & exploration andErosion Places would b&€ave LCTGM terms for use as an end-user browsing space. The
dwellings Caves and PassagewaysAn appropriate term 768 representations constitute 100,894 unique one-direc-
for the People slot i€xplorers Things includeBats Cave  tional links between subject terms (as well as 13,416 redun-
drawings Helmets Lanterns Rock formationsShadows dant links due to overlap in the representations of different
andStalactites & stalagmitesvliscellaneous ldeas, a catch- activities). Dividing this by the number of terms in the
all category for abstract concepts, inclulle Quality and LCTGM (5,760), there were an average of 17.52 unique
Cold. one-directional links produced using this methodology

Two constraints are placed on the knowledge engineefcompared to 3.58 links, on average, provided by the au-
during iteration through the thesaurus terms. First, when nthors of the LCTGM).
suitable term can be located in the thesaurus that adequately Although it may be reasonable to simply include these
refers to the desired concept, then the concept is not ingenerated links in the LCTGM as additional Related terms,
cluded in the representation. For example, in representinthe added value of the textual label and representational
the activity of exploring a cave, there are many concepts anffame add a level of comprehensibility that can be exploited
terms that do not appear in the representation. This activityn the design of a browsing-based retrieval interface. To
might also contain concepts of spelunking, flashlights, angxplore this possibility, a retrieval application calledj®e
underground waterways. However, these concepts do natu was built to provide subject access to collections of
match terms that exist in the LCTGM, and are therefore nophotographs, as well as other media collections indexed
included in the representation. Second, if the first constrainising LCTGM subject terms (Gordon & Domeshek, 1998).
yields a representational frame that is very sparse (few The Dga Vu retrieval application was designed to aid
terms could be found that corresponded to concepts in thesers in locating thesaurus terms that best meet their re-
activity), then the frame is removed from the final set oftrieval needs and that index materials that are available in a
represented activities. particular collection. At any given moment during the

Although these constraints may be viewed as a hindrancBrowsing process, the user is focused on one term in a
to the development of a rich set of common-sense repreparticular thesaurus. Links are provided to the user to other
sentations, it effectively constrains the knowledge represerterms in the thesaurus, which can be clicked to change the
tation task to only the work that will be useful in developing current focus term. In addition to the standard thesaurus
a rich browsing space of subject terms. The primary goal ofinks (Broader, Narrower, and Related terms), each of the
this methodology is to identify only the activities that are activity representations (referred to Bxpectation Pack-
widely related to terms in the thesaurus, and that are withiragesin previous publications) that include the focus term
the domain that the thesaurus represents. There certaindre also displayed, providing direct links to each of the other
exists a much larger set of common-sense activities, whickerms in each of these representations as well. Rather than
includes those that could only partially be represented byeing presented as merely a list of words, the representa-
thesaurus terms as well as those that are unrelated to thesens are displayed in the manner that they were authored,
terms at all. which includes the textual title and an organizing frame
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(with headings for each of the five slots used in the repreontological commitments, developing systems of classifica-
sentations: Events, People, Places, Things, and Miscelldion, or judging the relevance of materials to subject top-
neous ldeas). ics—all by hand and in large scale. In contrast, computer
Every term that is displayed to the user indicates whethescientists generally value solutions that are completely au-
or not it is being used to index available materials using @aomated over those that require any amount of manual
visual cue. When a user identifies an appropriate term thadnalysis or knowledge engineering effort. It is generally
is being used as an index in the collection, he or she selectrgued that this shift in approach is necessary due to the
the term to retrieve all of the materials to which it has beerexplosive growth of online text, although the growing avail-
assigned. When the number of retrieved materials is toability of text-analysis algorithms has surely played a role as
large, the users can progressively narrow this set by conwell.
tinuing to browse for terms that can be conjoined with the In furthering research on image retrieval, we must be
current selection and still retrieve a nonempty set of resultsmore selective about which problems are best tackled by
The Dga Vu retrieval application and the 768 LCTGM automated solutions. The focus of this article, developing
activity representations were evaluated as a photograpfa rich browsing space of image subject terms, is a prob-
finding aid in two separate library site installations. At thelem that seems best solved by a thorough, manual anal-
Library of Congress Prints and Photographs Division theysis of the subject terms. Executing the methodology that
application was evaluated as a finding aid to more tharis presented in this article required a significant amount
25,000 photographs in their largest LCTGM-indexed col-of difficult work; however, this effort pales in compari-
lection. At the North Dakota Institute for Regional Studiesson to the two decades of work that went into developing
at North Dakota State University, the application was usedhe LCTGM in the first place, or the countless years of
as the primary finding aid to the institute’s collection of overwork spent by catalogers using the thesaurus to index
11,000 photographs over a 6-month evaluation period (Gomnillions of photographs.
don, 1999). That being said, it would be advantageous if automated
The results of these evaluations, which were conductethesaurus-linking techniques could produce organizations of
as part of an iterative design process rather than as subject terms that were equally intuitive and comprehensi-
controlled study, revealed several necessary improvemenige as those produced by manual analysis. One could easily
that should be included in the design of future, productionimagine that effective automated techniques could help
quality systems. Above all, it was found that subject accesseduce the subjective and idiosyncratic nature of links au-
alone is not sufficient to meet the retrieval needs of photothored by only one or a handful of knowledge engineers.
graph collection users. Even when users are primarily contdeally, these approaches would also aid in the construction
cerned with a particular subject content, they normally nee@f browsing spaces that are specifically tailored to the
to be able to further constrain their searches by specifying aommon-sense knowledge of particular social and organi-
particular photographer, time period, geographic locationzational cultures.
the names of photographed people, or visual composition, The primary direction for future work is to further ex-
among other things. In short, they need access to all of thglore techniques for using common-sense knowledge to
other information that is usually specified in library recordsconnect users’ visual retrieval needs to available materials.
of photographic materials. As most of these search criteri® is reasonable to believe that there are other types of
can be specified in current query-based systems, the magbmmon-sense knowledge besides activity contexts that can
challenge in developing future systems is seamlessly intébe used to organize networks of subject terms. Likewise,
grating query and browsing-based search techniques.  there may be a number of ways to take advantage of activity
Although these evaluations provide insight on the designepresentations in other information retrieval interaction
of effective browsing-based retrieval interfaces and demonstyles, including query-based search and more proactive
strate the value of a particular interface over other searcihformation delivery systems. By studying information
applications, they do not adequately assess the value @feeds and common-sense reasoning in parallel, we hope to
activity representations as an organizing principle for imagéurther align complimentary research in the information and
browsing spaces. As we expect research on the design ebgnitive sciences.
networks of thesaurus terms to continue, it will be necessary
to develop evaluation methods to judge the quality of the
browsing space itself, separate from the idiosyncratic congaferences
text of a particular retrieval interface.
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