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Can on-line
information retrieval
systems negotiate the

diverse vocabularies of
different users? This
article suggests a
robust algorithmic
solution to the
vocabulary problem in
collaborative systems.
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esearch in information science and human-computer interactions has shown

that people tend to use different terms to describe a similar concept, de-

pending on their backgrounds, training, and experiences. Vocabulary dif-
ferences have created difficulties for on-line information retrieval systems and are
even more of a problem in computer-supported cooperative work (CSCW), where
collaborators with different backgrounds engage in the exchange of ideas and
information.

Our research group at the University of Arizona has investigated two questions
related to the vocabulary problem in CSCW. First, what are the nature and charac-
teristics of the vocabulary problem in collaboration, and are they different from
those observed in information retrieval or in human-computer interactions research?
Second, how can computer technologies and information systems be designed to
help alleviate the vocabulary problem and foster seamless collaboration? We ex-
amine the vocabulary problem in CSCW and suggest a robust algorithmic solution
to the problem.

Vocabulary differences

Vocabulary differences in human-system interactions have been studied exten-
sively in recent years. In almost all computer applications, users must enter correct
words for the desired objects or information. Furnas et al. found that in spontaneous
word choice for objects in five domains, two people favored the same term with less
than 20 percent probability.! This fundamental property of language limits the suc-
cess of various design methodologies for vocabulary-driven interaction. The design-
ers’ chosen vocabularies, which are often quite different from the users’ preferred
terms, can cause serious communication breakdown and an interaction bottleneck.

In information science, indexing and searching uncertainty have been recognized
as the primary sources of information retrieval problems. Research has shown that
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different indexers, even though well
trained in an indexing scheme, might as-
sign different index terms for a given
document.? Research also shows that in-
dexers will use different terms for the
same document at different times (possi-
bly because of increased familiarity with
the material or because their state of
mind while indexing has changed).
Search terms also carry a high degree of
uncertainty because searchers tend to use
different terms for the same information.

Because of the indeterminism involved
in indexing and searching, an exact match
between the searcher’s terms and those
of the indexer is unlikely. Bates argues
that for a successful match, the searcher
must somehow generate as much variety
in the search as is produced in indexing.?
Further, to increase the chances of a suc-
cessful match, there should be a number
of indexes for each document, and
searchers should articulate their needs
clearly. This allows searchers to dock
onto the system more easily.

However, the variety produced by an
indexer can also be viewed as redundancy
in the sense that it consists of partially
overlapping classifications applied to a
document, and, in practice, information
science discourages indexing redundancy
and favors conciseness and precision.

Collaborative differences. Collabora-
tion involves multiple participants with
shared goals and requires reciprocal ex-
change of ideas and extensive informa-
tion sharing. The differences in the par-
ticipants’ backgrounds, knowledge, and
expertise are likely to cause vocabulary
differences during information sharing,
which may adversely affect the process
and outcome of collaborative activities.
The geographic distribution of collabo-
rators and the temporal aspect of collabo-
ration (synchronous versus asynchronous)
further complicate the vocabulary prob-
lem, as the conceptsf/ideas and their asso-
ciated vocabularies may evolve and
change over time.

In the following, we present two col-
laboration scenarios. One involves dis-
tributed, asynchronous information shar-
ing and retrieval among molecular
biologists. The other involves the syn-
chronous generation and consolidation
of ideas in a system-supported group
meeting environment.

Scientific collaboration. The Worm

Community System (WCS)3# was re-
cently developed as part of the National
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Status report

The concept space approach is an algorithmic solution for creating a vocabu-
lary-rich dictionary/thesaurus. A concept space is generated by extracting con-
cepts (terms) automatically from the texts produced during collaboration. Similar
concepts are then linked through co-occurrence analysis. This approach guar-
antees that any terms brought out by group members will be captured and that
terms with similar meanings will be linked (associated) by the system. The con-
cept space represents the collective vocabularies used during collaboration, as
well as the similarity probabilities between these vocabularies.

Two applications have been developed using the concept space approach:

« An automatic indexing tool for on-fine scientific information retrieval in the
National Collaboratories environment. This system was implemented in

X Windows.

« A concept generator tool for categorizing electronic brainstorming com-
ments generated during electronic meetings in the GroupSystems environ-
ment. This application was implemented in MS Windows.

Future research will explore the feasibility of the concept space approach for
seamtess and intelligent Internet information access.

Science Foundation’s National Collabo-
ratories effort for a community of molec-
ular biologists who study the nematode
worm, Caenorhabditis elegans. Molecu-
lar biology is a largely data-driven ex-
perimental science, and due to such ef-
forts as the Human Genome Initiative,
data is rapidly being accumulated and
stored in databases.

Despite the usefulness of database tech-
nologies for community systems, the di-
verse vocabulary associated with collabo-
rative information sharing poses a
problem. For an electronic community
system like the WCS, potential users vary

from expert worm biologists to novices,
from senior worm insiders to community
outsiders (for example, fly biologists).
These users often do not share the same
vocabularies, and they may experience dif-
ficulties using system-specific query terms.

Figure 1 shows several molecular biol-
ogy-specific concepts related to worm and
fly genome research. For example, both
fly and worm biologists are familiar with
the common concepts of spermiogenesis,
vulva, and egg. But the specific functions,
structures, and proteins of these three
model organisms, as well as their associ-
ated terminologies, are very different and

{“actin” a fly muscle protein}

{*spermiogenesis"’}
{*vulva™}
{“ege”)

Fly-specific concepts in sperm motility:
{“flagella” a whip-like motility appendage present on the surface of flies}

Common fly-worm concepts in sperm motility:

Worm-specific concepts in sperm motility:

{“pseudopod” sperm of nematode worm}
{"MSPs” Major Sperm Proteins, worm-specific proteins}

jgure 1. Although molecular biologists would be familiar with general concepts

(such as spermiogenesis, vulva, and egg), the functions and structures of specific
organisms, as well as their associated terminologies, are very different and can
cause problems for researchers accessing data from another research community.
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What are the problems our company needs to address to improve the product
development process and engineering/support interface?

1.1 Vision

1.2 Selection of markets

1.3 Selection of products

1.4 Individuals who should be focused on market or product selection full time
are burdened with day to day activities that greatly reducetheir effectiveness.

2.2 Accountability a serious problem. Commitment to a customer or to critical
market niche entry timing seems to drive us better.

2.3 When a development is undertaken, it must be accompanied by commit-
ment not only from the design engineer, but also from test, fab, qa, marketing
for PDSs, etc. As it is only the design engineer has accountability.

2.5 re 2.3 — everybody has accountability, but to whom, and with what mea-
sures/rewards/punishments for not attaining goals — what goals, they’re sel-
dom defined or stated clearly

3.2 Organization
3.3 Priorities for markets and products

Figure 2. Electronic brainstorming promotes significant meeting productivity by
letting group members enter comments or ideas simultaneously and anonymously.
This sample output generated by a group of 15 manufacturing execatives clearly
iltustrates that participants often use different vocabularies to convey similar ideas,
creating a potential bottleneck during the subsequent ideu-erganization process.

can cause researchers in one community
great difficulty when accessing informa-
tion from another community.

Electronic brainstorming and idea or- -

ganization. While the above example
shows the vocabulary problems associ-

ated with asynchronous scientific infor-
mation sharing, the following example
addresses the vocabularyproblem posed
by synchronous electronic brainstorm-
ing processes. An electronic brain-
storming session helps achieve signifi-
cant meeting productivity, especially for

CSCW research on system-based solutions

divergent tasks, by letting group mem-
bers enter comments or ideas simulta-
neously and anonymously.’ During elec-
tronic brainstorming, the goal is to
generate creative, uncensored ideas. Vo-
cabulary differences often exist in the
brainstorming comments because dif-
ferent participants use different vocab-
ularies to convey similar ideas. During
the subsequent idea organization pro-
cess, which is considered a convergent
task, the vocabulary differences tend to
create a bottleneck. Very little system
support has been provided to meeting
participants during this cognitively de-
manding process (see the above sidebar
on system-based solutions).®

Figure 2 presents sample electronic
brainstorming comments generated by a
group of 15 manufacturing firm execu-
tives. (Their “raw” quality illustrates the
amount of “noise” generated in an EBS
session.) Although the wording was dif-
ferent, comments 1.2 and 1.3 about “se-
lection of markets” and “selection of
products” are similar to comment 3.3
about “priorities for markets and prod-
ucts.” Similarly, comment 1.4 focused on
the role of individuals responsible for
market and product selection, whereas
comments 2.2,2.3, and 2.5 addressed the
“accountability” issue from different an-
gles. For the 300-plus comments gener-
ated by this group (a typical group of 10-
20 participants can generate 300-500
comments), the task of browsing the
comments and consolidating ideas was
overwhelming.

Based on our review of the CSCW literature, we found that
many researchers recognize the existence and importance
of the vocabulary problem but do not suggest any algorithmic
or system-based solution to it. Johansen’ discussed the
organizational and system development issues involved in
synchronous and asynchronous collaborations. He com-
mented that asynchronous communication capabilities in
particular will be one of the most compelling features of
many groupware products.

We echo his view and further postulate that the evolution
and change of concepts and ideas over time, as perceived
by different collaborators, could cause asynchronous collab-
oration to become extremely complex and dynamic. As
concepts and ideas evolve, a group member’s vocabulary
may change, and different group members’ vocabularies
may differ significantly; this may cause serious communica-

tion breakdown. The temporal features of group work and
how those temporal matters are affected when technological
tools are added are discussed extensively in McGrath® from
a primarily organizational rather than a system development
perspective.

Previous CSCW field research has demonstrated the
importance of collaborative information sharing and retrieval
and has pinpointed problems associated with current sys-
tem-supported information processing functions in various
scientific, engineering, and business domains.3¢7 A major
difficulty in accessing pertinent information stems from cur-
rent systems’ lack of support for concept-based information
retrieval. Searchers able to express their concepts using
their own vocabularies are unlikely to find relevant informa-
tion because of the vocabulary differences between different
collaborators and between the system and the searchers.
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Solving the problem:
A conce]})lt space
approac

To solve the vocabulary problem, re-
searchers in human-computer interac-
tions and information science have sug-
gested both expanding the vocabularies
for objects and linking vocabularies of
similar meanings. For example, Furnas
et al.! showed that creating an unlimited
number of aliases for objects helps alle-
viate the vocabulary probiem. In infor-
mation science, Bates? proposed using a
domain-specific dictionary to expand
user vocabularies and let users “dock”
onto the system more easily. However,
even though the usefulness of rich vo-
cabularies has been verified, the manual
process of creating different vocabular-
ies (aliases) and linking similar or syn-
onymous ones often creates a bottleneck.

Based on our experiences with several
collaboration applications, we have de-
veloped the following algorithmic ap-
proach for creating a vocabulary-rich dic-
tionary/thesaurus, which we call the
concept space. In our design, we gener-
ate such a concept space by first extract-
ing concepts (terms) automatically from
the texts produced during collaboration.
Similar concepts are then linked through
the co-occurrence analysis of concepts in
texts. This approach guarantees that any
terms brought out by group members will
be captured and that terms with similar
meanings will be linked (associated) by
the system. The concept space represents
the collective vocabularies used during
collaboration, as well as the similarity
probabilities between these vocabular-
ies. We present the blueprint of our con-
cept space approach below.

Vocabulary identification. Despite
the increasing availability of other pre-
sentation media such as image, voice,
animation, and video, the most natural
and popular means of communication
remains natural language. In system-
supported collaboration, on-line textual
output reveals the vocabularies used
by different members and can be used
to create a shared concept space for all
group members.

The first task for concept space cre-
ation is to identify the vocabularies used
in textual collaboration. Al-based natural
language processing (NLP) techniques
such as the Augmented Transition Net-
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work (ATN) parsing, case grammar, and
semantic grammar have been used for
creating unambiguous internal represen-
tation of English statements. However,
such techniques are either too computa-
tionally intensive or are domain-depen-
dent and therefore inappropriate for
identifying content descriptors (terms,
vocabularies) from texts. A simple and
domain-independent alternative for con-
tent identification is the automatic in-
dexing method, often used in informa-
tion science for indexing literature.

Linking similar vocabularies. While
automatic indexing identifies vocabular-
ies used in texts by different group mem-
bers, the relative importance of each term
for representing the group members’
concepts may vary. That is, some of the

Vocabulary is a
problem in the
scientific community
because of the
specialized domains
and the fluid nature
of scientific discovery.

vocabularies used may be more impor-
tant than others in conveying meanings.
Salton’s Vector Space Model® assigns
each term a weight to represent its de-
scriptive power (a measure of impor-
tance). Among the many probabilistic
techniques that have been developed by
information science researchers, those
that incorporate term frequency and in-
verse document frequency have been
found to be quite useful.” The basic ra-
tionales underlying these two measures
are: (1) terms that appear more times in
a specific text should be assigned higher
weights (term frequency), and (2) more
specific or unique terms that appear in
fewer texts should also have higher
weights (inverse document frequency).
The Vector Space Model can be ex-
tended for concept space generation by
using cluster analysis. The first stage in
cluster analysis is to convert the raw data
(terms and weights) into a matrix of sim-
ilarity measures between any pair of
terms. The similarity measure computa-

tion is mainly based on the probabilities
of terms co-occurring in a text produced
during collaboration. The probabilistic
weights between terms indicate their
strengths of relevance or association. For
example, if two terms (such as “manu-
facturing process’ and “product fabrica-
tion’’) appear in many texts produced
during collaboration, their high degree
of co-occurrence will cause cluster anal-
ysis to produce a strong probabilistic
weight between them.

Traversing the concept space. When a
group member encounters a vocabulary
problem during collaboration, it would
be helpful if he or she could consult
(browse) the concept space and identify
other relevant vocabularies for use. This
is in fact what professional librarians do
when assisting patrons in finding relevant
information (a collaborative information
searching process).

The “unlimited aliasing”” proposed by
Furnas et al.! lets users consult a manu-
ally created concept space of synony-
mous terms. (Cluster analysis creates sim-
ilar links, not synonymous links, although
in practice many synonymous terms will
have a high similarity probability be-
tween them.) An alternative method can
be based on system-aided, multiple-link
searching algorithms.!? For example, a
Hopfield network search could traverse
the concept space in a paraliel mode and
combine evidence from multiple links un-
til the search algorithm converges.!!

To illustrate our approach to the vo-
cabulary problem, we apply it to the two
collaboratory applications discussed ear-
lier. In our first example, we describe a
system that builds a concept space for a
community of worm biologists engaged
in asynchronous information retrieval
and information sharing. In our second
example, we describe a concept classifi-
cation tool for synchronous electronic
meetings. The tool helps extract vocabu-
laries used in the brainstorming com-
ments and assists in consolidating ideas
into a list of consensus topics. Both ap-
plications rely on our techniques for iden-
tifying vocabulary similarity.

Asynchronous
information sharing

The Worm Community System is con-
sidered a model electronic community

system. It offers traditional database
functionalities, along with literature, in-
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formal information, research lore, map-
ping programs, graphics, and the ability
for users to browse, share, and filter a
large amount of timely worm community
knowledge.

Vocabulary is problematic in the
molecular biology community because
of the diversity of specialized domains
and the process of scientific discovery,
especially in genome research. Accord-
ing to Frenkel, “Biology. . . involves con-
cepts that are dynamic, or fluid, meaning
that the phenomena under study, and
the scientists’ understanding of them,
keep changing.”!? Experimental errors
or approximations are common Occur-
rences, and definitions for concepts will
evolve and “become better understood
as more knowledge is accumulated and
integrated.” 2

Our research aims to develop a worm
concept space that captures the unique
vocabularies used in the worm genome
research (for example, genes, functions,
and subjects). We used four main sources
of textual documents in the WCS for vo-
cabulary identification and concept space
generation: The Worm Book, the Worm
Breeder’s Gazette, journal articles, and
conference proceedings abstracts. They
comprised 4,714 documents and 8
Mbytes of textual information. (Future
research will apply the same techniques
to build a fly concept space, a human con-
cept space, and so on.)

Building a worm concept space. To
identify candidate descriptors in each
document, we performed object filtering
and automatic indexing. Several object
filters were created for genes, re-
searchers, experimental methods, and
subjects. For example, 1,520 gene names
were identified from the WCS gene list
and the conference proceedings articles.
Automatic indexing was implemented
based on the procedure reported in
Salton.?

After the concept descriptors for each
document were identified, we performed
term co-occurrence analysis for all docu-
ments in the WCS. Here is the procedure
for generating such a concept space:

(1) Compute the term and document
frequency for each term. Term fre-
quency, tf;;, represents the number
of occurrences of term j in document
i. Document frequency, dfj, repre-
sents the number of documents in a
collection of N documents in which
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term j occurs. High term frequency
indicates that a term is highly related
to a document. High document fre-
quency, on the other hand, indicates
that a term is too general to be use-
ful as a descriptor and has no de-
scriptive power.
(2) Compute the combined weight of
term j in document i, dj;, based on
the product of “term frequency” and
“inverse document frequency”’ as
follows:

N
d; =1f; xlog(ﬁij)

7

where N represents the total num-
ber of documents in the WCS, and w;
represents the number of words in
descriptor T;. Multiple-word terms
are assigned heavier weights than
single-word terms because multiple-

The worm concept
space consists of
about 8,000 worm-
specific terms and
1.7 million
probabilistic links.

word terms usually convey more
precise semantic meaning than sin-
gle-word terms.

(3) Generate term co-occurrence tables
based on the asymmetric Cluster
Function we developed.!” (We have
shown that this asymmetric similar-
ity function represents term associa-
tion better than the popular cosine
function because it often generates
more specifically related terms.)

. >
ClusterWeigh«(T,,T, ) = ===
zi:l di/'
S dy
ClusterWeigh(T, ,T;) = ==L —L
i=1" ik

These two equations indicate the
similarity weights from term T; to
term T (the first equation) and from
term T to term 7; (the second equa-

tion). The combined weights d;; and
dy. are calculated based on the equa-
tion in the previous step. The com-
bined weight of descriptors T; and
Ty in document i — d, — is defined
as follows:

N
d,]A = fuk Xlog(—xwi)
jk

where (f; represents the smaller
number of occurrences of either
termj or term k in a given document
i. Terms j and k do not need to ap-
pear in the same word span. The ex-
pression dfj, represents the number
of documents (in a collection of N
documents) in which terms j and k
occur together. The term w; repre-
sents the number of words of de-
scriptor 7.

Figure 3 shows sample entries in the
system-generated co-occurrence tables
for the WCS. The complete worm con-
cept space consisted of about 8,000
worm-specific terms and 1.7 million prob-
abilistic links. For example, using msp
and oocyte as query terms, the thesaurus
window displays related terms in ranked
order (spermatogenesis, male, herma-
phrodite, etc.). The searcher can add the-
saurus terms to a query and retrieve rele-
vant objects from the WCS (for example,
gene descriptions, articles, and so forth).

Worm concept space evaluation. To
evaluate the usefulness of the worm con-
cept space, we conducted an experiment
in the Winter of 1992 with subjects from
the Arizona Worm Laboratory. The ex-
periment consisted of two parts: a term-
association experiment and a searcher-
browsing experiment. We selected six
subjects with different backgrounds to
determine the effects of a searcher’s ex-
pertise on thesaurus usage. Subjects 1 and
2 were considered experts in molecular
and cellular biology (MCB), having
worked in the Arizona worm lab for sev-
eral years and having published papers
in this field. Subjects 3 and 4 were con-
sidered novices; one was a master’s stu-
dent in MCB and the other an under-
graduate senior. Subjects 5 and 6 were
outsiders with respect to worm research.
Subject 5 was a new master’s student in
MCB who had extensive working expe-
rience in fly biology. Subject 6 was a grad-
uate student in ecology and evolutionary
biology at the University of Arizona.

The first step of the term-association
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®@ WCS Search Window

CSL

Community Systems Laboratory

sperm e"ej - SRl The Worm Community System
spe-
Types: Fields: spe-13 ] Thesaurus Window
spe-15
sqgt-1
sqt-2
sqt-3 Query Terms:
sre-1 MSP Do
sl 00CYTE
srf-2
srf-3
sif-4
srf-5 Result Terms:
SPERMATOGENESIS
set of ius: Search For: ( sperm ) MALE
] FERTILIZATION

gene: gip-1 MSP

gene:  him-7 GONAD

gene: let-64 MALES

gene: let-9 GERM

gene: spe-10 SPERMATOZOA

gene: spe-11 OOCYTE

gene: spe-12 -

gene: spe-2 ® set of ius: Search For: (MSP ) or ( OOCYTE )

gene: spe-8

gene: spe-9

gene: tra-}

gene:  zyg-8

2-nm fitaments in worm sperm. by Roberts TM

PO

A Major Sperm Protein in C. Elegans

a mutation affecting gamete differentiation. by Edgar LG

A survey of the male phenotypes of some egl mutants

a developmentally regulated sperm protein in C elegans. by Klass MR

a method for isolating biochemical quantities of purified sperm. by Klass MR

A Novel Member of the POU-Gene Family in C. elegans: ceh-18 is Expressed by Many Cells but F
A Novel Sequence Element Found in C. elegans Introns May Contain Regulatory information...NOT
A PUTATIVE CYSTEINE RICH PROTEIN IN A. SUUM IS ALMOST A COLLAGEN.

a sperm-supplied product essential for initiation of normal embryogenesis in Caenorhabditis elega

a temperature sensitive gain-of-function allele of tra-1. by Graham PL, Kimble JE

gene: msp-45
gene: msp-56
gene: msp-71
gene: msp-72ps
gene: msp-76
gene: msp-77
gene: msp-78
gene: tra-1
gene: zyg-11

P A

[ temperature sensitive intersex mutant of C elegans. By Lew KK, Nelson GA, Ward S

A Vital Dye for Observing Sperm Transfer
A vital dye for observing sperm transfer, by S. Ward

*

A unique cytoskeleton associated with crawling in the amoeboid sperm of the nematode, Ascaris

a watched free duplication is rarely lost; mosaic analysis of tra-1. by Hunter CP, Wood WB

ek x x h %k kA R % x ok k% %

2-nm filaments in worm sperm. by Roberts TM

a C elegans dumpy roller mutant with early temperature-sensitive periods. by 8run J
A C. elegans Mitotic Mutant

A Cis-Acting Locus that Promotes Recombination Between the X Homologs

A cytogenetical analysis of sterile mutants in C. elegans. by Brun J, Mounier N

a dominant suppressor of dpy-26. by De Long L, Meyer 8J

a few notes on transformation technology. by Fire A

A gene encoding an LDL receptor refated protein in C. elegans

a maintenance function for her-1 in control of vitellogenin synthesis and cogenes

(i

Figure 3. The worm cencept space for the Worm Community System contains more than 8,000 terms and 1.7 million probablis-
tic links. Here, a searcher is using msp and oocyte as query terms, and the thesaurus window displays related terms in ranked
order (spermatogenesis, male, hermaphrodite, and so forth). Searchers can add thesaurus terms to a query and retrieve addi-
tional objects from the WCS (for example, gene descriptions or articles).

experiment was to give each subject a se-
quence of 16 terms chosen with the help
of several worm researchers. Terms in-
cluded researchers’ names, gene names,
and subject descriptors. The subjects
were asked to write down concepts
(genes, researchers, methods, and sub-
ject descriptors) related to each prese-
lected term. Then, the subjects were
asked to rank system-generated terms ac-
cording to their relevance. After the
term-association experiment, subjects
were asked to browse the on-line worm
thesaurus freely, using any terms they
preferred and exploring as they wished.
During browsing, subjects were asked to
think aloud and give specific comments,
observations, or suggestions. We sum-
marize the results below.

o The worm concept space helped sug-
gest more relevant terms. By counting
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the numbers of terms generated by
the subjects themselves and the sys-
tem-suggested terms marked rele-
vant by the subjects, we were able to
tabulate and analyze whether the
concept space was able to contribute
relevant terms during a retrieval pro-
cess. A quantitative analysis revealed
that the worm concept space was able
to suggest 8.5 terms for each concept,
which was significantly higher than
the average number of terms pro-
duced by the six subjects (6.1). In par-
ticular, the worm concept space
helped identify more relevant terms
for novices and outsiders.

o For the most part, the system appeared
to list the more relevant terms first.
According to Subject 5, for example,
“The first 11 are great, but after that,
they re not so good. The first five are
quite relevant, six and seven are way

too general. I'd say it’s very good ini-
tially, and then there’s a fairly low
frequency of relevance.” The sys-
tem’s ability to list more relevant
terms first is important, especially
when it comes to designing an effec-
tive thesaurus-browsing interface.

Learning, serendipity browsing, and
memory-jogging occurred frequently
during experiments. Many subjects
found something interesting or un-
expected that would help them in
their queries. This was particularly
evident with novices and outsiders,
who were often amazed by the the-
saurus’ ability to relate genes, re-
searchers, and subject topics. For all
subjects, the thesaurus also served
as an excellent tool to remind them
of something they previously had
forgotten. For example, Subject 5
said, “This is doing extremely well.
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This is potentially very useful to me,
I mean, I'm the novice.” Searching
the term longevity, Subject 6 said, “I
am not familiar with people who do
stuff about this . . . . There might be
some paper . ... Oh yeah, spermgio
pumping.”’

The experiment’s results were very en-
couraging. The worm concept space sug-
gested relevant terms and concepts that
would not only be helpful for different
users, but useful in spurring users’ acqui-
sition of knowledge. Without the assis-
tance of a system-generated concept
space, searchers of a large scientific
database would have to perform a trial-
and-error process of generating various

search terms themselves, using their men-
tal model of the subject domain (a
painstaking and cognitively demanding
process). In contrast, a concept space can
serve as an on-line search aid and can be
invoked by searchers for query refine-
ment and concept exploration.

Synchronous
collaboration

Our second example is based on the
GroupSystems electronic meeting sys-
tem, a pioneering example of meeting
software technology developed at the
University of Arizona® and installed at

Figure 4.

The concept
space approach,
when applied to
an EBS session,
outputs a net-
work of discrip-
tors and their

PRODUCT : DESIGN: 0.1869
PRODUCT : DEVELOPMENT: 0.1107

DESIGN : PRODUCT: 0.3460

MARKET : PRODUCT: 0.3373
MARKET : DESIGN: 0.1887

TIME : DESIGN: 0.1242
TIME : PRODUCT: 0.1179

weighted rela- TIME : SCHEDULE: 0.1023
tionships.
i’i Concept Generator
EBS Session B

BURR

: (® without Comment Linkage

“(C With Comment Linkage

Cancel

Document Frequency
x:! 4 H For & LARGE EBS fiie {30 - 50 Kbytas) without liniage
Co-Occurence Weight N
r:«l [ H For s LARGE EB fie(30- 50 Kbytes) wiout inkege
 Topics

i 1. PRCDUCT DESIGN/SUPPORT.
’ 2 MANAGEMENT MARKETING-REQUIRED:
|

i 6. CYCLE TIME.
! 7. SCHEDULE/QUALITY.COST
| 8. PROJECTISCHEDULE!
9 MARKET NICHE!INTRODUCED:!
| 10. LACKICOST!
11. PROCESS DEVELOPMENT INTRODUCT:ON!
! 12. SYSTEMISCHEDULING;

3. RESOURCES/ROI/NARROWLY FOCUSED PRODUCTS
4. SUPPORT GROUPS:SELF SUFFICIENT GROUPS
5. PRODUCT DEVELOPMENT/PRODUCT ENGINEERING

oL

Figure 5. The concept generator tool for GroupSystems provides a textual repre-
sentation of concepts generated during EBS sessions. The tool lets users generate

topics for EBS comments on the fly.
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more than 300 organizational sites, in-
cluding businesses, government agencies,
and universities. Many group meetings
follow a common sequence, typically be-
ginning with participants generating
ideas, organizing those ideas into a list of
key issues, and prioritizing them into a
short list. The group then generates ideas
for action plans to address the important
issues, following the steps just described.

Electronic brainstorming (EBS) and
idea organizer (IO) tools have been used
frequently in electronic meetings. Elec-
tronic brainstorming allows group mem-
bers to enter comments or ideas simulta-
neously and to share them anonymously.
An idea organizer allows participants to
identify and consolidate ideas, typically
by separately suggesting topics or ideas
that merit further consideration by the
group. During the consolidation process,
group members can browse the list of
EBS comments and interact verbally with
each other and the facilitator to condense
the topic list to a manageable size by
eliminating redundant or extraneous top-
ics. While the EBS process is often pro-
ductive, the IO process organizing the
EBS comments can be problematic.

Using our concept-space approach, we
designed an on-line tool to extract the vo-
cabularies used in the EBS comments,
identify the similarities among vocabu-
laries (in the context of the meeting
agenda and topics), and cluster similar
vocabularies into unique topics. Lessons
learned from our preliminary evaluation
are described below. '

Building a meeting concept space.
Throughout, we used automatic index-
ing to identify terms (single words and
multiple words) from the EBS com-
ments. Cluster analysis was then adopted
to identify co-occurrence probabilities
between any two terms. Finally, we used
the Hopfield net algorithm to group sim-
ilar terms representing similar ideas.
Each group of terms then represented a
unique topic. We present sample output
from the process below. (Chen et al.% con-
tains details.)

To improve the granularity of analy-
sis, we treated each meeting comment as
a document — the basic information unit
for our automatic indexing procedure.
The EBS output, after automatic index-
ing, consisted of a list of terms (indexes).
After indexes were assigned to each com-
ment, we used the cluster function to
identify the co-occurrence pattern of vo-
cabularies that appeared in all comments.
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Figure 4 shows some partial co-occurrence
tables generated by our system for the
manufacturing session described earlier.

The final output was a network of de-
scriptors and their weighted relation-
ships, akin to a neural network of nodes
and weighted links. Our system adopted
a variant of the Hopfield network activa-
tion procedure to identify clusters of rel-
evant descriptors in the concept space
through their weighted links.® Figure 5
shows our concept generator tool for
EBS sessions, as well as a textual repre-
sentation of the topics (clusters of rele-
vant descriptors) identified by our sys-
tem for the manufacturing session. The
tool lets users generate topics for EBS
comments on the fly.

Topics list evaluation. Many similar al-
gorithms developed earlier for the WCS
application were adopted for this system.
The EBS comments were extracted from
the GroupSystems output files. For a typ-
ical EBS output of several hundred com-
ments, the complete process of automatic
indexing, concept space generation, and
Hopfield net classification lasted about 4
minutes.

To determine the performance and
usefulness of the system’s classification
results and to pinpoint directions for fu-
ture research, we conducted an EBS
comment classification experiment that
compared the system’s suggested list of
topics with those generated by profes-
sional meeting facilitators.

Four facilitators were chosen for their
expertise in guiding groups through the
idea organization process. We felt that
their experience prepared them to de-
velop some criteria as to what would
make a good list. The experiment con-
sisted of two stages: a categorization
stage and a list-evaluation stage.

In the first stage, each facilitator was
presented with a complete set of brain-
storming comments generated by an ac-
tual group. Each facilitator was asked to
create a list of topics that pertained to
those comments.

In the second stage, each facilitator was
asked to critique five lists: three were
generated by the other facilitators, one
was generated by the actual group, and
one was generated using our system.
Each facilitator was first asked to rank
the five lists. Following the ranking, we
asked the subjects to add topics that they
felt were missing or delete topics that
they felt were inappropriate. We then tal-
lied the results for each list. We did not al-
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low facilitators to access their own lists
during the list evaluation stage.

There was approximately a week of lag
time between the two stages for each fa-
cilitator. The experiment revealed that

o The system’s output list was compa-
rable to those of two facilitators but
not as complete as the output of the
other two facilitators. Lists generated
by facilitators 1 and 2 were consis-
tently ranked higher by all facilita-
tors and were considered to have
more relevant concepts than those
generated by the other facilitators or
the system. Facilitators 1 and 2 ap-
peared to be better at capturing the
meeting ideas at the appropriate ab-

As information space
grows, information ac-
cess and sharing will
become increasingly
more complex and
challenging.

straction level — neither too general
nor too specific. This observation was
confirmed in the verbal protocols
stated by several facilitators during
the list evaluation stage.

Facilitators spent more time (50-168
minutes) evaluating and classifying
EBS comments, and their perfor-
mances varied widely. This variation
of performance may have been due
in part to differences in the facilita-
tors’ areas of expertise. Despite our
effort to choose a session that was
nontechnical in nature, facilitators 3
and 4 still expressed discomfort with
the topics discussed in the manufac-
turing session. We can continue to ex-
pect a wide variation in facilitator
performance because facilitators will
inevitably have to monitor sessions
on topics about which they have little
knowledge, and because of the time
constraints and the extreme cognitive
demand of real-life meeting pro-
cesses (session facilitation, software
and hardware control, group dynam-
ics monitoring, and so forth).

* The system’s list needs to be more

precise and should be presented
within proper context. Based on the
comments supplied by the subjects.
we were able to identify some direc-
tions for improving the system’s per-
formance and suggestions for using
the system’s analysis. Terms on the
system list need further expansion in
order to provide clearer meaning.
One immediate solution would be to
let facilitators or meeting partici-
pants browse the comments associ-
ated with the topics on the list and
let them make necessary refine-
ments. Because all EBS comments
are indexed by the system, our bot-
tom-up approach of generating
meeting topics from EBS comments
provides the added benefit of letting
humans trace the justification of the
topics suggested.

In summary, the proposed concept-
space approach to the automatic classifi-
cation of electronic brainstorming out-
put presents several unique advantages
over the conventional manual approach.
As discussed earlier, meeting participants
often felt overwhelmed by the large num-
ber of EBS comments and were discour-
aged by the convergent task of generating
a list of consensus topics. The cognitive
demand of the manual convergence pro-
cess and the varying quality of facilitator
support often made the idea organization
stage a less than satisfying experience.
Our proposed approach provides an effi-
cient and algorithmic (domain-indepen-
dent) alternative for the analysis of the
EBS comments. The system’s topic list
can be used as a “straw man”’ for further
group discussion and refinement. The re-
finement process will then be signifi-
cantly less cognitively demanding and
more efficient. We believe the proposed
approach can help alleviate the group vo-
cabulary problem and assist in converg-
ing ideas in electronic meetings.

ollaboration, a process that in-
‘ volves multiple collaborators

working jointly for the same goal,
is severely constrained by the back-
grounds, experiences, and expertise of its
collaborators. Like the information re-
trieval and the human-computer interac-
tion environments in which people may
use different terms to describe the same
object or concept, vocabulary differences
may create a significant bottleneck for
both synchronous and asynchronous col-
laborations. We have presented an algo-
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rithmic concept space approach that re-
lies on various information science, sta-
tistical, and artificial intelligence tech-
niques, including object filtering,
automatic indexing, cluster analysis, and
search/classification algorithms. In con-
trast to the previous manual techniques
for solving the vocabulary problem (for
example, unlimited aliasing), our tech-
niques automatically extract vocabularies
from text, identify vocabulary similari-
ties, and group similar vocabularies to-
gether. This computationally intensive
approach helps alleviate some cognitive
burden of collaborators while consoli-
dating different vocabularies.

Our current research effort involves
testing the concept space approach for
seamless and intelligent Internet infor-
mation access. As information space
continues to grow due to the recent
growth of Internet resource discovery
and the national information infrastruc-
ture, information access and sharing will
become increasingly more complex and
challenging. We believe the difficulties
associated with keyword searching and
user browsing can also be partially alle-
viated by adopting the proposed concept
space approach. B
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