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A prototype tool classifies output from an electronic meeting system into a
manageable list of concepts, topics, or issues that a group can further
evaluate. In an experiment with output from the GroupSystems electronic
meeting system, the tool’s recall ability was comparable to that of a human
facilitator, but took roughly a sixth of the time.

nformation technology continues to generate

increasing amounts of data, most of which is use-

less without scalable methods to collect, analyze,

process, and understand it.! Visualization is a

promising approach to such systemization
because it lets users see underlying processes and guide
process simulations interactively. However, visual-
ization must be combined with some way to make
repositories of text documents more manageable, pro-
viding users with a flexible, interactive environment in
which to access them.

Groupware tools have attempted to provide this type
of support, but they continue to suffer from major
problems. The first is information overload. Users of
electronic meeting systems can generate hundreds of
text lines in less than an hour, and often find it over-
whelming to later browse that many comments. A pop-
ular groupware database could generate thousands of
notes within a few weeks.

Another problem is vocabulary differences. Users
may disagree on a term’s definition or decide that two
terms have the same meaning.

Finally, although tools typically run on Windows or
X Windows, the screen continues to be largely text-
based. Trying to scan hundreds of lines 30 lines at a time
is not conducive to rapidly synthesizing key thoughts.

In this article, we describe a prototype tool that
addresses these problems for GroupSystems, an elec-
tronic meeting system developed at the University of
Arizona and installed at more than 1,500 business,
government, and university settings. The tool auto-
matically categorizes information, statistically clusters
similar documents, and displays the organized docu-
ment set graphically, providing more at-a-glance infor-
mation than a typical text-based display. Users can
thus more easily browse document collections.

The tool has two main aspects:

o Text analysis (categorization). Text analysis tech-
niques aim to identify descriptors and develop an
unambiguous internal representation of a docu-
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ment. Our tool maps a collection of comments or
notes into a two-dimensional grid, placing simi-
lar documents close to each other. It also deter-
mines the topic or catégory that characterizes each
cluster of similar documents.

o Visualization. The tool displays the graphical
image of the map and uses it as an interface to
provide users with different functionality. Its use
of general-purpose color and layers makes the
map more accessible to browsers.

We have used the tool to analyze the output of a col-
laborative session with GroupSystems. The sidebar
“Groupware and Collaborative Computing™ describes
the characteristics of electronic meeting systems like
GroupSystems in more detail. We are also exploringa
similar approach to categorizing and analyzing
Internet home pages? and archival and corrective data-
bases, such as nuclear plant or truck repair records.

TEXT ANALYSIS

Central to our tool’s approach is the self-organizing
map, a text analysis algorithm developed by Tuevo
Kohonen.? The algorithm produces a 2D or 3D data
map? that contains two layers of nodes—an input layer
and a mapping (output) layer. Each node in the input
layer represents one input document (text item). After
the tool processes all the input (usually after hundreds
or thousands of repeated presentations), the algorithm
produces a spatial representation of the input data
organized into clusters of similar (neighboring) regions.

Several researchers have used the self-organizing map
for text analysis and classification.*¢ Our approach
most closely approximates the multilayered system
developed by the University of Arizona’s Artificial
Intelligence Group fo categorize Internet home pages.”

Our version of the self-organizing map algorithm
consists of three steps:*?

o Initialize the input and output (mapping) layers.
Each input and map node is a vector whose length

August 1998



Figure 1. A map of data from
a GroupSystems’ electronic
brainstorming session. In
one hour, participants gener-
ated several hundred com-
menls, attempting to answer
“What issues are important
to society in general and the
management of organi-
zations in particular, and
what are their implications
for management, education,
and research?” The tool
uses the self-organizing map
algorithm to generalte a
graphical image of the
resulls as regions and neigh-
barhoods. The topic name is

FACULTY: 33

CHANGE: 11

PROCESS: 15

followed by the number of
comments and its region
sized accordingly. The use of
a color spectrum (dark blue

= rose) alerts the user to SCHOOL:13
cold topics (discussed early
in the meeting) and hot
issuies (most recently
discussed).
PEOPLE: 10

LEADERSHIP: 11

equals the number of indexed terms in the docu-
ments. The vector for each input node is a set of val-
ues that represent the existence (1) and nonexistence
(0) of indexed terms. The vector for each map node
represents a weighted value of that node’s indexed
terms relative to node values for all the input doc-
uments. The algorithm initializes each map node’s

o Present input. The algorithm presents an input
vector and computes the distance between this
vector and each mapping node vector. The node
with the minimum distance measure is the “win-
ning node” and is selected as the center of a
neighborhood of nodes surrounding it.

weight to a small random value.

Groupware and
Collaborative Computing

Groupware includes a range of applications, such as e-mail, list
servers, electronic bulletin board or news systems, and electronic
meeting systems. It can help organizations leverage their existing
information infrastructures, improve overall productivity, and
cope with diverse pressures and changing technologies:

Clarence Ellis and colleagues define groupware as “computer-
based systems that support groups of people engaged in a com-
mon task (or goal) and that provide an interface to a shared
environment.”! Jay Nunamaker Jr. and colleagues? emphasize
that groupware can also radically change the dynamic of group
interactions by improving communication, structuring and focus-
ing problem-sclving processes, and establishing and maintaining
an alignment between personal and group goals.

Computer

o Adjust weights in a neighborbood. The algorithm
adjusts the weights of the winning node as well as

Electronic meeting systems

An electronic meeting system is a well-known example of
groupware. An EMS consists of hardware, specialized software,
and facilitation methods and techniques for solving group prob-
lems. It typically includes up to 30 networked PCs or worksta-
tions, special software that lets people enter comments and
manipulate shared data, and some way to support the electronic
projection of shared data. Software for general-purpose group
problem solving consists of a set of programs that can be mixed
and matched to suit the characteristics of both the problem and
the participant group. '

Research and experience with EMSs have demonstrated that
electronic meeting support can improve a meeting’s productivity.
More people typically attend the meetings, less time is needed to
gather information, and the group resolves the question or issue



the vector weights for all the nodes in its defined
neighborhood. It computes the new weights using
a simple error-correction function. The algorithm
repeatedly presents the input data to the mapping
layer starting with a large neighborhood radius and
continuing with a gradually reduced radius. The
algorithm converges when the radius becomes zero.

VISUALIZATION

The user can display results as either regions—in
the default regior mode—or as nodes.

Region view )

Figure 1 shows a sample map for a GroupSystems ses-
sion in which meeting participants answered “What
issues are important to society in general, and the man-
agement of organizations in particular, and what are their
implications for management, education, and research?”

As the figure shows, categories that occur more fre-
quently occupy larger regions, such as faculty and man-
agement. Comments (documents) that discuss the same
category are grouped within a region—in this case, edu-
cation, knowledge, teaching, students, and curriculum.

Each region is marked with its name (the topic) and
the number of documents—or in this case, com-
ments—assigned to it. The color reflects the time of
the comments. The scale progresses from cold to hot:
dark blue to light blue to white to orange, and finally
to rose. Thus, in this example, users can see at a glance
that the discussion progressed from topics like schools
and organizations to faculty and education, to change
and leadership, to managers and technologies, and
finally to accounting.

To determine which color a region should have, the
tool averages and normalizes the time tags of comments
in that region, compares the result to the results for other
regions, and assigns colors to all the regions accordingly.

ﬂ:iz ST N ) " KohMap

File - Mode ' View

Region ACCOUNTING
Total comments in the region: 7

[=] _ Coments and Terms [m]

11.9 the question of"cost accounting” and how we currently
define cost may be playing a major role in determining our
present level of competitiveness and efficiency, i.e., what we

be leading to short run optimization.

11.12 re 11.9. What kinds of research might be undertaken to
explore the implication of the "cost accounting" allegation?
And who would sponsor it? Should comparative studies of
firms in different industries be done to determine impact?

11.15. Activity-based cost, i.e., trying to assign the true costs
and benefits to different parts of an integrated organization
is a major issue for many companies which don't want to
inadvertently divest themselves of profitable subsidiaries.
This has major implications for accounting and
organizational design. How far along are we on this?

Total terms: 2

ACCOUNTING
CosT

currently define as investments vs. expenses and how this may

Figure 2. Documents

When the user clicks on a region, the tool responds
with a dialog box containing all relevant information
about the region. For example, Figure 2 presents a dia-
log box for the accounting region in Figure 1. The upper
part of the box contains the region’s title and assigned
comments. The top text box contains the actual text asso-
ciated with the topic, which users can examine for con-
tent and relevance. Usually, each document contains
either a region title, which is the winning term described
earlier, or terms assigned to that region. In Figure 2, the
lower text window lists the terms relevant to accounting;
“accounting” and “cost.” The number of terms assigned

assigned to the

user clicks on

log box appears.

Accounting region in
Figure 1. When the

Accounting, this dia-

more quickly. Groups using an EMS have generated more unique
alternatives for creative tasks and better decisions related to intel-
lectual tasks than non-EMS-supported groups.?

EMSs enhance the group problem-solving process by allowing
parallel, electronic discussions of complex problems. The electronic
discussions are optionally anonymous and automatically recorded
(a form of organizational memory), as opposed to a more exploratory
“freethinking” process. Such systems identify the specific types of
information needed for problem resolution. EMS users begin by gath-
ering the information appropriate for the goal. Stages of this gathering
process are divergence (idea generation), convergence (idea organi-
zation), and consensus checking (idea ranking or voting).

Lotus Notes
Electronic meeting systems are considered to be either same-time,

same-place or-same-time, different-place groupware; that is, they
support a focused, group problem-solving effort that is typically
facilitated at one location or connected via networks and video-
conferencing mechanisms. The meetings typically last hours or days
in a retreat-style environment. Lotus Notes is a good example of
different-time, different-place groupware; that is, it supports the
electronic discussion of topics or projects over a longer period (pos-
sibly weeks).? Lotus Notes is a group information manager that lets
people be more effective in collecting, organizing, and sharing infor-
mation across local area networks, wide area networks, and dial-up
lines. Teams of people can integrate their knowledge, work
processes, and applications across multiple computing platforms.
The fundamental concept in Notes is a database, a repository of
information structured as a collection of documents or notes that
users can view and organize in different ways. Unlike relational
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Figure 3. The self-
arganizing map of
data in Figure 1 dis-
played as nodes.
Each region is divided
into nodes, and each
node is assigned a
number that
corresponds fo the
number of comments
made about that
node. The node view
lets users see the
actual distribution of
documents, or com-
ments, within a
region. Comments
that pertain to other

regions as well may
be close ta a region’s
borders. The node
view lets users see at
a glance the more
ambiguous
comments.
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to the region differs across regions, but with no consis-
tent pattern. A region can be very large but abstract,
which means it may not contain many terms. Comments
usually contain one or several terms from the list. In
Figure 2, all comments contain the term “accounting,”
and some contain both “accounting” and “cost.”

can see both the regions and comments within a
region, is useful for seeing the degree of ambiguity in
a comment. If a comment is close to a region’s bor-
ders, it may relate to the neighboring region as well.
For example, the five comments on policy (top middle
of Figure 3) may pertain equally to management or

Node view

Figure 3 shows the results of the same electronic
brainstorming session depicted in Figure 1 but dis-
played in the node view. This view, in which the user

databases, which deal with structured data, Notes databases can
store text, tables, graphics, and audio information. Notes data-
bases are built on two main concepts: views and forms. Views let
users organize and categorize large amounts of document-ori-
ented information in a variety of ways so that everyone in 2 group
can quickly find desired information. Forms serve as templates
for creating documents in a specific format.

With its capacity to collect, organize, share, and customize infor-
mation, Notes adldresses a variety of problems people face who work
with large collections of data in a distributed environment. However,
the viewing of even a very well-organized set of documents is usually
limited by its sequential representation on a computer screen. Such
representation does not present the whole picture when users are deal-

Computer

teaching. Indeed, one of the comments was

5.6 5.5: Itis probably appropriate to think of teach-
ing basic business and management concepts in grades
K-12. However, as has been seen in economic educa-

ing with large data collections. New ways of representing informa-
tion, such as visualization, are vital to synthesizing diverse data.
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tion, the concepts must be presented as building blocks
only with subsequent levels involved with more theory.

A dialog box similar to that in Figure 2 lets users dis-
play the comments within a particular node position.

Miscellaneous category

The screens in both the region (Figure 1) and node
(Figure 3) views contain a “file” pull-down menu with
several options, including “miscellaneous.” This cate-
gory contains documents that do not have any of the
assigned terms. Because all automatic cluster analysis
techniques, such as the self-organizing map algorithm,
are concerned with the frequency patterns of comments,
comments that contain unusual ideas or typos are not
assigned a region. However, we have found that,
although this category can contain a lot of trash, there
is also the occasional treasure. Figure 4 shows the mis-
cellaneous comments from the sample session.
Comments 3.8 and 3.10 are obviously not useful.
However, comments 3.2 and 6.2 (and even to some
degree 8.2) contain creative ideas and may provide
insights into other aspects of the group’s communica-
tion.

BENCHMARKING AND USER EVALUATION

To determine the efficiency of our prototype tool, we
performed a benchmarking and subsequent user eval-
uation experiment. Table 1 presents the results of the
benchmarking experiment. We began by conducting an
extensive parameter test on eight archival Group-
Systems files. We then generated resuits by altering val-
ues for six parameters: number of training iteration
cycles, learning rate for the training phase, number of
fine-tuning iteration cycles, learning rate for the fine-
tuning phase, input vector size, and document fre-
quency cutoff. We next tested eight GroupSystems files.
The smallest was 11,891 bytes (64 comments); the
largest, 125,472 bytes (737 comments). For each vec-
tor size and each file tested, we recorded the number of
regions generated, the number of miscellaneous com-
ments, and the processing time. We benchmarked the
files on identical 66-MHz, Intel 486-class computers.

From these results, we identified several trends:

o Number of regions. When the input vector size
increased (more terms and concepts to catego-
rize), the number of regions also increased.
However, the total number of regions generated
was close to 30 in most cases.

o Number of miscellaneous comments. Not sur-
prisingly, when the vector size increased, there were
fewer miscellaneous comments. Thus, having a
large vector size appears to be important to avoid
creating tco many miscellaneous documents.

Total comments: 201
Miscellaneous Comments: 70

= Miscellaneous ftems

3.2 Dealing with cognitive overload for participants.
3.8 I'm hot.

3.10 dfgsdfgggggggg

5.5 measurement of effectiveness of groupware solutions
compared to solutions reached by more traditional means

5.8 we need just-in-time training.
59+
5.10gg

6.2 | agree with this one. Managing the culture shift will be a
critical success factor for successful EMS impiementation.

7.4 Al applications that will do useful analysis of large
amounts of data.

7.10 197

8.2 We need to design a happy-hour group room.

Figure 4. Display of
miscellaneous com-

Processing time. The processing time increased with
the file size and input vector size. However, even for
the largest file, which had an input vector size of 100
terms, the tool finished in less than 13 minutes.
Compared with the time-consuming (often several
hours) and frustrating group convergence process,
‘the tool’s strawman results appear promising.

ments. These are

don’t fit into any

After the benchmarking, we conducted a test of how
our tool compared with results generated by a manual
analysis of meeting data using an archival
GroupSystems file from an actual electronic brain-
storming session. We chose the domain of collabora-
tive systems because it was familiar to all eight
facilitator subjects. During the electronic brainstorm-
ing process, an expert facilitator browsed the partici-
pants’ comments and created a set of topics to
categorize comments pertaining to the question,
“What are the most important information technology
problems with respect to collaborative systems to be
solved over the next five years?”

Figure 5 shows the topic lists generated by the
expert facilitator, who took about 40 minutes, and by
our prototype tool, which took six minutes.

We asked each facilitator to compare and edit the
two lists by adding new topics or removing and chang-
ing old ones. After they completed their changes, we
computed the recall and precision levels of the two
lists.” Recall is the proportion of all relevant topics
captured in the two lists. Precision is the proportion
of the suggested topics—either by the human facilita-
tor or our tool—that was considered relevant. Table
2 shows the results of this computation.

Each subject began with the 20 items from the expert

ideas.

August 1998

stray comments that

region because the
terms are used only
once. However, as
comments 3.2 and
6.2 illustrate, they
may contain useful



Table 1. Results of a benchmarking experiment to analyze eight GroupSystems files.

No. of File Vector No. of No. of miscellaneous
comments size size regions comments CPU time (sec.)
64 11,891 bytes 25 17 1 164
45 29 9 280
___________________________________________________________________ 100 28 e B BT
144 26,145 bytes 25 22 23 184
45 32 15 287
..................................................................... 100 o B B BT
149 27,683 bytes 25 22 1 178
45 25 33 285
..................................................................... 100 B0 2B 000
201 21,697 bytes 25 19 70 194
45 33 46 300
.................................................................... 100 B0 B D08
325 76,617 bytes 25 22 74 215
45 30 55 321
___________________________________________________________________ 100 B 2N 888
335 54,792 bytes 25 25 67 214
45 26 51 304
.................................................................... 100 o B BT BT0
3 51,015 bytes 25 23 88 214
45 28 61 307
__________________________________________________________________ 100 B8 BB ee
737 125,472 bytes 25 23 150 313
45 30 92 446
100 36 48 760

facilitator (Figure 5a) and the 27 items from the tool
(Figure 5b) and added or deleted items that were
deemed missing or irrelevant, respectively. Each sub-
ject’s target number is the result of these additions and
deletions.

In general, the tool’s list was less precise (55 versus 81
percent), and the difference was statistically significant
(a five percent confidence level). In contrast, the recall
levels of the two lists (89 versus 81 percent) were not
statistically different. We have found, however, that the
low precision level does not preclude the tool’s use in
collaborative computing. Facilitators expressed a strong

interest in using the system-generated list as a straw-
man. They were generally dissatisfied with the time
required and the cognitive demands of manual meet-
ing convergence. Indeed, a joint system-user conver-
gence process appears to be very feasible.

Ithough results from tests of our prototype
A tool are encouraging, more detailed experi-
ments with a broader list of criteria are needed
to exhaustively test the tool’s efficiency and user recep-

tion. Such criteria might include letting users adjust the
stop-word list (terms not to be indexed) to accommo-

Table 2. Comparison of output from human meeting facilitators (left) and prototype tool (right).

Subject
1

~N oA WN

8
Average

Target
15
32
10
22
19
17
19
22

Facllitator Prototype tool
Relevant Recall (%) Precision (%) Subject Target Relevant Recall (%) Precision (%)

14 93 70 1 1 9 82 33
14 44 70 2 32 11 34 41
10 100 50 3 10 7 70 26
20 91 100 4 20 18 90 67
18 100 90 5 22 21 95 78
16 94 80 6 14 13 93 48
18 95 90 7 24 24 100 89
20 91 100 8 19 16 84 59

89 81 Average 81 55

Computer



. video/ Erojection

. network / bandwidth

. multimedia / hypertext / multimedia

group memory / project memory / repository

voice

. culture / style

. language

. standards

. distributed / distance issues / distance /
different place

. facilitation -

11. research methodologies

. cost / money

. team

. reward

. integration

. social / societal / society

. performance

. virtual

. education / train / learn / teach

. human / people / user / individual / inter-
personal

LONOUVTRWN=

date terminology too general for a specific knowledge
domain and varying the weighting scheme, for exam-
ple, using a term frequency value in the vector instead
of just a 1. That is, if a term appears three times, the
weight would be 3. Other criteria might include
accommodating user preferences for assigning docu-
ments to unique regions or multiple related regions.
We plan to conduct systematic studies of user inter-
action and visualization effects in the near future.

Our current work involves adopting a similar
approach for categorizing and analyzing Internet
home pages? and archival and corrective databases.
We are also comparing small-map multilayered results
with large-map single-layered results to determine the
utility of the map’s hierarchical representation. We are
also parallelizing several versions of the self-organiz-
ing map algorithm on HP/Convex Exemplar super-
computers and plan to introduce fisheye views and
fractals to aid in map browsing. We expect such tech-
niques to accommodate maps with several thousand
output nodes. Finally, we are developing a Java-based
version of the self-organizing map algorithm for inter-
active animation and a VRML-based version for 3D
presentation and space navigation. <

We thank the anonymous Computer reviewers and
contributing editor Nancy Talbert for their many help-
ful comments and suggestions in producing this article.
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. video
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. dealing

. users / group / reward
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Figure 5. Topic lists
generated by (a) a
human facilitator and
(b) prototype tool.
The human facilitator
took 40 minutes to

generate this list. The

tool took six minutes
to generate its list.
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