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ABSTRACT

This study addresses the impact of Group Decision Support Systems (GDSS) on
expert system development by multiple Domain Experts. Current approaches to
building expert systems rely heavily on knowledge acquisition and prototyping by a
Knowledge Engineer working directly with the Domain Expert. Although the
complexity of knowledge domains and new organizational approaches demand the
involvement of multiple experts, standard procedures limit the ability of the Knowledge
Engineer to work with more than one expert at a time.

Group Decision Support Systems offer a networked computerized environment
for group work acﬁviﬁés, in which multiple experts may express their ideas
concurrently and anonymously through the electronic channel. GDSS systems have
been widely used in other applications to support idea generation, conflict management,
and the organizing, prioritizing, and synthesizing of ideas. The effects of many group
process and technical factors on GDSS have been widely studied and documented.

A review of the literature on expert systems, GDSS, and GDSS in relation to
expert systems was conducted. Knowledge gained from this review was applied in the
construction of an exploratory research model intended to provide the necessary breadth
to identify factors worthy of future, more statistically-based, investigation. Domain

Experts represented by college students were charged with developing and prioritizing
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ideas for creating a pre-prototypical expert system. The treatment group worked in a
GDSS environment with a facilitator; a control group worked with a facilitator but
without the assistance of GDSS. Each group then exchanged facilitators and
technology to address another real-life problem. Additional groups worked with GDSS
over time, addressing both problems. Data were gathered, analyzed and discussed
relating to group efficiency factors, group process factors, attitudinal factors, and
product quality factors. Independent Knowledge Engineers and Domain Experts
evaluated the validity and verifiability of the group products. Analysis focused on the
effect of GDSS in facilitating the acquisition and structuring of ideas for expert systems

by multiple Domain Experts.
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CHAPTER ONE

BACKGROUND OF THE STUDY

Introduction

There is a widespread and urgent awareness that knowledge, as much as any
other business resource, is an asset to be stored, retrieved, and disseminated as needed.
Stewart (1994) calls it "intellectual capital”. Expert systems are a tool used to encode
and preserve the knowledge and reasoning skills of experts in many domains, creating a
pool of information and experience which can be used at any time in the future, even in
the absence of the source experts themselves. Computer systems are used to emulate
the reasoning processe!: of the human experts, based on specific domain knowledge and
a series of rules or frames to organize that knowledge. Such expert systems offer a
variety of potential benefits. "Knowledge that exists in an organization can be used to
create differential advantage" (McDonald, in Stewart, 1991). "An expert system is a
knowledge-based program that provides ‘expert quality' solutions to problems in a
specific domain" (Luger & Stubblefield, 1989, p. 291). "The real value of expert
systems technology lies in its allowing relatively unsﬁlled people to operate at nearly
the level of highly trained experts” (Hammer & Champy, 1993, p. 93). While most
other software programs are useless until they have been piloted and most or all the

problems worked out, expert systems are unique in that prototypes can be introduced

1
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into the workstream for on-going revision and incremental improvement. A review of
the literature shows the use of expert systems to be a very effective tool in increasing

productivity and enhancing quality in group performance.

Expert Systems

The conventional approach to developing expert systems involves a Knowledge
Engineer working closely with one Domain Expert at a time. Two major phases are
involved; the first is knowledge acquisition, in which, through a variety of techniques,
information is elicited from the Domain Expert about his knowledge, experience and
procedures. Once the information is gathered, a series of rules or frames is usually
developed. The resultant rule- or frame-based prototype system is intended to
approximate the expert's role when applied to specific situations. This conventional
approach can lead to several inherent problems (Keyes, 1990; Lewis, 1991b; Lewis &
Jacobs, 1993; Liou, 1989). Such a form of development is very expensive, and
therefore useful only to large organizations. Also, the failure rate can be high,
especially for projects developing large expert systems (Meyer & Curley, 1988). The
Knowledge Engineer must devote long periods of time to developing an understanding
of the specific domain, interviewing the expert, developing rules, and building the
man-machine interface that will allow access to the captured knowledge. Some expert
systems can thus take years to develop. Further, the amount of time and commitment

needed to complete the process can frustrate and alienate a practicing expert. "The lack
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of a willing expert is among the most prevalent reasons for failure" (Lewis & Jacobs,
1993, p. 184).

For all of the above reasons, many experts have tried to move away from a
reliance on Knowledge Engineers, preferring to develop expert systems on their own.
There are many advantages to self-development. Keyes (1990) found that up to fifty
percent of the total expert system could be completed during the prototyping phase,
now typically done by the Knowledge Engineer after working with the Domain Expert;
however, self-prototyping is possible. A self-developed expert system, independent of
the Knowledge Engineer, can involve more effective knowledge acquisition, provide
for constant self-evaluation and improvement, limit the frustration and expense
associated with the Knowledge Engineer's role, and expand the role of expert systems
to smaller companies with fewer resources.

Unfortunately, such domain expert-developed knowledge-based systems may
also have limited success. Few Domain Experts have the programming knowledge
necessary to build effective systems. Most are unaware of the complexities involved in
rule-building or in making the developing expert system intuitive and "user friendly."
While recent technology has provided a number of interfaces that are useful to self-
developed expert systems, knowledge about these interfaces has not been widely
disseminated. Furthermore, a single interface is seldom adequate; a managed set is
required for most situations and that is not yet available (Lewis, 1991a). Despite the
advantages inherent in self-developed knowledge-based systems, the great majority of

medium and large applications are still dependent upon the Knowledge Engineer. A

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




goal of expert system development, therefore, may still be to shift a larger part of the
knowledge acquisition and idea prioritizing phase to the Domain Expert, by whatever

means possible.

Multiple Experts

In recent years, expert systems applications have become much more complex,
and the required expertise now frequently resides in groups of experts, rather than one
individual. Often the nature of the task makes it impossibie for the individual to handle
alone; at other times there is an expectation that using additional human resources will
improve the quality of the work, or decrease the probability of poor work (Hackman
and Morris, 1983). "Although their knowledge often overlaps, each individual also has
knowledge that the other experts do not have. This means that expertise for software
consultation resides not in one individual but in several consultants who provide such
services regularly” (Liou, 1989, p. 20). Unfortunately, because of the problems of
time, expense, complexity of rules, and conflicts in varied approaches among same-
domain human experts, Knowledge Engineers usually rely on information gained from
only one expert. The difficulties of knowledge acquisition through interviewing
become compounded when working with multiple individuals. With only one
Knowledge Engineer and expert, there are difficulties with communication, semantics,
and understanding that often require several interviews. With multiple experts, there
are conflicts between their problem solving methods, communication barriers among

experts, and difficulties with synthesizing results. With only one Knowledge Engineer
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and multiple experts, the interviews must be done sequentially, taking more time. With
several Knowledge Engineers, differences in their approach and capability may affect
the quality of the information gained. The difficulty of integrating this information into
one knowledge base is compounded, as is the difficulty of interpreting multiple results.
Therefore, many Knowledge Engineers avoid the complexity of working with multiple

experts, thereby losing the richness and validity of their combined knowledge.

G Decision § S
Recent technology does offer a way to involve multiple experts in the process of
knowledge acquisition and knowledge prioritizing. Group Decision Support Systems
(GDSS) were originally defined as integrated computer-based systems to facilitate the
solution of an unstructured or semi-structured task by a group that has joint
responsibility for performing it (DeSanctis & Gallupe, 1987). The technology has been
widely applied to a variety of group work activities. Some applications include idea
generation, topic discussion, information sharing, knowledge elicitation, conflict
management, consensus building and decision making. In a setting that includes
networked computer workstations, groups may meet face-to-face, with a computer-
based electronic medium used to support or replace verbal communication. "This
electronic channel can be configured to deliver a structured interaction process,
automatically store prior entries, provide anonymity, allow parallel electronic
communication, and support groups distributed by time or space" (Valacich, Dennis &

Nunamaker, 1992). GDSS focuses on group rather than individual activities. "A
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GDSS is designed to minimize the process losses associated with group work and
capitalize on the advantages provided by the collaboration of multiple problem solvers
... the automation involved in a GDSS offers potential advantages associated with the
speed of processing individuals' data inputs and the use of telecommunications to
involve remote or even anonymous individuals in real-time group work" (Jessup &
Tansik, 1991, p. 266).

The research already done on GDSS and expert systems would suggest that
many of the problems in using multiple experts to develop expert systems can be
eliminated through the use of GDSS for knowledge acquisition and prioritizing.
Multiple experts can respond to interview questions at the same time, or can add their
input at a later date. GDSS provides a forum for conflict management and group
decision making, which would allow the experts to prioritize and agree upon rules.
The function of the Knowledge Engineer could be reduced to that of facilitator, thus
enhancing the role énd subsequent commitment of the experts themselves. Since GDSS
cuts the time for decision making significantly, the frustration and expense of expert
involvement is limited. The GDSS environment encourages the free flow of
information and analysis for on-going incremental improvement of the finished expert
system. GDSS, therefore, appears to provide a useful tool in developing expert

systems by multiple experts.
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Statement of the Problem

Little empirical research has been done to verify the usefulness of GDSS in
using multiple experts for knowledge acquisition and prioritizing. The literature on
expert systems has concentrated mainly on the role of the Knowledge Engineer, the
technical steps to building a rule- or frame-based system, and on the interfaces and
commercial products available for self-development by individual Domain Experts.
While there exists a strong body of constantly expanding literature defining GDSS, and
studying its application to many related fields, few studies were discovered that
discussed the role of GDSS and multiple experts in knowledge acquisition and
prioritizing for expert systems. What little work has been done with expert systems
and GDSS was limited to the role of GDSS in idea generation. No empirical
laboratory or field studies could be found involving GDSS in structuring or prioritizing

ideas for later rule development or in looking at the commitment of experts in on-going

prototyping.

This study was designed to explore the following major problem:

Purpose of the Study

This study was designed to investigate the possible impact of GDSS on
knowledge acquisition and prioritizing for future developmental prototyping of expert

systems. It was intended to help identify the specific factors that may be most

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8

influential in this application, and are therefore worthy of further study. In order to do
so, the study focused upon the use of multiple Domain Experts in knowledge
acquisition and structuring for a pre-prototypical expert system. An exploratory
approach was used, in which groups composed of similar sample members were asked
to generate, categorize, sequence and prioritize ideas for use in a prototype expert
system. The study followed a laboratory-based experimental format, using students of
similar backgrounds as subjects, and addressing a field in which they were presumed to
be truly expert. The treatment groups used a facilitator and worked in a GDSS
environment; the control groups worked with a facilitator but without GDSS. Both
groups were monitored, their work evaluated qualitatively and quantitatively, and
certain specific factors were evaluated for both groups. In order to examine the
interaction of the standing groups with the task and the technology, all groups created
two products - one without GDSS assistance and one using the GDSS technology. Both
groups followed the same script, used the same group process tools, and worked in the
same order. In addition, other non-GDSS groups worked with a facilitator in a less
structured environment. Finally, a small group met twice using only GDSS to solve
two different problems. Practicing Knowledge Engineers and Domain Experts
empirically evaluated the quality of the respective group products.

Factors investigated included those found to be significant in previous related
studies, as well as those predicted to be of specific importance in developing and
prototyping expert systems. Data were gathered about both the product and the process

through written questionnaires of participants' perceptions, through facilitator
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observations, through objective measurements of the verifiability and validity of the
organized ideas developed by both groups, and through measurement of pre-determined

objective success criteria for all groups.

Need for the Study

While expert systems are commonly accepted as an important tool in preserving
and applying human knowledge, many organizations are unable to take advantage of
the process because of the cost and complexity of development. The current preferred
approach to knowledge acquisition depends upon either single experts, or multiple
experts interviewed in sequential order. Such an approach limits the amount of basic
knowledge elicited, and prohibits the synergy possii)le in group interaction among
experts. If, indeed, GDSS can cut down on the time and expense of development,
efficiently involve multiple experts, allow Domain Experts to contribute not only to
knowledge acquisition but also to knowledge prioritizing, and encourage and commit
reluctant Domain Experts to on-going involvement in step-by-step prototyping of expert
systems, many more organizations can benefit from the technology. This study was
intended to identify the specific factors worthy of further attention in applying GDSS to
the development of expert systems. Business, government, and educational groups all

may find the results of this study useful.
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Assumptions of the Study

The study rests upon the following theses, or assumptions:

1. Expert systems rely primarily upon the successful acquisition of knowledge
from Domain Experts, who are most closely aware of the requirements of an
expert system.

2. In order for incremental prototyping of expert systems to succeed, the
necessary Domain Experts must be willing to give their time, energy, and
expertise beyond the first knowledge acquisition stages. Their commitment
rests on their feelings of ownership in the product and process.

3. GDSS provides an appropriate tool for not only knowledge acquisition from
multiple experts, but also for the synthesis of crucial information and

consensus upon structure and priority of generated ideas.

Contributi f the Stud
It is anticipated that this study will contribute to the body of information on
GDSS and expert systems by adding to the general knowledge about GDSS and
knowledge acquisition using multiple experts, by validating or questioning the findings
of previous studies in the area, and by identifying and studying factors effecting an
efficient and innovative method of acquiring knowledge from multiple experts. This is
the first such exploratory study to involve both objective KnoWledge Engineers and
Domain Experts in evaluating the usefulness and quality of products developed for

expert systems using GDSS-supported group knowledge acquisition meetings. Systems
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built by multiple experts in a GDSS environment may be more quickly and efficiently
developed, may be of equal or greater value than those built by a Knowledge Engineer
based on knowledge acquisition from one expert, and may increase the satisfaction and
involvement of the participants. This study contributes specific information about all

these factors.

Research Questions
In order to determine the impact of GDSS on expert systems, the following
specific research questions were addressed:

1. What is the impact of GDSS on the group process activity of knowledge
acquisition and prioritizing?

2. What is the impact of GDSS on the feeling of ownership of the Domain
Experts self-developing the systems?

3. What is the impact of GDSS on the quality of the product for the expert

system?

Definiti
For the purpose of clarity and to assist the reader, the following terms are
defined as they are used in this study:
Domain Expert -
a person who, through years of training and experience, has become extremely

proficient at problem solving in a particular domain.

Expert systems -
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computer programs that use domain-specific knowledge to emulate the
reasoning process of human experts.

Group Support System (GDSS) -
an integrated computer-based system that facilitates the solution of an
unstructured or semi-structured task by a group.

Knowledge acquisition -
the process of extracting, prioritizing, and organizing knowledge from several
sources, mainly human experts, so it can be used in a computer program.

Knowledge Engineer -
the person who designs and builds the expert system. This person is usually a
computer scientist experienced in applied artificial intelligence methods.

Prototype -
an initial version of an expert system that is developed to test effectiveness of
the overall knowledge being employed to solve a particular problem.

Quality -
a subjective measure of expert system products in terms of verifiability and
validity.

Verification -
the process of assuring the internal consistency and completeness of a product;
"building the system right" - refers to structure.

Validation -
the process of assuring that the product has the potential to help the user as

intended in the original requirements and objectives; "building the right system"
- refers to content.

! . | Limitations of the Stud

This study rests upon the assumptions that all subjects had the same degree of
experience with expert systems; that the subjects are experts in the field discussed; and
that the facilitators remained impartial and equally adept in dealing with both the

control and treatment groups. Limitations of the study may include problems and
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biases inherent in the GDSS software, over which the investigator had no control, as
well as the possibility of uncontrolled intervening and moderating variables arising
through the unobserved and unrecorded interaction of participants in their daily lives,
outside the study environment. While every effort was made to control the study
factors and to provide a degree of rigor, such intervening context variables may well
arise in an exploratory study, and their effect must be acknowledged. In addition, the
fact that there was only one Domain Expert for the safety problem may be considered a

limitation, despite the suitability of the expert used.

Organization of the Study

Chapter One of the study includes an overview of the background of the study,
statement of the problem, research questions, design of the study and need for this
study. Chapter Two focuses upon an in-depth review of the literature on expert
systems, on GDSS, and on how GDSS has been used in expert systems development.
Chapter Three contains a description of the framework of the study, including the
theoretical foundation and the methodological framework. Chapter Four delineates the
methodology, including design of the study, a description of how data were gathered,
and a plan for analysis and discussion of the data and findings. A description of
anticipated outcomes is also included. Chapter Five includes a report of the findings
from the study and an analysis of the data, and Chapter Six discusses final hypotheses
and conclusions based on the study and includes suggestions for further, more rigorous,

investigation.
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CHAPTER TWO

REVIEW OF THE LITERATURE

Introduction
A review of the literature was conducted in order to explore the previous
research on GDSS and expert systems and to identify the important research issues.
These included expert systems in general, the effectiveness of group support systems in
other applications, domain expert-developed expert systems, the use of multiple experts
in knowledge acquisition, and the relationship between expert systems and GDSS. A
brief summary of the most relevant findings is presented below, and forms the basis for

the theoretical framework of this study.

Expert Systems

Expert systems have been defined as "computer systems that incorporate the
knowledge and expertise of human experts in a specialized domain to make intelligent
decisions within that domain" (White & Goldsmith, 1990, p. 276). Meyer & Curley
(1991) define expert systems as "software applications that incorporate substantial
amounts of human reasoning for problem solving and decision-making assistance" (p.
455). Dhar refers to expert systems' "ability to engage in judgmental reasoning similar

to that of domain experts and to exhibit comparable levels of
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performance” (1987, p. 25). Expert systems attempt to encode the knowledge and
reasoning skills of the Domain Experts. Artificial intelligence systems that achieve
expert-level competence in solving problems by bringing t? _mind a body of knowledge
are called knowledge-based systems, or expert systems (Feigenbaum, McCorduck &
Nii, 1988).

Expert systems are becoming increasingly important in the business, military,
and educational world. According to Mykytyn, Mykytyn & Slinkman (1990) "The
excitement generated by the advent of Expert Systems ... has led to prodigious research
and substantial financial investment in these systems" (p. 27). "Knowledge-based
system technology is becoming an increasingly important asset in support of the
achievement of corporate goals through strategic information systems" (Maletz, 1990,
p. 323). Expert systems have been used in a variety of applications. The Knowledge
Engineering Handbook of Theory and Practice discusses medical applications, financial
planning and business management, military applications, space science, and quality of
life enhancement (White & Goldsmith, 1990). Dhar (1987) indicated that major efforts
in expert systems have been in medicine, geological exploration, analysis of oil-well
logs, mass spectroscopy interpretation, and computer configuration. Mykytyn, et al.
point out that artificial intelligence is moving from "very specific, academically
oriented efforts, such as medical diagnosis, to more managerially oriented corporate
issues" (1990, p. 27). "Thus, it is clear that managing the development and use of

expert systems technology is of growing importance as an increasing number of
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organizations seek to apply the technology to their own operations” (Meyer & Curley,

1991, p. 455).

Components of Expert Systems

The main components of an expert system consist of a knowledge base, an
inference engine, and a user interface (Mishkoff, 1986; White & Goldsmith, 1990).
The knowledge base contains the Domain Expert's accumulated knowledge,
experience, and procedural guidelines. The inference engine employs the mechanism
of using the knowledge to draw an inference, and the user interface allows the user to
interact with the system and to access the knowledge and inferential rules (Liou, 1989).
According to Mykytyn, et al. (1990), the knowledge base contains the system's factual
knowledge as well as the heuristics of the expert, and the inference engine defines how
the rules in the knowledge base are to be applied to the problem. The inference engine
decides which rules will be utilized, accesses the appropriate rules, executes the rules,
interacts with the user to gain needed information about the problem and makes a
recommendation when a satisfactory approach has been found. The user interface
communicates with the user, translating between the computer system and the human
user. A properly developed user interface makes the expert system easy to use by
providing support for the needs, preferences, and individual differences of the users (p.

28).
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Information for the knowledge base is most often elicited from the expert by a
Knowledge Engineer who then matches the information to an appropriate software tool
to build the expert system.

The knowledge engineer extracts knowledge from experts (who are

particularly proficient at using the knowledge) and integrates it into an

overall knowledge system architecture. Thus the knowledge engineer

constructs a knowledge base and ultimately designs a KBS (knowledge-

based system) out of elementary knowledge components, such as facts,

beliefs, and heuristics. Since knowledge is not directly observable - only

the results of applying it are - the knowledge engineer uses a variety of

methods to reconstruct the inferred knowledge (White & Goldsmith,

1990, pp. 44-45).

Developing Expert Systems

Building an expert system is an iterative and evolutionary process (Dhar, 1987).
Once a prototype is developed, it presents a model that the Domain Expert can critique,
modify, refine and improve. "Once the domain has been conceptualized, a model
established, rules derived and a prototype tested and improved, the domain can be
safely expanded through slow and incremental steps” (Lewis, 1991b, p. 65). Figure 1
presents a graphical representation of the steps in prototyping of an expert system.

A successful expert system is measured by several specific variables.
According to White & Goldsmith, authors of a handbook for Knowledge Engineer
certification (1990), testing and validation procedures include:

® prototype test and evaluation applied to general software verification and

validation procedures;

® prototype to pilot conversion, continuing with software validation and

verification, and test cases to compare against known solutions;
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® operational implementation, to obtain user feedback about interfaces and

gaps in the knowledge base for unexpected situations; and,

® maintenance and enhancement, to update the knowledge base and document

overall system performance (pp. 46-47).

An empirical evaluation was suggested by several investigators (Liou, 1989;
Sambamurthy, 1989; Hayes, 1991). Such an evaluation can be accomplished by
observing the system in operation, submitting the knowledge system to a panel of
Domain Experts, or submitting the system to a panel of Knowledge Engineers for

evaluation.

Problems with Expert System Development

Many experts have pointed out problems with the conventional development of
expert systems. Because of the time and expense involved, expert systems have been
largely the province of larger companies (Keyes, 1990; Lewis, 1991b). The failure
rate is high, especially for attempted large expert systems (Meyer & Curley, 1988).
The commitment of time and attention can alienate Domain Experts (McGraw &
Harbison-Briggs; 1989; Keyes, 1990). Lack of knowledgeable and sympathetic
management support can doom a system (Waterman, 1985). Unreal expectations of an
expert system may lead to excessive frustration and disappointment (Mykytyn et al.,
1990; Waterman, 1985). There is a shortage of trained Knowledge Engineers (Maletz,
1990). Finally, the complexity of the knowledge acquisition stage as approached by

the Knowledge Engineer can add to the time, expense, possibility of misunderstanding,
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and alienation of Domain Experts (Keyes, 1990; Liou, 1989; McGraw & Harbison-
Briggs, 1989). Since the prevalent approach to knowledge acquisition and expert
system development is defined as on-going prototyping, the continued involvement of
the Domain Experts required for reaction and feedback as the system evolves must be
assumed, and is a necessary component. Many current approaches to knowledge

engineering make this cooperation difficult to obtain.

Koowledge Acauisiti

The knowledge acquisition phase, during which the Knowledge Engineer works
directly with the Domain Expert, is the most important phase in building a successful
expert system. "It is the most important task in the expert system development process
because the power of an expert system derives from the knowledge it possesses, not
from the particular formalism and inference scheme it employs" (Feigenbaum in Liou
& Nunamaker, 1993, p. 121). "Knowledge acquisition - leading other people to
describe how they do what they do - is one of the greatest challenges in building expert
systems" (Scott, Clayton & Gibson, 1991, p. v).

Knowledge acquisition is a bottleneck in the construction of expert
systems. The knowledge engineer's job is to act as a go-between to help
an expert build a system. Since the knowledge engineer has far less
knowledge of the domain than the expert, however, communication
problems impede the process of transferring expertise into a program.
The vocabulary initially used by the expert to talk about the domain with
a novice is often inadequate for problem solving; thus the knowledge
engineer and expert must work together to extend and refine it. One of
the most difficult aspects of the knowledge engineer's task is helping the
expert to structure the domain knowledge to identify and formalize the
domain concepts (Hayes-Roth, Waterman & Lenat in Boose & Gaines,
1988, p. vii).
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This was true in 1988 and is still true today. Other knowledge acquisiﬁon problems
include possible bias from the Knowledge Engineer, difficulty in the expert's
understanding his or her own cognitive process, difficulties in communicating the
expert's processes and understanding those cognitive processes, a superficial
understanding of the domain or processes, leading to a dysfunctional expert system,
disagreement among experts, and the difficulty in working with multiple experts
(Mykytyn, et al., 1990; Liou, 1989; Liou & Nunamaker, 1993). Also noted as
problematic have been the abilities and attitude of the Domain Expert, the suitability of
the domain area, and the ability of the Knowledge Engineer to select appropriate
knowledge representation tools (White & Goldsmith, 1990).

Roth (1990) categorizes techniques of knowledge acquisition as being direct,
indirect, or computer-based. Direct approaches include interviews, questionnaires, free
listing or object features, observation of task performance, protocol analysis, context
focusing, interruption analysis, drawing closed curves, concept (card) sorting, and
inferential flow analysis. While many of these approaches may not be appropriate in a
GDSS setting, variations on group interviewing and questionnaires can be used.

Unstructured interviewing requires the experts to verbally describe the
knowledge and heuristics that are used in solving the domain problem; structured
interviews are those revolving around planned scenarios, specific aspects of the domain
procedures, classification, goal decomposition and procedural stimulation. Interviews
are useful in quickly generating a large body of knowledge regarding the terminology

and main components of the domain (Gammack & Young, 1985 in Roth, 1990, p. 13).
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Questionnaires ask the expert to respond to questions in written form, and can be easily
translated to the electronic medium. Questions can be either open-ended or formatted.
Open-ended questions are designed to stimulate the expert's thought processes, while
formatted questions can elicit specific types of knowledge. Roth suggests that
questionnaires are useful in discovering both objects of the domain and relationships
between objects. "Questionnaires provide an efficient means of gathering information
...and have the advantage of permitting responses from several experts to be easily
obtained and analyzed" (p. 15).

Roth's discussion indicates that direct methods of knowledge acquisition have
several limitations; they rely on the experts' ability to access their own mental
processes, the experts' ability to express those processes verbally, and on the accuracy
of the Knowledge Engineer's interpretation of the material expressed. "These
limitations suggest that the knowledge acquisition bottleneck will not be substantially
eliminated using only direct methods of knowledge acquisition” (Roth, 1990, p. 23).

Indirect methods of knowledge acquisition allow the Knowledge Engineer to
perceive the Domain Expert's thought processes without relying on direct verbal
expression of that knowledge. Methods include multidimensional scaling, hierarchical
clustering, general weighted networks, ordered trees from recall, and repertory grid
analysis. Hierarchical clustering, which is a scaling technique that can produce a
hierarchical structural representation of knowledge based on similarity judgements
between domain items (Roth 1990, p. 28) can be productively used in a GDSS

environment as well as in a pencil and paper setting. GDSS can also be used to assist
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the creation of a repertory grid, representing similarity ratings and relationships among
domain elements. Domain elements are identified and rated against distinguishing traits
to uncover dimensions of similarity/dissimilarity. Elements are then arrayed along a
top of the grid, and all dimensions are listed on the side. Every element is then rated
against every dimension to develop relationship ratings. According to Roth (p. 34), the
repertory grid technique is best suited to problems of analysis, such as debugging,
diagnosis, interpretation or classification.

Roth also cites three methods of computer-based knowledge acquisition:
computer-assisted knowledge conceptualization, automated repertory grid-based
systems, and rule induction systems. Computer-based knowledge conceptualization
builds a base of facts and rules that help an expert structure a new body of knowledge.
The goal is to help codify the art of knowledge engineering.

Indirect methods, Roth contends, often rely on assumptions that are not always
appropriate to the data being collected. She further notes that computer-based
approaches still rely on an available expert, willing to learn to interact with the system,

and willing to commit a considerable amount of time to the interaction.

Input From Multiple Experts
Liou (1989) pointed out that while earlier expert systems addressed very narrow
domains, typically requiring the knowledge of only one individual expert, expert
systems are now more complicated, and the domains more complex. Input from

multiple experts is now required in the knowledge acquisition stage. Several
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advantages to using multiple experts are noted. First, the time that Domain Experts
can contribute to knowledge acquisition is both limited and expensive. When several
experts are involved, the commitment from each individual is minimized. Secondly,
the knowledge acquisition phase can be more flexibly designed, as it is not necessary
for each expert to be present at the same time and in the same place. Even if one
expert is not available, sessions that do not require his or her participation can be
conducted. Thirdly, the interaction among experts provides many different sources of
divergent thinking and idea gathering (pp. 20-22). Further, "Studies have shown that
expert systems based on discussions with a single expert do not emulate most real-life
decision making, while expert systems that are based on inputs from several experts
may reflect multiple lines of reasoning"” (Liou & Nunamaker, 1993). Meyer & Booker
(1991) cite several studies which indicate benefits from using diverse experts. They
define diverse experts as those likely to view and solve the problem in different
manners (p. 87). Diverse experts, particularly in face-to-face meetings, provide better
quality answers (Seaver, 1976, in Meyer & Booker, 1991). Ascher (1978, in Meyer &
Booker), suggests that multiple experts are more accurate because they reflect the most
up-to-date consensus. Using multiple experts can minimize the influence of a single
individual and help the group overcome the tendency to cling to one conservative point
of view (Meyer & Booker, p. 87). Dym & Levitt (1991) emphasize that multiple
experts can be used to reinforce the understanding of a repeatable and capturable task
(p. 338). McGraw & Harbison-Briggs summarize the primary benefits of multiple-

expert participation as increased ease of access and strengths associated with multiple

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



25

lines of reasoning (1989, p. 249). These multiple lines of reasoning allow the
Knowledge Engineer to stimulate interaction that can be used to derive a synthesis of
expertise.

Unfortunately, the involvement of multiple experts can increase the complexity
of knowledge acquisition, making the Kn.owledge Engineer's task even more difficult.
Not only does the Knowledge Engineer have to merge each individual expert's
knowledge structure into one, but he or she must also generate group knowledge which
does not necessarily reside in any one Domain Expert, but evolves as a result of group
interaction (Liou, 1989, p. 23). McGraw & Harbison-Briggs note the problems
associated with multiple-expert teams as being member equality, upward-ripple
paranoia, confidentiality, access, and consensus versus diversity (1989, p. 250). Group
members may be unwilling to risk exposing their ideas in front of those of greater
status (member equality). An expert may fear repercussions from superiors if they
disagree with stated opinion (upward-ripple paranoia). Domain Experts may feel
threatened by knowing that their contributions will be shared with others
(confidentiality). All of these issues may affect obtaining access to practicing experts,
as may conflicting schedules. Finally, multiple experts will yield multiple opinions,
many of which may be conflicting. All of these issues must be foreseen and dealt with

by the Knowledge Engineer.
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Approaches to Multiple Experts

Most traditional methods of knowledge acquisition, including interviewing,
questionnaires, observation and protocol analysis are designed for acquiring knowledge
from a single expert (Liou & Nunamaker, 1993). When only one Knowledge Engineer
is involved, the process must be sequential, i.e., one expert at a time. When selecting
multiple experts for individual consultation, it is important to determine not only
domain expertise but also communication abilities and the willingness to work in a
small group. Feigenbaum (1985, in McGraw & Harbison-Briggs 1989, p. 251) notes
that "You have to find people who are willing to meet the knowledge engineers halfway
over the bridge between computer science and the target discipline." The interaction
must remain private if the expert so desires, and it is important to debrief the experts at
the end of each session. When conflicting views among experts exist, the need for
several iterations of interviews makes the process very time consuming. If multiple
Knowledge Engineers are used to conduct parallel interviews, the coordination among
them becomes important and time consuming, as well. "Conflicts can arise between
the experts, between knowledge engineers' understanding of the problem domain, or
the same expert may even have different opinions at different times and places” (Liou
& Nunamaker, 1993, p. 122).

Another approach is to meet with multiple experts in a single interview. Single
interviews with multiple experts may cease to be productive because the experts argue
among themselves and do not provide useful information. These arguments are most

common when the experts share the same domain and are used to working individually
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rather than in a group (Scott, Clayton & Gibson, 1991, pp. 450-1). Hunter (1985, in

McGraw & Harbison-Briggs, 1989) feels that it is best to consolidate the experts and let
them argue it out before trying to embed the acquired knowledge into the system.
McGraw & Harbison-Briggs also point out that the "selected system architecture also
will affect the way that multiple experts are used. If the system is designed to handle
multiple lines of reasoning, it is acceptable to acquire diverse information without
demanding that experts reach a consensus. If the architecture is designed such that a
combination or integration of expertise is required, knowledge acquisition sessions must

be tailored toward reaching a consensus" (1989, p. 253).

Self-Development by Domain Experts

Several alternate approaches have been developed to minimize the influence of
the Knowledge Engineer, increase Domain Expert involvement, and extend the use of
expert systems to a wider arena (Lewis & Jacobs, 1993). Efforts have been made to
encourage development by end-users, or by Domain Experts. Meyer & Curley (1991)
note that successful development is a factor of the level of knowledge and complexity
desired of the system. Low-knowledge/low-technology systems can be developed by
end users with basic software skills training, but more complicated systems must rely
on computer and artificial intelligence professionals. Mykytyn, Mykytyn & Slinkman
point out that organizations may take advantage of “readily available expert system
shells” in order to build their own systems (1990, p. 31). Lewis & Jacobs (1993) refer

to "an abundance of interfaces, with easy-to-use and -understand techniques.” They
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characterize expert-developed systems as those that can best elicit knowledge from the
Domain Expert, provide the basis for on-going improvement of the prototyped system,
overcome the negative factors inherent in the Knowledge Engineer's role, keep costs
down, and encourage greater commercial interest in the design of new development
interfaces. They warn, however, that domain-expert developed systems are most
appropriate for narrow and specific domains.

Keyes (1990) lists the advantages of self-development by Domain Experts: they
have the information and the interests, they can talk the language of other Domain
Experts, they are obviously interested in the subject area, and they have the potential to
understand, interpret and record the specific knowledge they have built up during the
years (p. 89). It should be noted that all of the work cited above deals with partial self-
development by single Domain Experts, working with interfaces that make it easier to
communicate with prepared systems. Self-development by multiple experts is an area

yet to be investigated by researchers and practitioners in the field.

Summary
A review of the literature on expert systems suggests that their nature,
complexity, and importance are expanding rapidly. Such systems generally have relied
on the successful interaction of a Knowledge Engineer and one or more Domain
Experts, most crucially during the phase of knowledge acquisition. While the necessity
of involving multiple Domain Experts has increased, the role and standard methods of

the Knowledge Engineer are not currently suited to knowledge acquisition with more
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than one expert at a time. In an attempt to limit the role of the Knowledge Engineer,
many organizations are experimenting with user- and expert- developed expert systems.
It remains to find a structure that will facilitate self- development by multiple experts in

a collegial and cooperative environment.

G Decision S s

Group Decision Support Systems (GDSS) are a combination of communication,
computer, and decision technologies that support problem formulation and solution in
group meetings (DeSanctis & Gallupe, 1987). An effective GDSS is designed to
increase the efficiency and effectiveness of group activities by removing common
communication barriers and by directing the organization, timing, or content of
discussion (Liou & Nunamaker, 1993). An obvious advantage of the use of an
electronic tool is the improved processing speed, making for a more efficient use of
group time (Miranda, 1991). According to Huber (1984), the need for a GDSS arose
from the following dilemma:

Managers, and other professionals, spend a good deal of their time in

decision-related meetings; meetings where people possessing different

facts, expertise, and points of view share and use information in order to

select their individual or collective courses of action. It appears that the

current and increasing complexity and turbulence of organizational

environments can only heighten demands for such information and use.

On the other hand, increases in the time spent in meetings require

decreases in the time spent in other managerial or professional activities,

and as a consequence will be resisted in many instances.

GDSS has been perceived to have the potential to assist groups to make better

quality decisions, to facilitate more equal rates of participation (Dennis, George,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

Jessup, Nunamaker & Vogel, 1988), to make better use of time and adapt more rapidly
to change (Grohowski, McGoff, Vogel, Mariz & Nunamaker, 1990), and to increase
the satisfaction of participants (Connolly, Jessup & Valacich, 1990). In addition, the
parallel and anonymous flow of communication may ameliorate previously studied
limits to communication. Tyran, Dennis, Vogel & Nunamaker (1992) describe a
phenomenon labeled production blocking. When one group member "has the floor,"
he or she may block the generation or communication of ideas from other members.
Such blocking comes in several forms: attenuation blocking when members must wait
to contribute, and forget or suppress their ideas because they no longer seem relevant.
Concentration blocking occurs when members try hard to remember and formulate their
own ideas and therefore cannot process new information, and attention blocking occurs
when members pay so much attention to the ideas of others that they do not formulate
their own ideas and comments. Tyran et al suggest that attenuation and concentration
blocking are caused by the sequential nature of spoken verbal communication (one
person at a time) which forces participants to wait their turn. Attention blocking arises
from the need to constantly monitor the single communication channel to avoid missing
important information. GDSS, by facilitating parallel communication, allows for the
interaction of larger numbers of participants. All members can contribute at the same
time without interrupting one another, and can add, piggy-back, or comment on the
contributions of others without missing important information.

Tyran et al. also suggest that members who are unsure of the reception of their

ideas are reluctant to contribute. This reluctance may be due to the apprehension of the
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members themselves, pressure to conform to the group's position, or the influence of
powerful group members. They cite Shaw (1981, in Tyran, et al., 1992) on
experimental studies that have found that overall group performance can decrease when
apprehensive members do not share information with the group. This suggests that
communication that can enable members to contribute freely without evaluation
apprehension would positively benefit group interaction.

GDSS provides many features that counteract communication blocking among
group members. These include anonymity, parallel communication, structured
communication, facilitator support, and fast electronic communication. Tyran et al
(1992) note that anonymity, the electronic channel of communication, specific GDSS
tools, and easy input all seemed to allow equality of input and increased communication

among GDSS group participants.

GDSS Applications
While the initial focus of the use of GDSS technology was to support groups in

decision making, it has become clear that the technology can also support a wide
variety of collaborative tasks (Dennis, Heminger, Nunamaker & Vogel, 1990). Among
the applications reported in the literature are group planning (Dennis, et al, 1988),
stakeholder analysis (Sambamurthy, 1989), knowledge acquisition (Liou, 1989; Liou &
Nunamaker, 1993; Lipp, 1993), idea generating and problem solving (Jessup, Connolly
& Galegher, 1990; Valacich, Dennis & Nunamaker, 1992), group decision making

(Zigurs, Poole & DeSanctis, 1988; Jessup & Tansik, 1991), quality team meetings
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(DeSanctis, Poole, Lewis, & DeSharnais, 1992), mediation (Connolly, Jessup &

Valacich, 1990), and strategic management (Tyran, Dennis, Vogel & Nunamaker,
1992), among others. Valacich, Dennis & Nunamaker (1992) list applicable group
tasks of communication, planning, idea generation, problem solving, issue discussion,
negotiation, conflict resolution, systems aﬁalysis and design, and collaborative group

activities such as document preparation and sharing (pp.261-262).

GDSS and Related Factors

A number of recent studies have examined various related factors in order to
determine the best GDSS model for specific applications. Among these are group size,
structure and arrangement, the role of anonymity, the type of groupware (software
used), and many other related factors. The results of several of these studies are
reported in the following section.

The impact of size of work groups has been addressed by a number of
investigators. According to Dennis, Heminger, Nunamaker & Vogel (1990) early
group process research had indicated that an optimum member number was either three
or five. Shaw (1981, in Tyran et al., 1992) notes that large group meetings are
generally less effective and less satisfying to group members than small group
meetings. Participation decreases as group size increases. According to DeSanctis &
Gallupe (1987), as membership increases, the number of potential exchanges rises and
the frequency, duration, and intimacy exchange all decline. Consensus becomes harder

to achieve, and satisfaction with the group declines. They further note that there is
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greater interest in expressing information or opinions, and less interest in receiving
from others. Smaller groups are more likely to actively attempt to resolve opinion
differences.

Groups using GDSS appear to be able to integrate larger numbers of participants
successfully. A University of Arizona study involving IBM workers and executives
using groups of eight to ten members found that larger groups tended to slightly
outperform smaller groups relative to expectations (Grohowski, McGoff, Vogel, Martz
& Nunamaker, 1990). They concluded that the effective number of meeting
participants is increased with GDSS. Tyran, Dennis, Vogel & Nunamaker (1992)
summarized eight case studies in which group size ranged from eighteen to thirty-one.
They concluded that the group technology used "can be used to support large Strategic
Management groups in an effective and efficient manner" (p. 330).  Valacich et al.
(1990) looked at the effect of size in a GDSS environment on several factors affecting
idea generation. They found that the total number of comments per individual was not
affected by size, that there was a greater number of unigue solutions coming from
larger groups, and a larger number of critical comments in large groups. In a second
1992 study, Valacich, Dennis & Nunamaker found no difference in group member
satisfaction and effectiveness as a factor of size. Dennis et al. (1990) found that
satisfaction increased with group size. Dennis, George, Jessup, Nunamaker & Vogel
(1988) note that "as the size of group meetings increases the meetings have the
potential to span several hierarchical levels in the organization" (p. 614), increasing

productivity.
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Another major area of investigation is the effect of anonymity on GDSS work
groups. Dennis, Valacich & Nunamaker (1992) found that anonymity did not affect
quantity of ideas or quality, nor were anonymous groups more effective. An earlier
study (1988) by Dennis, George, Jessup, Nunamaker & Vogel concluded that total
number of comments, and number of critical comments increased with anonymity.
Connolly, Jessup & Valacich (1990) looked at the effects of anonymity and evaluative
tone on idea generation, and concluded that "groups working anonymously and with a
critical confederate produced the greatest number of original solutions and overall
comments, yet average solution quality per item and average solution rarity" were not
affected (p. 689). Grohowski et al., in their study of GDSS at IBM (1990) suggest that
the anonymity offered by GDSS can attack some group dysfunctions such as member
status incongruities, fear of reprisals, groupthink, etc. They conclude that anonymity is
particularly beneficial in the meeting process. Jessup et al. (1990) studied the effects of
anonymity with GDSS in idea generating, and found that group members whose
contributions were anonymous generated more comments, were more critical and
probing, and were more likely to contribute to the ideas advanced by others. Valacich,
Dennis & Nunamaker in a 1992 summary of seven studies of anonymity, again found
that the total number of comments and critical comments increased with anonymity.
They found that the there was no impact on the number of unique solutions with
anonymity, and that overall satisfaction was not affected.

Several studies have addressed the issue of proximity, or physical closeness,

either as an isolated factor or associated with anonymity. Jessup & Tansik (1991)
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discovered that proximity led to increased member satisfaction - that is-, those working
in the same room were more satisfied with the session, even if working anonymously.
Interestingly, those working face-to-face and anonymously generated the most critical
comments. Jessup et al (1988) reported overall satisfaction to increase with proximity.
DeSanctis & Gallupe (1987) also examined proximity, this time in relation to group
size. They summarized previous research that indicated that GDSS can act to provide a
buffer between face-to-face group participants and can also act to reduce perceived
distance between dispersed members.

The way that the group organizes for action has been found to affect the
success of the task addressed. A group that follows a plan and stays on task
accomplishes more than a group that engages in extraneous activities. Hayes (1991)
notes that "involvement acts as a motivator and will lead to more productivity and
efficiency” (p. 52). Jessup, Connolly, & Galegher (1990) found that when group
members interacted through the computer only, crosstalk was virtually non-existent (p.
315). Zigurs, Poole & DeSanctis (1988) note that a GDSS environment promotes
electronic interaction, minimizing the influence of those who dominate through the
more common forms of verbal, non-verbal and written communication (p. 626). This
means that all members start as equal contributors to the group. The Zigurs study
found that the distribution of influence among GDSS group members is more evenly
distributed than among manual group members, that there was a greater amount of
substantive interaction in the GDSS group, and that the GDSS group found greater

consensus than did the manual group. In a 1990 study of GDSS in an IBM
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management task, Grohowski et al. discovered that GDSS groups provided a significant
savings in man-hours needed to perform a task, and that the savings of time were
independent of the ongoing completeness of group members and the degree to which
cooperation was required. They did find that groups that were more formal, more
recently established, or less cohesive tended to achieve higher levels of man-hour
savings than similar groups that met without GDSS support. From comments made by
participants and from their statistical analysis, the investigators concluded that "overall,
automated support for groups tends to change the way people work together in terms of
average meeting size, group structure, and methods of addressing complex problems"”
(p. 376). Specific points made were that participants stay focused on the task at hand
and that pre-planning of meetings takes on increased importance.

In a recent study, Zigurs & Kozar (1994) looked at the impact of the GDSS
technology on the roles that group members expect to fulfill, and actually do fulfill.
They found that the GDSS technology itself was perceived by group members to fill a
variety of roles normally taken by human members. Primarily, these included the task-
related roles of Recorder and Proceduralist, and the group-building roles Gatekeeper
and Motivator. They note that their findings may come as a surprise to some GDSS
designers and researchers who have questioned the socio-emotional climate created to
the technology. "It would appear that participants view this technology as already
providing considerable group-building support for group process (p.285)."

In a study of GDSS and strategic planning, Tyran et al (1992) looked at specific

tools for each phase of planning. Many of the phases were very similar to those
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involved in building expert systems. They discovered that empowered groups used
primarily electronic communication for divergent thinking (problem exploration or idea
generating) because the goal was to rapidly collect many ideas, information or
opinions. GDSS offered tools for these tasks. With activities revolving around
convergent tasks (consensus building and idea organization), the objective was to
resolve multiple and conflicting viewpoints. These tasks called for verbal interaction,
and several features of GDSS were found to be useful for this application. Specific
GDSS tools for organizing, analyzing, prioritizing and evaluating were also found to be
available for these tasks. In this study, the GDSS Group Systems Software developed
by the University of Arizona was used.

Sambamurthy & Chin (1994) emphasize the role of attitudes developed by
groups toward the GDSS. They found that attitudes toward the technology are initially
dictated by the perceived ease of use. In succeeding sessions, the emphasis moves
from ease of use to the perceived value of the technology in achieving group goals.
They conclude that groups that group perceptions of the usefulness and ease of the
GDSS influence how extensively the GDSS is used, and that the extensiveness of GDSS
use influences on the group decision-making performance. Sambamurthy & Chin note
that GDSS provide varying levels of communication and consensus support for
supporting group decision-making activities. They speak to "equivocality", or the
"potential for multiple and conflicting interpretations (p.217)." GDSS can reduce
equivocality by overcoming the process losses and facilitating process gains, through

providing rules and procedures that steer groups away from inhibiting behaviors.
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According to Sambamurthy and DeSanctis (1990), GDSS designs that provide higher

levels of communication and support enable groups to develop higher levels of post-
meeting consensus, greater confidence in their recommendations, and more favorable
perceptions about the quality of their recommendations.

Liou (1989) summarized research about the positive effects of GDSS on group
tasks by indicating that GDSS may: serve as a medium for group interaction, provide
various communication channels to enhance the group's information handling capacity,
and provide a collective group memory to prevent the loss of ideas and save time in

repetitive group process by imposing structure (p. 44).

GDSS and Expert Systems

A thorough review of the literature revealed very few empirical studies
addressing the application of GDSS to expert system development. A 1989 study by
Irene Liou at the University of Arizona looked at the role of GDSS in the knowledge
acquisition stage of expert systems. A non-experimental field study was conducted,
focusing on the development of a help desk for a manufacturing facility. A GDSS lab
was constructed, using University of Arizona-developed group software. Twelve
Domain Experts were involved in the knowledge acquisition phase. The study focused
on planning for knowledge acquisition, knowledge extraction, knowledge analysis, and
knowledge verification. Liou reported six major advantages and findings: 1)
knowledge is documented electronically; 2) knowledge extraction from individual

experts can be performed in parallel; 3) conflicts can be addressed during the
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knowledge extraction phase; 4) interaction among experts results in an enlarged and
enriched domain of expertise; 5) structured analysis techniques such as task analysis
can be used to plan for knowledge acquisition; 6) a designated primary expert can be of
great help when dealing with multiple experts (p. 117). In a follow-up paper, Liou and
Nunamaker concluded that a group approéch to acquiring knowledge from multiple

experts using GDSS proved useful (1993, p. 131).

Summary

The review of the relevant literature on expert systems and GDSS indicates that
while there is widespread interest in expert systems, current approaches to development
relying on a Knowledge Engineer have limited the role of the Domain Expert,
handicapped the use of multiple experts in knowledge acquisition, and required a major
investment of time, money and human resources. GDSS has been exhaustively studied
in a variety of applications, and has been shown to reduce the time for knowledge
acquisition and idea generation, facilitate conflict management and consensus seeking,
and encourage synthesis of ideas and planning.

Knowledge engineering is itself a form of systems development, during which
natural methods for observing intelligent behavior, such as problem solving, reasoning,
judging, communicating, and perceiving, are first examined, then organized and
prioritized into rules which serve as the basis for the resulting knowledge-based system
(Mykytyn, et al, 1990, White & Goldsmith, 1990). It seems apparent that multiple

Domain Experts, organized and guided by the GDSS, could use their own knowledge
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and experience to easily and productively accomplish the same goals. GDSS software

has been developed and thoroughly studied, and many different tools exist to meet the

strategic and human needs of multiple experts in developing useful expert systems.
Figure 2 presents a graphical representation of how GDSS can be used to

develop a knowledge-based expert system.
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CHAPTER THREE

RESEARCH FRAMEWORK

Introduction
This chapter presents the conceptual and research framework that forms the
foundation for this study. It builds upon the research reviewed in the previous section,

and extends the work of specific scholars in GDSS, group process, and expert systems.

Conceptual Framework

This research is based upon the work of Johnson and Johnson (1975) and
McGrath (1984) on group processes and outcomes, and on DeSanctis and Gallupe's
discussion of Adaptive Structuration Theory (1987) of group responses to structure.
Together, these components yield an integrated and sequential model of how group
composition, task, work organization and technology affect the elicitation and

prioritizing of knowledge from multiple experts for building expert systems.

Group Processes
Johnson and Johnson (1975) early on addressed the tasks of groups and the

specific roles of group members. They note that an effective group has three core

42

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43
activities - 1) accomplishing its goals; 2) maintaining itself internally; and, 3)
developing and changing in a way that improves its effectiveness (p.3). Johnson and
Johnson list several dimensions of group effectiveness that pertain to these core
activities and that together make up a model that can be used to evaluate how well the
group is functioning. These dimensions are as follows:

1. Group goals must be clearly understood, be relevant to the needs of
group members, stimulate cooperation, and evoke from every member a
high level of commitment to their accomplishment.

2. Group members must communicate their ideas and feelings
accurately and clearly. Effective, two-way communication is the basis
of all group functioning and the interaction of its members.

3. Participation and leadership must be distributed among members.

All should participate, all should be listened to; as leadership needs
arise, members should take turns meeting them. Any member should
feel free to fulfill a leadership function as he or she sees the need. The
equalization of participation and leadership is necessary to make certain
that all members are involved in and satisfied with the group, and that all
are committed to putting into practice the decisions made by the group.
It also assures that the resources of every member are fully used, and it
increases the togetherness or cohesiveness of the group.

4. Appropriate decision-making procedures must be used flexibly in
order to match them with the needs of the situation. There must be a
balance between the availability of time and resources (such as members'
skills) and the method of decision making used. Another balance must
be struck between the size and seriousness of the decision, the
commitment needed to put it into practice, and the method used for
making the decision. The most effective way of making a decision, of
course, is by consensus (everyone agrees); consensus promotes
distributed participation, the equalization of power, productive
controversy, cohesion, involvement, and commitment.

5. Power and influence need to be equal throughout the group and be
based on expertise, ability, and access to information, not on authority.

6. Conflicts among those with opposing opinions and ideas are to be
encouraged; conflicts promote involvement in the group, quality and
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creativity in decision making, and commitment to putting decisions into
practice. Minority opinions should be accepted and used. Conflicts
prompted by incompatible needs or goals, by the scarcity of a resource
(power or money), and by competitiveness must be negotiated in a
manner that is mutually satisfying and does not weaken cooperative
interdependence among group members.

7. Group cohesion needs to be at a high level. Cohesion is related to
interpersonal attraction among members, each members's desire to
continue as part of the group, the members' satisfaction with and liking

for their group membership, and the level of acceptance, support, and
trust among the members.

8. Adequacy in problem solving needs to be high. Problems must be
resolved with minimal energy and in a way that eliminates them
permanently. Structures and procedures should exist for sensing the
existence of problems, inventing and putting into practice possible

solutions, and evaluating the effectiveness of the solutions. When

problems are dealt with adequately, the problem-solving ability of the

group is increased, innovation is encouraged, and the group effectiveness

is improved.

9. The interpersonal effectiveness of members needs to be high.

Interpersonal effectiveness relates to how well the consequences of your

behavior matches your intentions. (Johnson and Johnson. pp. 3-4)

Johnson and Johnson's work is reflected in models developed for studying
GDSS, as well as in group theory in general (for example, in the theory of Adaptive
Structuration). Their emphases on task and maintenance functions, on clear
communication, on shared leadership and full participation, on choosing appropriate
tools to match the task, and on developing commitment to the task and group all
contribute to the design of this study and to the factors being evaluated.

McGrath (1984) developed one of the earliest frameworks for the study of
GDSS. McGrath's Circumplex matches group tasks to processes, illustrating and

categorizing the variety of tasks that a GDSS can accomplish. An abbreviated model is

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

presented in Figure 3. This model is useful because it illustrates that groups must use
different kinds of skills and processes to successfully achieve different types of tasks.
McGrath points out that GDSS groups must function conceptually as well as
behaviorally, must choose as well as execute. Specific GDSS tools must be chosen
with care and be matched appropriately to the nature of the process and tasks involved.

In this study, multiple experts engaged in knowledge acquisition and prioritizing
were involved in several of McGrath's categories: generating ideas, solving problems,
and resolving conflicts of viewpoint. The experts therefore must both generate and
negotiate ideas, and must use tools for cooperation as well as resolving conflict.

McGrath's 1984 model of group interaction (see Figure 4) points out that group
processes are a product of group structure, the nature and needs of the individual
members, the nature of the task and the technological environment, and the behavior
setting. The group interaction processes are the patterned behavior of the members of
the group in a specific behavior setting, in relation to the task, situation, and

environment. Of interest in this study is which of these variables best support the

- development of ideas and structure for building expert systems, and which best support

the continued interest and involvement of group members.

McGrath et al. (1989) also noted that groups perform three independent, but
generally simultaneous functions. These include production, member support, and
facilitation of group well-being. The production function leads to the achievement of
task outcomes; member support and facilitation of group well-being are group

maintenance functions. In this study, all three functions are considered outcome

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Coopgration

Intellective

Quadrant I: Generate

Creativity Planning
tasks tasks

Performance/

46

Executing
performance
tasks

Qua:;l'rant tasks competitive tasks Qua“d/rant
Choose Decision-making Contests/competitive Execute
tasks tasks

)
2 Resolvi
ng
= confiicts of
QO power
@)

Conceptual
<=

of viewpoint

of interest

Resolving conflicts

Behavioral

Quadrant lil: Negotiate

-
>

Task Circumplex (Adapted from McGrath, 1984)

Figure 3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uolssiwiad 1noyum paugiyosd uononpoidal Jayun 1aumo ybuAdoo ayy Jo uoissiwiad yum paonpoiday

STANDING GROUP
(Group Structure)
Patterns relations among
group members

INDIVIDUALS

Includes biological, social, and

/ psychological aspects of members

k

y

BEHAVIOR SETTING

Patterned relations
group and task

of

TASK SITUATION
Pattern relations
among environmental inputs

—

3

ACTING GROUP
(Group Interaction Processes)
Patterned behavior of
members of standing group in
behavior setting, in relation
to task/situation and
environment

T~

INDIVIDUALS

Includes biological, social, and
psychological aspects of members

McGrath's Conceptual Framework
for the Study of Groups

Figure 4

Ly



43

variables. The task outcomes are the generation of ideas and knowledge and the
subsequent categorizing and prioritizing of those ideas. Member support and group
well-being are measured by commitment to the group and ownership of the product.
Since expert systems grow through step-by-step prototyping, on-going ownership and
commitment to the group is essential to continued participation in the process of
prototyping.

The McGrath and Johnson and Johnson models share several important strands.
Both take note of the importance of group functions addressing task, group
maintenance, and the role of individual members. Both note that group members'
satisfaction with the group directly affects their continued commitment to the group and
its product. Both stress that groups must address and be skillful in handling tasks
involving divergent thinking and creativity, conflict and negotiation, and cooperation.
Both also recognize the influence of the characteristics of group members and the group

itself on the group's ability to function, and on its unique method of functioning.

Group and Task Structuring
Adaptive Structuration Theory (AST) was developed by Poole et al. (1985) and
applied in GDSS research in several succeeding studies (Poole & DeSanctis, 1987,
1989, Watson, 1987). AST focuses on the way in which groups appropriate and adapt
structures to address evolving group needs. It is concerned with what structures are
appropriated and reproduced from the group's context, and how the structures are

adaptively applied. A key premise is that the type of structure and the manner in which
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it is presented can influence the degree to which the structure is adopted by the group,
and therefore the degree to which the structure can provide intended benefits. The
more comfortable a group is with the technology used, the more faithfully the
Structuration will be appropriated. Structural adaptation suggests that a group modifies
its relationships and functioning as it accommodates or adapts to the technology.

There is a difference between structure made available for potential
appropriation by the group, and that actually appropriated for use. The key to
successful appropriation is to select the best structural components for the needs of the
group. According to DeSanctis et al. (1989) interaction structures have two key
components: the content, which include specified rules and resources, and the
implementation mechanism, or the means by which a structure is delivered. The
mechanism can influence the extent to which content is faithfully appropriated by the
group.

Structure and content can be classified along a continuum from very specific or
comprehensive, to very open, or limited (DeSanctis et al., 1989). Limited structures
provide only a context or orientation for group work. Highly comprehensive structures
specify step-by-step procedures. Examples might be Robert’s Rules of Order, or
specific voting techniques. Mechanisms for implementing structure can also vary in the
degree of control offered to the group. Poole (1990) identified five dimensions in
which structured procedures may vary: scope, comprehensiveness, restrictiveness,

group control, and member involvement.
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Adaptive Structuration Theory speaks to the moderating effect of information
technology. It suggests that the success of a group is less dependent upon the actual
technology used than on the manner in which the technology is appropriated. Attitudes
toward the technology, the spirit with which the technology is adopted and the
structural features appropriated determine the group meeting outcomes. This also
suggests that each group will be different, and that tools and approaches must be
tailored to the needs of each particular group. Poole & Jackson, in Jessup & Valacich
(1993), indicate that an effective group must maintain a balance between independent,
private thinking, and structured, coordinated work. "In terms of GDSS design, this
suggests that effective systems would be based on designs that (a) provide features to
facilitate independent, private thinking, (b) provide features to focus members'
attention and encourage convergent thinking, give members autonomous control over
features to enable them to ‘wander’ by themselves through GDSS procedures as they
think independently, (d) keep records of group ideas and actions so that members who
miss ongoing group discussion can inform themselves of what transpired, and (€)
incorporate procedural structures that alternate between independent and group-centered
foci and that synchronize members' alternatives” (p. 287). These designs relate
directly to the Johnson and Johnson model.

Adaptive Structuration complements both the Johnson & Johnson and the
McGrath models. All suggest the need for appropriate support for members, careful
choice of tools to fit the needs of the group, and room for the groups to make choices

within the technology offered. Both Johnson and Johnson and Adaptive Structuration
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note that groups will change and adapt in a manner that best suits their needs. All three
models speak to the need of adequate tools and skills for meeting problems of conflict
and competition. Johnson and Johnson forecast the need for freedom for the group to
select from a variety of tools the ones that best meet its needs at the time. All three
models clearly state that the success of the group at tasks offered is a direct result of the
interaction between group member characteristics, the success of the group at

maintaining itself, and the tools and environment with which it works.

Summary

In this study, attention was paid to all of the above in designing a system that
would encourage both divergent and convergent thinking, necessary to knowledge
acquisition. Work groups were left intact while working both in a non-GDSS and a
GDSS environment, and attention was paid to the interaction between the group and the
different technologies offered. External structures made available to the multiple
experts in this study came from a facilitator and from computer support to reduce
process losses. In both structural content and implementation mechanisms, a relatively
high degree of control was exercised. Specific tools were chosen to advance the tasks
identified from Johnson and Johnson and McGrath's model, and the environment and
approach to the task were directed by a facilitator. Consistency in the choice of tools,
specific task, work environment and scope of activities was desirable due to the

exploratory experimental nature of the study.
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A fourth conceptual framework which was examined and was acknowledged to
be of potential importance is Warfield's 1974 work on Interpretive Structural Modeling
(ISM). A process used to help individuals or groups organize ideas by identifying and
summarizing relationships between specific items, ISM can be used to structure ideas
following the generation of sets of concepts. It is appropriate for GDSS use because it
imposes order on a complexity of items through the use of computer support and/or
group facilitation (Roth, 1990).

ISM permits the development of digraph-based models drawing upon a set of
ideas and primary transitive contextual relationships. Such relationships are defined as
comparative, definitive, influence, spatial, temporal, or mathematical. The method is
interpretive, since the group decides whether and how items are related. It is
structural, in that an overall structure is extracted from the relationships among the
complex set of ideas. Finally, it is modeling in that the specific relationships are in a
graphic form. All of these elements are of use in building an expert system (Roth,
1990).

An ISM session requires multiple experts, a group facilitator who is familiar
with the process, and access to appropriate software. The session is structured and
restricted, in that it follows a specific procedure for identifying phrases that express
subordinate relationships between items or ideas. A series of paired comparisons
between ideas are then made by the group. Relations are applied to pairs of ideas

systematically, the group decides whether the relationship is true, and the results are
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stored in the computer. The computer then can produce a model of the group's
thinking.

According to Roth (1950) ISM provides a way to structure the concepts,
constraints, and heuristics of the experts' knowledge in an efficient way. It allows an
expert group to manage a large set of doxﬁajn concepts effectively. As a possible next
component in an ultimate model for GDSS-built expert systems, ISM was perceived as

a guide to efficiently prioritizing idea relationships.

Research Framework

Data collection for this study was based upon a research model developed by
Dennis et al. (1988) which integrates other models used for the study of group
processes and outcomes, including McGrath (1984) and DeSanctis and Gallupe (1987).
This model was chosen because it is comprehensive, because it is specifically intended
for research in Group Decision Support Systems, and because it is consistent with the
theoretical framework discussed above. This framework for GDSS research is also
useful because it further illuminates relationships among classes of research
dimensions, as well as defining the dimensions. The model identifies six classes of
variables which should be considered in empirical studies of GDSS: group
characteristics, task, context, environment, group process, and process outcomes (See
Figure 5). The following discussion describes how the six classes of variables were
operationalized for the purposes of this study. A model of the specific variables

examined is presented in Figure 6.
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Group Variables

This set of variables is concerned with characteristics of the group - size, group
proximity, and past experience with the problem, with characteristics of the individuals
in the group, and with group cohcsiveness and motivation, past group history, and
future relationships. In this study, size, proximity, and experience with the problem
and the tools were all controlled. Group or cluster sizes were approximately equal, all
groups met together in similar settings, and all group members were equally familiar
with the problem area. Group history was operationalized by answers to specific
questions dealing with previous experience with other group members in the face to
face groups. Group cohesiveness and motivation to continue working on the task were
treated as outcome variables, and were assessed through the subject response

questionnaires at the end of the study.

Task Variables
Variables defining the exact task faced by the group are those which deal with
the rational dimensions, breadth and depth of the task, and the time required to
complete the task. The exact task, defined as the development of organization of ideas
for expert system pre-prototyping, was the same for treatment and control groups.
Therefore, the complexity and rational nature of the task was the same for each group
or cluster. Time taken to complete the task was measured as an outcome variable,

assessed by the extent to which the agenda was completed.
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Context Variables

These variables address the larger context in which the group meeting occurs.
Variables include the organizational culture or experimental situation, the environment,
and the individual incentive and awards systems. In this study, context variables were
controlled as much as possible. All subjects were chosen from the same Old Dominion
University student culture, and all were exposed to the same experimental situations in
similar settings. All subjects were given the same incentive (points toward their final
class grade). Other unanticipated context variables that arose during the course of the
study impacted on all groups equally, and did not invalidate comparisons between
groups. Such context variables were noted and discussed throughout the analysis

section.

Computer System Variables

This set of variables concerns the presence or absence of computer support and
the specific characteristics of the system used in the research. In this study, the
primary independent variable was the presence or absence of computer support for
knowledge acquisition and prioritizing. Both control and treatment groups were
assigned a facilitator, and both proceeded using the same kinds of tools for divergent
and convergent thinking - generating and categorizing ideas. The GDSS system
chosen, VisionQuest, offers the same tools as those used in non-computer-aided
knowledge acquisition. Among these are brainstorming, categorizing, consensus

seeking, evaluating and assigning responsibility.
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Group Process Variables

These variables are concerned with such aspects as the degree of structure, the
number of sessions, anonymity, leadership, participation, conflict, and non-task
behavior. In this study, several of these aspects were controlled. All domain group
meetings were structured and led by a facilitator, and most were one-time meetings.
Of interest was the level of participation, conflict, and off-task behavior noted between
groups with and without GDSS support. Levels of participation and off-task behavior
were operationalized by the participants' perceptions as assessed through the exit
survey. This post-session questionnaire also measured the perceived climate and level

of frustration of the participants as indicators of conflict.

Group Outcome Variables

This set of variables includes many measures of group outcome such as group
satisfaction with the process and outcome, outcome quality, decision time as
operationalized by the degree of completion of the agenda, number of alternatives
considered, number of comments made by members, amount of consensus, and
confidence in the outcome. In this study, data were collected on satisfaction with the
process and product, decision time, number of ideas generated, degree of consensus,
and commitment to the group and the process. Facilitators tracked and recorded the
number of ideas considered, as well as participation from members. An exit
questionnaire was used to measure satisfaction with the process and product, degree of

consensus, and willingness to continue prototyping the expert system. Objective and
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uninvolved Domain Experts measured quality as the validity, verifiability and
prioritization of categorized ideas.

Based on the theoretical research issues described earlier, a methodological
research model was developed. The model incorporates other earlier attempts to
structure the steps in knowledge acquisition, ties them to structured group process
activities, and describes how these activities should be addressed in a GDSS

environment. A thorough description of the methodological model is found in Chapter

Four.

Summary

This section reviewed the conceptual and research bases for this study of the
impact of GDSS on knowledge acquisition and prioritizing with multiple experts. A
theoretical model involving group characteristics and processes, task and structure
characteristics, and organization of knowledge was derived from the review of relevant
literature, and an appropriate research model was adapted. Research variables were
identified and operationalized. In the next section, a problem statement is developed
and discussed, and the design of the study is described. Dependent variables are

further identified and specific data collection techniques for each are listed.
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CHAPTER FOUR

METHODOLOGY

Introduction
This chapter of the dissertation discusses the research model and design of the
study, the factors to be investigated, the method of data collection, and the proposed

methods of data analysis.

Design of the Study

The purpose of this exploratory study was to determine the impact of GDSS on
knowledge acquisition and structure using multiple experts for knowledge-based
systems. An exploratory approach was chosen because of the newness of the
technology and the originality of the application. Little previous research data exists.
"The purpose of exploratory data collection is to understand enough about what is
happening in the program and what outcomes may be important to then identify key
variables that can be operationalized quantitatively. Exploratory research relies on
naturalistic inquiry, the collection of qualitative data, and inductive analysis because
sufficient information is not available to permit the use of quantitative measures and

experimental designs" (Patton, 1987, p. 37). The study was organized around a semi-
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naturalistic, pseudo-experimental design to gather data about factors contributing to the
main research issues: GDSS and knowledge acquisition and idea prioritizing for pre-
prototyping expert systems; GDSS and feelings of ownership among the Domain
Experts; and, GDSS and the quality of the product. A pseudo-experimental design was
chosen for several reasons. First, Adaptive Structuration Theory suggests that the
degree of control exercised in the selection of content and processes of group
interaction is an important factor in group outcomes. Accordingly, both the tools used
and the order in which they were used were treated as a control factor. In order to
maintain such control, a laboratory setting was preferred. Second, in order to isolate
the effect of treatment (GDSS software) in the development of a user-built expert
system prototype, it was necessary to be aware of any intervening variables such as
history, professional status, relationships, and work environment. A better degree of
control was more likely to occur in a laboratory-type setting. Finally, this is a new
approach to knowledge acquisition, and a new application of GDSS. According to
Dennis, Nunamaker, & Vogel (1989), laboratory experimentation is preferable when a
subject or application is new. The rigor only obtainable in a controlled laboratory
study is required in such situations. Patton (1987) notes that qualitative data can be
collected in an experimental design where participants have been randomly divided into
treatment and control groups. An exploratory study such as this benefits from both the
degree of rigor implicit in a semi-experimental environment and the richness and

complexity received from qualitative data.
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Certain findings in the literature have differed about the value of experimental
studies. Dennis, George, Jessup, Nunamaker & Vogel (1988) noted that a review of
six studies found a difference in experimental and field findings, and suggest that it is
very important that researchers describe in detail the GDSS, task, procedures and
measures used in their studies. They suggest that experimental studies need to provide
larger, more realistic group sizes than the three or four members typically used, and
that the task assigned be as complex as those found in "real life" (p. 603). According
to Sambamurthy & Chin (1994), an experimental approach is deemed more appropriate
to manipulate the delivery of communication in GDSS designs, to obtain an adequate
sample size of groups of testing of outcome predictions, and for control over task
characteristics and other factors extraneous to the research model. With this in mind,
an experimental plan using student subjects working in groups of seven to nine
members and addressing problems in which they had real and recent interest was
devised.

A review of the literature was conducted in order to identify the factors found
by previous researchers to be most significant in small group processes, in knowledge
acquisition, in prototyping for expert systems, in the use of multiple experts in
knowledge based systems, in Group Decision Support Systems (GDSS) in general, in
GDSS for applications and tools, and in the role of GDSS in expert systems. The
specific factors examined in this study were derived from those identified in the above

research.
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Research Plan

Building on all the research foundations investigated, an appropriate research
model for this study was developed. Useful in constructing the research design for the
study was the process model for studying GDSS developed by Liou (1989) at the
University of Arizona (see Figure 7). This model was used to help generate ideas
(divergent thinking), categorize and identify major relationships for problem solution,
and select the most appropriate ideas for inclusion in the eventual expert system
(convergent thinking). It was, however, incomplete. The research model developed
for the current study incorporates information about existing knowledge acquisition
techniques and specific phases in knowledge acquisition for expert systems with
information about the elements in GDSS environments and the characteristics of group
support tools. It was tied together with Liou's process model for use in knowledge
acquisition in a GDSS environment. The new research model addresses the areas to be
investigated in this specific study. The model actually used for this study is presented
in Figure 7A.

The exploratory research model used investigated a broad spectrum of factors,
utilizing a qualitative and descriptive approach. Data were collected about the human
factors of group involvement, personal and professional satisfaction, and commitment
to the group, task, and process. The effect of the technological and environmental
context was considered, as well as the impact of repeated exposure to the GDSS. The
usefulness of the process was evaluated by external Knowledge Engineers and Domain

Experts. The wide range of the factors considered in the study was intended both to
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provide substantiation of previous findings and to suggest factors of interest in this
study worthy of further examination.

Several pairs of comparison experimental groups were involved. The first
group in each pair met in a same-time same-place setting, working with a trained
facilitator in face-to-face communication to build the basis for an expert system. This
formed the control group. The second, or treatment group, met with another facilitator
using Group Decision Support Software on networked computer stations to work
toward an expert system on the same problem as the control group's. The independent
variable was thus the use of GDSS. The facilitators guided both groups through the
steps of knowledge acquisition and organization. Similar tools were used for each step.
At a second session five days later, the groups switched roles, technology, and
facilitators, and respond to another, similar task. This allowed the researcher to
examine the relative impact of task problem and group composition versus the impact
of technology, and provided a greater amount of subjective data from group members

reacting to both settings.

Subject Population Context
Several criteria were considered in selecting the subjects for this study. First,
availability was important. Subjects had to commit to a minimum of two fifty-minute
meetings, with the possibility of more. Secondly, there had to be some interest in the
process and problem - a degree of knowledge and a reason to care about the product.

Third, 2 common history was desirable. Given these criteria, student subjects seemed
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to be most appropriate. Such students had a common interest and background, they
knew each other through the classes they were taking, and there was a reasonable
expectation that they would be available during the study period. Finally, problems
could be chosen that would directly affect the students' true-life interests.

The members of all study groups ;vere drawn from a pool of undergraduate
students at Old Dominion University. Application for the use of human subjects was
made to, and granted by, the Human Subjects Committee of the College of Engineering
and Technology and the University Human Subjects' Institutional Review Board. In
order to obtain participation, the researcher contacted several appropriate departments
in the College of Engineering and Technology and the College of Business and Public
Administration. Contacts were made through the Deans and Chairpersons, and in some
cases directly with professors and instructors. Appropriate groups were identified
through reviewing course descriptions and required textbooks from the above
departments' classes to ascertain which most closely related to the topic and context of
the study. The classes that were eventually accepted were those with course content
including either Groupware or Expert Systems, and whose instructors were most
interested and positive about the process and project. These classes all came from the
Department of Management Information Systems/Decision Sciences. Participation was
encouraged by the instructors, who offered credit toward class grades, but also offered
alternative activities as needed to fulfill the same course credit. In some cases, subjects

worked with groups different from their normal class section, but most class sections
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had total participation. Instructors' comments and the initial verbal comments from
students reflected an interest in and appreciation of the study.

Student subjects were at approximately the same stage in their college career -
juniors and seniors. All subjects were enrolled in the same undergraduate MIS/DS
class, of which there were several sections, and most had a similar technological
background. The classes had met long enough that students knew one another
reasonably well. Most sections were large enough to be divided into two groups, each
of which were further divided into two clusters. One half of the section worked with
GDSS first; the other, in a face-to-face setting. Participants were assigned to cluster
groups randomly; however, a demographic questionnaire administered to section
members prior to the study was used to gather data on age, gender, and familiarity with
computer technology.

Prior to the start of the study, the researcher met with all participants for a fifty
minute class session, in which the student experts were provided with instruction on the
nature of expert systems, steps in and guidelines for rule-building, and the appropriate
technology to be used in their group processes (the script for this meeting can be found
in Appendix A). This instruction controlled for variations in experience with the
technology and provided a common base of familiarity with the terminology and tools
used. At the same time, students were briefed on their role in the experiment, their
rights to confidentiality were reviewed, and they were afforded the opportunity to
withdraw without penalty from the study. At the close of the session, the participants

signed a Human Subjects Release form, required by the University (See Appendix B).
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Facilitators' Context

Three facilitators were used in this study, and specific criteria were also used in
selecting them. First, the facilitators had to be experienced in working with problem-
solving groups, in conflict resolution, and goal setting. Secondly, the facilitators had
to command respect from the student subjects. Third, the facilitators needed a basic
understanding of the purpose of the study, and the tools used to advance the process.
The researcher himself acted as facilitator for all GDSS groups. Two other facilitators
were chosen to work with the Face-to-Face groups. One facilitator was a college
professor, used to working with small groups and with undergraduate and graduate
students. His own dissertation had involved eliciting problems from individuals and
small groups. The second facilitator was a public school administrator, possessing a
doctorate in educational leadership, also trained in facilitation, with a resume including
state-wide workshops in leadership, problem-solving, and strategic planning. All three
facilitators were widely experienced in working with task-oriented work groups.

To control for any possible difference in the facilitators' approach or activities
between the GDSS and Face-to-Face groups, the facilitators for each followed the same
script for both groups (See Appendices C and D, E and F for the respective scripts).
The script discussed the purpose and procedures to be followed, gave specific
directions, and involved the same tools in the same order. The Face-to-Face groups
met in the same room, at different times. Responses from both the Facilitators and the
subjects indicated that there was a positive and effective relationship between the

facilitators and their groups.
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Physical Context

Both the control and treatment groups met in an appropriate setting on the Old
Dominion University campus. The GDSS group met in a computer laboratory,
outfitted with computer stations, tables, blackboard, podium, overhead projector,
screen and direct view LCD projector (to project views from the computer screen).
Student subjects sat at computer work stations arranged in rows, facing the front of the
room. Each subject worked with his/her own work station, comprised of a keyboard
and monitor. The facilitator was stationed at the front of the room, facing the subjects.
He worked with the master work station, and the LCD projector flashed the display
from his monitor on a large screen behind him. In addition, an overhead projector was
used to display the problem statement throughout the sessions. A video camera was
positioned at one side of the laboratory to film the activities. See Figure 8A for a
sketch of the GDSS physical environment. Tools used included the facilitator's script,
chalk and chalkboard, overhead transparencies, ruled paper for charts as necessary, and
notepads and pens.

The Face-to-Face control groups met in their normal classrcom building, in a
classroom identical to the one in which they normally met. Their tools included paper,
pads, chalk and blackboard, facilitator's script, markers, poster paper and easels.
Subjects sat in chairs grouped in circles. One facilitator worked with two clusters at
once, and arranged each group at opposite corners of the room (see Figure 8B). The
other facilitator worked with only one cluster, and that group worked together in one

corner (Figure 8C). In each case, the task and the agenda were posted. A video
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camera was positioned so as to catch the majority of the activity for both sessions.

Each group met in single sessions, during which they addressed identical tasks at each

meeting.

SMCﬁm Context

To allow a greater range of exploration, three approaches were used to collect
data about GDSS. First, pairs of groups met in tightly controlled comparison groups,
as described above. In these groups, the facilitators followed exactly the same
procedures and scripts. Secondly, comparison groups met with a GDSS facilitator who
followed the standard script and tools, and with a face-to-face facilitator who worked
toward the same knowledge acquisition and idea organization goals, but who used a
group-specific procedure, different from both the GDSS facilitator and the other face-
to-face facilitator. This allowed the researcher to look at the role of the facilitator and
the degree of imposed structure. Finally, one group of student experts met only in the
GDSS setting, but met more than once and addressed more than one problem using
GDSS technology. This provided information on how groups might adapt to the
technology over time.

The highest degree of imposed structure came from the GDSS context. Here,
the facilitator controlled the technology, the agenda, the physical environment, and the
rate and flow of communication. The second highest degree of structure was imposed
by the Face-to-Face facilitator working with only one group. Since he worked directly

with the group, he controlled the agenda, the flow of discussion and communication,
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and the specific procedures. All discussion was directed to and through him. The least
degree of structure was imposed by the Face-to-Face facilitator working with two
groups at once. Although she introduced the activities and controlled the agenda and
timing, the groups themselves decided on a leader, specific ways to respond to the task,

and the rate and flow of discussion.

Technological Context

Several Group Decisions Support Systems were investigated for this study.
After this investigation and discussion, research agreements were obtained from the
producers of two major GDSS packages, Ventana's GroupSystems and Collaborative
Technologies' VisionQuest. Based on funding, ease of use, and availability, the
decision was made to use VisionQuest. Working with the University's Computer
Center, the VisionQuest software was installed in an appropriate and available
instructional computer laboratory. Multiple practice sessions were run, with and
without group subjects, to be sure that the software and University hardware were
working together, and that the agenda would work smoothly.

Knowledge acquisition and prioritizing involves the stages of idea generation,
categorization, and prioritizing. The tools chosen for these group tasks were selected
according to several criteria in the research framework. First, they must be useful to
groups working both with and without GDSS support. Second, as a control variable,
the same tools must be used for both groups. Third, they must be easy for the

facilitator to explain and the group members to understand. Finally, they should be the
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best possible tools for the specific group task involved. Due to the size of the groups
and the need to quickly eliminate repetitious ideas while transferring input from one
tool to another, the GDSS facilitator elected to work with two GDSS groups at once.
This was an innovation, and it was necessary to work closely with the VisionQuest
developers to find the best methods for doing so.

Tools used in this study were chosen based upon an expert system for GDSS
tool selection developed at the University of Arizona (Aiken, 1991). This system takes
into account individual and group characteristics, time available for the group to work,
type of task, degree of structure and control, kinds of interaction required, type of
output desired, and degree of overlap in the knowledge domain required. Selection of
the VisionQuest GDSS tools was made in accordance with the Aiken study. These
tools corresponded with the group process tools for the non-GDSS group.

Tools selected for the idea generation stage for both groups were Brainwriting
(GDSS) and brainstorming (non-GDSS). Each group was asked to brainstorm for three
full minutes. The GDSS group entered their ideas on the computer, and their own
ideas as well as the total group ideas appeared on each individual screen. In the Face-
to-Face groups, a member recorded each idea on chart paper. Then, using either the
GDSS record on the projector or their own screen (GDSS) or a Face-to-Face recorder's
list, each group reviewed the ideas generated during the first phase. The groups were
then asked to attack the problem again, and continue brainstorming for a second round
of two minutes. Tools selected for the prioritizing and sequencing stage were Rating

and Sub-Grouping (GDSS) and facilitated rating and choosing (non-GDSS). The
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GDSS subjects were presented with the total list of ideas on their screex;. They first
rated each idea on a scale of one to five, according to previously selected criteria, such
as acceptability, practicality, and effectiveness. The facilitator used the VisionQuest
software to quickly total the scores arithmetically, and presented the group with the
highest rated ideas from each criteria. From these, each group member selected the
ideas he or she personally felt to be most valuable in solving the group's problem.
They did so by highlighting them on their own screen. Again, these ideas were totaled
electronically and the results briefly displayed to the cluster group on their own
screens. The Face-to-Face groups also completed the same activities; however, they
came to consensus on the rating activities, and voted independently for the ideas they
most valued. Their votes were totaled after the conclusion of the meeting. Tools for
the categorizing stage were Compactor (GDSS) and facilitated categorizing and
assigning responsibility (non-GDSS). The GDSS groups were presented with a list of
the groups' ideas on their individual screens, with duplicates eliminated, and the Face-
to-Face groups used the written record on the easels in front of them. Each GDSS
member categorized each idea independently on their screen, according to which of
several previously identified groups was most responsible for implementation, or
according to what attribute was most necessary to success. The Face-to-Face Groups
did so together, as a group. Again, all tools had been used and evaluated during the
pilot study.

As previously noted, all three facilitators followed the same basic scripts.

Specific steps and directions are found in Appendices C and D, E and F.
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Instrumentation

In order to gather data to answer each research question, both objective and
subjective techniques were used. First, selected groups were video- and audio-taped to
allow for later data collection and interpretation. Second, groups were observed by
their facilitators, who completed a Facilitator's Questionnaire for each group (See
Appendix G). Third, a panel of three independent Knowledge Engineers evaluated the
usefulness of the ideas for building prototypical expert systems, and independent
Domain Experts in each of the fields addressed by the task problems evaluated the
quality of the ideas (See Appendices H and I, J and K for the respective directions and
evaluation forms). Fourth, the participating sample members themselves completed
entry and exit surveys designed to provide demographic information about their
background and their subsequent feelings on the nature of their involvement with the
product and the process under study (Appendices L and M for the surveys used for the
GDSS and Face-to-Face groups). Finally, selected participants completed a follow-up
questionnaire designed to check their perceptions several days after the end of the
experiment (Appendix N). Such self-reporting has been advocated as a valid strategy
for understanding users' behaviors with a new technology, such as GDSS (Sheppard,

Heatwick & Warshaw, 1988).

Data Collection

Data were collected about specific dependent variables in order to answer the

research questions. For ease of discussion, the variables and appropriate method of
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data collection were grouped under the research question to which they primarily

pertain.

Question:

Variable 1:

Variable 2;

Variable 3:

Question:

Variable 4:

Variable 5:

What is the |  GDSS on f ity of
knowled isition and prioritizine?

Number of ideas. The number of ideas generated by each group
was recorded during the knowledge acquisition stage. Responses
were normalized by dividing the number of ideas by the number
of members of each group.

Time needed for each stage. This was a direct measure of the
degree of completion for all groups in the knowledge acquisition
and the knowledge organization stages.

Nature of interaction of group members. Participants themselves
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