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ABSTRACT 

Group Decision Support System (GDSS) pre-session planning is a complex task 

requiring considerable expertise. GOSS pre-session planning involves the selection of 

group participants and ODSS tools for a subsequent computer-supported group meeting. 

An effective plan is required to achieve a successful meeting (success measured by the 

time and cost necessary to reach an outcome satisfactory to group participants). This 

research investigates the nature of GOSS pre-session planning and the knowledge that 

is applied when expert human facilitators plan for collaborative work. 

A model of and a prototype expert system for GOSS tool selection were developed 

from the documented knowledge of pre-session planning. The model and system were 

then revised as a result of extensive consultations with domain experts. The expert 

system was verified by comparing human experts' recommendations with the system's 

recommendations (there was no significant difference between the two sets of recom

mendations). The usefulness of the system was tested by comparing facilitators' and 

non-facilitators' (with and without the use of the expert system) recommendations with 

those of human experts in a 2 by 2 factorial design. Results show that facilitators and 

non-facilitators who use the system are better able to select the tools experts have chosen 

than they would have otherwise. When they are not using the system, facilitators and 

non-facilitators perform equally well in selecting the tools experts have judged most 

appropriate (both groups differ significantly from the experts' recommendations). 

This research contributes to knowledge of pre-session planning for GOSS sessions 

with a particular emphasis on the tool selection process. However, further research on 

the development of a complete session agenda is needed. 
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CRAPfER 1 

INTRODUCTION AND PROBLEM DEFINITION 

1.1 GDSS Pre-Session Tool Selection Planning 

Group Decision Support System (GDSS) pre-session planning is a complex task requiring 

considerable expertise. Pre-session planning involves the selection of group participants, 

GDSS tools, and an agenda for a subsequent computer-supported group meeting. An 

effective plan is required for an efficient (measured by the time and cost necessary to 

reach a result) and effective (measured by group satisfaction with the result) meeting 

[33,48, 81]. The focus of this research is to investigate the nature of GDSS pre-session 

tool selection planning and the knowledge that is applied when expert human facilitators 

plan for collaborative work. This study represents a step in the direction of improving the 

efficiency and effectiveness of GDSS pre-session planning through the use of technology. 

This research begins with the software engineering methodology incorporating the 

following steps: 

1. Construct a conceptual framework. 

2. Develop a system architecture. 

3. Analyze and design the system. 

4. Build the system. 

5. Observe and evaluate the system. 
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An expert system prototype known as Expert Session Planner (ESP) has been devel

oped by the author [11, 12] in conjunction with Dr. Luvai Motiwalla [92,93]. ESP is one 

of many expert systems which may be integrated with group decision support systems 

[10], and it specifically addresses model base interaction and facilitator interaction. ESP 

is part of the Asynchronous Group Decision Support System (AGOSS) which in turn, 

is part of the Integrated Office Infonnation System [26,45, 78, 98, 99, 100, 101]. This 

expert system allows a member of an organization to convene a meeting (he assumes 

the role of group coordinator) and choose group participants through the group selection 

module called ESP(group), choose GOSS tools through the tool selection module called 

ESP(tool), and schedule group meetings through the meeting scheduler module called 

ESP(sched). These components are covered in greater detail in chapter 4 of this dis

sertation. However, the tool selection component of ESP is the principal focus of this 

research. 

Other expert systems have been developed to select software and hardware. ICE [51, 

139, 140], for example, selects among commercial software tools such as WordPerfect, 

Lotus 1-2-3, and others based upon users' and problem characteristics. Rl/XCON is 

another expert system that selects hardware components based upon a customer's needs. 

Therefore, precedents exist for such an expert system application. The contribution of 

ESP is the application to GOSS tool selection. Very little has been done in the area of 

integrating expert systems with GOSSs [10]. Also, little documented knowledge exists 

about how to plan for GOSS sessions. This dissertation contributes in both respects. 

The research employs two methodologies (software engineering and lab experiments) 

to assure added validity of the results. One experiment to gauge the effectiveness of the 

expert system was conducted on four groups of subjects: (1) facilitators with the use of 

ESP, (2) non-facilitators with the use of ESP, (3) facilitators without the use of ESP, and 

(4) non-facilitators without the use of ESP. The other experiment was conducted with a 
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small group of expert human facilitators to ensure the accuracy of the expert system. 

1.2 Research Questions 

Several broad research questions are possible for the dissertation. These are stated below 

from the most general questions to the most specific research hypotheses. 

1. How can group meetings be made more productive? 

Much research has shown the effectiveness of Group Decision Support Systems 

at increasing meeting productivity. This dissertation seeks to make GDSSs even 

more effective by making them more user friendly. 

2. How can GDSS sessions be made more user friendly? 

A large quantity of research has investigated the efficacy of user interfaces, facili

tation styles, software design, and other factors, but relatively little has been done 

to investigate the role of artificial intelligence for the support of GDSSs. This dis

sertation addresses this question in Chapter 4 by presenting a framework for the 

integration of expert system technology with one specific GDSS (the University 

of Arizona's GroupSystems). This framework is primarily developed through a 

survey of the applicable literature. 

3. How can pre-session planning be made more effective? 

Another, more focused question is how to improve the pre-session planning pro

cesses of facilitators. A literature review, a comprehensive analysis of historical 

GroupSystems sessions, and interviews with GroupSystems facilitators show that 

facilitators are having problems with pre-session planning. These problems are 

discussed primarily in chapters 2, 3, and 4. One way to improve pre-session 

planning is to improve the tool selection task, an even narrower focus. 
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4. How can pre-session tool selection be made more effective? 

This is the primary question addressed by the dissertation. A model of the factors 

involved in tool selection is presented in chapter 3. This model was developed 

through literature review. interviews, and correlation analysis of historical Group· 

Systems sessions. The proposed solution is an expert system developed using the 

software engineering methodology and verified using a series of lab experiments 

measuring the accuracy and usability of the system. The specific questions posed 

for these experiments are: 

(a) Are the recommendations made by ESP(tool) significantly different from those 

of human experts? 

The effectiveness or accuracy of the expert system can be judged by the 

correlation of its answers with those of human experts. This dissertation 

will show that ESP(tool) provides recommendations which are statistically 

significantly positively correlated with those of selected human experts using 

a sample set of case study scenarios. 

(b) Are the recommendations made by the ESP(tool) as good as or better than 

those of facilitators? 

If ESP(tool) has been shown to match human experts' recommendations, and 

we assume that human experts provide recommendations as good as or better 

than facilitators in general, then this hypothesis should also be corroborated. 

The dissertation shows that indeed, ESP(tool) performs significantly better 

than facilitators in general. 

(c) Do facilitators think ESP(tool) is useful? Would they rather use it than not 

use it when planning sessions? 
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Many system designers attempt to measure user satisfaction with their sys

tems. User satisfaction with a computer application may be a function of 

the sophistication of the user interface (menus, help facilities, mouse sup

port, etc.), performance (speed of feedback), and other factors. For expert 

system applications, users may also be dissatisfied with such factors as the 

sequence of questioning, the ability to "un-do" answers, the rationale of 

recommendations, and other system features. While user satisfaction is ex

tremely important to the success of a system, this dissertation focuses only on 

the knowledge of tool selection. Therefore, no rigorous attempt to measure 

user satisfaction is made. 

1.3 Importance of Research 

This research is expected to contribute to knowledge in a number of different areas. First, 

it will refine our knowledge of the tool selection process and the nature of a facilitator's 

expertise. Effective planning is essential to the outcome of any endeavor. Planning 

for meetings, although sometimes conducted haphazardly, is important to ensure that 

meeting objectives are established and a path to reach the objectives has been identified. 

The development of ESP(tool) has identified planning expertise for a a subset of GOSS 

tools. This planning expertise can be modified for other GOSS tools. 

Second, the research will present an expert system for facilitation support, which 

has been identified as a critical success factor for GOSSs [48]. ESP(tool) represents a 

method of alleviating the burden placed upon facilitators in the planning process. Pre

planning sessions and assuring that the tools are used in the most appropriate manner to 

meet a group's needs can help ensure the best collective use of a group's time. 

Third, in addition to increasing the efficiency and effectiveness of planning, ESP(tool) 

and its store of planning knowledge may be a valuable aid for training new facilitators. 
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It may help to document and distribute planning and facilitation knowledge. IBM, for 

example, has recognized the importance of facilitator training and is currently imple

menting procedures to increase facilitator communication across sites as well as formal 

facilitation training and education [48]. 

Lastly, the research will provide insight into the appropriate designs for and uses of 

expert systems in complex planning domains. 

1.4 Structure of the Dissertation 

Chapter 2 provides a background and literature review of group decision support systems 

with a description of their benefits and limitations. Chapter 3 contains a discussion of 

how facilitators plan for GroupSystems sessions and provides a graphical model of the 

tool selection process. Chapter 4 presents an example of one possible solution to easing 

the use of GroupSystems, an expert system for GDSS planning. A description of the 

expert system is accompanied by a scenario demonstrating its use. The development 

of the expert system including knowledge acquisition and representation is also con

tained in this chapter. Chapter 5 contains the description of the research methodology 

including the experimental design and statistical tests that are used. It also discusses the 

research findings of both the pilot test and the final experiment. Chapter 6 concludes 

the dissertation with a summary, implications, limitations, and future directions. 
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CHAPfER 2 

PROBLEM BACKGROUND AND LITERATURE REVIEW 

2.1 Introduction 

Today's society is experiencing the beginning of a post-industrial environment character

ized by greater complexity, knowledge, and turbulence. As the current environment for 

business becomes more uncertain and turbulent, there will be a need for greater informa

tion exchange. One consequence will be the pressure for a greater number of meetings. 

However, this will be resisted since managerial time for meetings is approaching its 

limits and meetings are regarded as less than optimal uses of time [58]. 

Mintzberg [89] found that managers spend a large amount of time in meetings. Some 

managers may not spend more than 30 to 60 minutes a day in their offices. Middle 

managers spend some 35 percent of their working week in meetings. For top managers, 

estimates range from 50 to 80 percent. However, meetings and groups are important. 

They are at the core of the way most organizations do business. Groups are essential 

to an organization's success. Multiple perspectives and inputs are needed to deal with 

complex and uncertain issues facing organizations. 

One way of improving group productivity is through the use of computer-mediated 

communication systems (e-mail, computer conferencing, and bulletin boards for exam

ple), that allow tasks to be accomplished in face-to-face meetings as well as in distributed 

groups. Computer-based technology will have an increasingly larger role in supporting 

collaborative work efforts within organizations in the future. Effective collaborative 
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work environments are critical to organizational productivity. As a result, a major chal

lenge is to develop and implement technologies that will increase the productivity and 

effectiveness of these meetings. A Group Decision Support System is one technology 

designed to augment the quality of meetings. 

However, the area of computer-supported collaborative work is still relatively new 

and much more needs to be learned. For example, very little is known about how 

and when to apply specific GDSS tools given group, task, and other input parameters. 

Chapter 3 describes in detail frameworks relating these parameters to the tool selection 

problem. This chapter describes the overall problem environment and goes on to present 

an expert system solution for the tool selection task. 

2.2 A Definition of the Problem Environment 

Information technology has received widespread interest in recent years for the support 

of group productivity [58, 67, 111, 126]. Early computer-based systems for group 

support, described as Group Decision Support Systems (GDSSs), included "". a set of 

software, hardware, language components, and procedures that support a group of people 

in a decision related meeting" [58] while DeSanctis and Gallupe [35] defined GDSSs 

as integrated computer-based systems which facilitate solution of semi- or unstructured 

problems by a group that has joint responsibility for making the decision. There continues 

to be some disagreement about what exactly constitutes a GDSS [18,49, 68, 135, 143, 

144], although Kraemer and King [72] have noted that GDSSs have evolved beyond 

their original emphasis on decision making. The term Electronic Meeting System (EMS) 

has been proposed as a broader definition of information technology to support group 

meetings. An EMS is [33]: 

An information technology-based environment that supports group meetings, 

which may be distributed geographically and temporally. The information 
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technology environment includes, but is not limited to, distributed/acUities, 

computer hardware and software, audio and video technologies,/acUitation, 

and applicable group data. Group tasks include, hut are not limited to, com

munication, planning, idea generation, problem solving, issue discussion, 

negotiation, conflict resolution, systems analysis and design, and collabora

tive group activities such as docwnent preparation and sharing. 

22 

For the purposes of this dissertation, however, the tenn aoss will be used to describe 

this more comprehensive view of group support systems. 

Previous research has shown the benefits of infonnation technology in electronic 

meeting environments [107, 121, 135, 147, 150], and reports of time and cost savings 

of up to 56 percent have been cited in the literature [43, 75, 102]. In addition, aosss 

have been shown to foster collaboration, communication, deliberation, and negotiation 

[14, 19,38,47, 74]. 

Computer-supported meetings are often more productive than traditional meetings 

because computer software can help groups minimize dysfunctional behaviors and en

hance productive aspects. For example, one of the key problems in group meetings is 

the reluctance of some members to speak due to their shyness, low status, or felt pressure 

to confonn to group consensus. The electronic meeting allows all participants to simul

taneously and anonymously input comments, ideas, and votes. Each idea or comment 

is evaluated on its own merits rather than being evaluated in light of the person who 

offered it. These software features reduce members' reluctance to participate and result 

in more high-quality infonnation being generated. 

The planning activities conducted through aoss tools can neutralize many of the 

group effects that have been responsible for poor perfonnance of group meetings in the 

past [102]. For instance, they preserve the anonymity of group members and prevent 

anyone group member from dominating the discussion. Since a considerable amount of 
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aoss Stage 

ltre-Seaalon Planning 

1 
Seaalon Facilitation 

1 
Poat-aeaalon Analyala 

Figure 2.1: Stages in the GDSS Process 

the manager's time is spent in planning through group meetings, GDSS planning tools 

can provide an excellent medium to support their planning and idea generation activities. 

However, GDSSs have had some limitations. Several technological, sociological, 

and psychological problems still remain with the use of current GDSSs. These problems 

are manifested in difficulties with user interfaces, group communication, use of GDSS 

tools, and access to supporting information, among others, and are discussed later. 

For example, little is known about GDSS facilitation. There are many broad ques

tions on the effect of group and individual characteristics, the task, the context, and 

technological limitations on GDSS processes and outcomes [102]. These questions may 

be best framed in light of the stages followed in a typical Group Systems session (Figure 

2.1): 

1. Pre-session Planning 
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During this stage, a session facilitator talks with a representative from the organi

zation which needs to meet to resolve a problem. This representative provides the 

facilitator with information regarding the group characteristics and the task faced. 

Using this infonnation, the facilitator can construct an agenda of GOSS tools and 

meeting times to bring about a successful outcome. In addition, the facilitator can 

help the representative come up with a list of appropriate group participants from 

the organization to effectively address all issues of the meeting. 

Selecting the correct tools and session participants becomes increasingly important 

as GOSSs evolve to distributed systems in which a facilitator is not physically 

present [96]. GOSS support is needed to resolve the uncertainty involved in 

making these group and tool selections. 

2. Session Facilitation 

In this stage, the facilitator follows the agenda prepared in the planning stage and 

leads the group through the session using appropriate techniques for the task at 

hand. Some GOSS techniques include: generation of ideas or plans, organiza

tion of ideas, consolidation and focusing of ideas, generation of proposals, and 

assessment of proposals [34]. These techniques can be applied to decision types 

described as Planning (generation of action-oriented plans), Creativity (generation 

of novel ideas), Intellective (selection of the correct alternative), Preference (se

lection of an alternative for which there is no correct answer), Cognitive Conflict 

(resolution of conflicting viewpoints), and Mixed Motive (resolution of conflicting 

motives or interests). 

Much GOSS software has been written to facilitate group processes. As an exam

ple, the University of Arizona's GroupSystems includes: Electronic Brainstonning 

(EBS), Idea Organizer, Policy Fonnation, Vote Selection, Alternative Evaluator, 
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Topic Commenter, Stakeholder Identification and Assumption Swfacing (SIAS), 

and Enterprise Analyzer. These tools are described in more depth in Appendix A. 

During the facilitation stage of a GroupSystems session, the group facilitator must 

monitor the on-going discussion to help lead it in appropriate paths of discourse and 

to terminate the session as comments become redundant or superfluous. As groups 

grow large, facilitators may be overwhelmed by the sheer volume of information. 

Support is needed to ease the burden of facilitation. 

In addition to facilitators, group members may need assistance using a GDSS. An 

organization's GDSS may be only infrequently used, resulting in less familiarity 

with the system and even less use[58]. Support in the form of on-line tutorials, 

intelligent help, and other functions may be needed to keep users afresh. 

3. Post Session Analysis 

At the end of the session, the facilitator meets with the group representative again 

to ensure that the session effectively met the group's needs. The post-session 

analysis includes summary reports of decisions that were made during the meeting 

as well as a complete transcript of comments generated by the group participants. 

This output can serve as input to other software such as CASE tools, databases, 

etc. Support may be needed here to impose structure on this output. 

Each of these stages in the use of a general-purpose GDSS may benefit from expert 

system support [142]. In addition, many other aspects of a group meeting may be aided 

with intelligent techniques. For example, on-line query of database facts related to a 

discussion could benefit from rule-based search. However, this research concentrates 

solely on intelligent support for the GDSS tool selection during the pre-session planning 

stage. 
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Most early systems to support group meetings met with only limited success [72]. 

Although many causes may be cited for their failure, a partial explanation can be found in 

the lack of support given to these systems [57, 141]. Later, more general-purpose systems 

such as GroupSystems were developed to more adequately support group collaborative 

work and communication. 

Early versions of GroupSystems were designed with an engineering perspective of 

creating tools that people in decision-making situations might find useful [72]. Further, 

the system was designed with the rational model of user behavior in mind. In this 

model, decision makers try to optimize their decisions by gathering a wide variety 

of information about the problem, developing alternative solutions to the problem, and 

finally making a choice (what Simon refers to as Intelligence, Design, and Choice [116]). 

As a consequence of this rational, technology-driven approach to the design of GDSSs, 

many theoretical questions arise on the effect of group and individual characteristics, 

the task, the context, and technological limitations on GOSS processes and outcomes 

[70, 86, 102]. With this research framework in mind, experience with over 100 groups 

using GroupSystems at the University of Ariwna suggests many problems and several 

possible solutions [7, 12, 33, 44, 60, 102] : 

1. Group members need to be encouraged to participate in sessions. 

In current face-to-face GroupSystems sessions, group facilitators are able to visu

ally monitor session participants and can encourage individuals to contribute more 

frequently if necessary. Although such monitoring is not always desirable, a need 

to monitor session activity becomes even more important as sessions evolve to 

geographically-dispersed and asynchronous environments and as the number of 

session participants increases dramatically. 

A possible solution to this problem is an automated monitoring facility which may 

be able to keep track of the frequency of comment generation. It can then remind 
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individuals to contribute more as needed, or it can suggest ending the current 

discussion if the frequency of comment generation is decreasing. 

2. Formalized meeting procedures need to be enforced. 

As the number of participants increases in larger group sessions, more rigid control 

over these sessions may be necessary to maintain order. Even with smaller groups, 

experience has shown that discussions are often sidetracked onto tangential topics 

that must be redirected by the facilitator back to the meeting's original problem 

statement. 

The provision of automated parliamentary procedures and automated negotiation 

techniques may alleviate some of the burden placed upon the group facilitator to 

direct the discussion. By structuring discussions for more efficiency, automated 

techniques may improve the productivity and quality of the session. 

3. Facilitators are often uncertain about requirements and options for meeting 

procedures. 

As new tools and meeting procedures are continually developed for the support of 

group sessions (and old tools are modified), the requirements for the use of these 

tools also change. For example, it is often not readily apparent when a particular 

tool such as Electronic Brainstorming should be used. What size of group does 

the tool support? What other group, task, and environmental characteristics are 

assumed to be present for correct use of the tool? In addition to not knowing under 

what conditions to use a tool, novice facilitators may lack sufficient knowledge of 

how to use new group support techniques effectively. 

Providing an automated counselor to give advice on selecting appropriate group 

support tools may greatly increase the use of GroupSystems. By distributing 

selection expertise, many more groups which do not have expert facilitators will 
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be able to use the software successfully. Also, novice facilitators and group 

members can benefit from automated, on-line tutorials on the use of each tool. 

4. Facilitators onen have trouhle using complex group support systems. 

Even if the facilitator knows when and how to use a particular group support 

tool, he may encounter problems setting up the tool, linking input to and output 

from the tool, and correcting any unforeseen "glitches" that may occur during a 

session. Many specific manual steps are needed to conduct a group session, often 

with somewhat cryptic, non-intuitive commands or menu items associated with 

each step. One mistake in the sequence can have disastrous effects later in the 

group session (such as having to re-start the discussion). 

An automated facilitator or facilitator's assistant may be able to manage more of 

the burden that is currently assumed by the group facilitator to conduct a session. 

Such an automated facilitator could accept an agenda of group tools selected (see 

item 3 above) and duration times for each tool as input and could then take the 

necessary sequence of steps to conduct the group session. In addition, expertise on 

the correction of unexpected problems could be included, available to the facilitator 

at the touch of a key. 

5. Group members need access to organizational and environmental information. 

When a group is discussing a highly technical or detailed topic such as budget 

preparation or project requirements generation, group members may be forced 

to rely on memory to recall exact financial figures or planning specifications. 

However, few participants can be anticipated to reliably recall such information. 

Since the quality of a group discussion is greatly contingent upon the quality of 

information brought to the session by group members, the provision of ancillary 

on-line information retrieval services may be able to augment members' recall of 
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pertinent knowledge. Additionally, intelligent or heuristic search capabilities can 

be expected to increase the availability of infonnation internal or external to the 

organization while decreasing the retrieval time. 

Presentation of retrievr.d infonnation in a fonnat compatible with a group mem

ber's mental model is also important. For example, the system should be able to 

present infonnation to the participant in graphical, textual, or numerical fonn -

whichever is more comfonable to the user. 

This cursory list has been presented a~ an introductory overview of some problems 

that may occur with GDSSs. Additional details and other problems and solutions are 

detailed in chapters 3 and 4 of this dissenation. 

Research on GDSSs has included the study of methods to make these systems more 

intuitive and easier to use. However, more needs to be done. As indicated above, one 

approach to increasing the effectiveness and efficiency of group suppon is the provision 

of automated suppon tools which incorporate human expertise - otherwise known as 

expen systems. 

2.3 The Problem of Planning for a GDSS Session 

There has been considerable work on the benefits and taxonomies of GDSS but relatively 

little research into the detailed knowledge required in the development of a GDSS pre

session plan. Motiwalla [92, 93] and Chang [25] have developed approaches for group 

selection, and Huber [57], McGrath [85], and DeSanctis and Gallupe [34] have provided 

classifications of GDSS tools (these classifications are detailed in Chapter 3). Much 

additional work has detailed the characteristics, advantages, and disadvantages of various 

GDSS tools, but there has been very little attempt to integrate the tools into an overall 

tool-selection decision framework. 
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Intelligent support may be applied to solve various problems with GOSSs including 

information retrieval, information analysis, and session facilitation among others [5, 62]. 

This research, however, focuses on applying expert systems to the pre-session planning 

stage of a GOSS session. Expert assistance at this stage may be able to alleviate the 

burden placed upon a human facilitator, enhance the quality and outcome of the ensuing 

session, and distribute the scarce expertise of GOSS pre-session planning. Effective 
I 

intelligent support for pre-session planning is becoming even more crucial to computer-

based meetings as the trend toward distributed GOSS grows (due in part to the cost and 

time advantages over its face-to-face counterpart). 

Although the GOSS tool selection and agenda preparation problem has been relatively 

overlooked, the problem of expert system design has been thoroughly researched. Vinze 

and Heltne [51, 140, 139], have described a system for commercial software selection 

called ICE (a detailed comparison of the architl!ctures of ESP and ICE is provided in 

. Chapter 4). Numerous other studies of systems such as MYCIN [50] and Rl/XCON [IS, 

83] have provided a detailed investigation of knowledge acquisition, representation, and 

system implementation. Therefore, the focus of the research will be on the knowledge 

base of the expert system, not the actual mechanics of the inference engine or related 

technical details. 

2.4 Rationale and Limitations of Applying ES to GDSS Pre-Session Planning 

The expert system (ES) paradigm has found many successful commercial applications in 

a variety of areas [87, 149], and the expert system development methodology continues 

to be studiously researched as a promising frontier of artificial intelligence. ESs have 

been studied extensively in the literature in a variety of areas including: robotics and 

automation, investment analysis, personnel training, computer network management, and 

system design procedures [3,21,22, 27, 73, 87, 88, 115, 129, 149]. 
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ESs are being generated for new applications every day. These systems are being 

created to fill a great need for decision support and to provide more powerful infonnation 

systems. Turban and Watkins [133] have reported a framework for applying expert 

systems to decision support systems (DSSs), a positive step in the direction of evoking 

more powerful management information systems. The next logical step is to apply ES 

technology to group decision support systems (ODSSs). 

DeSanctis and Oallupe argue that research should begin with a study of Level 1 

systems (systems which provide a communication medium only) before proceeding to 

higher level systems (see [34] for a thorough explanation of ODSS levels). Many 

current ODSS tools provide Levell communication media and Level 2 decision modeling 

techniques [1] and have been reviewed thoroughly by the literature; an integration of 

expert systems with ODSSs will provide Level 3 functionality including the automated 

rule-based generation of procedures for ODSS sessions. 

For pre-session ODSS planning, expert systems are needed to supplement, comple

ment, or replace certain human facilitator functions because: 

1. Facilitator expertise is scarce. 

Very few individuals know how to expertly facilitate or "chauffeur" a ODSS 

session. ODSS technology is fairly new and a wide experience base has not as 

yet been established. By replicating scarce human facilitation expertise, ESs may 

enable ODSSs to become prevalent as more novice facilitators are able to conduct 

sessions for more groups. 

OroupSystems tools are continually being updated and modified. New tools are 

also periodically added. Knowledge about how to use these tools must also be 

modified concurrently. Finally, OroupSystems tools are sent to other universities 

as well as major corporations throughout the world. An expert system would allow 

the knowledge of how to use these tools to be maintained in a flexible, useful form 
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while pennitting its wide distribution along with GroupSystems. 

2. Facilitators get tired or forget. 

Numerous factors regarding group and task characteristics must be considered in 

pre-session planning, and the human facilitator may forget which questions to ask. 

Once knowledge has been established in a rule base, however, these questions will 

always be available. 

During the knowledge acquisition phase of the expert system development detailed 

in chapter 4, it was discovered that there are many factors for selecting tools not 

being considered by the vast majority of GroupSystems facilitators. The availabil

ity of an expert system would at least remind them of these other considerations, 

even if they did not want to consider them. 

3. Facilitators digest and recall information slowly. 

When a human facilitator is faced with particularly complex group and task vari

ables, he may not be able to comprehend the crux of the problem quickly enough 

to provide adequate support. An ES can store and correlate vast amounts of knowl

edge, however, providing a quick and efficient means of analyzing the problem to 

be addressed at the meeting. 

4. Facilitators may be inconsistent. 

From session to session, faced with similar circumstances, the human facilitator 

may do things differently for no apparent reason. For example, for one group, the 

facilitator may recommend the Electronic Brainstonning tool, while for another 

group, with exactly the same characteristics and task as the previous group, the 

facilitator may recommend the Topic Commenter tool, indicating an inconsistent 

tool selection process. An ES, on the other hand, is a detenninistic system which 

will consistently produce the same output given the same input. 
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5. Facilitators may quit. 

An organization's GDSS facilitator may leave his job, resulting in a crippling of 

its GOSS capability. An ES, however, is not as susceptible to the vagaries of 

human performance; an ES is implemented on a machine and is almost always 

available (going off-line only for maintenance). A fully integrated ES/GOSS 

may appreciably mitigate the need for highly trained facilitators. An organization 

may well afford several partially-trained facilitators, each of whom can lead an 

ES/GOSS session with equal ease. 

In the case of GroupSystems, new facilitators are continually being trained as 

experienced facilitators graduate from the university. An expert system would 

preserve accumulated expertise. 

6. Facilitators may harbor a bias. 

Ideally, a human facilitator is impartial to a GOSS discussion. If the facilitator 

is affiliated with certain members of the group, however, he may impart a bias 

to the ensuing discussion by modifying the agenda. An ES is not partial to any 

ideas or members of a group, however, and can operate with complete objectivity. 

While this is not considered to be a problem with GroupSystems facilitators, it 

could conceivably be a problem with other facilitators using other systems. 

7. Facilitators need ergonomic tools. 

An advantage of an integrated ES/GOSS is the relative ease of use afforded by 

automated chauffeuring. Little GOSS expertise will be needed for pre-session 

planning, but the session will derive many of the benefits previously afforded 

by human facilitators being present. An ES/GDSS may be marketed widely to 

organizations which have little GOSS experience. 
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GroupSystems already provides techniques for ease-of-use including extensive 

menus, help screens, and Session Manager, a tool to help in planning sessions. 

However, an expert system could aid the user in selecting which tool to use. There 

is no current provision for this in GroupSystems. 

8. Facilitators need explanation of reasoning. 

An ES/GDSS may serve as a tutor for inexperienced human facilitators. Perhaps 

more importantly, an integrated system can explain its reasoning to an experienced 

facilitator, who although knowledgeable about group behavior, still may need 

independent corroboration prior to the final approval of the agenda. By reviewing 

the rationale behind the tool selection, he is better able to make an informed 

judgment as to the applicability of the session agenda. 

ESs have been heralded as an inexpensive method to distribute expertise, and the 

systems possess many advantages, but there are certain limitations in their use: 

1. An ES may not recognize a problem beyond its scope. 

An ES is limited to the expertise recorded in its knowledge base. If presented 

with a problem beyond the scope of its knowledge, the resulting conclusion may 

be misleading. In addition, an ES may not even reach a conclusion if incomplete 

information is presented to it. If the knowledge base is inaccurate, the system's 

"reasoning" will proceed blindly down a faulty path. 

2. ES explanations can be shallow. 

An ES does not understand fundamentals. Therefore, ES recommendations are at 

best naive and only good approximations to the ideal theoretical solution. An ES 

conclusion should always be verified by a human. 
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Also, although the need for an ES may be established, ES project feasibility also 

depends upon: 

1. Frequency of problem occurrence. 

Does the problem occur frequently enough to warrant the development of an expert 

system? If a problem occurs only occasionally, the fixed cost of a dedicated ES 

will not be justified. If a GDSS is not cost-justified due to lack of potential use, 

neither will an integrated ES/GOSS. 

Hundreds of groups involving thousands of participants have used OroupSystems. 

At the University of Arizona, many groups a week often use the system. Therefore, 

the problem occurrence is very frequent. 

2. Significance of the problem. 

Is the problem significant enough to deserve the necessary commitment? An 

organization may feel that the problems it faces are not amenable to OOSS solution. 

If, on the other hand, OOSS plays a major role in the organization's decisions, an 

ES/OOSS may be justified. 

The task of selecting among OroupSystems tools is significant. If 11- ~ groups use 

the wrong tool, as has sometimes been the case, they may have to restart their 

session with another tool. Alternatively, they may continue with the improper 

tool yielding poor results. In either case, group satisfaction is likely to be low for 

the process and the outcome. Finally, many groups meet only once. Therefore, 

facilitators have only one chance to make the meeting a success. 

Using different tools yields different results and therefore, individual tools have 

certain specific situations in which they are best used. Easton et al. [38] report that 

even though two tools or processes may appear to be nearly identical, the factors 

involved in choosing between the two tools, are measurably different. In the 
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study, EOS (Electronic Discussion System: a tool that combines discussion, issue 

consolidation, and voting) was compared with a three tool sequence of Electronic 

Brainstorming (BBS), Issue Analyzer (lA), and Voting. Even though these three 

tools performed the same function as the functions contained in EDS, EOS was 

found to allow groups to have better quality discussions whereas EBS+IA+ Voting 

allowed groups to generate more unique solutions. Therefore, if a group had come 

to a GroupSystems meeting wanting many solutions to choose among, selecting 

EOS for the meeting would not be the optimal choice. 

In the study above, the choice was between two very similar tools or processes. 

Most GroupSystems tools are much different in terms of the conceptual model they 

foHow, technical limitations (number of users supported, number of files open 

at the same time, etc.), and many other factors. It can reasonably be assumed 

that therefore, the conditions under which each would be optimally used would 

therefore be unique. Easton et al. [38] further state "... software appropriate 

to the task helps facilitate higher quality solutions than inappropriate software ... 

In general, groups will be able to use a given EMS tool for the task at hand, 

but they will not be able to optimize their performance unless the tools they use 

match the tasks they are working on." Thus, facilitators can and do use almost any 

GroupSystems tool regardless of group and task, however, selecting the "optimum" 

tool would yield better results. 

Pre-session planning for GroupSystems sessions frequently takes two hours [84]. 

In addition, Nunamaker et aI. [97] report that GroupSystems is in use in more 

than 70 facilities worldwide, and more than 30,000 individuals from more than 

200 organizations have used the software. Therefore, the use of an expert system 

may not only select more appropriate tools but may also decrease the amount of 

time spent in planning. The effectiveness and efficiency of pre-session planning 
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can affect a large number of meetings and participants. 

3. The solution cost. 

Is the development of an ES for the problem cost-justifiable? Will the expected 

return outweigh the investment? The significance of the problem addresses the 

benefits expected for an integrated system; the solution cost must also be investi

gated. A custom-developed ES/GDSS may be prohibitively expensive. A generic 

ES/GDSS distributed to a broad market should be more affordable. 

The primary cost in developing the expert system for tool selection is the knowl

edge acquisition since it is such an unexplored field. Numerous inexpensive expert 

system shells are readily available, and thus, the software cost is relatively low. 

This dissertation provides a foundation upon which other expert systems may be 

developed customized to each unique group support system. Many systems may 

have similar tools or processes requiring minor changes to the rules. Other sys

tems may require major changes to the knowledge base. However, the rules in 

this prototype may help knowledge engineers and domain experts to think more 

clearly about their systems, resulting in clear, coherent rules. 

4. Availability of human experts. 

If a local GDSS has no human facilitator who understands group decision pro

cesses, automating a misunderstood topic will not result in substantial improve

ment. 

This is a potential problem for GroupSystems tool selection. The area of selecting 

among GroupSystems tools is unexplored, and therefore, little is known about 

it. The most likely candidates for domain experts are those facilitators who have 

the most experience conducting sessions, publishing GDSS-related research, and 

developing GDSS tools. No other standards are available for judging expertise in 
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this area. 

As new tools are continually added to the suite of GOSS tools available with a 

particular system, and old tool characteristics are modified, the knowledge about how 

to use these tools must also be modified. Kraemer and King [71], for example, show 

that dozens of GOSSs are available today and each system may have multiple tools 

addressing particular groups tasks. Currently, there is no methodology for selection 

among each of these systems or tools within systems to address a particular group task. 

The need for effective training is also a motivation for the development of an expert 

system. Periodic training sessions must be held to update facilitators' knowledge. As an 

adjunct to this training, an expert system incorporating the knowledge of which tool to 

select for a particular problem or group is needed in order to standardize the information, 

distribute the expertise efficiently, and ensure consistent use of the tools. 

2.5 Summary 

GOSSs have many beneficial effects upon groups undertaking collaborative tasks. How

ever, many of these systems can be improved for greater efficiency and effectiveness. 

The use of expert systems is one way in which these group support systems may be 

improved. 

One major task of group facilitators is planning which GOSS tool to use in the 

subsequent session. This dissertation, as discussed above, proceeds with the assumption 

that there is one theoretically best tool for a given group, task, environment, and outcome 

desired. The level of expertise for selecting tools varies widely. In addition, facilitators 

may not be consistent or they may omit relevant variables on occasion. The development 

of an expert system for tool selection during pre-session planning is one way to assist 

facilitators during this important phase of a group session. 
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CHAPTER 3 

A MODEL OF TOOL SELECTION PLANNING 

3.1 Introduction 

A model helps to organize a complex subject, identifies the relationships among various 

components, and reveals niches in which further development will be needed [120]. 

The objective of the model described in this chapter is to provide a direction for the 

further study of GOSS tool selection planning. The model described here is the first 

comprehensive attempt to develop IUles for GOSS tool selection. This represents a major 

contribution of the dissertation. 

The chapter begins with a literature review of GOSS models interrelating vanous pa

rameters such as group, task, process, and output characteristics of group sessions. The 

chapter concludes with a refined model based upon these historical models as well as fur

ther information gleaned during the knowledge acquisition phase of ESP's development, 

interviews with facilitators, and analysis of historical case summaries of GroupSystems 

sessions. 

This dissertation makes no attempt to validate the model. Rather, the expert system 

implementation of a subset of the model is verified in chapter S. While this verification 

lends credence to the model, further studies are necessary for validation: specifically, 

randomized experimental designs comparing each independent factor with selected de

pendent factors in the model. 
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3.2 Foundations of the Model 

One of the earliest frameworks for the study of GDSSs was presented by McGrath [85]. 

McGrath's Circumplex, shown in Figure 3.1, illustrated and categorized the variety of 

tasks that a GDSS could accomplish. By segmenting the types of tasks, the model helps 

to focus attention on the necessary characteristics a GDSS must have to achieve the 

tasks. That is, one GDSS tool cannot be expected to perform all of the tasks in the 

model, but several unique tools specifically designed for certain tasks may. This model 

is important for tool selection because it illustrates the variety of tasks that should be 

addressed. 

DeSanctis and Poole [36] presented the model shown in Figure 3.2 which illustrated 

relationships among the task, the group, technology, and outcomes of sessions. This 

model takes a broader view than does McGrath's Circumplex, since it adds other critical 

dimensions beyond the type of task. In addition, it shows interrelationships among the 

dimensions. It is important for tool selection because it clearly shows the interrelationship 

among group, task, technology (including the particular GDSS tool selected), and the 

outcome. 

Various phases of general-purpose GDSS sessions have also been identified as con

sisting of some combination of the following [34]: 

1. Problem Definition: Define the problem's entities and boundaries. Techniques 

include outcome thinking and agenda setting. 

2. Idea Generation: Generate new ideas or opinions. Techniques include brain

storming, brain writing, guidedjantasy, et al. 

3. Information Organization: Organize information by categories, topics, or other 

means through such techniques as decomposition, statistical summarization, or 

graphical organization. 
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4. Alternative Evaluation: Evaluate alternatives by such techniques as 2-colwnn 

method, social judgment analysis, and multi-criteria methods. 

5. Alternative Selection: Select among alternatives by such techniques as voting, 

ranking, and data elimination. 

6. Communication: Exchange infonnation orally, visually, or electronically through 

verbal discussions, blackboards, etc. 

These phases along with their applicable processes and techniques further illustrate 

the way in which particular GOSS tools depend upon the task of the session. 

An adaptation of McGrath's Circumplex was presented by Murthy [95] who further 

defined differences among individuals and groups as shown in Figure 3.3 and described 

below: 

1. Individuals: Individual characteristics such as shyness, communication apprehen

sion, typing and reading speeds, etc. collectively affect the standing group, the 

behavior setting, and the acting group. 

2. Standing Group: The standing group is the pre-existing group of individuals that 

interact. This standing group may be members of an organization, for example. 

3. Acting Group: The acting group is the subgroup of the standing group that is 

actually meeting in a particular instance. 

4. Task/Situation: The task or situation is the impetus behind the meeting. The 

acting group meets in a particular situation to accomplish a certain task. 

5. Environment: The environment includes physical characteristics such the layout 

of the meeting room, cultural characteristics such as the cultural mores of group 

members, and technological characteristics such as whether or not GOSS support 

is provided. 
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6. Behavior Setting: The behavior setting is the unique combination of all variables 

in the model. 

Murthy's model borrows from other models (e.g., the task and environment vari

ables), but its major contribution is the delineation of the complex interrelationships 

among individuals and groups. 

Dennis et al. [33] have proposed a more comprehensive model for GDSS research 

which builds upon these earlier models. This model is shown in Figure 3.4. 

This model is important for tool selection because it further defines interrelationships 

among dimensions while further defining each dimension. As Murthy's model shows, 

however, there are many other detailed interrelationships even within a dimension. For 

example, the framework for GDSS Research includes individual members characteristics 

along with group characteristics. However, Murthy's model shows that these character

istics affect each other. The Framework is also important because it shows that a session 

outcome is not affected by one dimension alone. That is, outcomes are dependent upon 

the nature of the group and task as well as the process (or tool) selected. 

The framework presented above is the most comprehensive model of the factors 

involved in GDSS sessions. A model for tool selection planning is a subset of this 

more comprehensive model, and yet, it involves all of the dimensions and most of the 

characteristics of the larger model. The particular tool chosen for a session or phase 

of a session should be listed in the Process dimension. Group, task, context, GDSS, 

and outcome dimensions (through a feedback loop) all affect the process dimension, and 

consequently the tool or process selected. 

Very few models exist for pre-session tool selection. One tool matrix provided by 

Poole [105] demonstrates how a few meeting processes vary by (1) Scope (the number 

of functions a procedure handles), (2) Restrictiveness (the extent of limitation of group 

activity), (3) Comprehensiveness (the extent to which rules are completely spelled out), 
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(4) Group control (the degree to which the group manages the process, and (5) Member 

involvement (the number of members required to "operate" the procedure (Figure 3.5). 

This model illustrates that no one tool is best for all occasions, and the selection varies 

depending upon which factor is most desirable. 

A more comprehensive model for GroupSystems tool selection developed by Dr. 

Doug Vogel and pre-dating the model encompassed in ESP's knowledge base is detailed 

below: 
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1. GENERATE: 

Tools 

• EBS 

• 10: electronic blackboard, brainstorming, round, robin, Nominal Group 

Technique 

• Topic Commenter: Brainstorming - 1 window, structured 

• Policy Formation 

• Editor 

Parameters 

• distributed or diverse knowledge domain 

• common language, culture 

• structure exists 

• single question versus multiple questions 

• ease of use - get the group going 

• see all comments generated 

• activity relative to other activities 

• amount of time available 

• just definitional 

• work in private (bring data to session, prepare list in advance, private 

time during session) 

2. ORGANIZE 

Tools 

• 10: pre-feed structure or build structure 
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• Group Outliner 

• Group Matrix 

• Stakeholder Identification and Assumption Surfacing 

Parameters 

• structure exists 

• amount of time 

• degree of individual and group ownership 

• ease of use- get the group going 

3. CHOOSE 

Tools 

• Vote: yes/no, multiple choice, ranking 

• Alternative Evaluator: rate -single criteria, multiple criteria 

• Group Matrix 

Parameters 

• single or multiple criteria 

• rank versus rating 

Matrix and AE are used for rating 

• amount of time 

Group Matrix is quicker 

• length of list 

Vote is limited to 20 items 

4. COMMUNICATE/REPRESENT 

Tools 
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• File Reader 

• Graphics Browser 

• Group Dictionary 

Parameters 

• 
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Although incomplete, this model provides a useful starting point for the development 

of ESP(tool)'s knowledge base and the tool selection mental model. 

3.3 How Do Facilitators Currently Plan for Sessions? 

In order to develop a model of pre-session tool selection, we must first discover how 

facilitators currently plan. Interviews with a small set of facilitators and more compre

hensive interviews with expert facilitators along with iterative development of the expert 

system described in chapter 4 derived the beginnings of a model. Further development of 

the model may result from more wide-spread interviews as well as a review of historical 

GDSS session case summaries. 

This chapter attempts to develop a IWrmative model for tool selection rather than a 

model for what actually happens. Therefore, such factors as what people feel comfortable 

with must be considered. Group members may feel comfortable generating ideas using 

Nominal Group Technique, for example. In one case, a facilitator had to persuade the 

group leader that other more effective techniques were available with GroupSystems. 

However, the customer must be satisfied, and facilitators will often relent to doing things 

their way even though more efficient and effective alternatives may be available. 

Interviews with nearly a dozen GroupSystems facilitators and a review of 69 case 

summaries shows that most facilitators have a rather limited mental model for tool 

selection planning. The primary influences in this model tends to be past experience 
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(they tend to reuse tools they have used before) as well as comfort with the tool (comfort 

results from the tool's ease-of-use and the match between a facilitator's style and the 

conceptual model of the tool). 

Facilitators tend to have varying styles for conducting group sessions. Some facil

itators use pre-planning as more of a guide than a law. For example, one facilitator 

was found to like Group Outliner so much that he would run an entire session using 

only that tool. Many facilitators were found to dislike Idea Organizer because of its 

complexity and was often not used when it should have been used because this. In 

addition, facilitator expertise (which changes among facilitators and over time with one 

facilitator) affects tool choice, pre-planning ability, group dynamic expertise, and other 

facilitator performance characteristics. 

Novice facilitators' mental models are limited. They often have a vague idea of what 

the session objectives are. Also, lack of pre-planning is sometimes due to laziness. Some 

people do not bother to force themselves through the definition of what will happen in 

the meeting, e.g. what will constitute a successful meeting, what exactly do they want 

to walk away with, (e.g., list of rank ordered action items) or less tangible things like a 

better understanding of group's direction. 

As one facilitator described his planning process: 

I think the best tactic is to try to find out as much as possible about the needs 

and expectations of the session leader including what processes he would 

have used if the meeting had been a traditional {non-GDSSJ type. Then I 

like to focus on choice of tools mapping to these processes and sometimes 

being able to improve because of things the tools can do that you can't in a 

normal meeting. I think a demo as a follow up is a better idea than doing 

it ahead of the pre-plan since sometimes the session leader gets too caught 

up in trying to map tools before it is necessary or useful to do so (i.e. the 
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meeting processes may no! be totally jelled yet). 

This facilitator, and many others, tends to concentrate on the outcomes expected 

from the session, and then select the tool or tools which will produce this outcome. 

Very few tend to look into more detailed information such as the amount of knowledge 

that group members share about the problem. 

Facilitators vary in their methods of generating meeting agendas, generally falling 

into one of the three following categories: 

Input-Driven Approach: This approach focuses primarily upon the task, group, and 

tool characteristics. The facilitator and the group leader together decide which 

tools to use based upon the characteristics of the group and its problem. For 

example, if the problem is already segmented (e.g., generating plans for each of 

four divisions in an organization), Topic Commenter may be selected since it is 

well-suited for such a task. 

Output-Driven Approach: This approach, also called the "Mountain Climber's Model," 

is characterized by looking at the output desired from the meeting first and work

ing backwards, much as a mountain climber will look at the peak of a mountain, 

then find the next spot down the mountain from the peak that needs to be reached 

prior to the final ascent, finding the next spot below that, and so on [60]. For 

example, if the group representative wants to walk: away from the meeting with 

a rank-ordered list of items for a report, the penultimate product must be an un

ordered list of items. Before that, some way of generating items for the list, and 

so on. 

Hybrid Approach: Another possible method is a mixed or hybrid approach taking 

into account both the input characteristics and the output desired from the session. 
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When facilitators plan for GroupSystems sessions, they may use pre-planning forms 

such as those shown in Appendix D or Appendix E. Factors listed in these forms are also 

useful for the development of a model. Appendix F shows another possible pre-planning 

form based upon the knowledge base of ESP. 

3.4 An Analysis of Historical Cases 

An actual comprehensive model of GroupSystems session characteristics would be very 

complex - small subsets of this comprehensive model must be defined for the particular 

research task at hand. For example, in a study of 69 historical cases, many complex 

interrelationships among model variables were as shown in Figure 3.6. This figure 

shows statistically significant positive and negative correlations among variables. The 

complexity lends added motivation for the development of an expert system to sort 

through the model. 

Figure 3.6 shows the relationships among Electronic Brainstorming (EBS), Idea Or

ganizer (10), the Vote tool (VOTE), Topic Commenter (TC), verbal discussion (DISC), 

group familiarity with the problem (FAMIL), history as a group (MET), familiarity with 

GroupSystems (TOOL), group size (SIZE), task complexity (COMP), the group acting 

as idea generators (IDEA), the group acting as decision makers (DECIMAK), the session 

length (LGTH), a ranked-list objective (RKUST), a plan objective (PLAN), a decision 

objective (DECI), and another objective (OTHER). In the discussion below, the Pearson 

Correlation Coefficient is given first followed by the significance of the correlation. All 

correlations with a significance p > 0.10 were ignored. 

1. Electronic Brainstorming: 

Groups often use EBS the first time they meet using GroupSystems, thus they 

are less likely to have met before (METIEBS: -.23/.06) and their familiarity with 
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GroupSystems is low (TOOL/EBS: -.20/.10). This leads to the rule that if fa

miliarity or group experience is low, then EBS may be needed Although the 

correlation coefficients may be used for certainty factors, weightings assigned by 

the domain experts were used instead. 

EBS is also used most frequently for idea generation (IDEAlEBS: .24/.05), a non

complex task (COMP/EBS: -.25/.04). This gives the rule that if idea generation 

is needed, EBS may be indicated. 

Idea generation tends to increases group size. Consequently, EBS is also associated 

with larger group sizes (SIZE/EBS: .21/.10). The experts have identified a group 

size of between 8 to 16 participants as the ideal size for EBS use. 

These generated ideas are frequently grouped using Idea Organizer (EBSIIO: 

.47/.00). 

2. Topic Commenter: Groups are more likely to have met before when using TC 

(METrrC: .21/.09). TC is often used at the end of a session following voting or 

decision making to further elaborate on a plan (PLANrrC: .37/.00). Thus, if a 

plan is needed, TC may be used. 

3. Idea Organizer: Idea Organizer frequently follows EBS (EBSIIO: .47/.00). There

fore, if EBS has been used, then 10 may be the tool to choose if ideas need to 

be organized. Since many people unfamiliar with GroupSystems use EBS, the 

same unfamiliar people use 10 (TOOl./IO: -.30/.01). However, people with more 

experience may be better suited to 10 due to the tool's complexity. 

The strong correlation with EBS also explains 10's correlation with idea generation 

(IDEMO: .40/.00), although 10 can also be used alone for idea generation. The 

Vote tool is often used to make decisions on issues identified with 10 (IONOTE: 

.50/.00). 
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4. Vote: The Vote tool is often used after Idea Organizer and EBS to obtain a ranked 

list of alternatives (IONOTE: .50/.00, EBSNOTE: .44/.00, RKLISTNOTE: .54/.00). 

Therefore, if a ranked list of alternatives is needed, the Vote tool may be indicated. 

This vote is often used as part of a plan (pLANNOTE: .23/.03). Participants must 

be familiar with the problem to vote (FAMII../VOTE: .32/.01). 

5. Verbal Discussion: Idea generation can also occur through verbal discussion 

(IDEAlDISC: .40/.(0), which increases the session duration (LGTH/DISC: .34/.02). 

Therefore, if the group needs to generate ideas and they have much time available, 

then discussion may be the best choice. 

The correlation analysis above adds many useful insights into the nature of a typical 

GDSS session using GroupSystems software. Further study of historical case data can 

lead to many additional discoveries of how groups, tasks, processes, and outcomes 

interact. Also, the correlation analysis identifies only a few of the many tools as being 

significantly linked to other factors. This is primarily caused be the low frequency 

of use of other tools. Finally, tool selection rules may be influenced by the correlation 

analysis, but correlations do not necessarily imply causality. Other confounding variables 

may be present. For example, the use of Topic Commenter was positively correlated 

with the group history, but it does not necessarily follow that if the group has met 

before, TC should be used. Other factors may also be present that cause the correlation. 

Experience with groups and a review of the literature can help to explain the correlation, 

or alternatively, detailed experiments may be conducted in an attempt to determine 

causality. 
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Figure 3.7: A Tool Selection Model 

3.5 A Model for Pre-Session Planning 

The normative model described below and shown in Figure 3.7 presents the characteris

tics that should be used for GroupSystems tool selection. These factors were identified 

primarily through interviews with expert facilitators but also build upon the models and 

correlation analysis described above. The model with appropriate weightings of each 

factor has been incorporated in the knowledge base described in Chapter 4. 
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Figure 3.7 presents a broad overview of the model and is a modification of Figure 

3.4. The inputs to the tool selection planning model are individual characteristics, group 

characteristics, task characteristics, environment characteristics, and outcome character

istics (through a feedback loop). The major difference in this model is that Figure 3.7 

separates individual characteristics from group characteristics (the characteristics indi

viduals bring to the meeting affect the overall group's characteristics) and also indicates 

a general description of the phases involved in a GOSS session (intelligence, design, 

choice). The Dennis et al. model does not clearly indicate the importance of the agenda. 

There are many interrelationships among the variables within each category and be

tween categories (as shown in the correlation analysis above). A broad description of 

the variables in each category follows: 

1. Individual Characteristics 

Individual characteristics include communication apprehension, individual decision 

styles, interpersonal communication styles, experience with GOSS tools, etc. 

2. Group Characteristics 

Group characteristics include group size, group composition, group history, differ

ences among group members, hierarchical structure of the group, potential lead

ership behavior, degree of knowledge overlap among group members, degree of 

familiarity with the problem, time available to meet, etc. 

3. Task Characteristics 

Task characteristics include complexity of the task, degree of structure in the task, 

the need for supporting information, rational or political nature of the task, type of 

task (idea generation, organization, ... ), assumptions about the task held by group 

members, etc. Note that the political nature also deals with the environment and 
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the need for supporting infonnation and assumptions held by the group are highly 

related with group characteristics. 

4. Environment Characteristics 

Environment characteristics include temporal distribution, geographic distribution, 

decision room layout style, incentive and reward systems, organization culture and 

group nonns, organization management style, interrelatedness of problems faced 

by the organization, resources available (e.g. money), etc. 

5. Process Characteristics 

Process characteristics include the number of sessions, number of phases in each 

session, facilitation style, structure of the meeting, satisfaction with process, degree 

of anonymity, degree of actual leadership, member participation, group conflict 

during the meeting, non-task behavior, meeting atmosphere, communication chan

nels, etc. The most important characteristic of the process for this model is the 

meeting agenda, however. The particular tool (hardware, software, and proce

dures) chosen for a given situation is a subset of the agenda (the sequence and 

durations of use are also important). Therefore, the specific tool characteristics 

(e.g., the ability to import ASCII text, the number of users supported, etc.) would 

also fall in the process characteristics category. 

6. Outcome Characteristics 

Outcome characteristics include the desire for consensus, education of group mem

bers, confidence in the final decision, ranked list of items, plan, etc. as well as 

collateral outcomes such as time requi~, number of alternatives generated, num

ber of comments generated, outcome quality, satisfaction with outcome, etc. 
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A subset of the factors identified above has been used for the selection of Group

Systems tools as discussed below: 

1. Electronic Brainstorming 

Figure 3.8 illustrates the application of the tool selection model for choosing the 

GroupSystems Electronic Brainstonning tool. The following factors are used to 

select this tool: 

• The group needs to generate ideas. EBS is the most frequently used tool for 

idea generation. The design of the tool allows participants to enter comments 

anonymously while sharing ideas. This factor is a precedent rule which 

allows the knowledge base to be segmented. That is, if idea generation is 

needed, then Voting, Knowledge Representation, and some Idea Organization 

tools may automatically be eliminated from consideration. 

• A group with 8 to 16 people. Very small groups obtain few benefits from 

GroupSystems because process gains overcome process losses only when the 

group size reaches about 8 people [33]. For very large groups, on the other 

hand, participants may not be able to see everyone else's comments due to 

the large number of files. 

• The group is inexperienced with GroupSystems. EBS is one of the eas

iest GroupSystems tools to use. Even participants who have rarely used a 

computer and hardly know how to type have used the tool satisfactorily. 

• The management style is democratic. EBS allows participants to share 

ideas without regard to group hierarchy (when the anonymity feature is used). 

Thus, participants think that their ideas count and, there is a more democratic 

feeling. 
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• EBS cannot import ASCII text. One design limitation of EBS is the inabil

ity to import ASCII text. Therefore, if the group wants to bring in supporting 

infonnation, they may want to use Group Outliner, Topic Commenter, or an

other tool. This is the only rule which actually detracts from the certainty 

of a particular tool being chosen. That is, all of the other niles build up the 

certainty for certain tools (with a limit of 1). This rule, if it is fired by the 

expert system, reduces the certainty. 

• There is a need to gain an understanding of others' perspectives. EBS 

allows participants to share information randomly. This dynamic viewing 

of others' comments allows group members to gain a perspective of what 

others are thinking about a problem. 

• The group has many divergent ideas. Participants may enter many different 

ideas in several files dealing with one common topic. Topic Commenter and 

Group Outliner, on the other hand, typically try to narrow and structure the 

comments more. 

• The need for group consensus is low. This is related to the group's diver

gent ideas. At the stage of idea generation, consensus is not expected or even 

wanted in many cases. The goal is to obtain a wide variety of viewpoints. 

At later stages in the session (such as when using Vote), the group seeks to 

obtain a consensus. 

• The need to educate people or share comments is high. This factor is 

also related to the previous two. EBS is an ideal tool for sharing comments. 

Earlier versions of the tool forced participants to look at different files of 

comments after each submission (this is an option now). Using Group Out

liner or Topic Commenter, participants can stay under one topic heading for 

the entire session. 
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• The problem is covered with a single question. If the problem can be 

structured (e.g., goals for each of five different divisions in the company), 

Topic Commenter or Group Outliner may be more appropriate. 

• Familiarity with topic is low. Group members do not need to be very 

familiar with the topic. Even minor contributions are welcome when using 

EBS. Other tools, such as the Nominal Group Technique option under Idea 

Organizer, require more knowledge on the part of group members. 

• There is some overlap of knowledge over the problem domain. Group 

members should have some knowledge in common, however, in order to 

build upon others' ideas. 

2. Idea Organizer: 

Figure 3.9 illustrates the application of the model for the selection of the Idea 

Organizer tool with the following factors: 

• There is a need to generate or organize ideas. As noted above, this rule 

serves to exclude many tools from considemtion when using backtracking 

inferencing. Idea organizer is used primarily for organizing ideas, although it 

can also be used for genemting ideas such as when using the list generating 

or Nominal Group Technique options. 

• Group is experienced with GroupSystems. 10 is a more complex tool 

with many options and steps in the process. Novice GroupSystems users 

need more help when using this tool. 

• Management style is hierarchical (NGT). Using the Nominal Group Tech

nique, participants genemte ideas on their own without access to what others 

are writing and then collectively discuss the ideas. This is a more structured 
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process than when using EBS and may be more suited to groups in which a 

final decision will be made at the end of the idea generation. 

• There is a desire to stay in one's own limited world (NGT). When each 

participant is writing his own comments without viewing others' comments, 

he is in his own limited world. He may be able to concentrate on his argument 

better. On the other hand, he cannot build off others' comments and cannot 

gain an understanding of their perspectives. 

• The group wants a very focused discussion. 10-NOT allows each partic

ipant to be very focused. Other 10 options allow more focused discussion 

than does EBS. 

• The need for communication, discussion, and creativity is low. This is 

related to the prior factor. EBS is better suited for creativity since criticism 

of ideas is discouraged when using that tool. When using 10, participants 

must discuss openly the merits of others' issues and ideas. 

• More than one hour is available for the meeting. 10 typically takes at 

least an hour to generate a list of topics, group ideas under each topic, and 

then sort the topics. 

• The group wants to build a dynamic list of alternatives from the ground 

up. During the Issue Analysis step, groups build a list of topics under which 

comments may be listed. If there is a pre-existing list of topics, then Topic 

Commenter may be better suited 

• The need for consensus is high. During the Issue Consolidation phase of 

10, participants must group together their identified lists of issues and ideas. 

The group must have some consensus in this grouping about what topics are 

important and relevant, for example. 
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• The need to educate people or share comments is low. 10 does not allow 

participants to view each others' comments as readily as with EBS. 

• There is much overlap of knowledge over the problem domain. For 

consolidating comments, participants must be able to judge the relevance 

and suitability of each other's issues. 

3. Group Outliner: 

Group Outliner is an idea generation tool which allows a discussion to be more 

focused than with EBS. The primary factor in choosing this tool, however, is if 

the problem can be structured into a list or tree. An example of a tree structure is 

a list of topics with subtopics under each topic. 

4. Topic Commenter: 

• Need to generate ideas. TC is used to generate ideas in a pre-existing 

structure of topics. 

• Group is inexperienced. TC is also easy to use with not many complex 

functions. 

• Time available for the meeting is less than one-half hour. Most groups 

are able to get into using the tool quickly and have useful results in less than 

one-half hour. 

• The group desires to focus on limited, structured, pre-defined list of 

issues. TC presumes a structured list of issues such as the goals for each of 

the next five years, problems in each division in an organization, etc. 

• The need for consensus is low. As with EBS, the primary emphasis is to 

generate a wide variety of ideas with no need for group consensus about the 

ideas. 
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• Familiarity with the topic is high. TC is often used for the elicitation of 

detailed ideas after voting. 

• No overlap of knowledge over the problem domain. Since the problem is 

structured into different topics, participants do not need to know about every 

topic. 

• Need for communication-discussion-creativity is low. EBS may force shar

ing of ideas. With TC, participants may stay under one of two topics without 

looking at ideas in other topics. 

5. Policy Formation: 

The primary factor determining use of Policy Formation is if the group wants a 

tightly-worded statement as the end-product. When using this tool, participants 

openly discuss a policy statement shown on the front screen. There is much more 

interaction than with other tools resulting in consensus for the final statement. 

Another less important factor is that Policy Formation cannot import ASCII text. 

6. Vote: 

• A need for rank order or rating. Vote is used for ranking or rating a list 

of items. 

• The list of alternatives is less than 20 items. This is a design limitation. 

• Single criterion. If multiple judgment criteria are needed, then Alternative 

Evaluator or Group Matrix may be better. 

• Numerical ratings. If text (e.g., "good" or "bad") is desired for rating, then 

Group Matrix should be used. 

• The group wants a quick snapshot of group feeling. Vote is relatively 

easy to use and results in a final outcome relatively quickly. 
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7. Alternative Evaluator: 

AE is like Vote except that multiple judgment criteria are allowed. 

8. Enterprise Analyzer: 

Enterprise Analyzer is used when the group wants a descriptive analysis of the 

problem. 

9. Group Matrix: 

Group Matrix is like Alternative Evaluator except that it allows textual as well as 

numerical ratings of multiple criteria. 

The many interrelated and sometimes conflicting factors above show that choosing 

among GroupSystems tools can be a complex task. All of these factors have varying 

weights attached to them to the degree they affect the choice of a particular tool. Few 

of these factors are currently being considered by most facilitators. However, they are 

all relevant. In addition, many more factors have yet to be identified. 

The mental model for selecting among GroupSystems tools at the University of Ari

zona can be adapted easily to the characteristics of other GOSS tools at other institutions. 

For example, if another GOSS has a tool similar to EBS then all of the same rules should 

apply since they have the same functionality. The rule about the importing of ASCII 

text would depend upon the specific tool design. Similarly, if another GOSS has tools 

with the same functions and limitations of other GroupSystems tools, the rules should 

also apply since the rules deal primarily with the functions of the tools rather than their 

specific implementations. Further, the rules have been determined to be independent and 

structured only as to whether they can be used for idea generation, idea organization, 

etc. Therefore, rules may be added in any sequence with no affect upon the resulting 

recommendations. 
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Further, this mental model is by no means complete as it continually evolves with 

modifications of tools, additions of new tools, and a greater understanding of how tech

nology can support group work. However, even the limited model for the selection 

of GroupSystems tools detailed above illustrates how even a few rules can adequately 

discriminate among the tools. 

This mental model can be permanently recorded in the form of a knowledge base 

or expert system which will allow dissemination of valuable expertise. The design of 

the knowledge base is of course impacted by the model. The model illustrates that 

knowledge may be recorded in the form of IF-THEN rules. Further, the links among 

the dimensions demonstrate which rules affect other rules in the knowledge base. For 

example, the model shows that task and group rules are independent whereas outcome 

IUles are affected by and also affect the choice of tool or process. 

The model does not show the weightings of individual factors. In the knowledge 

base, these were determined by the domain experts by intuition and trial-and-error. If the 

factors or weightings of individual factors are changed, the resulting recommendations 

would also change. For example, if the weightings of the rules dealing with the selection 

of EBS were changed and the same inputs were given to the expert system, there is no 

guarantee that EBS would be the top recommendation. Also, the inferencing strategy is 

not indicated by the model. As stated in chapter 4, ESP uses a backtracking strategy 

since there are relatively few goals and relatively many factors. 

3.6 Conclusion 

In the normative tool selection model presented above, a human facilitator can be over

burdened with such a complex knowledge domain. Developing and implementing an 

expert system incorporating this knowledge illustrates the feasibility of structuring this 

complex domain and is one way of alleviating this burden on facilitators. Chapter 5 
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presents experimental verification of the expert system. 

To validate the model, additional experimentation is needed to investigate the interac

tion among and identification of new variables. Such work is left for later research. The 

research presented here serves as a foundation for further development of pre-session 

planning models and GOSS models in general. 
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CHAPTER 4 

THE ARCHITECTURE OF ESP 

The focus of this dissertation is on an expert system for the selection of GroupSystems 

tools. Chapter 3 described a model for the selection and Expert Session Planner (ESP) 

implements this model. 

4.1 An Overview of the Implementation Environment 

Work began on the concept of integrating expert systems with group decision support 

systems early in 1988 in conjunction with other research on the AGDSS (Asynchronous 

Group Decision Support System). AGDSS is one subsystem of the Integrated Office 

Infonnation System (lOIS) developed by the Department of Management Infonnation 

Systems at the University of Arizona as part of an Anny research grant (Figure 4.1) 

[78,98,99, 100, 101]. AGDSS provides support for generic group problem investigation 

and solution through ESP (Expert Session Planner), ESF (Expert Session Facilitator), 

ESA (Expert Session Analyzer), and the underlying GroupSystems tools. The tools have 

been implemented in a (standalone) decision room environment with plans in progress 

for including a conferencing (distributed) facility. The AGDSS has since been renamed 

Expert Session Manager which better describes its function. 

Expert Session Manager (ESM) is a prototype system which incorporates three dis

tinct expert systems for supporting each stage of a general-purpose GDSS session (Figure 

4.2). Each of these stages and its expert system support is described in more detail below. 
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4.1.1 Pre-Session Planning 

During this stage, a session facilitator talks with a representative from the organization 

which needs to meet to resolve a problem. This representative provides the facilitator 

with information regarding group characteristics and the task faced. Using this infor

mation, the facilitator can construct an agenda of GOSS tools and meeting times to 

bring about a successful outcome. In addition, the facilitator can help the representative 

come up with a list of appropriate group participants from the organization to effectively 

address all issues of the meeting. 

Selecting the correct tools and session participants becomes increasingly important as 

GOSSs evolve to distributed systems in which a facilitator is not physically present (due 

in part to the cost and time advantages over its face-to-face counterpart) [96]. GOSS 

support is needed to resolve the uncertainty involved in making these group and tool 

selections. Expert assistance at this stage may alleviate the burden placed upon a human 

facilitator, enhance the quality and outcome of the ensuing session, and distribute the 

scarce expertise of GOSS pre-session planning [11, 12]. 

Expert Session Planner (ESP) is a prototype ES designed to support GroupSystems 

session facilitators during critical pre-session planning. ESP allows scarce human facili

tator knowledge to be distributed and provides consistency across sessions. In addition, 

ESP provides training for novice session facilitators in the selection of GroupSystems 

software. 

An example of the prototype's use is given by the following scenario. Suppose Mr. 

Smith, the CEO from a multi-national corporation, wishes to call a meeting with key 

executives to discuss strategic plans for the following year. He decides that holding 

the meeting with GroupSystems in a decision room environment at the University of 

Arizona will increase the productivity of the group. As the group leader (or session 

initiator), Mr. Smith meets with the GroupSystems facilitator, who together, use ESP to 
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decide on which members of the corporation need to attend as well as which tools to 

use to bring about an efficient and effective meeting outcome. From the corporation's 

personnel database, ESP first extracts the names of the key group participants based 

upon their recorded responsibilities, job titles, interests, and other pertinent criteria for 

the task of strategic planning. ESP can also schedule a meeting based upon the group 

members' calendars, if needed. Based upon the task characteristics (such as complexity, 

nature of the problem, need for consensus about the solution, etc.) and the generated 

group's characteristics (such as group experience, familiarity with the task, knowledge 

overlap, etc.), ESP then recommends the tool to use to achieve the desired outcome. 

4.1.2 Session Facilitation 

In this stage, the facilitator follows the agenda prepared in the planning stage and leads 

the group through the session using appropriate techniques for the task at hand. 

Expert Session Facilitator (ESF) provides some support in this stage by relieving 

the human facilitator of some of the burden of monitoring comments. This becomes 

increasingly important when groups and group members are distributed temporally and 

geographically. ESF monitors the number of comments from each user and may send 

reminders to contribute more. Additionally, ESF provides an indication to the human 

facilitator that comments are dropping off in frequency and content, possibly indicating 

the need to terminate the session. 

The use of ESF is demonstrated in the following scenario. Group participants have 

been using the Electronic Brainstorming tool in GroupSystems for an hour and have thus 

far generated 240 comments. Monitoring a dropoff in the rate of comment generation and 

taking into consideration the number of participants, the length of the session thus far, the 

length of the scheduled session, and other factors, ESF recommends to the facilitator that 

he announce to the group to wrapup their comments in order to terminate the tool. After 
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the group is finished with Electronic Brainstorming, ESF also recommends actions to the 

facilitator steps (opening and closing files, starting up new tools, and other administrative 

actions) which need to take place next to accomplish the agenda generated by ESP. 

4.1.3 Post-Session Analysis 

At the end of the session, the facilitator meets with the group representative again to 

ensure that the session effectively met the group's needs. The post-session analysis 

includes summary reports of decisions that were made during the meeting as well as 

a complete transcript of comments generated by the group participants. This output 

can serve as input to other software such as CASE tools, databases, etc. ES support is 

needed here to impose structure on this output. Expert Session Analyzer (ESA) assists 

the human facilitator in structuring this information for more detailed analysis. 

As an example, suppose a lengthy session has just ended and over 300 ideas and 

issues have been generated by the group. ESA then searches for common keywords in 

the comments and issues and groups them accordingly for greater structure. 

4.2 Details of Expert Session Planner (ESP) 

Expert Session Planner (ESP) is a prototype expert system designed to support GroupSys

terns session facilitators during critical pre-session planning. ESP allows scarce human 

facilitator knowledge to be distributed and provides consistency across sessions. In ad

dition, ESP provides training for novice session facilitators in the selection of software. 

Finally, this tool offers a foundation upon which to build further intelligent support 

software for group meeting processes. 

Expert Session Planner is designed specifically to assist GroupSystems facilitators 

in the pre-session planning stages of group meetings. ESP can assist the facilitator in 

the selection of appropriate tools and participants for the session. In addition, ESP can 
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scan the calendars of the session participants to determine convenient times when face

to-face meetings are needed. ESP thus allows planning and coordinating of electronic 

meetings with minimal knowledge of the tools and the processes involved in pre-session 

facilitation. 

ESP is used by a group coordinator to determine the appropriate group participants 

and aoss tools for a particular task. The system consists of three principle components: 

the group selection, calendar scheduling, and tool selection modules as shown in Figure 

4.3. 

1. Group Selection Module 

The facilitator or meeting coordinator begins ESP with the group selection module 

to determine the appropriate participants for the meeting. The type of the meet

ing, the topic of the meeting, and other information are all factors used by the 

knowledge base to search through the rules and user profile database to select par

ticipants. Personnel interests, responsibilities, and organizational affiliations are 

additional variables used for determining membership in a potential group meet

ing. The group selection module arose out of prior research on intelligent mail 

systems [54, 92, 93]. 

The meeting topic helps in determining the first-cut list. For instance, if the topic 

involves discussion of a project, then all members responsible for the project are 

selected. Further, the supervisor of the project and any member who has listed 

an interest in the area of the project will be selected. The meeting type, on 

the other hand, helps in determining who should be added or deleted from the 

list. For instance, if it is a preliminary discussion meeting, then the supervisor 

will be removed, or if the discussion involves financial matters, then the financial 

officer involved with the project will be added. This process is repeated until the 

knowledge base is exhausted and a final list is presented to the meeting coordinator. 
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The meeting coordinator can use the list as is or make further changes depending 

on his preferences. The role of group selection is merely to provide a starting 

point for the meeting coordinator. 

The group determination module is implemented using EXSYS Professional, a 

typical expert system shell encompassing capabilities for querying the user, ex

plaining results, and modifying the knowledge base (Figure 4.4). The knowledge 

base consists of 39 rules which configures a database query for a DBase III+ DBMS 
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program. This DBMS then searches through organizational personnel facts from 

a DBase m+ database of 37 user-profiles to configure a participant list. This list 

is then written to an ASCII file for later reference. 

2. Calendar Scheduling Module 

Once the participant list is determined, the calendar scheduling module is used to 

determine times which are convenient for all session participants. In addition, the 

module checks the calendar information of of the meeting room to see if it can be 

scheduled when the participants can meet. If all calendars match, the scheduling 

module makes the appropriate appointments in the calendars of all concerned. If 

no time can be found that is convenient for all participants or the meeting room 

cannot be scheduled at this time, a distributed, asynchronous tool will need to be 

used (to be determined in the final stage of ESP). 

The scheduling module is currently implemented in Turbo Pascal. 

3. Tool Selection Module 

Once a group membership list has been constructed and meeting times have been 

arranged, the meeting coordinator uses the tool selection module to determine the 

GOSS tools required for the session. The coordinator must have already used the 

group selection module at this point because he is expected to answer questions 

regarding the group's characteristics. Additional questions are asked concerning 

problem characteristics such as whether or not the problem can be segmented. 

Once all of the questions are answered, a list of recommended tools is written to 

the screen and a file with their accompanying certainty factors. As with the group 

membership list, the coordinator at this point is free to modify the recommended 

list of tools to reflect his own desires. 

This module is also implemented in EXSYS Professional and currently contains 
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155 rules. The version of ESP used for verification purposes includes only a 

subset of these tools (the GroupSystems tools) and consists of 55 rules. These 

GroupSystems tools are listed in Appendix A and the rules for the Group3ystems 

tools are listed in Appendix B. An example trace (the execution of ESP) is shown 

in Appendix C. 

The list of selected tools is written to an ASCII file which is referenced later by 

the group facilitator. 

ESP is implemented on an IBM PC AT clone with one megabyte of main memory 

and a 20-megabyte hard disk. As was noted above, the prototype was developed 

using EXSYS Professional, Turbo Pascal, and DBase 3 under a DOS environment. 

EXSYS Professional (an expert system shell developed by EXSYS, Inc.) was 

chosen for its ease of use, powerful features, low memory requirements, speed, 

and portability to a Unix network [112]. 

A system called the Information Center Expert (ICE) was developed for the selec

tion of commercial software tools such as WordPerfect, Lotus 1-2-3, and Dbase 

by users who may not be familiar with the intricacies of these tools [51, 139, 140]. 

This expert system employed a knowledge base of tool selection rules as well as 

databases of tool and user profiles. It was argued that links to databases of tool and 

user characteristics was necessary since tools were frequently added or modified 

and there may be a high turnover of personnel. Databases are better able to store 

and maintain dynamic information. 

ESP(group) uses a link to a database of group personnel for the same reason. 

However, ESP(tool) does not use a database for the following reasons: 

• No Group Profile is Necessary: ICE was meant to select a particular tool for 

only one person's use at a time. Thus, his particular preferences, experience, 
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and knowledge are important for the selection of a particular tool. However, 

ESP(tool) selects tools that will be used by a group of people. Although 

facilitators vary by preferences, knowledge. and experience, his personal 

characteristics are less important than the overall group's characteristics as 

well as the nature of the task. Facilitators may still indicate their preferences, 

however, by selecting among the ranked recommendations generated by the 

expert system. So, if a facilitator is more familiar with Group Outliner and 

prefers it, he may select it even though it may be ranked behind EBS, for 

example. 

• A Tool Profile Database is Impractical: ICE categorized software tools 

by highly generic features. For example, word processing programs may 

be rated according to their abilities to import/export ASCII text or for their 

formatting abilities. Various published software reviews have classified a 

large number of programs in matrices. However, the GroupSystems tools 

selected by ESP are much more diverse. If they were to be stored in a matrix, 

the wide variety of factors involved would make the matrix very sparse since 

only a few tools would share common characteristics. Put succinctly, a 

database should be used when there is loose coupling between the facts and 

the knowledge of how to use these facts. However, there is a tight coupling 

of facts and knowledge in regard to GDSS tools, necessitating knowledge to 

be stored in a knowledge base. 

The primary argument for the use of a database has been the ease of update 

and maintenance of data stored in it. Many expert system shells such as 

EXSYS Professional allow knowledge to be maintained quite easily through 

rule nets, automated search and replace, inf~rence traces, sorting, and other 

features. Thus, this argument is almost moot. 
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4.3 Knowledge Acquisition for ESP 

Knowledge acquisition is perhaps the most difficult and tedious phase of any ES project 

[42]. Effective knowledge acquisition strategies must be employed for the ultimate 

success of the system. Designers (or knowledge engineers) should ideally already be 

at least familiar with the basics of the problem at hand; if not, they should review 

applicable textbooks and references before approaching the human expert [21, 31, 50]. 

Only by establishing a mental model framework will the designers be able to file the 

anecdotes and rules-of-thumb acquired from interviewing the expert. Also, a minimum 

set of knowledge in any area is a prerequisite for posing incisive questions. 

Some researchers feel that problem solving knowledge derived exclusively from 

verbal data is nearly useless [17]. Domain experts often construct plausible lines of 

reasoning having little or no relation to their actual problem solving methods [65]. 

Also, it has been stated that the more competent experts are, the less able they are to 

articulate their knowledge [145]. Therefore, a combination of unstructured and structured 

interviews in combination with iterative prototyping was deemed most appropriate for 

knowledge acquisition. 

For the prototype ESP, a panel of local GroupSystems experts met over a period of 

three months to elicit the factors involved in the tool selection process. This panel of 

experts included group facilitators with several years of GroupSystems session experience 

as well as tool developers and researchers. In the final stages of knowledge acquisition, a 

GroupSystems (Issue Analysis and Organization) session was conducted at the University 

of Arizona to categorize the factors involved. In addition, Major Ted Hengst from the 

Army AIRMICS office provided information to determine the tools and participants 

needed for meetings based on job responsibilities, work interests, and departmental 

affiliations. This knowledge was incorporated into the system. 

However, the early prototype had far too few rules to adequately capture all of the 
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variables to consider in tool selection. Therefore, additional knowledge acquisition was 

undertaken. Structured interviews were undertaken with two local GroupSystems experts 

to further expand and clarify rules. Several more interviews as well as iterations with 

demonstrations of the prototype expert system captured additional knowledge of the tool 

selection domain [112]. 

4.4 Knowledge Representation for ESP 

Once the underlying knowledge of the expert task has been acquired, a theoretical 

representation of the knowledge must be developed. Some possible representations 

include: IF-THEN rules (perhaps the simplest and most prevalent technique), Frames 

and Objects (popular for their powerful inheritance and hierarchical properties), and 

Semantic Networks (noted for their flexible, yet powerful structures). The choice of 

knowledge representation is perhaps the guiding force of the ultimate implementation. 

An ES for pre-session planning may benefit from a frame or object representation 

since group and tool characteristics often have hierarchical structures. For example, 

group participants can be classified by organizational affiliation, interests, or responsi

bilities. An ES which selects appropriate group participants can rely on certain inherited 

features instead of features which are expressed for each group member. Likewise, 

GroupSystems tools can be classified by their applicability for a particular group or 

problem. Inheritance of these characteristics may allow the ES to proceed more effi

ciently in detennining which tools to select. 

It is possible that the knowledge base can be further refined with the use of more 

powerful representational techniques such as semantic nets, frames, and object-oriented 

approaches. Each of these techniques has some conceptual advantages over the use 

of production rules in certain circumstances (particularly in the area of structuring and 

inheriting knowledge). However, there are several reasons why production rules are 
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preferable for ESP(tool). First, very few expert system shells have been developed 

which can adequately support these rich representational schemes. Those few that do, 

such as NEXPERT OBJECf, are generally very difficult to use [9]. Second, expert 

system knowledge can be represented via virtually any scheme; it is just a matter of 

how easy it is to do so. Third, the researcher must often use what is available rather 

that what is ideally suitable. EXSYS Professional (which relies on production rules) is 

readily available for this research. Indeed, the only other expert system shells available 

(ESE, VP Expert, CESM, and Personal Consultant Plus) also rely on production rules. 

Finally, the construction of a customized expert system shell or development of an expert 

system through a sophisticated programming language such as Scheme, Lisp, Prolog, 

C, or even Pascal to solve this restriction to production rules would lead to portability, 

maintainability, and performance problems. Since the aim of this dissertation is not 

innovation in expert system technology, the simpler, yet adequate approach of using 

production rules was deemed as the best choice. Other representation techniques will be 

investigated for future research outside the dissertation. 

4.5 Inferencing Strategy for ESP 

The expert task must also be analyzed as to the fundamental nature of the problem: one 

of design, diagnosis, or both. Design problems typically feature a relatively limited set of 

underlying conditions and a much greater number of goals; diagnosis problems include 

relatively few goals with many conditions which must be verified. For example, the 

problem of group selection is one of design since the number of potential participants is 

likely to be much greater than the number of ctiteria involved in the group configuration. 

Tool selection, on the other hand, is primarily a matter of diagnosis; there is a relatively 

limited number of tools while there is a much greater number of factors involved in their 

selection. A forward-chaining inferencing strategy is most efficient with design problems 
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while a backward-chaining strategy is most economical with diagnosis tasks. Some 

problems may involve diagnosis and design, indicating a need for a hybrid inferencing 

strategy. 

For tool selection, the ESP prototype uses an exhaustive, backward-chaining infer

encing strategy with provisions for rule uncertainty to resolve conflicting rules. For 

group selection, ESP uses a mix of forward- and backward-chaining. 

In backward chaining, the overall problem of tool selection is divided into four sepa

rate smaller problems (finding idea generation, idea organization, voting, and knowledge 

representation tools). The systenl automatically invokes rui~s needed to derive infor

mation. It does not matter where the rules are or in what order. Through backward 

chaining, the expert system starts with the most general rule and works back as neces

sary for more information. If all rules are of equal specificity, they will be applied in 

order. 

Appendix C gives an example of how ESP(tool) is used through a scenario. This 

appendix describes the scenario and traces the expert system's execution with explana

tions why each rule is selected and fired. More discussion of why each rule is important 

was presented in chapter 3. The discussion below is meant to further illustrate the infer

encing and certainty factor weighting schemes of the expert system. Figure 4.5 shows 

the decision tree to accompany this scenario. The darker lines in the figure indicate the 

path of execution or inferencing of the rules, while the thinner lines indicate rules which 

are not fired because of the user's input. In the figure, the user first determines what 

type of task he is faced with (idea generation, idea organization, voting, or knowledge 

representation). Once he has decided on idea generation, the expert system branches 

off to the idea generation set of rules (no other rules will be considered further). At 

this stage (the idea generation rules) there are several rules which apply, and the user 

supplies information to the the expert system's questions one after the other through the 
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data entry screens. In the figure, the user asserts that the group members have some 

knowledge overlap. When this rule is fired, the Electronic Brainstorming (EBS) choice 

is given a certainty factor (CF) of 0.8 (0.0 is absolutely false and 1.0 is absolutely true). 

A CF of 0.8 means that EBS has a fairly high certainty of being the best choice for the 

session. Topic Commenter (TC) and Group Outliner (GO) are not selected as possible 

choices because no common knowledge is necessary among group members when using 

these tools - the group members can stay in one or two categories or topics and not 

look at other participants' comments in other categories. With EBS, however, common 

knowledge is necessary because all group members look at each other's comments, and 

thus, common knowledge of the ideas is necessary. 

The next question deals with the purpose of the meeting. The user states that there 

is a need for communication among group members. When this rule fires, it adds to 

the previous certainty for EBS. The previous value for EBS was 0.8, now it is 0.8 + 

0.7*(1-.8), or .94. Thus, it is even more certain that EBS is the best tool for the meeting 

at hand. This certainty factor weight scheme is used because the individual factors or 

rules can be considered as independent. This is the weighting scheme for independent 

probabilities [2]. 

Other information is entered by the user (as shown in Figure 45 and described in 

Appendix C). The group members have divergent ideas, the rule fires, and now the CF 

for EBS is .94 + .7*(1-.94), or .98 (rounded down). In the next rule to fire (dealing with 

a need for group consensus), two tools are chosen. EBS is given even more certainty 

(increasing exponentially to 1.0, but never reaching it), and Topic Commenter (TC) is 

given a CF of .6 for the first time. At this stage of the expert system's run, EBS has a 

CF of .99 (rounded down), and TC has a CF of .6. 

The next rule to fire deals with how the problem can be phrased (e.g., structured into 

a list of categories or expressed as a single question). This particular problem can be 
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expressed as a single question, and the rule gives EBS .6 more certainty (Note: the CFs 

will never reach 1.0 since all values are rounded down to the nearest hundredth). Topic 

Commenter and Group Outliner are used for problems that can be described as a list of 

categories or topics (for TC) and as a tree-like structure (for GO). Therefore, these tools 

are not selected. 

The next rule deals with the group's low experience with GDSSs. When this rule 

fires, it gives .7 more certainty to EBS, .6 more certainty to TC (TC's CF is now .8 + 

.6*(1-.8), or .84), and .1 to each of the Idea Organizer (10) options. 

The last two rules (size of group is between 8 and 16, and there is a democratic 

management style) give more certainty to EBS, but its CF is still limited to .99 since 

values are rounded down. 

So, after the user has entered in these facts about the task and group characteristics, 

ESP(tool) ranks each tool that was chosen in order of its certainty factor. EBS is ranked 

first with a CF of .99 (and should consequently be chosen as the best tool to use for the 

scenario), followed by TC with a CF of .84, and the 10 options each with a CF of .10. 

4.6 Validation and Verification 

After a prototype is constructed, it must be verified. The difference between validation 

and verification is that validation is used to test a model of a domain whereas verification 

is used to test a specific subset or implementation of this model with specific perfonnance 

criteria in mind. 

A model of an expert facilitator's mental processes in selecting GroupSystems tools 

was presented in chapter 3. This model must be validated through controlled experi

ments. The specific implementation of this model is the knowledge base of ESP(tool) 

listed in Appendix B. It is verified in chapter 5. 

An expert system is verified if knowledge has been encoded correctly. Most expert 
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systems are inadequately tested, however. This is generally due to a lack of a suitable 

verification methodology for testing the consistency and completeness of a rule set. No 

quantitative methods exist for testing these systems. In practice, most tests involve only 

running a few case studies; they do not exhaust all possibilities. There are three broad 

methods of performing these verification tests: 

1. White Box Testing: 

In White Box Testing, experts review the rules and traces of expert system ex

ecution. The experts can see which rules are executed by walking through the 

knowledge base. This is probably the most powerful and time-consuming method. 

Experts must be able to read and understand the encoded knowledge. 

2. Black Box Testing: 

In Black Box Testing, the system is a black box; experts can see what goes in and 

what comes out, but not the internal processes [103]. If the system gets correct 

answers on every case presented, the knowledge engineer can be confident that 

t.ie the relevant expertise has been successfully captured. The more test cases and 

the broader their scope within the problem area, the more confidence can be place 

in the system. However, for large knowledge bases, a sufficient number of cases 

to assure accuracy is virtually impossible [110]. Also, some studies suggest that 

the use of test cases for evaluating the perfonnance of an expert system is biased 

toward the system. This is probably the most frequently-used method, although 

it takes a great deal of time from the expert and does not guarantee finding all 

mistakes. 

3. Performance Testing: 

In Performance Testing, an actual user runs the expert system [110]. Another user 
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with the same level of experience is allowed to perfonn the same task indepen

dently without the benefit of the system. This is probably the weakest method of 

testing, seeing if users perfonn better using the system than without it. However, 

it's benefit is that users must have a voice in the development process for their 

satisfaction and the long-tenn success of the system. Users must be able to test the 

system to see if it matches their needs. Non-experts must use the system to check 

for query and output understanding and the overall quality of the human-computer 

interaction. Users may also be more innovative in finding ways to "break" the 

system and thus pointing out bugs. 

Like any other infonnation system, expert systems should be evaluated in tenns of 

effectiveness, usability, reliability, maintainability, efficiency, portability, and flexibility. 

In spite of the limitations stated above in verifying expert systems, some attempt must 

be made. 

The research questions stated in the introduction were analyzed via well-documented 

statistical techniques used for verifying other comparable expert systems (e.g., MYCIN, 

ICE, Rl/XCON, etc.) [21, 139]. Specifically, the tool was evaluated in two stages: 

1. Evaluation by the domain experts. 

This evaluation include White Box and Black Box Testing of 20 cases to deter

mine the accuracy of the embedded knowledge and the accuracy of the system's 

recommendations. Details of this testing are presented in chapter 5. 

2. Evaluation by end-users of the system. 

This evaluation included Perfonnance Testing to see if non-experts using the sys

tem could perfonn as well as experts and non-experts not using the system. Details 

of this evaluation are also in chapter 5. 

Thus, a combination of all three methods was used to add confidence in the testing. 
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4.7 A Scenario Demonstrating the use of ESP 

A case study using infonnation from the Anny AIRMICS office illustrates the feasibility 

of ESP (another scenario is provided in Appendix C). Although the AIRMICS office did 

not actually use the prototype, the infonnation described below accurately reflects the 

operations of this "real-life" organization. This scenario involves project funding, a task 

found in practically all organizational offices which deal with budgeting. Some details 

and names in this scenario have been changed for confidentiality. 

The AIRMICS staff meets annually to decide upon projects which will be funded in 

the upcoming fiscal year. The chief of AIRMICS, Mr. Smith, decides that a meeting 

needs to be called. As the director of AIRMICS, he assumes the task of group coordinator 

and initiates the use of ESP to set up the GDSS session. Mr. Smith brings up ESP on 

his networked microcomputer system. 

1. Group Selection 

The first task to accomplish is the selection of the group participants. Mr. Smith 

answers a series of questions regarding the meeting type, meeting topic, and time 

frame using ESP's group selection module. In Figure 4.6, Mr. Smith selects 

the CNSD division since this division is involved with project funding. From 

the organization's personnel profile database, ESP determines that Mr. Jones, 

Mr. Johnson, and Mr. Adams need to attend because they belong to the CNSD 

division. 

2. Group Scheduling 

Mr. Smith then uses the Group Scheduling Module of ESP to determine a meeting 

time convenient for all participants. From the individual calendars of all group 

participants (selected above), ESP detennines that May 17 at 9:00 am is open and 
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ESP GROUP SELECTION 

Topic of meeting Is 

1 CNSD 
2 CSP 
3 MISD 
4 DSSP 

e a 
<7>-HELP <WHY>-Rule Used <CTRL-U>-Undo 

Figure 4.6: AIRMICS Group Selection 
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automatically blocks three hours for a GOSS session in all of the calendars (Figure 

4.7). 

3. Tool Selection 

Mr. Smith finally uses the tool selection of ESP to determine which GOSS program 

to use. ESP then asks Mr. Smith a series of questions regarding the problem and 

group. The first question (Figure 4.8) is about the nature of the task. Mr. Smith 

wants to generate ideas about possible projects to fund, so he presses 1. This 



The meeting could be at: 
7:30 to 10:30, Thur, 5-16-1991 

Show another possible time (YIN)? Y 
The meeting could be at: 

9:00 to 12:00, Fri, 5-17-1991 
Show another possible time (YIN)? N 
Schedule the meeting at this time (YIN)? Y 

Figure 4.7: ESP Group Scheduling Sample Screen 
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question is important because it selVes to limit the search to idea generation tools 

such as EBS, TC, 10, Group Outline, MULE, and Policy Formation. 

ESP then asks him how much knowledge overlap there is among group members 

(Figure 4.9). Mr. Smith doesn't know what this question means so he presses? for 

the help screen (Figure 4.10). This question is important because in order to share 

ideas, participants should have some common knowledge about a problem in order 

to use EBS. Common knowledge is not as necessary for using TC and IO/NGT, 

for example. Since all participants selected by the group selection module have 

similar backgrounds and have met several times before, he pushes 1 for a high 

degree of knowledge overlap. 

ESP next asks about the goal of the session (Figure 4.11). Mr. Smith primarily 

wants to share ideas (indicating EBS) rather than having a very focused discussion 

(indicating 10 and to a lesser extent, TC). 

Finally, ESP asks about the structure of the: problem (Figure 4.12). If the task 

were to provide goals for each of the next five years, for example, TC would be 

indicated. If a tree-like structure of sub-topics needs to be constructed, Group 

Outliner would be better. 

The system then recommends Electronic Brainstorming as the tool to use for the 
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ESP Tool Selection 

The task you wish to accomplish involves ... 

1 Generating ideas or alternatives 

2 Categorizing or organizing ideas 

3 Voting on alternatives 

4 None of the above or unknown 

Please enter the number of one or more of the above: __ 

c7. • Help cWHY.· Rule Used cCTRL-U.· Undo 

Figure 4.8: ESP Tool Selection Question 1 
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ESP Tool Selection 

The degree of knowledge overlap among participants is ... 

1 High 

2 Low 

3 None of the above or unknown 

Please enter the number of one or more of the above: __ 

c? • Help cWHY.· Rule Used cCTRL-U.· Undo 

Figure 4.9: ESP Tool Selection Question 2 
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The degree of knowledge overlap I. the extent that 
group member. know the lame Information about. topic. 
For example, members of the 8ame project team 
are expected to share a great deal of knowledge about 
that project, but member8 of different project 
team8 may have le88 shared knowledge. 

TO RETURN TO PROGRAM PRESS cSPACE. 

Figure 4.10: ESP Help Sample Screen 
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ESP Tool Selection 

The task is ... 

1 Addressed by a single question 

2 Structured in a list of categories 

3 Structured into several categories and subcategories 

4 None of the above or unknown 

Please enter the number of one or more of the above: __ 

c1. • Help cWHY.· Rule U.ed cCTRL-U.· Undo 

Figure 4.11: ESP Tool Selection Question 3 
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ESP Tool Selection 

You wish to ... 

1 Share ideas and educate participants 

2 Have a very focused discussion 

3 Record or represent knowledge 

4 None of the above or unknown 

Please enter the number of one or more of the above: __ 

<1. • Help <WHY.· Rule Used <CTRL-U.· Undo 

Figure 4.12: ESP Tool Selection Question 4 

given phase of the session since it has a higher weighting (Figure 4.13). 

Figure 4.14 shows a decision tree that reflects the scenario above. A similar figure 

Figure 4.5 was discussed above to illustrate the inferencing process of ESP(tool). In 

Figure 4.14, the user first had to decide upon which set of GDSS tools to select (idea 

generation, idea organization, voting, and knowledge representation). The dark lines of 

the figure show the path of inferencing for this particular scenario. The user has selected 

idea generation. He then enters information about the overlap of knowledge of group 

99 



Values based on -100 to +100 system 

1 Electronic Brainstorming 
2 Topic Oommenter 
3 Idea Organizer - NGT 
4 Idea Organizer - Electronic Blackboard 
5 Idea Organizer - list generator 
6 Idea Organ I zer - Idea analyzer 

VALUE 

95 
74 
43 
35 
35 
35 

All choices<A) only if value)1<G) Print<P) Change and rerun <C) 

Sort type<S) Rules used </lne#) Quit/save<Q) Help<H) Done<D) 

Figure 4.13: ESP Recommendations 
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members, the purpose of the meeting (to share ideas), and the structure of the problem 

(expressed as a single question). 

Other potential rules are not fired in this particular scenario because there is no 

information available for them. For example, in this scenario, we do not know if there 

is a need for consensus or if there are divergent ideas, both of which affect the selection 

of EBS. The user would simply push the number corresponding to the none of the above 

or unknown item for each screen that comes up dealing with these other factors. 

As a result of firing each of the three idea generation rules shown in the figure and 

discussed above, EBS is given certainty factors (CFs) of .8 after the first rule fires, .8 + 

.8 * (1 - .8) or .96 after the second rule fires, and .96 +.6 * (1 - .96) or .98 rounded down 

to the nearest hundredth after the last applicable rule fires. No other tools or selected. 

EBS should be chosen by the user because it is the only one selected and it has a very 

high certainty associated with it. 

4.8 Summary 

Expert Session Planner (ESP) is a prototype expert system (ES) designed to support 

GroupSystem session facilitators during critical pre-session planning. ESP allows scarce 

human facilitator knowledge to be distributed and provides consistency across sessions. 

In addition, ESP provides training for novice session facilitators in the selection of GnSS 

software. Finally, this tool offers a foundation upon which to build further intelligent 

support software for group meeting processes. 

Expert Session Planner (ESP) is designed specifically to assist GroupSystem facilita

tors in the pre-session planning stages of group meetings. ESP can assist the facilitator 

in the selection of appropriate tools and participants for the session. In addition, ESP 

can scan the calendars of the session participants to determine convenient times when 



Task 

Son~e knowledge overlap 

Idea Generation Share ideas 

A single question 

Idea Organization 

Voting 

Knowledge Represent 

10/NGT 

10/Biackboard 

10/Liat 

Vote 

Alternative Evaluator 

Group Matrix 

Enterprise Analyzer 

Group Dictionary 

Figure 4.14: Decision Tree for the Scenario 
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face-to-face meetings are needed. ESP thus allows planning and coordinating of elec

tronic meetings with minimal knowledge of the GroupSystems tools and the processes 

involved in pre-session facilitation. 
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This chapter lists the research hypotheses and experimental results addressing these 

hypotheses. 

The research has two primary focuses: (1) Is the knowledge embodied in the expert 

system accurate, and (2) Can end-users successfully employ the expert system for the 

tasks it was designed for? The first focus was addressed by an experiment comparing 

a human expert's recommendations with the expert system's recommendations. Experi

mental results detailed below indicate that the expert system is accurate. The second fo

cus was addressed in two experiments which compared facilitators' and non-facilitators' 

recommendations when using and not using the expert system with the human expert's 

recommendations. These results are also detailed later in this chapter and reveal that the 

end-users can employ the technology successfully. 

5.1 Accuracy of the Expert System 

MYCIN [21] and other expen systems have been validated by judging its recommenda

tions with human experts' recommendations. In one double-blind evaluation trial, ten 

cases of meningitis were presented to MYCIN and faculty at the Stanford University 

Medical School's Division of Infectious Diseases. These cases were chosen to offer a 

wide variety of difficult problems. Results of the study showed that MYCIN consis

tently prescribed effective therapy whereas only a few of the human experts provided 

consistent recommendations. 
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The expert system verification approach in this research is similar in that the expert 

systems' recommendations were compared to expert recommendations for correlation. 

As noted earlier, the human expert in this study was chosen because of his extensive 

experience facilitating sessions over many years and because of his large quantity of 

research in the area of group decision support systems. This expert was also involved 

in the development of the knowledge base. 

The first test for accuracy involved having the human expert judge the recommenda

tions of ESP. A series of 20 cases (shown in Appendix G ) were chosen to cover all of 

the rules and tool choices in the knowledge base. The choices were rated on a scale from 

o (completely wrong) to 1 (completely correct). Partial scores (0.5 for example) were 

awarded for partially correct answers. For example, if ESP recommended two tools, 

and only one was correct, a score of 0.5 was awarded. If all of the tools listed with 

approximately weightings of certainty factors were correct, a score of 1.0 was awarded 

Only one of ESP's 20 answers was judged to be totally incorrect (a score of 0) and one 

was judged partially incorrect (a score of 0.5). A Student's T-Test was then performed to 

test the difference between the human expert's recommendations and the system's. The 

T-Test was chosen because of the relatively small sample size of 20, and a test of the 

difference between two continuous sets of variables was desired. Results shown in Table 

5.1 and Table 5.2 indicate that there is not a statistically significant difference between 

the two sets of answers. Additionally, Table 5.3 shows that there is an immeasurable 

difference between the sets of data with a very significant positive correlation. Thus, we 

can conclude the two sets of answers are nearly identical and the system is accurate. 

This first test of accuracy (described above) is typically used in iterative prototype 

development of expert systems. By having the human expert review the system's answers 

repetitively as it evolves, the high standard for accuracy of the knowledge base can be 

assured. However, having the human expert review answers already generated by the 
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N Mean Std Dev Median Minimum Maximum 
20 1.000 0 1.000 1.000 1.000 
20 0.925 0.2447 1.000 0 1.000 

Table 5.1: Description of Human Expert and ESP Answers 

Prob> ITI 
0.1864 

Table 5.2: T-Test Difference Between Human Expert and ESP Answers 

system may cause different results from the human expert providing answers himself. 

That is, a human expert is more likely to judge correctly the accuracy of an answer if 

he is already presented with the presumed answer. It is usually more difficult to come 

up with an answer from scratch. But when the expert is presented with an answer, he 

may narrow his search path and can backtrack from that answer to judge its validity. 

Other experiments outside this dissertation should be conducted to affinn or refute this 

assertion. 

111.~ I ProbO~ IRIII 

Table 5.3: Human Expert and ESP Answers Correlation 
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5.2 Pilot Study Results 

5.2.1 Overview 

This subsection presents the results of the initial pilot study conducted to determine 

the usefulness of the expert system. The experiment compared facilitators' and non

facilitators' recommendations when using and not using the expert system with the 

human expert's recommendations. These results are detailed later in this chapter and 

reveal that the end-users can employ the technology successfully. 

5.2.2 Subjects 

As was mentioned earlier, the subjects were facilitators and non-facilitators familiar 

with GroupSystems sessions and software. The two groups were further divided into 

two subgroups, those using the expert system software and those not using the expert 

system software. 

Overall Subject Characteristics 

The overall subjects' characteristics are shown in Table 5.4 and 55. These vari

ables are direct transcriptions from the questionnaire shown in Appendix H. The 

variables were meant to judge the subject's knowledge and experience with Group

Systems tools. P88 and P89 stand for planning GroupSystems sessions before 

1989 and planning after 1988, respectively. F and M likewise stand for facili

tating and meeting in is sessions in the respective time periods. KNOW is the 

subject's self-rating on his knowledge of the tools (0 = no knowledge, 1 = novice, 

2 = intermediate, and 3 = expert). As might be expected, the knowledge rating 

was about 2, midway between the novice and expert. No subject indicated that he 

had no knowledge of the tools. The remaining variables represent the subject's 

use (e.g., Ens 1), and successful use (e.g., EBS2) of the respective tools. IT the 
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subjects' have used the tools frequently, they are more likely to be knowledgeable 

of them. 

The vast majority of the subjects' experience has been obtained since January 

1989. This makes sense because more and more sessions are being conducted 

with the software, and more students are being introduced to it. In addition, few 

students or staff who primarily used the software prior to 1989 are still present 

since most students graduate after a few years. 

Variable N Mean Std Oev Minimum Maximum 
P88 19 1.2105 4.6017 0.0000 20.0000 
P89 19 6.7895 9.5718 0.0000 30.0000 
F88 19 1.1053 4.5813 0.0000 20.0000 
F89 19 6.2105 10.4912 0.0000 30.0000 
M88 19 3.7368 3.8129 0.0000 10.0000 
M89 19 5.8421 3.9618 1.0000 12.0000 

KNOW 19 1.9474 0.7799 1.0000 3.0000 
EBS1 18 14.1667 15.5535 1.0000 50.0000 
EBS2 18 13.9444 15.6336 1.0000 50.0000 
TC1 18 6.2778 5.6131 0.0000 20.0000 
TC2 18 6.0000 5.4880 0.0000 20.0000 
101 16 4.0000 4.3512 0.0000 15.0000 
102 16 2.7500 3.4351 0.0000 10.0000 

GW1 17 0.7647 1.7511 0.0000 5.0000 
OW2 17 0.7059 1.6869 0.0000 5.0000 
001 17 5.8235 9.8757 0.0000 30.0000 
002 17 5.4706 9.7987 0.0000 30.0000 

Table 5.4: Pilot Study: Subject Characteristics 

To study the usefulness of the expert system, two classes of end users were iden

tified: OOSS facilitators and non-facilitators. These two groups of end users 

were chosen because facilitators may wish to use the system to corroborate their 

recommendations or for train·jng. Non-facilitators will rely more heavily on the 

system's recommendations since they would be less likely to have knowledge of 
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how to employ the GOSS tools successfully. Non-facilitators were selected from 

among graduate students and staff at the University of Arizona who had used 

GroupSystems tools before, but had never facilitated sessions. 

Non-Facilitators' Characteristics 

The characteristics of these non-facilitators not using the expert system are de

scribed in Tables 5.6 and 5.7. The dla.mcteristics of these non-facilitators using 

the expert system are described in Tables 5.8 and 5.9. 

Facilitators' Characteristics 

The facilitator subjects were chosen from among the GroupSystems facilitators at 

the University of Arizona as well as from former GroupSystems facilitators now at 

other universities. The characteristics of the facilitators not using the expert system 

are described in Tables 5.10 and 5.11. The characteristics of the facilitators using 

the expert system are described in Tables 5.12 and 5.13. 

Randomness of the Design 

Although the design does suffer from a small set of subjects (especially among 

facilitators), the four subgroups are random samples. That is, no particular cell 

is unfairly weighted. For example, all of the most-knowledgeable facilitators 

are not concentrated in just one cell. Tables 5.14 and 5.15 show that with the 

exception of subjects meeting in GroupSystems sessions after January 1989, there 

is no significant difference in the answers among non-facilitators with respect to 

the variables measuring their knowledge of GroupSystems. The fact that the one 

variable was significantly different does not invalidate the randomness of the non

facilitator subjects with regard to their knowledge of GroupSystems. In addition 

to the tests for differences in means among the various subgroups, the Shapiro

Wilk statistic was used for tests of normality of the populations (a necessary 
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condition for use of Student's T-Test) and with very few exceptions, all variables 

were found to be Nonnal. The Shapiro-Wilk statistic was used instead of the 

Kolmogorov statistic due to the small sample sizes (51 is the minimum size for 

Kolmogorov). 

Tables 5.16 and 5.17 show that facilitators subjects were distributed randomly with 

respect to their knowledge. None of the knowledge variables was statistically 

significantly different. 

Lastly, Tables 5.18 and 5.19 test the assertion that is the basis of the experiment

facilitators are different from non-facilitators, at least in regarding their knowledge 

of and experience with GroupSystems. P89, F89, M88, M89, Know, and the 

variables dealing with EBS, Topic Com menter, Vote, Alternative Evaluator, and 

Enterprise Analyzer were significantly different. The other tool use variables were 

not significantly different. The preponderance of the evidence indicates that the 

facilitators do have more experience with and knowledge of GroupSystems. 
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Variable N Mean Std Dev Minimum Maximum 
GMI 17 1.7647 2.3856 0.0000 8.0000 
GM2 17 1.4118 2.3994 0.0000 8.0000 
VI 18 10.5000 12.8578 0.0000 50.0000 
V2 18 10.4444 12.8394 0.0000 50.0000 

AEI 19 1.3684 2.3145 0.0000 8.0000 
AE2 19 1.2105 1.9601 0.0000 6.0000 
EAl 18 2.2778 7.1604 0.0000 30.0000 
EA2 18 2.0000 6.0293 0.0000 25.0000 
GB1 18 3.0556 10.5689 0.0000 45.0000 
GB2 18 1.3889 3.6964 0.0000 15.0000 
PF1 19 0.1579 0.3746 0.0000 1.0000 
PF2 19 0.1579 0.3746 0.0000 U)OOO 
Bl 17 1.3529 2.7826 0.0000 10.0000 
B2 17 1.3529 2.7826 0.0000 10.0000 
SIl 18 0.2222 0.7321 0.0000 3.0000 
SI2 18 0.0556 0.2357 0.0000 1.0000 

Table 5.5: Pilot Study: Subject Characteristics (cont.) 
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Variable N Mean Std Dev Minimum Maximum 
P88 8 0.3750 1.0607 0.0000 3.0000 
P89 8 1.0000 2.1381 0.0000 6.0000 
F88 8 0.1250 0.3536 0.0000 1.0000 
F89 8 0.1250 0.3536 0.0000 1.0000 
M88 8 3.7500 4.3012 0.0000 lO.OOOO 
M89 8 4.3750 3.6621 1.0000 lO.OOOO 

KNOW 8 1.6250 0.7440 1.0000 3.0000 
EBS1 8 lO.6250 16.1859 1.0000 50.0000 
EBS2 8 lO.5ooo 16.2305 1.0000 50.0000 
TC1 8 3.5000 3.2514 0.0000 10.0000 
TC2 8 3.2500 3.4538 0.0000 lO.OOOO 
101 8 3.2500 3.5355 0.0000 lO.OOOO 
102 8 3.1250 3.6425 0.0000 lO.OOOO 

OWl 8 0.6250 1.7678 0.0000 5.0000 
GW2 8 0.6250 1.7678 0.0000 5.0000 
G01 8 4.7500 lO.2644 0.0000 30.0000 
G02 8 4.5000 lO.3372 0.0000 30.0000 

Table 5.6: Pilot Study: Non-facilitator / No ESP 
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Variable N Mean Std Dev Minimum Maximum 
GMI 8 1.8750 2.8504 0.0000 8.0000 
GM2 8 1.7500 2.915.5 0.0000 8.0000 
VI 8 4.1250 4.8825 0.0000 15.0000 
V2 8 4.1250 4.8825 0.0000 15.0000 

AEI 8 0.7500 1.7525 0.0000 5.0000 
AE2 8 0.7500 1.7525 0.0000 5.0000 
EAl 8 1.3750 2.6693 0.0000 7.0000 
EA2 8 1.3750 2.6693 0.0000 7.0000 
GBI 8 1.1250 2.1002 0.0000 5.0000 
GB2 8 1.1250 2.1002 0.0000 5.0000 
PFI 8 0.1250 0.3536 0.0000 1.0000 
PF2 8 0.1250 0.3536 0.0000 1.0000 
Bl 8 0.7500 1.7525 0.0000 5.0000 
B2 8 0.7500 1.7525 0.0000 5.0000 
SIl 8 0.1250 0.3536 0.0000 1.0000 
SI2 8 0.0000 0.0000 0.0000 0.0000 

Table 5.7: Pilot Study: Non-facilitator / No ESP 

t . 
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Variable N Mean Std Dev Minimum Maximum 
P88 5 0.0000 0.0000 0.0000 0.0000 
P89 5 1.6000 3.5777 0.0000 8.0000 
F88 5 0.0000 0.0000 0.0000 0.0000 
F89 5 0.0000 0.0000 0.0000 0.0000 
M88 5 3.8000 4.1473 0.0000 10.0000 
M89 5 7.0000 4.2426 1.0000 10.0000 

KNOW 5 1.6000 0.5477 1.0000 2.0000 
EBS1 5 18.6000 20.9237 1.0000 50.0000 
EBS2 5 18.6000 20.9237 1.0000 50.0000 
TC1 5 5.2000 3.2711 1.0000 10.0000 
TC2 5 5.2000 3.2711 1.0000 10.0000 
101 5 4.0000 3.6742 1.0000 10.0000 
102 5 3.6000 3.9115 0.0000 10.0000 

GW1 5 1.0000 2.2361 0.0000 5.0000 
GW2 5 1.0000 2.2361 0.0000 5.0000 
G01 5 7.0000 12.8841 0.0000 30.0000 
G02 5 7.0000 12.8841 0.0000 30.0000 

Table 5.8: Pilot Study: Non-Facilitator / ESP 
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Variable N Mean Std Dev Minimum Maximum 
GMI 5 2.0000 2.3452 0.0000 5.0000 
GM2 5 1.8000 2.4900 0.0000 5.0000 
VI 5 14.4000 20.6712 1.0000 50.0000 
V2 5 14.4000 20.6712 1.0000 50.0000 

AEI 5 0.2000 0.4472 0.0000 1.0000 
AE2 5 0.2000 0.4472 0.0000 1.0000 
EAl 5 6.0000 13.4164 0.0000 30.0000 
EA2 5 5.0000 11.1803 0.0000 25.0000 
GBI 5 9.0000 20.1246 0.0000 45.0000 
GB2 5 3.0000 6.7082 0.0000 15.0000 
PFI 5 0.0000 0.0000 0.0000 0.0000 
PF2 5 0.0000 0.0000 0.0000 0.0000 
Bl 5 1.0000 2.2361 0.0000 5.0000 
B2 5 1.0000 2.2361 0.0000 5.0000 
SIl 5 0.0000 0.0000 0.0000 0.0000 
SI2 5 0.0000 0.0000 0.0000 0.0000 

Table 5.9: Pilot Study: Non-Facilitator / ESP 
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Variable N Mean Std Dev Minimum Maximum 
P88 3 6.6667 11.5470 0.0000 20.0000 
P89 3 14.6667 6.1101 8.0000 20.0000 
F88 3 6.6667 11.5470 0.0000 20.0000 
F89 3 12.6667 8.0829 4.0000 20.0000 
M88 3 4.3333 5.1316 0.0000 10.0000 
M89 3 7.3333 4.0415 5.0000 12.0000 

KNOW 3 2.3333 0.5774 2.0000 3.0000 
EBS1 2 16.5000 12.0208 8.0000 25.0000 
EBS2 2 16.0000 12.7279 7.0000 25.0000 
TCI 2 10.5000 6.3640 6.0000 15.0000 
TC2 2 10.5000 6.3640 6.0000 15.0000 
101 1 3.0000 0 3.0000 3.0000 
102 1 1.0000 0 1.0000 1.0000 

GW1 1 0.0000 0 0.0000 0.0000 
GW2 1 0.0000 0 0.0000 0.0000 
GOI 1 9.0000 0 9.0000 9.0000 
G02 1 9.0000 0 9.0000 9.0000 

Table 5.10: Pilot Study: Facilitator I No-ESP 

r . 
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Variable N Mean Std Dev Minimum Maximum 
GMI I 1.0000 0 1.0000 1.0000 
GM2 I 0.0000 0 0.0000 0.0000 
VI 2 22.0000 11.3137 14.0000 30.0000 
V2 2 22.0000 11.3137 14.0000 30.0000 

AEI 3 2.6667 2.3094 0.0000 4.0000 
AE2 3 2.3333 2.0817 0.0000 4.0000 
EAI 2 0.0000 0.0000 0.0000 0.0000 
EA2 2 0.0000 0.0000 0.0000 0.0000 
GBI 2 0.0000 0.0000 0.0000 0.0000 
GB2 2 0.0000 0.0000 0.0000 0.0000 

r--pfl 3 0.3333 0.5774 0.0000 1.0000 
PF2 3 0.3333 0.5774 0.0000 1.0000 
BI I 2.0000 0 2.0000 2.0000 
B2 I 2.0000 0 2.0000 2.0000 
SII 2 0.0000 0.0000 0.0000 0.0000 
S12 2 0.0000 0.0000 0.0000 0.0000 

Table 5.11: Pilot Study: Facilitator / No-ESP 
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Variable N Mean Std Dev Minimum Maximum 
P88 3 0.0000 0.0000 0.0000 0.0000 
P89 3 23.0000 7.5498 15.0000 30.0000 
F88 3 0.0000 0.0000 0.0000 0.0000 
F89 3 26.3333 3.2146 24.0000 30.0000 
M88 3 3.0000 2.0000 1.0000 5.0000 
M89 3 6.3333 5.1316 2.0000 12.0000 

KNOW 3 3.0000 0.0000 3.0000 3.0000 
EBS1 3 14.6667 9.2916 7.0000 25.0000 
EBS2 3 14.0000 9.6437 7.0000 25.0000 
TCI 3 12.6667 8.7369 3.0000 20.0000 
TC2 3 11.6667 8.504~ 3.0000 20.0000 
101 2 7.5000 10.6066 0.0000 15.0000 
102 2 0.0000 0.0000 0.0000 0.0000 

OWl 3 1.0000 1.7321 0.0000 3.0000 
OW2 3 0.6667 1.1547 0.0000 2.0000 
GOI 3 5.6667 8.1445 0.0000 15.0000 
G02 3 4.3333 6.6583 0.0000 12.0000 

Table 5.12: Pilot Study: Facilitator / ESP 
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Variable N Mean Std Dev Minimum Maximum 
GMI 3 1.3333 2.3094 0.0000 4.0000 
GM2 3 0.3333 0.5774 0.0000 1.0000 
VI 3 13.3333 7.6376 5.0000 20.0000 
V2 3 13.0000 7.5498 5.0000 20.0000 

AEI 3 3.6667 4.0415 0.0000 8.0000 
AE2 3 3.0000 3.0000 0.0000 6.0000 
EAl 3 0.0000 0.0000 0.0000 0.0000 
EA2 3 0.0000 0.0000 0.0000 0.0000 
OBI 3 0.3333 0.5774 0.0000 1.0000 
OB2 3 0.3333 0.5774 0.0000 1.0000 
PFI 3 0.3333 0.5774 0.0000 1.0000 
PF2 3 0.3333 0.5774 0.0000 1.0000 
Bl 3 3.3333 5.7735 0.0000 10.0000 
B2 3 3.3333 5.7735 0.0000 10.0000 
SIl 3 1.0000 1.7321 0.0000 3.0000 
SI2 3 0.3333 0.5774 0.0000 1.0000 

Table 5.13: Pilot Study: Facilitator I ESP 
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Variable Mean Std Error T Prob> ITI 
P88 0.6000 0.6000 1.0000 0.3739 
P89 0.0000 2.2804 0.0000 1.0000 
F88 0.2000 0.2000 1.0000 0.3739 
F89 0.2000 0.2000 1.0000 0.3739 
M88 -0.8000 3.4986 -0.2287 0.8303 
M89 -4.2000 1.9079 -2.2014 0.0925 

Know 0.0000 0.5477 0.0000 1.0000 
EBS -13.4000 10.0379 -1.3349 0.2528 

EBS1 -13.6000 9.9629 -1.3651 0.2440 
TC -2.8000 2.2226 -1.2598 0.2762 

TC1 -3.2000 2.2450 -1.4254 0.2272 
10 -1.2000 2.3324 -0.5145 0.6340 

101 -0.8000 2.3958 -0.3339 0.7552 
OW -1.0000 1.0000 -1.0000 0.3739 
OWl -1.0000 1.0000 -1.0000 0.3739 
00 -6.0000 5.5498 -1.0811 0.3405 
001 -6.4000 5.4185 -1.1811 0.3030 

Table 5.14: Randomness of Non-Facilitator Subjects 
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Variable Mean Std Error T Prob > ITI 
GM 0.0000 2.1679 0.0000 1.0000 

GM1 0.2000 2.1541 0.0928 0.9305 
V -11.4000 9.1630 -1.2441 0.2814 

VI -11.4000 9.1630 -1.2441 0.2814 
AE 0.8000 1.0677 0.7493 0.4954 

AE1 0.8000 1.0677 0.7493 0.4954 
EA -3.8000 6.6813 -0.5688 0.5999 

EAl -2.8000 5.7044 -0.4909 0.6492 
GB -7.2000 9.5047 -0.7575 0.4909 

GBI -1.2000 3.5972 -0.3336 0.7554 
PF 0.2000 0.2000 1.0000 0.3739 

PFI 0.2000 0.2000 1.0000 0.3739 
B -0.8000 0.8000 -1.0000 0.3739 

B1 -0.8000 0.8000 -1.0000 0.3739 --

SI 0.2000 0.2000 1.0000 0.3739 
SIl 0.0000 0.0000 0.0000 0.0000 

Table 5.15: Randomness of Non-Facilitator Subjects 
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Variable Mean Std Error T Prob> ITI 
P88 1.6667 1.6667 1.0000 0.4226 
P89 -3.3333 12.3468 -0.2700 0.8125 
F88 -1.6667 1.6667 -1.0000 0.4226 
F89 -6.3333 12.5477 -0.5047 0.6639 
M88 -1.6667 2.0276 -0.8220 0.4975 
M89 4.0000 1.5275 2.6186 0.1201 

Know -3.6667 2.6667 -1.3750 0.3029 
EBS -3.0000 11.7189 -0.2560 0.8219 

EBS1 -5.0000 10.4083 -0.4804 0.6784 
TC -4.6667 7.6667 -0.6087 0.6047 

TC1 -0.6667 10.2686 -0.0649 0.9541 
10 -4.0000 5.5678 -0.7184 0.5471 

101 -0.6667 1.2019 -0.5547 0.6349 
GW -0.6667 0.6667 -1.0000 0.4226 

GW1 -5.0000 5.0000 -1.0000 0.4226 
GO -1.6667 6.0645 -0.2748 0.8092 

G01 1.3333 3.9299 0.3393 0.7667 

Table 5.16: Randomness of Facilitator Subjects 
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Variable Mean Std Error T Prob> ITI 
GM 0.0000 0.5774 0.0000 1.0000 

GMI -5.0000 5.0000 -1.0000 0.4226 
V 1.6667 11.0202 0.1512 0.8937 

VI 3.6667 12.4141 0.2954 0.7956 
AE -0.3333 2.1858 -0.1525 0.8928 

AEI 1.3333 2.1858 0.6100 0.6039 
EA 0.0000 0.0000 0.0000 0.0000 

EAl -0.3333 0.3333 -1.0000 0.4226 
GB -0.3333 0.3333 -1.0000 0.4226 

GBI 0.0000 0.0000 0.0000 0.0000 
PF 0.0000 0.5774 0.0000 1.0000 

PFI 0.0000 0.5774 0.0000 1.0000 
B -2.6667 3.7118 -0.7184 0.5471 
Bl -3.6667 3.4801 -1.0536 0.4026 
SI -0.3333 0.3333 -1.0000 0.4226 

SIl 5.0000 5.0000 1.0000 0.4226 

Table 5.17: Randomness of Facilitator Subjects 
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Variable Mean Std Error T Prob> ITI 
P88 3.3333 3.3333 1.0000 0.3632 
P89 17.3333 2.6667 6.5000 0.0013 
F88 2.8333 3.4488 0.8215 0.4487 
F89 19.3333 3.7565 5.1467 0.0036 
M88 1.8333 2.5484 0.7194 0.5041 
M89 4.0000 1.7889 2.2361 0.0756 

Know 1.0000 0.3651 2.7386 0.0409 
EBS 9.1667 3.2906 2.7857 0.0386 
EBS1 7.8333 3.4100 2.2972 0.0700 
TC 7.0000 2.5166 2.7815 0.0388 
TC1 7.3333 2.4855 2.9504 0.0319 
10 0.5000 1.6482 0.3034 0.7738 

101 -2.3333 1.0853 -2.1500 0.0842 
GW 0.5000 0.5000 1.0000 0.3632 

GW1 0.3333 0.3333 1.0000 0.3632 
GO 3.3333 2.6415 1.2619 0.2627 

G01 3.0000 2.1602 1.3887 0.2236 

Table 5.18: Facilitators vs. Non-Facilitators 

l . 
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Variable Mean Std Error T Prob> ITI 
GM -0.8333 1.6003 -0.5207 0.6248 

GMI -1.5000 1.3601 -1.1028 0.3203 
V 11.6667 3.7565 3.1057 0.0267 

VI 11.1667 3.7006 3.0175 0.0295 
AE 2.6667 1.0853 2.4572 0.0574 

AE1 1.6667 0.8028 2.0761 0.0925 
EA -2.6667 1.2561 -2.1230 0.0872 

EA1 -1.8333 1.2225 -1.4997 0.1940 
GB -1.3333 1.0220 -1.3047 0.2488 
GB1 -1.3333 1.0220 -1.3047 0.2488 
PF 0.1667 0.3073 0.5423 0.6109 

PF1 0.1667 0.3073 0.5423 0.6109 
B 1.8333 1.6415 1.1169 0.3148 

B1 1.8333 1.6415 1.1169 0.3148 
SI 0.3333 0.5578 0.5976 0.5761 

SIl 0.1667 0.1667 1.0000 0.3632 

Table 5.19: Facilitators vs. Non-Facilitators 

," 
~ . 
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S.2.3 Method 

This design was meant to detennine how well facilitators and non-facilitators can use 

the software as well as how much of a difference does the presence of an expert system 

affect the quality of decisions. 

The two groups of users were randomly placed in four separate categories as shown 

below: 

GROUP I: Facilitators using ESP. 

GROUP ll: Facilitators not using ESP~ 

GROUP llI: Non-facilitators using ESP. 

GROUP IV: Non-facilitators not using ESP. 

A set of five cases which listed several facts about hypothetical groups and tasks was 

developed (show in Appendix I). These cases were selected to provide a wide coverage 

of the knowledge in the expert system. The human expert's recommendations of the 

tools to use for each case were compared with each of the individuals' recommendations 

in the four groups. The number of correct answers from each individual were used 

as the measure of success. For example, if subject A in Group II matches the human 

expert's answer on only two of the five cases, that subject would get a score of 2. A 

perfect score would be 5, and if the subject got none of them correct, his score would 

be O. These scores were tested in an ANOVA 2x2 design using the Statistical Analysis 

System (SAS) General Linear Model (GLM) procedure [4]. GLM was selected because 

it handles classification variables with discrete levels (e.g., number of r.orrect answers) 

for analysis of variance (ANOVA). GLM is especially suitable, rather that other ANOVA 

procedures, because of the unbalanced data the pilot study (the number of subjects in 

each group was not equal). In addition, a series of T-tests were conducted to detennine 
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Variable N Mean Std Dev Min Max Median 
Facilitator using ESP 3 2.4 0.8165 2 4 3 

Facilitator not using ESP 3 2 0 2 2 2 
Non-Facilitator using ESP 5 5 0 5 5 5 

Non-Facilitator not using ESP 8 1.25 0.9682 0 3 2 

Table 5.20: Correct Answers from Each Group 

whether or not there was a statistically significant difference between the answers of the 

subjects. 

5.2.4 Results of the Pilot Study 

Several interesting results were found as a result of the pilot study. Summary statistics 

are shown in Table 520, and graphical results are shown in Figure 5.1 and 5.2. 

The hypotheses posed to test the usefulness of the system for the end-users were: 

HI: Groups I and III tool recommendations are equally good. That is, ESP provides 

enough support so that it doesn't matter who is using it. 

Figure 5.1 and Table 5.21 indicate that there is no significant difference between 

non-facilitators using the expert system and facilitators using the expert system. 

Therefore, HI is tentatively supported in that facilitators and non-facilitators using 

ESP perform equally well. 

H2: Group I recommendations are as good as or better than Group n. That is, ESP 

should do as well as facilitators are currently doing. 

Table 5.22 shows that there is no statistically significant difference between the 

facilitators using the expert system and the facilitators not using the expert system. 

A possible reason for this is that the facilitators are not answering accurately with

out the expert system and are not running the expert system correctly. Therefore, 
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NonFac/NoES Non FaciES Fac/NoES FaciES 

-Case 1 -Case II [ :::::1 Case Ill -Case IV lm:ml Case V 

Figure 5.1: Pilot Study Recommendations by Case 

Variable Mean Std Error T Prob > ITI 
Q1 -0.2500 0.2500 -1.0000 0.3910 
Q2 -0.5000 0.2887 -1.7321 0.1817 
Q3 0.0000 0.0000 
Q4 -0.2500 0.2500 -1.0000 0.3910 
Q5 0.0000 0.0000 

Table 5.21: Facilitator ES vs. Non-Facilitator ES 
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Case I - EBS Case II - 10/NGT Case Ill - TC Case IV - 10-IA Case V - Pol 

- Nonfac/noES - Nonfac/ES r::=::::: l Fac/noES -FaciES 

Figure 5.2: Pilot Study Recommendations by Group 
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Variable Mean Std Error T Prob> ITI 
Ql 0.0000 0.4082 0.0000 1.0000 
Q2 0.5000 0.2887 1.7321 0.1817 
Q3 0.2500 0.2500 1.0000 0.3910 
Q4 0.0000 0.4082 0.0000 1.0000 
Q5 0.5000 0.2887 1.7321 0.1817 

Table 5.22: Facilitator ES vs. Facilitator non-ES 

the two sets of answers are not much different in terms of accuracy, but they are 

both not very accurate (in terms of matching the human experts' answers). 

Therefore, H2 is tentatively supported, i.e., ESP allows the human facilitators to 

perform as well as they are currently doing, but they are not doing very well 

now. It is expected that in the second round of experiments, better instruction on 

the use of the expert system will allow facilitators using the system to perform 

substantially better. In the pilot study, s~veral facilitators did not read the cases 

carefully and made assumptions that violated facts stated in the cases. 

H3: Group III recommendations are as good as or better than Group IV. That is, ESP 

should allow non-facilitators to perform better than they can currently. 

Table 5.23 shows that the use of the expert system helps non-facilitators. In 

the case of question I, the difference was not significant because being familiar 

with EBS, most non-facilitators correctly guessed the answer to this question. 

Therefore, H3 is supported. 

H4: Group IT recommendations are better than Group IV recommendations. Facilitators 

without ESP should be performing better than non-facilitators without ESP. 

Tables 5.24, 5.25, and 526 show that without the use of ESP, there is no sta

tistically significant difference between facilitators and non-facilitators not using 
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Variable Mean Std Error T Prob> ITI 
Ql 0.5000 0.2887 1.7321 0.1817 
Q2 0.7500 0.2500 3.0000 0.0577 
Q3 0.7500 0.2500 3.0000 0.0577 
Q4 0.7500 0.2500 3.0000 0.0577 
Q5 1.0000 0.0000 

Table 5.23: Non-Facilitator ES vs. Non-Facilitator non-ES 

Variable Mean Std Error T Prob> ITI 
Ql 0.2500 0.4787 0.5222 0.6376 
Q2 -0.2500 0.2500 -1.0000 0.3910 
Q3 0.5000 0.2887 1.7321 0.1817 
Q4 0.5000 0.2887 1.7321 0.1817 
Q5 0.5000 0.2887 1.7321 0.1817 

Table 5.24: Facilitator non-ES vs. Non-Facilitator non-ES 

ESP, which is surprising. One may have expected that since facilitators are pre

sumably more experienced and knowledgeable about GroupSystems that are non

facilitators, they would have been able to match the human experts' answers more 

closely. Therefore, H4 is NOT supported. 

From the answers provided by the facilitators, almost all (with the exception of 

question 1 dealing with EBS and to a lesser extent question 3 dealing with topic 

commenter) were different. Almost every facilitator had a different idea of which 

tool would be best in each case. If we assume that there is a theoretically best 

tool for each case and that the identified human experts are best able to identify 

this best tool, then perhaps facilitators are not performing as well as they could 

and could therefore benefit from an expert system. However, it may also be the 

case that there were close misses in matching experts' recommendations. That is, 

the tools suggested by the subjects, although not matching, were adequate for the 

I 
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'JYpe I SS Mean Square 
1.2273 1.2273 

Table 5.25: Facilitators and Non-Facilitators not using ESP 

Variable N Mean Std Dev Median Min Max 
Facilitators 8 1.25 0.9682 2 0 3 

Non-Facilitators 3 2 0 2 2 2 

Table 5.26: Non-ESP only 

case described. 

As Table 527 shows, there is not a significant facilitator effect, but there is a sig

nificant expert system effect. That is, it doesn't matter who is providing the answers 

(facilitators or non-facilitators), but it does matter if ESP is present or not. There is 

a significant interaction effect, however, due primarily to the problems facilitators had 

running the expert system, as explained above. 

S.2.S Summary 

This preliminary experiment gave support to three hypotheses and did not support a 

fourth, namely: 

1. Facilitators and non-facilitators can use ESP equally well. 

Source DF Type ISS Mean Square F Value Pr >F 
Facil 1 0.1518 0.1518 0.24 0.6315 

Expert 1 37.1432 37.1432 58.65 0.0001 
Facil*Expert 1 7.6261 7.6261 12.04 0.0034 

Table 5.27: Facilitators and Non-Fac using ESP and Non-ESP 
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2. Using ESP, non-facilitators perfonn better that they are currently doing. 

3. Using ESP, facilitators perfonn as well as they are currently doing. However, due 

to poor use of the expert system, in both cases facilitators did not come close to 

matching the human experts' answers. 

4. Facilitators are not significantly different from non-facilitators in respect to the 

accuracy of the answers they provided. 

In this pilot study, a relatively small set of subjects was used due to time pressures. 

Therefore, a second experiment was conducted in which a larger set of subjects was 

used. The results of this experiment are detailed in the next section. 
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5.3 Second Experiment Results 

5.3.1 Overview 

This subsection presents the results of the second experimental study conducted to de

termine the usefulness of the expert system. The pilot study found that the expert 

system was useful to facilitators and non-facilitators in that it helped them to get the 

answers that the human experts had recommended. However, the sample size of the 

pilot study was fairly low, casting some doubts on its validity. In addition, some of 

the experts made mistakes when running the expert system, probably as a result of in

adequate instruction on how to run the system. Lastly, facilitators were no better able 

than non-facilitators when not using the expert system to agree with what the human 

experts had recommended. Because of these three concerns, a second experiment was 

conducted to confirm the results of the pilot study. Again, the new experiment compared 

facilitators' and non-facilitators' recommendations when using and not using the expert 

system with the human expert's recommendations. These results are detailed later in 

this chapter and reveal that the end-users can employ the technology successfully. 

5.3.2 Subjects 

The subjects were grouped into four categories exactly as they were in the pilot study. 

However, in the second experiment there were 28 subjects (compared to 17) with equal 

cell sizes of 7 (the pilot study had unequal cell sizes). 

Overall Subject Characteristics 

The overall subjects' characteristics are shown in Table 528 and 529. These 

variables are direct transcriptions from the questionnaire shown in Appendix J. 

The variables were meant to judge the subject's knowledge and experience with 

GroupSystems tools. P88 and P89 stand for planning GroupSystems sessions 
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before 1989 and planning after 1988, respectively. F and M likewise stand for 

facilitating and meeting in sessions in the respective time periods. KNOW is the 

subject's self-rating on his knowledge of the tools (0 = no knowledge, 1 = novice, 

2 = intennediate, and 3 = expert). As might be expected, the knowledge rating 

was about 2, midway between the novice and expert. No subject indicated that he 

had no knowledge of the tools. The remaining variables represent the subject's 

use (e.g., EBSt), and successful use (e.g., EBS2) of the respective tools. If the 

subjects have used the tools frequently, they are more likely to be knowledgeable 

of them. 

As in the pilot study, the vast majority of the subjects' experience has been obtained 

since January 1989. This makes sense because more and more sessions are being 

conducted with the software, and more students are being introduced to it. In 

addition, few students or staff who primarily used the software prior to 1989 are 

still present since most students graduate after a few years. 

To study the usefulness of the expert system, two classes of end users were iden

tified: GOSS facilitators and non-facilitators. These two groups of end users 

were chosen because facilitators may wish to use the system to corroborate their 

recommendations or for training. Non-facilitators will rely more heavily on the 

system's recommendations since they would be less likely to have knowledge of 

how to employ the GOSS tools successfully. Non-facilitators were selected from 

among graduate students and staff at the University of Arizona who had used 

GroupSystems tools before, but had never facilitated sessions. 

Non-Facilitators' Characteristics 

The characteristics of these non-facilitators not using the expert system are de

scribed in Tables 5.30 and 5.31. The characteristics of these non-facilitators using 
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the expert system are described in Tables 532 and 533. 

Facilitators' Characteristics 

The facilitator subjects were chosen from among the GroupSystems facilitators at 

the University of Arizona as well as from fonner GroupSystems facilitators now at 

other universities. The characteristics of the facilitators not using the expert system 

are described in Tables 5.34 and 5.35. The characteristics of the facilitators using 

the expert system are described in Tables 5.36 and 5.37. 

Randomness of the Design 

The design has more subjects than does the pilot study, but still the sample size 

is relatively small due to the lack of facilitators. All four groups were random 

samples, that is, no particular cell is unfairly weighted. For example, all of the 

most-knowledgeable facilitators are not concentrated in just one cell. Tables 5.38 

and 5.39 show that with the exception of subjects meeting with GroupSystems 

sessions after January 1989 and the use of the SIAS tool, there is no signifi

cant difference in the answers among non-facilitators with respect to the variables 

measuring their knowledge of GroupSystems. Again, as in the pilot study, the 

Shapiro-Wilk statistic for tests of nonnality of the populations (a necessary con

dition for use of Student's T-Test) showed that with very few exceptions, all 

variables were found to be Nonnal. Therefore, the conclusion that there is no 

significant difference between the two groups of non-facilitators in tenns of their 

experience with GroupSystems seems reasonable. 

Tables 5.40 and 5.41 show that facilitator subjects were distributed randomly with 

respect to their knowledge of and experience with GroupSystems. There appears to 

be some significant difference in the amount of facilitation and meeting experience 

between the two groups. Most of the experience was unintentionally weighted in 
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the group without the use of the expert system. 

Lastly, Tables 5.42 and 5.43 test the assertion that is the basis of the experiment

facilitators are different from non-facilitators, at least in regard to their knowledge 

of and experience with GroupSystems. There was a very significant difference 

in their self-assessed knowledge of GroupSystems as well as their experience 

facilitating and planning. There was also significant difference in the amount 

of experience with Topic Commenter, Idea Organizer, and a few other tools. 

The preponderance of the evidence indicates that the facilitators do have more 

experience with and knowledge of GroupSystems. 
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Variable N Mean Std Dev Minimum Maximum 
P88 28 1.5357 4.4844 0.0000 20.0000 
P89 28 11.1429 14.6508 0.0000 50.0000 
F88 28 1.8571 5.4617 0.0000 20.0000 
F89 28 9.5357 15.1254 0.0000 50.0000 
M88 28 2.7143 3.3978 0.0000 10.0000 
M89 28 7.1429 8.7885 0.0000 40.0000 

KNOW 28 1.9643 0.7927 1.0000 3.0000 
EBSI 27 16.7407 26.5614 1.0000 100.0000 
EBS2 27 16.0370 24.8232 1.0000 95.0000 
TCI 27 8.1852 11.1426 0.0000 50.0000 
TC2 27 7.9630 10.8963 0.0000 45.0000 
101 25 5.3200 7.9148 0.0000 30.0000 
102 25 3.4000 5.8238 0.0000 22.0000 

OWl 26 0.4231 1.1375 0.0000 5.0000 
OW2 26 0.3846 1.0612 0.0000 5.0000 
001 26 3.5385 6.4698 0.0000 30.0000 
002 26 3.1923 6.2866 0.0000 30.0000 

Table 5.28: Summary of Subject Characteristics (Part 1) 
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Variable N Mean Std Dev Minimum Maximum 
GMI 26 1.5385 2.3703 0.0000 8.0000 
GM2 26 1.2692 2.1458 0.0000 8.0000 
VI 27 14.0000 23.3979 0.0000 90.0000 
V2 27 13.5926 22.6686 0.0000 88.0000 

AEI 28 1.7857 3.3038 0.0000 15.0000 
AE2 28 1.6071 2.9856 0.0000 14.0000 
EAl 27 1.7407 5.8874 0.0000 30.0000 
EA2 27 1.5185 4.9565 0.0000 25.0000 
GBI 27 2.0741 8.6644 0.0000 45.0000 
GB2 27 0.9259 3.0625 0.0000 15.0000 
PFI 28 0.3571 0.9894 0.0000 5.0000 
PF2 28 0.3571 0.9894 0.0000 5.0000 
Bl 26 2.0000 3.6551 0.0000 10.0000 
B2 26 1.7692 3.2411 0.0000 10.0000 
SIl 27 0.3333 0.6794 0.0000 3.0000 
SI2 27 0.2222 0.4237 0.0000 1.0000 

Table 5.29: Summary of Subject Characteristics (Part 2) 

t . 
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Variable N Mean Std Dev Minimum Maximum 
P88 7 0.4286 1.1339 0.0000 3.0000 
P89 7 1.8571 2.6095 0.0000 6.0000 
F88 7 0.1429 0.3780 0.0000 1.0000 
F89 7 0.1429 0.3780 0.0000 1.0000 
M88 7 2.2857 3.6839 . 0.0000 10.0000 
M89 7 2.8571 1.5736 1.0000 5.0000 

KNOW 7 1.2857 0.7559 1.0000 3.0000 
EBS1 7 4.7143 2.7516 2.0000 10.0000 
EBS2 7 4.5714 2.6992 2.0000 10.0000 
TC1 7 2.0000 2.1602 0.0000 5.0000 
TC2 7 1.7143 2.2887 0.0000 5.0000 
101 7 2.1429 2.7343 0.0000 7.0000 
102 7 2.1429 2.7343 0.0000 7.0000 

OWl 7 0.1429 0.3780 0.0000 1.0000 
GW2 7 0.1429 0.3780 0.0000 1.0000 
001 7 1.2857 1.6036 0.0000 4.0000 
002 7 1.0000 1.4142 0.0000 4.0000 

Table 5.30: Non Facilitator / No ESP (Part 1) 
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Variable N Mean Std Dev Minimum Maximum 
OMI 7 1.5714 2.9358 0.0000 8.0000 
OM2 7 1.5714 2.9358 0.0000 8.0000 
VI 7 2.0000 2.3094 0.0000 7.0000 
V2 7 1.8571 2.3401 0.0000 7.0000 

AEI 7 0.8571 1.8645 0.0000 5.0000 
AE2 7 0.8571 1.8645 0.0000 5.0000 
EAl 7 1.0000 2.6458 0.0000 7.0000 
EA2 7 1.0000 2.6458 0.0000 7.0000 
OBI 7 0.7143 1.8898 0.0000 5.0000 
OB2 7 0.7143 1.8898 0.0000 5.0000 
PFI 7 0.1429 0.3780 0.0000 1.0000 
PF2 7 0.1429 0.3780 0.0000 1.0000 
Bl 7 0.0000 0.0000 0.0000 0.0000 
B2 7 0.0000 0.0000 0.0000 0.0000 
SIl 7 0.5714 0.5345 0.0000 1.0000 
SI2 7 0.4286 0.5345 0.0000 1.0000 

Table 5.31: Non Facilitator / No ESP (part 2) 
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Variable N Mean Std Dev Minimum Maximum 
PB8 7 0.0000 0.0000 0.0000 0.0000 
P89 7 1.1429 3.0237 0.0000 8.0000 
F88 7 0.1429 0.3780 0.0000 1.0000 
F89 7 0.1429 0.3780 0.0000 1.0000 
M88 7 2.8571 3.7607 0.0000 10.0000 
M89 7 5.7143 4.1918 1.0000 10.0000 

KNOW 7 1.5714 0.5345 1.0000 2.0000 
EBS1 7 14.1429 18.7121 1.0000 50.0000 
EBS2 7 14.1429 18.7121 1.0000 50.0000 
TC1 7 4.0000 3.4157 0.0000 10.0000 
TC2 7 3.8571 3.5322 0.0000 10.0000 
101 7 3.2857 3.2514 1.0000 10.0000 
102 7 3.0000 3.3665 0.0000 10.0000 

OWl 7 0.7143 1.8898 0.0000 5.0000 
GW2 7 0.7143 1.8898 0.0000 5.0000 
G01 7 5.2857 10.9349 0.0000 30.0000 
G02 7 5.2857 10.9349 0.0000 30.0000 

Table 5.32: Non Facilitator / ESP (Part 1) 
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Variable N Mean Std Dev Minimum Maximum 
GMI 7 1.7143 2.0587 0.0000 5.0000 
GM2 7 1.5714 2.1492 0.0000 5.0000 
VI 7 10.5714 18.1095 0.0000 50.0000 
V2 7 10.5714 18.1095 0.0000 50.0000 

AEI 7 0.1429 0.3780 0.0000 1.0000 
AE2 7 0.1429 0.3780 0.0000 1.0000 
EAl 7 4.8571 11.1867 0.0000 30.0000 
EA2 7 4.1429 9.3172 0.0000 25.0000 
OBI 7 7.0000 16.8226 0.0000 45.0000 
GB2 7 2.7143 5.6188 0.0000 15.0000 
PFI 7 0.1429 0.3780 0.0000 1.0000 
PF2 7 0.1429 0.3780 0.0000 1.0000 
Bl 7 0.8571 1.8645 0.0000 5.0000 
B2 7 0.8571 1.8645 0.0000 5.0000 
SIl 7 0.0000 0.0000 0.0000 0.0000 
SI2 7 0.0000 0.0000 0.0000 0.0000 

Table 5.33: Non Facilitator / ESP (part 2) 
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Variable N Mean Std Dev Minimum Maximum 
P88 7 5.7143 7.8680 0.0000 20.0000 
P89 7 24.2857 19.0238 2.0000 50.0000 
F88 7 7.1429 9.5119 0.0000 20.0000 
F89 7 24.0000 19.1137 4.0000 50.0000 
M88 7 4.4286 4.1173 0.0000 10.0000 
M89 7 15.1429 14.3577 2.0000 40.0000 

KNOW 7 2.5714 0.5345 2.0000 3.0000 
EBS1 6 41.0000 46.2342 6.0000 100.0000 
EBS2 6 38.3333 42.5848 6.0000 95.0000 
TC1 6 17.3333 19.3253 0.0000 50.0000 
TC2 6 17.3333 18.5329 0.0000 45.0000 
101 5 11.8000 14.4810 0.0000 30.0000 
102 5 8.6000 11.3490 0.0000 22.0000 

OWl 5 0.4000 0.5477 0.0000 1.0000 
OW2 5 0.4000 0.5477 0.0000 1.0000 
G01 5 4.6000 4.6152 0.0000 10.0000 
G02 5 4.2000 4.4385 0.0000 9.0000 

Table 5.34: Facilitator / Non ESP (Part 1) 
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Variable N Mean Std Dev Minimum Maximum 
GMI 5 2.2000 3.3466 0.0000 8.0000 
GM2 5 1.6000 2.6077 0.0000 6.0000 
VI 6 37.5000 37.9987 5.0000 90.0000 
V2 6 36.3333 36.3465 5.0000 88.0000 

AEI 7 3.8571 5.3050 0.0000 15.0000 
AE2 7 3.4286 4.9618 0.0000 14.0000 
EAl 6 0.6667 1.6330 O.()()()() 4.0000 
EA2 6 0.5000 1.2247 0.0000 3.0000 
GBI 6 0.1667 0.4082 0.0000 1.0000 
GB2 6 0.0000 0.0000 0.0000 0.0000 
PFI 7 0.8571 1.8645 0.0000 5.0000 
PF2 7 0.8571 1.8645 0.0000 5.0000 
Bl 5 4.4000 5.1769 0.0000 10.0000 
B2 5 3.2000 3.8341 0.0000 9.0000 
SIl 6 0.0000 0.0000 0.0000 0.0000 
SI2 6 0.0000 0.0000 0.0000 0.0000 

Table 5.35: Facilitator / Non ESP (part 2) 
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Variable N Mean Std Dev Minimum Maximum 
P88 7 0.0000 0.0000 0.0000 0.0000 
P89 7 17.2857 11.1910 3.0000 30.0000 
F88 7 0.0000 0.0000 0.0000 0.0000 
F89 7 13.8571 13.8616 0.0000 30.0000 
M88 7 1.2857 1.1127 0.0000 3.0000 
M89 7 4.8571 4.0999 0.0000 12.0000 

KNOW 7 2.4286 0.5345 2.0000 3.0000 
EBSI 7 10.5714 10.4220 2.0000 25.0000 
EBS2 7 10.2857 10.4038 2.0000 25.0000 
TC1 7 10.7143 7.3647 4.0000 20.0000 
TC2 7 10.2857 7.1581 4.0000 20.0000 
101 6 6.0000 6.9857 1.0000 15.0000 
102 6 1.0000 0.8944 0.0000 2.0000 

OWl 7 0.4286 1.1339 0.0000 3.0000 
OW2 7 0.2857 0.7559 0.0000 2.0000 
G01 7 3.2857 5.2509 0.0000 15.0000 
G02 7 2.5714 4.2370 0.0000 12.0000 

Table 5.36: Facilitator / ESP (part 1) 
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Variable N Mean Std Dev Minimum Maximum 
OMI 7 0.8571 1.4639 0.0000 4.0000 
OM2 7 0.4286 0.5345 0.0000 1.0000 
VI 7 9.2857 8.7123 1.0000 20.0000 
V2 7 8.8571 8.8210 1.0000 20.0000 

AEI 7 2.2857 2.8115 0.0000 8.0000 
AE2 7 2.0000 2.1602 0.0000 6.0000 
EAl 7 0.2857 0.4880 0.0000 1.0000 
EA2 7 0.2857 0.4880 0.0000 1.0000 
OBI 7 0.1429 0.3780 0.0000 1.0000 
GB2 7 0.1429 0.3780 0.0000 1.0000 
PF1 7 0.2857 0.4880 0.0000 1.0000 
PF2 7 0.2857 0.4880 0.0000 1.0000 
B1 7 3.4286 4.5774 0.0000 10.0000 
B2 7 3.4286 4.5774 0.0000 10.0000 
SIl 7 0.7143 1.1127 0.0000 3.0000 
SI2 7 0.4286 0.5345 0.0000 1.0000 

Table 5.37: Facilitator / ESP (part 2) 
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Variable Mean Std Error T Prob> ITI 
P88 0.4286 0.4286 1.0000 0.3559 
P89 0.7143 1.0400 0.6868 0.5179 
F88 0.0000 0.0000 
F89 0.0000 0.0000 
M88 -0.5714 0.6117 -0.9342 0.3863 
M89 -2.8571 1.3875 -2.0592 0.0852 

KNOW -0.2857 0.2857 -1.0000 0.3559 
EBSI -9.4286 6.1870 -1.5239 0.1784 
EBS2 -9.5714 6.1600 -1.5538 0.1712 
TCI -2.0000 0.8452 -2.3664 0.0558 
TC2 -2.1429 0.9110 -2.3522 0.0569 
101 -1.1429 0.5533 -2.0656 0.0844 
102 -0.8571 0.6701 -1.2792 0.2481 

GW1 -0.5714 0.7514 -0.7605 0.4758 
GW2 -0.5714 0.7514 -0.7605 0.4758 
G01 -4.0000 3.8668 -1.0344 0.3408 
G02 -4.2857 4.1502 -1.0326 0.3416 

Table 5.38: Randomness of Non-Facilitator Subjects (Part 1) 
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Variable Mean Std Error T Prob> ITI 
GMI -0.1429 0.8571 -0.1667 0.8731 
GM2 0.0000 0.8452 0.0000 1.0000 
VI -8.5714 6.6614 -1.2867 0.2456 
V2 -8.7143 6.8024 -1.2811 0.2475 

AEI 0.7143 0.7469 0.9564 0.3758 
AE2 0.7143 0.7469 0.9564 0.3758 
EAl -3.8571 4.5273 -0.8520 0.4269 
EA2 -3.1429 3.8448 -0.8174 0.4449 
GBI -6.2857 6.5273 -0.9630 0.3727 
GB2 -2.0000 2.3805 -0.8402 0.4330 
PFI 0.0000 0.0000 
PF2 0.0000 0.0000 
Bl -0.8571 0.7047 -1.2163 0.2695 
B2 -0.8571 0.7047 -1.2163 0.2695 
SIl 0.5714 0.2020 2.8284 0.0300 
SI2 0.4286 0.2020 2.1213 0.0781 

Table 5.39: Randomness of Non-Facilitator Subjects (Part 2) 
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Variable Mean Std Error T Prob> ITI 
P88 5.7143 2.9738 1.9215 0.1030 
P89 7.0000 7.2177 0.9698 0.3696 
F88 7.1429 3.5952 1.9868 0.0941 
F89 10.1429 5.0258 2.0182 0.0901 
M88 3.1429 1.3171 2.3862 0.0543 
M89 10.2857 5.0460 2.0384 0.0876 

KNOW 0.1429 0.1429 1.0000 0.3559 
EBS1 29.3333 16.6005 1.7670 0.1375 
EBS2 27.0000 15.2490 1.7706 0.1368 
TC1 5.5000 5.7894 0.9500 0.3857 
TC2 6.0000 5.7735 1.0392 0.3463 
101 2.5000 2.6300 0.9506 0.4119 
102 4.2500 5.2658 0.8071 0.4787 

OWl -0.2000 0.4899 -0.4082 0.7040 
GW2 0.0000 0.3162 0.0000 1.0000 
001 0.4000 3.5861 0.1115 0.9166 
002 0.8000 3.2465 0.2464 0.8175 

Table 5.40: Randomness of Facilitator Subjects (Part 1) 
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Variable Mean Std Error T Prob> ITI 
GMI 1.2000 0.8602 1.3950 0.2355 
GM2 1.2000 1.0677 1.1239 0.3239 
VI 26.8333 12.9420 2.0734 0.0928 
V2 26.1667 12.2241 2.1406 0.0853 

AEI 1.5714 1.9622 0.8008 0.4538 
AE2 1.4286 1.7438 0.8192 0.4440 
EAl 0.3333 0.7601 0.4385 0.6793 
EA2 0.1667 0.6009 0.2774 0.7926 
GBI 0.0000 0.0000 . 
GB2 -0.1667 0.1667 -1.0000 0.3632 
PFI 0.5714 0.7514 0.7605 0.4758 
PF2 0.5714 0.7514 0.7605 0.4758 
Bl 2.0000 2.0976 0.9535 0.3943 
B2 0.8000 1.2410 0.6447 0.5543 
SIl -0.8333 0.4773 -1.7461 0.1412 
SI2 -0.5000 0.2236 -2.2361 0.0756 

Table 5.41: Randomness of Facilitator Subjects (Part 2) 



Variable Mean Std Error T Prob> ITI 
P88 -2.6429 1.6760 -1.5769 0.1388 
P89 -19.2857 4.5106 -4.2757 0.0009 
F88 -3.4286 2.0129 -1.7033 0.1123 
F89 -18.7857 4.5212 -4.1550 0.0011 
M88 -0.2857 1.1740 -0.2434 0.8115 
M89 -5.7143 3.1993 -1.7861 0.0974 

KNOW -1.0714 0.2215 -4.8374 0.0003 
EBS1 -16.7692 10.0238 -1.6729 0.1202 
EBS2 -15.4615 9.2934 -1.6637 0.1220 
TC1 -11.0000 3.9223 -2.8045 0.0159 
TC2 -11.0000 3.8129 -2.8849 0.0137 
101 -6.5455 3.4729 -1.8847 0.0888 
102 -2.4545 2.7014 -0.9086 0.3849 

GW1 -0.3333 0.2843 -1.1726 0.2657 
GW2 -0.2500 0.2176 -1.1489 0.2750 
G01 -2.6667 1.4213 -1.8762 0.0874 
002 -2.2500 1.2917 -1.7419 0.1094 

Table 5.42: Facilitators vs. Non-Facilitators (part 1) 
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Variable Mean Std Error T Prob> ITI 
GMI -0.2500 0.8887 -0.2813 0.7837 
GM2 0.1667 0.8149 0.2045 0.8417 
VI -19.3846 8.0928 -2.3953 0.0338 
V2 -18.6923 7.7686 -2.4061 0.0331 

AEI -2.5714 1.2391 -2.0753 0.0584 
AE2 -2.2143 1.1299 -1.9597 0.0718 
EAt 2.6923 2.3435 1.1488 0.2730 
EA2 2.3846 1.9662 1.2128 0.2485 
GBI 4.0000 3.4455 1.1609 0.2682 
GB2 1.7692 1.2044 1.4689 0.1676 
PFI -0.4286 0.3882 -1.1040 0.2896 
PF2 -0.4286 0.3882 -1.1040 0.2896 
Bl -3.7500 1.3034 -2.8771 0.0150 
B2 -3.2500 1.1750 -2.7659 0.0184 
SIl -0.0769 0.3093 -0.2487 0.8078 
SI2 0.0000 0.1961 0.0000 1.0000 

Table 5.43: Facilitators vs. Non-Facilitators (Part 2) 



154 

5.3.3 Method 

This design was meant to detennine how well facilitators and non-facilitators can use 

the software as well as how much of a difference does the presence of an expert system 

affect the quality of decisions. 

The two groups of users were randomly placed in four separate categories as shown 

below: 

GROUP I: Facilitators using ESP. 

GROUP IT: Facilitators not using ESP. 

GROUP ITI: Non-facilitators using ESP. 

GROUP IV: Non-facilitators not using ESP. 

A set of five cases which listed several facts about hypothetical groups and tasks was 

developed (shown in Appendix K). These cases were selected to provide a wide coverage 

of the knowledge in the expert system. The human expert's recommendations of the 

tools to use for each case were compared with each of the individuals' recommendations 

in the four groups. The number of correct answers from each individual were used as the 

measure of success. For example, if subject A in Group II matches the human expert's 

answer on only two of the five cases, that subject would get a score of 2. A perfect 

score would be 5, and if the subject got none of them correct, his score would be O. 

A series of T-tests were conducted to detennine whether or not there was a statistically 

significant difference between the answers of the subjects. 

5.3.4 Results of the Second Experiment 

Several interesting results were found as a result of the second experiment. Summary 

statistics are shown in Table 5.44, and graphical results are shown in Figure 5.3 and 5.4. 
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Variable N Mean Std Dev Min Max Median 
Facilitator using ESP 3 2.4 0.8165 2 4 3 

Facilitator not using ESP 3 2 0 2 2 2 
Non-Facilitator using ESP 5 5 0 5 5 5 

Non-Facilitator not using ESP 8 1.25 0.9682 0 3 2 

Table 5.44: Correct Answers from Each Group 

NonFac/NoES Non FaciES Fac/NoES FaciES 

- Case I -Case II k · "' Case Ill -Case IV 11::::::1 Case V 

Figure 5.3: Study Recommendations by Case 
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Case I - EBS Case II - TC Case Ill - PF Case IV - GM Case V - 10/IA 

- Nonfac/noES - Nonfac/ES f: :1 Fac/noES B FaciES 

Figure 5.4: Study Recommendations by Group 
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Variable Mean Std Error T Prob> ITI 
Ql 0.0000 0.0000 . 
Q2 -0.1429 0.1429 -1.0000 0.3559 
Q3 0.1429 0.1429 1.0000 0.3559 
Q4 0.0000 0.0000 . 
Q5 0.0000 0.0000 

Table 5.45: Facilitator ES vs. Non-Facilitator ES 

The hypotheses posed to test the usefulness of the system for the end-users were: 

HI: Groups I and III tool recommendations are equally good. That is, ESP provides 

enough support so that it doesn't matter who is using it. 

Figure 5.3 and Table 5.45 indicate that there is no significant difference between 

non-facilitators using the expert system and facilitators using the expert system. 

Therefore, HI is supported in that facilitators and non-facilitators can use ESP 

perform equally well. Table 5.45 shows that both groups got correct answers for 

cases 1,4, and 5, but there were a few errors on cases 2 and 3. 

H2: Group I recommendations are as good as or better than Group n. That is, ESP 

should do as well as facilitators are currently doing. 

Table 5.46 shows that there is a statistically significant difference between the 

facilitators using the expert system and the facilitators not using the expert system. 

Therefore, H2 is supported, i.e., ESP allows the human facilitators to perform 

better than they are currently doing. All of the facilitators not using ESP were 

able to get the correct answer on case 1 (EBS), but none were able to get the correct 

answer for case 4 (Group Matrix). Facilitators not using ESP were significantly 

wrong on the other cases. 

H3: Group III recommendations are as good as or better than Group IV. That is, ESP 
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Variable Mean Std Error T Prob > ITI 
Ql 0.0000 0.0000 . . 
Q2 0.5714 0.2020 2.8284 0.0300 
Q3 0.7143 0.1844 3.8730 0.0082 
Q4 1.0000 0.0000 . 
Q5 0.5714 0.2020 2.8284 0.0300 

Table 5.46: Facilitator ES vs. Facilitator non-ES 

Variable Mean Std Error T Prob> ITI 
Ql 0.0000 0.0000 . 
Q2 0.5714 0.2020 2.8284 0.0300 
Q3 0.7143 0.1844 3.8730 0.0082 ,-
Q4 1.0000 0.0000 
Q5 1.0000 0.0000 . 

Table 5.47: Non-Facilitator ES vs. Non-Facilitator non-ES 

should allow non-facilitators to perfonn better than they can currently. 

Table 5.47 shows that the use of the expert system helps non-facilitators. As in 

the case with facilitators, all of the non-facilitators without using ESP were able 

to correctly guess that EBS was the correct answer to case 1, but none were able 

to guess Group Matrix for case 4 and Issue Analyzer for case 5. Non-facilitators 

not using ESP were significantly wrong also in cases 2 and 3. H3 is therefore 

supported. 

H4: Group n recommendations are better than Group IV recommendations. Facilitators 

without ESP should be perfonning better than non-facilitators without ESP. 

Table 5.48 shows that without the use of ESP, there is no statistically significant 

difference between facilitators and non-facilitators not using ESP, which is the 
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Variable Mean Std Error T Prob> ITI 
Ql 0.0000 0.0000 . 
Q2 -0.1429 0.1429 -1.0000 0.3559 
Q3 0.1429 0.2608 0.5477 0.6036 
Q4 0.0000 0.0000 . . 
Q5 0.4286 0.2020 2.1213 0.0781 

Table 5.4g· Facilitator non-ES vs. Non-Facilitator non-ES 

same surprising result discovered in the pilot study. Therefore, H4 is NOT sup

ported. Both facilitators and non-facilitators were able to correctly guess EBS for 

case 1 and none of the subjects was able to correctly guess Group Matrix for case 

4. EBS is a very commonly used tool, but it is still somewhat surprising that 

everyone was able to guess the tool correctly. Group Matrix, on the other hand, 

is a relatively new tool and very few facilitators or non-facilitators have used it. 

Two of the facilitators were able to guess the correct answer for case 5, whereas 

none of the non-facilitators was able to guess it correctly. 

Facilitators are more experienced and knowledgeable about GroupSystems than 

are non-facilitators, but they are not knowledgeable enough especially in regard 

to certain tools such as Group Matrix and Policy Formation. This is due to 

the fact that few facilitators have used some of the newer tools or are aware 

of their capabilities and limitations. Another possible reason for the facilitators 

performances is the shallowness of the cases (i.e., not enough facts or the wrong 

facts were presented to them). 

As in the pilot study, almost every facilitator had a different idea of which tool 

would be best in each case. If we assume that there is a theoretically best tool for 

each case and that the identified human experts are best able to identify this best 

tool, then perhaps facilitators are not performing as well as they could and could 
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therefore benefit from an expert system. 

5.3.5 Summary 

This preliminary experiment gave support to three hypotheses and did not support a 

fourth, namely: 

1. Facilitators and non-facilitators can use ESP equally well. 

2. Using ESP, non-facilitators perform better that they are currently doing. 

3. Using ESP, facilitators perform better than they are currently doing. 

4. Facilitators are not significantly different from non-facilitators when not using ESP 

in respect to the accuracy of the answers they provided. 

This second experiment confirms the results found in the pilot study. ESP does help 

users match the experts' recommendations. Additional experiments with more in-depth 

case study scenarios should be conducted comparing facilitators' with non-facilitators' 

recommendations. However, it is probably true that facilitators in general do not have 

sufficient knowledge or experience to plan sessions with all of the GroupSystems tools. 

As more and more tools are added to the inventory, they can be expected to have even 

less familiarity with all of the tools. Therefore, an expert system such as ESP is needed 

to distribute and permanently record tool selection knowledge. 
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Group Decision Support System (GDSS) pre-session planning is a complex task requiring 

considerable expertise. The focus of this research has been to investigate the nature of 

GDSS pre-session planning in general and tool selection planning in particular. This 

study represents a step in the direction of improving the efficiency and effectiveness of 

GDSS pre-session planning through the use of technology. 

This dissertation provides a description of the mental model of how facilitators 

plan. In addition, it discusses the design and implementation of an expert system to 

select the appropriate GroupSystems tool based upon knowledge of the task and group 

characteristics. This expert system was then verified for accuracy and usefulness through 

a series of lab experiments. The expert system was shown to be accurate and useful to 

the two primary types of end-users (facilitators and non-facilitators). Another finding of 

the dissertation was that facilitators did no better than non-facilitators (when not using 

ESP) in matching the tool recommendations of the identified GDSS experts. Further 

experiments are needed to determine the effectiveness of facilitator tool selection and 

session planning in general. 

6.2 Contributions 

This research contributes to knowledge in a number of different areas. These areas can 

be categorized in terms of Theoretical, Technical, and Behavioral contributions as well 
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as the stage of the System Development Lifecycle they represent. This categorization is 

shown in Table 6.1 and is discussed in more detail below. 

6.2.1 Theoretical Contributions 

Although rudimentary models of GDSS session characteristics have been developed 

[33], much more needs to be done to describe the interrelationships among group, task, 

process, and outcome variables. As stated in chapter 2, very little is known about 

planning for GDSS sessions, although the complexity of these sessions (as represented 

by the complexity of the tools, number of tools available, the geographic and temporal 

dispersion of the meeting, and other factors) continues to increase. This dissertation 

provides theoretical contributions in the knowledge of pre-session planning. 

Chapter 3 provides a graphical and textual description of a facilitator's mental model 

of pre-session planning. In addition, the knowledge base of ESP represents a theoretical 

contribution for planning which tool to use during the sessions. 

This research has answered whether or not an expert system can assist with the tool 

selection task of session planning - it can. However, it has not answered whether or 

not an expert system can develop a complete session agenda. Such a question must be 

left for further research. 

6.2.2 Technical Contributions 

By identifying key issues and processes involved in pre-session planning in general and 

tool selection planning in particular, a knowledge base of rules has been developed into 

a technical contribution. The development of ESP(tool) has identified planning expertise 

for a subset of GDSS tools. This previously undocumented expertise serves as a basis for 

further development of knowledge. In addition, this planning expertise can be modified 

as necessary for other GroupSystems tools at the University of Arizona and in other 



I 

163 

academic and commercial GOSS systems. 

ESP(tool) represents a method of alleviating the burden placed upon facilitators in 

the planning process by improving the efficiency and effectiveness of pre-session tool 

selection. Pre-planning sessions and assuring that the tools are used in the most appropri

ate manner to meet a group's needs can help ensure the best collective use of a group's 

time. In addition to increasing the efficiency and effectiveness of planning, ESP(tool) 

and its store of planning knowledge is a valuable aid for training new facilitators. Lastly, 

ESP helps to document and distribute planning and facilitation knowledge. 

6.2.3 Behavioral Contributions 

The behavioral contributions of this dissertation are made primarily through the verifica

tion of ESP. Results show that the presence of an expert system can help facilitators and 

non-facilitators alike select the appropriate tool for a planned GroupSystems session. In 

addition, results show that facilitators currently have widely varying opinions on which 

tool to use in different circumstances. This may be due to a lack of proper training or 

inexperience. This variance in facilitators' mental models should be investigated further. 

6.3 Limitations 

The limitations of this study are also categorized in tenus of the three research ap

proaches: theoretical, technical, and behavioral. 

6.3.1 Theoretical Limitations 

This expert system and research cannot be construed as a complete solution to the' tool 

selection problem. Much additional knowledge needs to be incorporated in the knowl

edge base for a complete model of the tool selection problem. This can be accomplished 

through continued iteration with the domain experts. End users must remain cognizant 
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of the fact that the system will serve only as a consultant and that the end user has the 

final responsibility to accept or reject its recommendations. 

Although a large knowledge base encompassing over 150 rules was developed, only 

a subset of 55 rules covering GroupSystems was verified in experiments. The remainder 

of the knowledge base must be verified before it can be used successfully. 

A further theoretical limitation is that the model and expert system to not address 

the more comprehensive problem of session agenda development. Tool selection is only 

one small part of this larger task. 

6.3.2 Technical Limitations 

As was noted earlier, the human computer interface of the expert system is deficient. 

Since user satisfaction is perhaps the primary determinant whether a particular system is 

ultimately used, the interface should be enhanced considerably before the prototype can 

reach the Beta stage of development. Particular attention needs to be given to context 

sensitive help facilities which will be especially needed by inexperienced facilitators and 

non-facilitators alike. 

User satisfaction with a computer application may be a function of the sophistication 

of the user interface (menus, help facilities, mouse support, etc.), performance (speed 

of feedback), and other factors. For expert system applications, users may also be 

dissatisfied with such factors as the sequence of questioning, the ability to "un-do" 

answers, the rationale of recommendations, and other system features. 

It was determined that users are also not satisfied with the expert system's dialogue 

(the questions asked). Further refinement of the rules and questions should alleviate this 

problem. 
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6.3.3 BehaviorQI Limitations 

The verification study's generalizability may be limited by the setting (selecting Group

Systems tools at the University of Arizona). Although the expert system was tailored to 

one specific set of tools, the same approach can be used for any set of GDSS software. 

Further lab and field experiments should be conducted to test its generalizability. 

The relatively small sample sizes of the experiments is also a concern. Since the 

number of subjects was limited by the number of facilitators available, however, this 

was unavoidable. As noted above, testing the expert system modified for a different set 

of tools with a different set of facilitators and non-facilitators should determine whether 

the approach and the expert system are generalizable. 

Lastly, the use of contrived cases for verification of the expert system may have 

biased the results. Several facilitators noted that they had a hard time "getting a feel" 

for the group since only a limited set of facts was presented for each case. However, it 

was determined that a simple statement of facts for each case was necessary in order to 

reduce the time necessary for each experiment, and subjects would be less fatigued. In 

addition, several subjects made factual errors when reading the simple cases. In a more 

complex case with numerous and sometimes irrelevant variables added, subjects would 

be less likely to identify key facts and would become fatigued and less cooperative. 

More complex cases should be used in later experiments, however, to determine how 

well the expert system can hold up in "real-life" situations. 

6.4 Future Directions 

The research described here is a first step into the study of GDSS pre-session planning. 

There are numerous additional directions for research and application development, some 

of which are listed below. 
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1. ESP Knowledge Maintenance: 

The expert system must continually be maintained as new tools are added, ex

isting tools are modified, and new knowledge regarding the use of these tools is 

acquired. Only through continued maintenance will a system be successful over 

the long term. Particularly, knowledge about distributed GOSS tools will need to 

be incorporated into the knowledge base as these tools are developed. No design 

changes are necessary to the knowledge base, but additional selection criteria will 

need to be determined to adequately classify these new tools. For example, one 

factor may be the nature of the dispersion (i.e., multiple groups distributed geo

graphically versus multiple individuals distributed geographically). Other factors 

which are pertinent to face-to-face meetings such as the knowledge of the meeting 

participants are also necessary for distributed meetings. Therefore, only additional 

rules need to be added to the knowledge base for distributed GOSS tools - no de

sign changes are necessary. In addition, no change is needed in the normative tool 

selection model discussed in chapter 3. The Environment dimension specifically 

addresses both temporal and geographical distributions of groups and participants. 

To select distributed GOSS tools using this model, these particular parameters 

(temporal and geographical) must be instantiated in the model. 

2. ESP Interface Enhancement: 

As was noted above, ESP suffers from a relatively poor user interface. The sys

tem provides rudimentary explanation facilities and a text-based interface. Both 

of these facilities will be extended and refined in later research. Other poten

tial areas for improvement are: use of a graphical interface with scroll bars and 

point-and-shoot mouse support; an initial data entry form which will substantially 

reduce the number of subsequent questions asked; links to Harvard Graphics, IBM 

Storyboard, and other presentation tools which will provide in-depth tutorials on 
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GroupSystems tools; and an automated link to GroupSystems so that once a tool 

is selected, it can be started with little or no further facilitator intervention. 

3. Group Selection and Meeting Scheduling: 

Only the task of tool selection was researched in any depth in this dissertation. 

Other portions of ESP including ESP(group) and ESP(sched) should be similarly 

investigated and verified. 

4. Agenda Preparation: 

It is much more difficult to develop a complete meeting agenda given certain 

group and task characteristics than it is to select individual tools to address sub

tasks. There are many possible combinations of tools (e.g., using EBS, 10, and 

Vote in sequence three times to complete three separate sub-tasks.) The difficulty 

for an expert system is knowing how to break up an overall task into sub-tasks. 

ESP(tool) is designed so that a facilitator or meeting participant must use the 

tool for each separate sub-task. A more sophisticated expert system to construct a 

complete agenda should be able to provide values for sub-goals (the particular tool 

recommended for each sub-task). Also, the expert system should include difficult

to-determine criteria for selecting and sequencing the sub-tasks. Therefore, as with 

the vast majority of expert systems, the construction and design of the system is 

easy; acquiring the knowledge is the difficult part. There is even less available 

knowledge of sequencing tasks than there is of selecting individual tools. 

No design changes are necessary for the tool selection model shown in chapter 3 

since it already includes the session phases in the Process dimension. The agenda 

is simply a list of tools and times to address each of these phases. All of the 

necessary inputs and outputs for determining a session agenda are also shown in 

the model. As stated above, the only design change necessary for the knowledge 
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base of the expert system is a provision for printing out sub-goals (each tool and 

time for each sub-task). This is easily implemented using EXSYS Professional. 

However, the most difficult part is detennining the rules for planning a session 

agenda. These new rules do not require a design change. 

5. The Integrated Framework: 

The Expert Session Manager prototype described in chapter 4 presents a variety of 

further research areas including technical, behavioral, and design issues which are 

as yet relatively unexplored. Work is currently under way to provide intelligent 

support for the facilitation and post-session analysis stages of GDSS sessions 

through natural language processing and additional ES features. 

This dissertation represents a first step in the study of pre-session planning. Not 

enough is known at the moment to fully implement an expert system for session planning. 

Such an expert system should focus on the larger and much more difficult problem of 

developing a session agenda rather than selecting individual tools. However, this study 

has laid the foundations of this work and has shown how an expert system can be 

applicable for session planning. In addition, it has identified factors which affect tool 

choice and which can lead other researchers to further development of a model for GDSS 

session planning. 
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Contributions: Theoretical Technical Behavioral 
Lifecycle 

Implementation Prototype Validation 
Development Study 

Design Integrated 
Architecture 

Analysis Facilitator 
Mental Model 

Table 6.1: Dissertation Contribution Areas 

~ . 
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APPENDIX A 

GROUPSYSTEMS TOOL DESCRIPTIONS 

1. Electronic Brainstorming (EBS) 

Electronic Brainstonning is an idea generation tool that allows group members to 

simultaneously and anonymously share comments on a specific question. Since 

each member of the group records comments at the same time, recorded thought 

trails are developed faster. 

2. Idea Organizer (10) 

Idea Organizer allows participants to identify and consolidate ideas. While iden

tifying ideas, individuals typically work separately to identify topics or ideas that 

merit further consideration by the group. Although 10 often uses output from 

Electronic Brainstonning, it can also be used alone to generate ideas. During 

the consolidation of ideas, group members interact with each other and the fa

cilitator verbally to condense the topic list to a manageable size by eliminating 

redundancies, extraneous or irrelevant topics, etc. 

3. Voting 

Six voting styles are provided: Yes/No, a 5-point Likert scale, a lOwpoint Likert 

scale, percentages, multiple choice, and rank order. In practice, rank: order is used 

the vast majority of the time to rank: topics generated by Idea Organizer. 

4. Policy Formation 

Policy Fonnation is a text editing tool for developing a final statement such as 

a policy or mission through iteration and group consensus. For example, Policy 

Fonnation may be used to generate a consensus action plan after Idea Organizer 
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has been used to generate several possible specific policies and action plans. Each 

participant contributes his understanding of the issues until a group consensus 

emerges and a final draft plan is adopted. 

5. Automated Questionnaire 

The Automated Questionnaire tool collects responses from group members and 

simplifies the tallying of results. It is a convenient way to collect and store a 

variety of infonnation from users. For example, users can be polled for their 

feelings on the success of the group session, the role of the facilitator, and the 

usefulness of specific tools. 

6. Topic Commenter (TC) 

Topic Commenter is similar to Electronic Brainstonning in that it is used at the 

same stage of the process - idea generation. The major difference is that Topic 

Commenter is used to collect ideas from participants through a pre-defined struc

tured list of topics in a multi-window fonnat. Ideas are organized as they are 

generated, thus Topic Commenter is more focused and structured and not as free

flowing as EBS. 

7. Stakeholder Identification and Assumption Surfacing (SIAS) 

Stakeholder Identification and Assumption Surfacing is used to assess a proposed 

policy or plan by identifying those individuals and organizations that may affect 

or be affected by it. The process is divided into three phases: (1) Identifying 

stakeholders, (2) Identifying assumptions that may be held by these stakeholders 

with regard to the proposed policy or plan, and (3) Rating these assumptions and 

collecting and displaying the results to the group participants. 

8. File Reader 
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File reader retrieves text files from databases for reading at any time during any 

phase of a GroupSystems session. Examples of text files include financial infor

mation, marketing material, and mission and policy statements. 

9. Group Dictionary (Dict) 

The Group Dictionary allows group members to enter definitions for words or 

phrases specific to the group. This helps the entire group come to agreement on 

terms that have many meanings or are somewhat confusing. The group can then 

refer to the dictionary (making changes as necessary) throughout the session and 

in subsequent sessions if they desire. 

10. Enterprise Analyzer (EA) 

The Enterprise Analyzer allows group members to organize information about an 

organization or enterprise in a matrix, correlating information needs, strengths, 

opportunities, weaknesses, etc. EA follows the Business System Planning (BSP) 

paradigm of information analysis. 

11. Alternative Evaluator (MCDM) 

Alternative Evaluator, also known as Multi-Criteria Decision Making (MCDM), 

allows a list of alternatives to be ranked against a list of criteria. The resulting 

statistical information is evaluated and what-if scenarios are created to determine 

the optimal alternative for implementing an action plan. 
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APPENDIX B 

GROUPSYSTEMS KNOWLEDGE BASE USED IN ESP(TOOL) 

RULE NUMBER: 1 

IF: Type of output desired is Structured 

THEN: Type of task is: Idea Organization 

RULE NUMBER: 2 IF: Type of output desired is SortedlRanked 

THEN: Type of task is: Voting 

RULE NUMBER: 3 IF: Type of output desired is Unstructured/unsorted 

and The purpose of the meeting is to explore issues 

THEN: Type of task is: Issue Exploration 

RULE NUMBER: 4 IF: Type of output desired is Unstructured/unsorted 

and The purpose of the meeting is to accumulate and represent knowledge 

THEN: Type of task is: Knowledge Accumulation and Representation 

RULE NUMBER: 5 IF: Type of output desired is Unstructured/unsorted 

and The purpose of the meeting is to generate ideas 

THEN: Type of task is: Idea Generation 

RULE NUMBER: 6 IF: Type of task is: Issue Exploration 

and You need to identify stakeholders 

THEN: Stakeholder Tool - Confidence=70/100 
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RULE NUMBER: 7 IF: Type of task is: Idea Generation 

and Knowledge domain over problem area is some overlap 

mEN: Electronic Brainstorming - Confidence=80/100 

RULE NUMBER: 8 IF: Type of task is: Idea Generation 

and Knowledge domain over problem area is much overlap 

mEN: Idea Organizer - NGT - Confidence=80/l00 

RULE NUMBER: 9 IF: Type of task is: Idea Generation 

and Knowledge domain over problem area is no overlap 

mEN: Topic Commenter - Confidence=80/1oo 

RULE NUMBER: 10 IF: Type of task is: Idea Generation 

and The need for communication, discussion, and creativity is high 

mEN: Electronic Brainstorming - Confidence=70/1oo 

RULE NUMBER: 11 IF: Type of task is: Idea Generation 

and The need for communication, discussion, and creativity is low 

mEN: Topic Commenter - Confidence=70/1oo 

and Idea Organizer - NGT - Confidence=70/1oo 

and Idea Organizer - Electronic Blackboard - Confidence=70/1oo 

and Idea Organizer - list generator - Confidence=70/100 

and Idea Organizer - idea analyzer - Confidence=70/1oo 

RULE NUMBER: 12 IF: Type of task is: Idea Generation 

and Type of discussion is Divergence of ideas 

mEN: Electronic Brainstorming - Confidence=70/1 00 
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RULE NUMBER: 13 IF: Type of task is: Idea Generation 

and Type of discussion is Focused discussion 

THEN: Topic Commenter - Confidence=70/100 

and Group Outliner - Confidence=70/100 

RULE NUMBER: 14 

IF: Type of task is: Idea Generation 

and Type of discussion is Very focused discussion 

THEN: Idea Organizer - Electronic Blackboard - Confidence=70/100 

and Idea Organizer - list generator - Confidence=70/100 

and Idea Organizer - idea analyzer - Confidence=70/100 

and Idea Organizer - NGT - Confidence=70/100 

RULE NUMBER: 15 

IF: Type of task is: Idea Generation 

and Familiarity with topic is High 

THEN: Topic Commenter - Confidence=50/l00 

RULE NUMBER: 16 

IF: Type of task is: Idea Generation 

and Familiarity with topic is None 

THEN: Electronic Brainstorming - Confidence=70/100 

RULE NUMBER: 17 

IF: Type of task is: Idea Generation 
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and The need to educate people or share comments is High 

THEN: Electronic Brainstorming - Confidence=60/100 

RULE NUMBER: 18 

IF: Type of task is: Idea Generation 

and The need to educate people or share comments is Low 

THEN: Idea Organizer - NGT - Confidence=50/100 

and Idea Organizer - Electronic Blackboard - Confidence=50/100 

and Idea Organizer - list generator - Confidence=50/100 

and Idea Organizer - idea analyzer - Confidence=50/100 

RULE NUMBER: 19 

IF: Type of task is: Idea Generation 

and Need for consensus is High 

THEN: Idea Organizer - NGT - Confidence=60/100 

and Idea Organizer - Electronic Blackboard - Confidence=60/100 

and Idea Organizer - list generator - Confidence=60/l 00 

and Idea Organizer - idea analyzer - Confidence=60/l 00 

RULE NUMBER: 20 

IF: Type of task is: Idea Generation 

and Need for consensus is Low 

THEN: Electronic Brainstorming - Confidence=80/100 

and Topic Commenter - Confidence=60/l00 
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RULE NUMBER: 21 

IF: Type of task is: Idea Generation 

and The problem is covered with a single question 

THEN: Electronic Brainstorming - Confidence=80/100 

and Idea Organizer - NGT - Confidence=60/100 

RULE NUMBER: 22 IF: Type of task is: Idea Generation 

and The problem is naturally segmented into a list 

THEN: Topic Commenter - Confidence=90/100 

and Idea Organizer - list generator - Confidence=80/100 

RULE NUMBER: 23 

IF: Type of task is: Idea Generation 

and The problem is hierarchical in nature 

THEN: Group Outliner - Confidence=90/l 00 

RULE NUMBER: 24 

IF: Type of task is: Idea Generation 

and Desire is to gain an understanding of others' perspectives 

THEN: Electronic Brainstorming - Confidence=60/100 

RULE NUMBER: 2S 

IF: Type of task is: Idea Generation 

and Desire is to focus on limited issues 

THEN: Topic Commenter - Confidence=50/100 
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RULE NUMBER: 26 

IF: Type of task is: Idea Generation 

and Desire is to stay in own limited world 

THEN: Idea Organizer - NGT - Confidence=60/100 

RULE NUMBER: 27 

IF: Type of task is: Idea Generation 

and you need to import text into the discussion 

THEN: Electronic Brainstorming - Confidence=-I00/l00 

and Policy Formation - Confidence=-I00/I00 

NOTE: EBS and Policy Formation do not allow you to import text. 

RULE NUMBER: 28 

IF: Type of task is: Idea Generation 

and Experience with GOSS is low 

THEN: Electronic Brainstorming - Confidence=70/100 

and Topic Commenter - Confidence=60/l 00 

and Idea Organizer - NGT - Confidence=1O/100 

and Idea Organizer - Electronic Blackboard - Confidence=10/100 

and Idea Organizer - list generator - Confidence=1O/100 

and Idea Organizer - idea analyzer - Confidence=1O/100 

RULE NUMBER: 29 

IF: Type of task is: Idea Generation 
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and Size of group is 8 to 16 

THEN: Electronic Brainstorming - Confidence=80/100 

RULE NUMBER: 30 

IF: Type of task is: Idea Generation 

and Management style is Democratic 

THEN: Electronic Brainstorming - Confidence=70/l00 

RULE NUMBER: 31 

IF: Type of task is: Idea Generation 

and Management style is Hierarchical 

THEN: Idea Organizer - NGT - Confidence=70/100 

RULE NUMBER: 32 

IF: Type of task is: Idea Organization 

and Experience with GDSS is medium 

THEN: Policy Formation - Confidence=50/100 

RULE NUMBER: 33 

IF: Type of task is: Idea Organization 

and You want something short, tightly worded, exactly right 

THEN: Policy Formation - Confidence=90/l00 

NOTE: In other words, a policy statement is needed. 

RULE NUMBER: 34 

IF: Type of task is: Idea Organization 
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and You want something as a joint document 

THEN: Group Writer - Confidence=90/100 

RULE NUMBER: 35 

IF: Type of task is: Idea Organization 

and There are many ideas to consolidate 

THEN: Idea Organizer - idea analyzer - Confidence=80/100 

RULE NUMBER: 36 

IF: Type of task is: Idea Generation OR Idea Organization 

and Time available to meet is short ( < 1/2 hour) 

THEN: Topic Commenter - Confidence=80/100 

RULE NUMBER: 37 

IF: Type of task is: Idea Generation OR Idea Organization 

and Time available to meet is medium (1/2 - 1 hour) 

THEN: Group Outliner - Confidence=70/100 

RULE NUMBER: 38 

IF: Type of task is: Idea Generation OR Idea Organization 

and Time available to meet is long ( > 1 hour) 

THEN: Idea Organizer - NGT - Confidence=60/100 

and Idea Organizer - Electronic Blackboard - Confidence=60/100 

and Idea Organizer - list generator - Confidence=60/1 00 

and Idea Organizer - idea analyzer - Confidence=60/100 
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RULE NUMBER: 39 

IF: Type of task is: Idea Organization 

and The list is very dynamic 

THEN: Idea Organizer - NGT - Confidence=50/100 

and Idea Organizer - Electronic Blackboard - Confidence=50/100 

and Idea Organizer - list generator - Confidence=50/100 

and Idea Organizer - idea analyzer - Confidence=50/1 00 

RULE NUMBER: 40 

IF: Type of task is: Idea Organization 

and You want to build structure from ground up 

THEN: Idea Organizer - NGT - Confidence=50/100 

and Idea Organizer - Electronic Blackboard - Confidence=50/100 

and Idea Organizer - list generator - Confidence=50/100 

and Idea Organizer - idea analyzer - Confidence=50/100 

RULE NUMBER: 41 

IF: Type of task is: Voting 

and The voting involves a single criterion 

THEN: Vote - Confidence=80/100 

RULE NUMBER: 42 

IF: Type of task is: Voting 

and Type of voting is rank ordering 

THEN: Vote - Confidence=60/100 
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RULE NUMBER: 43 

IF: Type of task is: Voting 

and Type of voting is rating 

mEN: Group Matrix - Confidence=70/l00 

and Alternative Evaluator - Confidence=70/100 

RULE NUMBER: 44 

IF: Type of task is: Voting 

and The list is greater than 20 items long 

mEN: Vote - Confidence=-l00/l00 

NOTE: Vote selection tool is limited to 20 items. 

RULE NUMBER: 45 

IF: Type of task is: Voting 

and The purpose of the voting is probabilistic or judgemental 

mEN: Alternative Evaluator - Confidence=70/100 

RULE NUMBER: 46 

IF: Type of task is: Voting 

and The purpose of the voting is descriptive 

mEN: Enterprise Analyzer - Confidence=70/100 

RULE NUMBER: 47 

IF: Type of task is: Voting 

and You want a group consensus 

mEN: Group Matrix - Confidence=60/100 
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RULE NUMBER: 48 

IF: Type of task is: Voting 

and TIme available to meet is short ( < 1/2 hour) 

THEN: Group Matrix - Confidence=80/l 00 

RULE NUMBER: 49 

IF: Type of task is: Voting 

and You want a snapshot of group feeling 

THEN: Group Matrix - Confidence=90/100 

and Vote - Confidence=80/100 

and Alternative Evaluator - Confidence=70/100 

RULE NUMBER: 50 

IF: Type of task is: Knowledge Accumulation and Representation 

and There is confusion about the meaning of a word or phrase 

THEN: Group Dictionary - Confidence=90/100 

RULE NUMBER: 51 

IF: Type of task is: Knowledge Accumulation and Representation 

and There is a need to collect and store a variety of information 

THEN: Automated Questionnaire - Confidence=70/100 

RULE NUMBER: 52 

IF: Type of task is: Knowledge Accumulation and Representation 

and There is a need to define relationships between things 

THEN: Group Matrix - Confidence=70/l 00 
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RULE NUMBER: 53 

IF: Type of task is: Knowledge Accumulation and Representation 

and You want to store a variety of comments in diverse categories 

mEN: Enterprise Analyzer - Confidence=70/100 

RULE NUMBER: 54 

IF: Type of task is: Knowledge Accumulation and Representation 

and you need to access information from other files 

mEN: File Reader - Confidence=90/l00 

RULE NUMBER: 55 

IF: Type of task is: Knowledge Accumulation and Representation 

and you need to edit or browse graphics 

mEN: Graphics Editor/Browser - Confidence=90/l00 
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APPENDIX C 

EXAMPLE TRACE OF EXPERT SYSTEM 

This appendix describes how and why ESP(tool) selects certain rules for a given 

scenario. The facts of the scenario are: 

Type of task is: Idea Generation. A group wants to meet to generate some ideas 

about goals for the following year. 

Knowledge domain over problem area is some overlap. The group members all 

share some common knowledge. They all work in the same office. 

The need for communication, discussion, and creativity is high. The group needs to 

gain an understanding of each others' perspectives in order to judge the merit of 

each others' ideas. Further, a lot of discussion and creativity is needed to generate 

a good variety of goals. 

Type of discussion is Divergence of ideas. The group members all have different 

ideas about possible goals since they all have different jobs and responsibilities. 

Need for consensus is Low. Since this meeting is only to generate ideas for goals (not 

to select them), there is very little need for a consensus on these goals. 

The problem is covered with a single question. The question is "What should be the 

goals for our office in the next year?" 

Experience with GDSS is low. The group has never used GroupSystems or any other 

OOSS before. 

Size of group is 8 to 16. There are 10 people in the office. 
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Management style is Democratic. That is, everybody at the meeting will have an 

equal say in what the goals should be. 

The meeting coordinator (anybody in the group) sits down with ESP(tool) and an

swers a series of questions. The following is a trace of the expert system's execution: 

1. Qualifier 25 ASKED. Value(s) set: 1 The purpose of the meeting is to generate 

ideas. 

The meeting coordinator was asked what the purpose of the meeting is. He types 

1 which corresponds to generate ideas. 

ESP determines that Type of task is: Idea Generation. This is important because 

it does not neet to look at voting or idea organization tools. It will look at idea 

generation tools only. For now on, only certain rules (those dealing with idea 

generation) will be looked at. All of the other rules are fired sequentially (if they 

apply). 

2. Qualifier 3 ASKED. Value(s) set: 1 Knowledge domain over problem area is 

some overlap. 

The user types 1 again to signify that the group has common knowledge. This 

is important because when using EBS, there should be common knowledge. TC 

does not require it, for example. 

ESP determines that Electronic Brainstorming should be given the value .8 (on a 

scale for 0 to 1). 

3. Qualifier 4 ASKED. Value(s) set: 1 The need for communication, discussion, 

and creativity is high. 

The user continues answering ESP's answers with facts about his group and prob

lem. EBS is ideally suited for communication, discussion, and creativity, while 
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TC and 10 (with its various options) are not. 

ESP gives Electronic Brainstonning) the value .7. This value is added to the 

previous value in the following manner: .8 + (1-.8)"'.7. That is, with new evidence 

for a certain tool, the cumulative evidence increases exponentially to 1 (certainty). 

4. Qualifier 5 ASKED. Value(s) set: 1 Type of discussion is Divergence of ideas. 

EBS is good when there are divergent ideas since there is anonymity, and ideas 

can be shared better than with TC, IOINGT, Group Outline, etc. 

EBS again adds .7 to the previous certainty value of Electronic Brainstonning. 

5. Qualifier 8 ASKED. Value(s) set: 2 Need for consensus is Low. 

When the group needs consensus, Policy Fonnation may be indicated. EBS and 

TC do not encourage consensus. 

ESP gives Electronic Brainstonning .8 and also gives Topic Commenter) .6. These 

weightings were detennined by trial-and-error and through experience by the re

searcher and the domain experts. 

6. Qualifier 9 ASKED. Value(s) set: 1 The problem is covered with a single ques

tion. 

ESP gives Electronic Brainstonning .8 and 10INGT .6. 

7. Qualifier 11 ASKED. Value(s) set: 1 Experience with GDSS is low. 

EBS and TC are both easy to use. 10 is harder to use. 

ESP gives EBS .7, TC .6, and the various 10 options .1 each. 

8. Qualifier 12 ASKED. Value(s) set: 1 Size of group is 8 to 16. 

EBS is best suited for a group from 8 to 16. 

ESP gives EBS .8. 
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9. Qualifier 13 ASKED. Value(s) set: 1 Management style is Democratic. 

EBS is good for sharing ideas equally. IO/NGT may be better in a hierarchical 

management structure. 

ESP gives EBS .7. 

ESP determines that the following tools could be used for the scenario given. The 

highest rated tool is lister first with the highest value. The group coordinator should use 

EBS for his meeting. EBS is selected because the preponderance of the evidence and 

the weightings indicated it above all others . 

......... Finished run - Displaying results 

Electronic Brainstorming (Final value: .99) 

Topic Commenter (Final value: .84) 

Idea Organizer - NGT (Final value: .10) 

Idea Organizer - Electronic Blackboard (Final value: .10) 

Idea Organizer - list generator (Final value: .10) 

Idea Organizer - idea analyzer (Final value: .10) 
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APPENDIX D 

mMIUA PRE-MEETING FORM 

Group name: 

Group leader: 

CWS contact: 

Facilitator: 

Pre-planning date: 

Session date(s): 

1. The group ( ) was previously established ( ) is being established for this project. 

2. This is ( ) a new project ( ) part of an ongoing project. If ongoing, explain history 

to date (# of sessions, progress, etc.) 

3. How many sessions in the room are anticipated for this project? If more than one, 

outline the overall project. 

Session Information 

4. What is the purpose of the session? (eg. planning, idea generation, issue organi

zation, etc.) 

5. What is desired as the outcome of the process? (eg. a plan, a list of issues ranked 

by cost and feasibility, etc.) 

6. What should the role of the participants be? (eg. decision maker, idea generator, 

consultant, etc.) This is particularly important because assigned roles set expec

tations for the participants. Satisfied/unsatisfied expectations affect process and 

outcome support and acceptance. 
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7. Who should the participants be? 

8. Most group members ( ) have ( ) have not used the automated system previously. 

9. Process to be used 

(a) Given the desired outcome, what needs to happen in the session to get it. (eg. 

idea generation - > idea organization - > idea organization - > rank ordering 

via cost, etc.) 

(b) To implement the process outlined above, what tools should be used, and in 

what order? 

10. If EBS is to be used first, what should the first EBS question be? Since EBS is 

often used to generate the data which becomes the input for all following parts of 

the process, and since the EBS question largely determines the data generated, the 

choice of an EBS question is very important to the entire process. 

11. Comments: 
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APPENDIX E 

VA PRE·MEETING FORM 

Group initiator: NodelUser 10: 

1. What is the purpose of the session? Ex: Planning, Idea Generation, Issue Organi

zation, etc. 

2. What product is desired as the outcome of the process? Ex: A plan, a list of 

issues ranked by cost and feasibility, etc. 

3. What should be the role of the participants? Ex: decision maker, idea generator, 

consultant, etc. This is particularly important because assigned roles set expec

tations for the participants. Satisfied/unsatisfied expectations affect process and 

outcome support and acceptance. 

4. Attendee list: (Name and NodelUser ID) 

5. Will a Decision Center overview be needed? 

6. Process to be used. 

(a) Given the desired outcome, what needs to happen in the session to get it. (eg. 

idea generation - > idea organization - > idea organization - > rank ordering, 

etc.) 

(b) What tools should be used and in what sequence to achieve this process? 

(Process/Toolsmme) 

7. If EBS is to be used, what should the question be? 



8. Scheduling of Session. 1imeframe initiator is looking for: 

decided on: 

9. Knowledge Base requirements? (Yes/No) 

10. File Reader requirements? (Yes/No) 

11. Classification of session: (Unclassified/lBM Confidential) 
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APPENDIX F 

FACILITATOR QUESTIONNAIRE 

Please answer the following questions about yourself: 

Circle the appropriate answer. 

1. What is your level of experience as a facilitator? 

The number of times you participated in a complete session (pre-planning, facili

tation, and post-session stages). 

(a) Novice (less that 5 sessions) 

(b) Intennediate (less than 15 but more than 5 sessions) 

(c) Expert (more than 15 sessions) 

2. Would you like some assistance (human or computer) occasionally with session 

pre-planning? 

(a) Yes. (Occasional assistance would be helpful.) 

(b) No. (No assistance is necessary.) 

(c) Don't know. (No opinion.) 

3. If you circled YES above, do you think you would use an on-line software tool 

for pre-session assistance if it was available? 

(a) Yes. (I would use an on-line tool for assistance.) 

(b) No. (I would NOT use an on-line tool for assistance.) 



(c) Don't know. (No opinion.) 

Please answer the following questions about the session you are planning: 

1. How much does group knowledge about the problem overlap? 

(a) Some overlap. 

(b) Much overlap. 

(c) No overlap. 

(d) Don't know. (No opinion.) 

2. How familiar is the group with the problem in question? 

(a) High familiarity. 

(b) Low familiarity. 

(c) No familiarity. 

(d) Don't know. (No opinion.) 

What is the degree of divergence of in ideas about the problem? 

(a) High divergence. Many different ideas. 

(b) Low or no divergence. Many similar ideas. 

(c) Don't know. (No opinion.) 

3. Is there a need to educate group members about the problem? 

(a) Yes. There is a need for group education. 

(b) No. There is little or no need for group education. 

(c) Don't know. (No opinion.) 
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4. Is there a need for group consensus about the problem result? 

(a) Yes. There is a need for group consensus. 

(b) No. There is little or no need for group consensus. 

(c) Don't know. (No opinion.) 

5. What is the experience of the participants as a group? 

(a) High. The majority of participants have met together before. 

(b) Low or none. Few if any of the participants have met together before. 

(c) Don't know. (No opinion.) 
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6. What is the management style of the group's parent organization (if there is a 

parent)? 

(a) Democratic. Members participate on a more-or-Iess equal basis. 

(b) Hierarchical. Members fit into a chain of command. 

(c) Don't know. (No opinion.) 

7. How can the problem be chararcterized? 

(a) Covered with a single question or problem statement. 

(b) Naturally segmented as a series of topics. 

(c) Nebulous (no right answer). 

(d) Don't know. (No opinion.) 

8. Is a policy statement needed at the end of the session? 

(a) Yes. 
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(b) No. 

9. Are there a lot of ideas to consolidate? 

(a) Yes. 

(b) No. 

(c) Don't know. (No opinion.) 

10. During voting, how many criteria will be judged? 

(a) One. Only a single criteria for voting. 

(b) More than one. Many criteria for voting. 

(c) Don't know. (No opinion.) 

11. The purpose of the voting is: 

(a) Probabilistic or judgmental. 

(b) Descriptive. 

(c) Don't know. (No opinion.) 

12. Is stakeholder identification important for the session? 

(a) Yes. 

(b) No. 

(c) Don't know. (No opinion.) 

Please add any comments in the space below: 
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APPENDIX G 

VERIFICATION CASES 

Answers shown are the top-rated tool recommended by ESP(tool). 

1. Answer: Group Dictionary 

1YJ>e of task is: Knowledge Accumulation and Representation 

There is confusion about the meaning of a word or phrase 

2. Automated Questionnaire 

Type of task is: Knowledge Accumulation and Representation 

Type of output desired is None of the above or unknown 

There is a need to collect and store a variety of information 

3. Graphics Editor/Browser 

Type of task is: Knowledge Accumulation and Representation 

There is a need to define relationships between things 

you need to edit or browse graphics 

4. File Reader 
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1YJ>e of task is: Knowledge Accumulation and Representation Type of output 

desired is unknown you need to access information from other files 

5. Stakeholder Tool 

1YJ>e of task is: Issue Exploration 
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Type of output desired is unknown 

You need to identify stakeholders 

6. Group Matrix 

Type of task is: Knowledge Accumulation and Representation 

Type of output desired is unknown 

There is a need to define relationships between things 

7. Alternative Evaluator 

Type of task is: Voting 

Type of output desired is SortedlRanked 

TIme available to meet is medium (1/2 - 1 hour) 

The list is greater than 20 items long 

The voting involves multiple criteria 

Type of voting is rating 

The purpose of the voting is descriptive 

8. Alternative Evaluator 

Type of task is: Voting 

Type of output desired is SortedlRanked 

TIme available to meet is unknown 

The voting involves multiple criteria 

Type of voting is rating 
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The purpose of the voting is unknown 

9. Stakeholder Tool 

Type of task is: Issue Exploration 

Type of output desired is Unstructured/unsorted 

The purpose of the meeting is to explore issues 

You need to identify stakeholders 

10. Topic Commenter 

Type of task is: Idea Generation 

Type of output desired is Unstructured/unsorted 

Knowledge domain over problem area is some overlap 

The need for communication, discussion, and creativity is high 

Type of discussion is Divergence of ideas 

Familiarity with topic is High 

The need to educate people or share comments is High 

Need for consensus is High 

The problem is covered with a single question 

Desire is to gain an understanding of others' perspectives 

Experience with GDSS is low 

Size of group is 8 to 16 

Management style is Democratic 

TIme available to meet is short ( < 1/2 hour) 
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you need to import text into the discussion 

The purpose of the meeting is to generate ideas 

11. Topic Commenter 

Type of task is: Idea Organization 

Type of output desired is Structured 

Experience with GDSS is medium 

You want something none of the above or unknown 

There are many ideas to consolidate 

Time available to meet is short ( < 1/2 hour) 

The list is very dynamic 

You want to build structure from ground up 

12. Electronic Brainstorming 

Type of task is: Idea Generation 

Type of output desired is Unstructured/unsorted 

Knowledge domain over problem area is some overlap 

The need for communication, discussion, and creativity is high 

Type of discussion is Divergence of ideas 

Familiarity with topic is unknown 

The need to educate people or share comments is High 

Need for consensus is Low 

The problem is covered with a single question 
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Desire is to gain an understanding of others' perspectives 

Experience with OOSS is low 

Size of group is 8 to 16 

Management style is Democratic 

TIme available to meet unknown. 

The purpose of the meeting is to generate ideas 

13. Topic Commenter 

Type of task is: Idea Organization 

Type of output desired is Structured 

Experience with OOSS is low 

TIme available to meet is short ( < 1/2 hour) 

You want to store a variety of comments in diverse categories 

14. Policy Formation 

Type of task is: Idea Organization 

Type of output desired is Structured 

Experience with OOSS is medium 

You want something short. tightly worded, exactly right 

TIme available to meet is none of the above or unknown 

15. Group Matrix 

Type of task is: Voting 
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Type of output desired is SortedlRanked 

TIme available to meet is short ( < 1/2 hour) 

The list is greater than 20 items long 

The voting involves a single criterion 

Type of voting is rank ordering 

You want a snapshot of group feeling 

16. Idea Organizer. Idea Analyzer 

Type of task is: Idea Organization 

Type of output desired is Structured 

Experience with GDSS is unknown 

There are many ideas to consolidate 

TIme available to meet is long ( > 1 hour) 

The list is very dynamic 

You want to build structure from ground up 
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APPENDIX H 

PILOT STUDY QUESTIONNAIRE 

Please answer the following questions about yourself: 

1. How many sessions have you participated in as the facilitator or assistant to the 

facilitator? 

2. Would you like some assistance (human or computer) occasionally with session 

tool-selection? 

(a) Yes. (Occasional assistance would be helpful.) 

(b) No. (No assistance is necessary.) 

(c) Don't know. (No opinion.) 

3. If you circled YES above, do you think you would use an on-line software tool 

for pre-session assistance if it was available? 

(a) Yes. (I would use an on-line tool for assistance.) 

(b) No. (I would NOT use an on-line tool for assistance.) 

(c) Don't know. (No opinion.) 
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APPENDIX I 

PILOT STUDY CASES WITH ANSWERS 

For each case below. please recommend the single best tool to meet the group's 

needs for the given task. The tools to select from are: 

Electronic Brainstorming 

Idea Organizer - NGT 

Idea Organizer - Electronic Blackboard 

Idea Organizer - list generator 

Idea Organizer - idea analyzer 

Topic Commenter 

Policy Formation 

Vote 

Alternative Evaluator 

Group Writer 

Group Matrix 

Group Outliner 

Graphics Editor/Browser 

Group Dictionary 

Enterprise Analyzer 
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Automated Questionnaire 

Stakeholder Tool 

File Reader 

CASE 1 

A group of 24 people wants to meet. 

":hey want to generate some unstructured/unsorted ideas for output. 

The group has less than half an hour to meet. 

The participants will have some knowledge overlap in the problem area. 
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There will need to be some communication, discussion, and creativity in the meeting. 

They want to share ideas and reach a consensus while gaining an understanding of 

others' perspectives. 

There will probably be a lot of divergence of ideas among the participants. 

Their familiarity with the topic is very good. 

The problem can be covered with a single question. 

Their experience with GDSS is medium. 

The management style of the group is hierarchical, that is, a group leader will make 

the ultimate decision. 

They will need to access information from other files. 

Which tool would BEST meet their needs? 

CASE 2 

A group of 18 people wants to generate ideas in some kind of unstructured/unsorted 

output. 

There is no overlap in their knowledge domains over the problem area. 

There is very little need for communication, discussion, and creativity. 

The discussion will be very focused. 
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The group have very little of no familiarity with the topic. 

The need to educate people or share comments is low. 

The need for consensus is low. 

The problem is naturally segmented into a list 

There is a desire for individuals to stay in their own limited worlds. 

The group's experience with GOSS is unknown. 
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The management style of the group is hierarchical. that is the group leader will make 

the final decision. 

The time available for a group meeting is 45 minutes to 1 hour. 

The group will probably need to edit or browse graphics. 

The purpose of the meeting is to generate ideas 

Which tool would BEST meet their needs? 

CASE 3 

A group of 7 people wants to meet to generate some unstructured/unsorted ideas as 

output. 

They have no overlap of knowledge in the problem area. 

The need for communication. discussion. and creativity is low. 

They will have a focused discussion. 

Their familiarity with the topic is high. 

The need to educate people or share comments is unknown. 

The need for consensus is unknown. 

The problem is naturally segmented into a list. 

There is a desire is to focus on limited issues. 

The group's experience with GOSS is medium. 

The type of management style unknown. 

The group has less than 1/2 hour to meet. 



I 

I , . 

There is a need to import text into the discussion. 

Which tool would BEST meet their needs? 

CASE 4 
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A group of 22 people wants to consolidate many ideas into a structured list as output. 

The list is very dynamic and constantly changing. 

They want to build a structure or list from the ground up. 

Their experience with ODSS is medium. 

The group can meet for over an hour if needed~ 

The need to educate people or share comments is unknown. 

The need for consensus is unknown. 

The management style is unknown. 

Their knowledge overlap in the problem area is unknown. 

Which tool would BEST meet their needs? 

CASES 

A group of 10 people want to meet to get some structured output. 

They will use a list many ideas as input for the meeting. 

They want something short, tightly worded, exactly right. 

Their experience with ODSS is low. 

The group can meet for 1/2 to 1 hour. 

The need to educate people or share comments is unknown. 

The need for consensus is unknown. 

The management style is unknown. 

Their knowledge overlap in the problem area is unknown. 

Which tool would BEST meet their needs? 

Answers: 



1. EBS 

2.IO-NOT 

3. TC 

4. IO-IA 

5. Policy Formation 
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APPENDIX J 

FINAL EXPERIMENT QUESTIONNAIRE 

Name: 

Please answer the following questions: 

1. How many GDSS sessions have you planned? 

Prior to Dec 88? From Jan 89 onward? 

2. How many GDSS sessions have you facilitated? 

Prior to Dec 89? From Jan 89 onward? 

3. How many GDSS sessions have you been a participant? 

Prior to Dec 88? From Jan 89 onward? 

4. How would you rate your knowledge of the University of Arizona's GroupSystems 

tools? 

No-knowledge-at-all Novice Intennediate Expert 

5. How many times have you used the following tools and how many times were 

they used successfully? 

• Electronic Brainstonning 

• Topic Commenter 

• Idea Organizer 

• Group Writer (MULE) 

• Group Outliner 

• Group Matrix 
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• Vote 

• Alternative Evaluator 

• Enterprise Analyzer 

• Graphics Browser 

• Policy Fonnation 

• Briefcase (File Reader and other utilities) 

• Stakeholder Identification and Assumption Surfacing 
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APPENDIX K 

FINAL EXPERIMENT CASES WITH ANSWERS 

Instructions: 

Please read each of the five cases below. After you read each case, please recommend 

the BEST tool (from the list provided below) you think would meet the needs of the 

group for the task described. If there is conflicting evidence, no one fact should totally 

override everything else. That is, nothing is a firm demand, everything is flexible. For 

example, if 10 facts indicate tool A, but one fact indicates that tool A could not be 

used, that one fact should NOT override the other 10 facts, but it should decrease your 

certainty about choosing tool A. 

Tools to choose from: 

Electronic Brainstonning 

Idea Organizer - NOT 

Idea Organizer - Electronic Blackboard 

Idea Organizer - list generator 

Idea Organizer - idea analyzer 

Topic Commenter 

Electronic Discussion System 

Policy Formation 

Vote 

Alternative Evaluator 
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Group Writer 

Group Matrix 

Group Outliner 

Graphics Editor/Browser 

Group Dictionary 

Enterprise Analyzer 

Automated Questionnaire 

Stakeholder Tool 

File Reader 

Case I: 

Type of task is: Idea Generation 

Type of output desired is Unstructured/unsorted 

Knowledge domain over problem area is some overlap 

The need for communication, discussion, and creativity is high 

Type of discussion is Divergence of ideas 

Familiarity with topic is unknown 

The need to educate people or share comments is High 

Need for consensus is Low 

The problem is covered with a single question 

Desire is to gain an understanding of others' perspectives 

Experience with GDSS is low 

Size of group is 8 to 16 

Management style is Democratic 
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TIme available to meet is unknown 

The purpose of the meeting is to generate ideas 

Case ll: 

Type of task is: Idea Organization 

Type of output desired is Structured 

Experience with GOSS is low 

TIme available to meet is short ( < 1/2 hour) 

You want to store a variety of comments in diverse categories 

Case III: 

lYpe of task is: Idea Organization 

lYPe of output desired is Structured 

Experience with GOSS is medium 

You want something short, tightly worded, exactly right 

TIme available to meet is unknown 

Case IV: 

lYPe of task is: Voting 

lYPe of output desired is SortedlRanked 

TIme available to meet is short ( < 1/2 hour) 

The list is greater than 20 items long 

The voting involves a single criterion 

lYPe of voting is rank ordering 

The purpose of the voting is unknown 

You want a snapshot of group feeling 

Case V: 

Type of task is: Idea Organization 

Type of output desired is Structured 
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Experience with GDSS is unknown 

There are many ideas to consolidate 

TIme available to meet is long ( > 1 hour) 

The list is very dynamic 

You want to build structure from ground up 

Answers: 

Case I: 

Electronic Brainstonning (Final value: 99) 

Topic Commenter (Final value: 84) 

Idea Organizer - NGT (Final value: 64) 

Idea Organizer - Electronic Blackboard (Final value: 10) 

Idea Organizer - list generator (Final value: 10) 

Idea Organizer - idea analyzer (Final value: 10) 

Case H: 

Topic Commenter (Final value: 92) 

Group Outliner (Final value: 60) 

Case HI: 

Policy Fonnation (Final value: 95) 

Case IV: 

Group Matrix (Final value: 85) 

Alternative Evaluator (Final value: 70) 

Vote (Final value: 30) 

Case V: 

Idea Organizer - idea analyzer (Final value: 98) 

Idea Organizer - NGT (Final value: 90) 

Idea Organizer - Electronic Blackboard (Final value: 90) 
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Idea Organizer - list generator (Final value: 90) 

Topic Commenter (Final value: 60) 

Group Outliner (Final value: 60) 
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