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ABSTRACT 

Knowledge acquisition is not only the most important but also the most difficult task 

knowledge engineers face when they begin to develop expert systems. One of the first 

problems they encounter is the need to identify at least one individual with appropriate 

expertise who is able and willing to participate in the development project. They must 

also be able to use a variety of techniques to elicit the knowledge that they require. 

These include such traditional knowledge acquisition methods as interviewing, thinking

aloud protocol analysis, on-site observation, and repertory grid analysis. As expert system 

applications have become more complex, knowledge engineers have found that they must 

work with and tap the domain knowledge of not one but several individuals. They have 

also discovered that the traditional methods do not work well in eliciting the knowledge 

residing in a group of individuals. The complexity of the systems, the difficulties inherent 

in working with multiple experts, and the lack of appropriate tools have combined to make 

the knowledge acquisition task even more arduous and time consuming. 

Group Oecision Support Systems (GOSS) have been proven to be useful tools for 

improving the efficiency and effectiveness of a multiplicity of group activities. It would 

appear that by bringing experts together in a GOSS environment and using computer

based tools to facilitate group interaction and information exchange, a knowledge engineer 

could eliminate many of these problems. This research was designed to explore the 

possibility of using a GOSS environment to facilitate knowledge acquisition from multiple 

experts. The primary research question was "Does u (iOSS environment fucilitatc the 

ucquisition of knowledge from multiple experts'?" 

An exploratory field study to address this question was conducted at a corporate 

site. This study was part of an effort to build an expert system to facilitate help services in 

an information center (Ie). A help-service system can be used to provide trouble-shooting 

expertise and to perform first-level screening of the most frequent problems. A GOSS 
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environment, including hardware. software, facility, people, procedure, and facilitation, 

was used to acquire knowledge from Ie consultants. Knowledge acquisition sessions were 

designed and conducted at the research site. A methodology for knowledge acquisition in 

a GOSS environment was established. Process models to be used in acquiring knowledge 

by means of a GOSS environment were also developed. 

The principle contributions of this research are (1) demonstration of the first use 

of a GOSS environment to elicit knowledge from multiple experts; (2) establishment of 

a methodology for knowledge acquisition in a GOSS environment; (3) development of 

process models for acquiring knowledge; (4) development of guidelines for designing 

and evaluating group support tools; and (5) recognition of some implications of using a 

computer-supported cooperative approach to extract knowledge from a group of experts. 

----------.-----
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CHAPTER I 

KNOWLEDGE ACQUISITION FOR EXPERT SYSTEMS 

Since Artificial Intelligence (AI) was introduced in the early 1970s, the goal of AI scien

tists has always been to develop computer programs that can think and solve problems as 

intelligently as a human expert. Expert Systems are computer programs that use domain

specific knowledge to emulate the reasoning process of human experts. It was not until 

the late 1970s that AI scientists realized that the problem-solving power of a computer 

program comes from the knmliledge it possesses, not from the inference mechanism it 

employs [Feigenbaum, 1977]. Issues involved in the development of expert systems are 

the acquisition and representation of knowledge and the reasoning process that brings 

about problem solutions. The focus of this research is on the acquisition of knowledge. 

1.1 Importance of Knowledge Acquisition 

Know/edge acquisition is defined as the process of extracting, structuring, and organizing 

knowledge from several sources, mainly human experts, so it can be used in a computer 

program. Knowledge is the most important component of expert systems. Without 

explicitly represented knowledge, an expert system is no more than a computer program. 

Knowledge acquisition in the context of expert systems is illustrated in Figure 1.1. 
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Two types of people are involved in knowledge acquisition. They are the domain 

experts, who usually have years of experience working in the application domain, and 

the knowledge engineers, who have knowledge about knowledge acquisition teclmiques, 

representation schemes, and inference mechanisms. To extract expertise, they use such 

knowledge acquisition teclmiques as interviewing or solving sample problems through 

which knowledge is captured, analyzed, and transferred into representations that are then 

stored in the knowledge base and used by reasoning processes to solve problems. 

A typical expert system consists of three components: knowledge base, inference 

engine, and user interface. The knowledge base stores acquired knowledge in a par

ticular representation scheme. The inference engine employs the mechanism of using 

the knowledge to draw an inference. TIle user interface allows the user to interact with 

the system during the problem-solving process. When a user initiates a consultation, 

the system collects information from the user through the user interface. Based on the 

information provided, the system searches in the knowledge base according to a specified 

inference mechanism to reach conclusions which then are presented to the user. Exam

ples of inferencing mechanisms for rule-based systems include backward-chaining and 

forward-chaining. Systems embedded with a backward-chaining mechanism assume a 

goal and try to collect information to satisfy related conditions, while systems embedded 

with a forward-chaining mechanism collect information about all conditions first, and 

try to demonstrate that a goal has been reached. Unless there is a knowledge base, the 

system cannot draw inferences from user's responses in order to provide solutions to the 

user. 

1.2 Knowledge Acquisition from Domain Experts 

There are two principal reasons why the involvement of multiple experts in the expert 

systems building effort has seldom been discussed in the literature. One is that heretofore 

~ ------------ - -~~--------------------
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most expert systems tackled very narrow problems that required the knowledge and 

expertise of only one individual. Another reason is that dealing with one individual 

has generally been perceived as easier than dealing with a group of people. Knowledge 

acquisition flOm single and multiple experts is depicted in Figure 1.2. 

As expert systems become more and more complicated and the domains become 

more complex, the required expertise resides in not one but a group of experts. The 

involvement of these experts in an expert system building project is necessary for success. 

For instance, one expert system with which the author was involved was the Information 

Center Expert: Consultation System, designed to provide software consultation to end 

users seeking information center (IC) services. IC consultants are experts who provide 

such services, each having knowledge of specific software. Although their knowledge 

often overlaps, each individual also has knowledge that the other experts do not have. 

This means that expertise for software consultation resides not in one individual but in 

several consultants who provide such services regularly. 

The time that domain experts can contribute to expert-system projects is limited: 

it is also expensive. If only one expert is the sole knowledge source for the organization 

involved in the knowledge acquisition process, it is very difficult to take much of his 

or her time. This is not because of an unwillingness to cooperate with the knowledge 

engineer but because of other time commitments, coupled with the fact that knowledge 

acquisition is a time-consuming process. Relying on the availability of such an individual 

can block a project's progress. 

To the contrary, when multiple experts are involved in the development process, 

knowledge acquisition sessions can be flexibly designed. First, it is not necessary that all 

experts be present at one time in one place throughout the acquisition process. Second. 

if one expert is not available, sessions that don't require his or her participation can be 

conducted. Third, interactions among experts are encouraged. This may be facilitated by 

electronic mail, which eliminates the need for an expert's physical presence. Employing 
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multiple experts not only provides the knowledge engineer with a flexible way to conduct 

knowledge acquisition but also results in an enriched and enlarged domain of Imowledge 

through the interaction among them. 

However, the involvement of multiple experts increases the complexity of the 

knowledge acquisition process and makes an already difficult task even more compli

cated. Two things are involved in the complexity. One is the merging of each individual 

expert's knowledge structures into one knowledge structure, which provides the under

lying problem-solving expertise of the expert system. This involves resolving conflicts 

between various approaches taken by experts in solving the problem. The other is the 

generation of group knowledge which does nor reside in anyone individual expert but 

evolves as a result of the group interaction. 

1.3 Difficulties of Acquiring Knowledge from Multiple Experts 

The acquisition of expert knowledge has been described as a difficult and expensive pro

cess. It is difficult because of the gap between an expert's ability to solve a problem 

and his or her ability to explain "how" a problem is solved [Hart, 1986]. When mul

tiple experts are involved in building an expert system. assimilating the knowledge and 

experience of several experts is not easy. particularly if they are experts in more than 

one subject area and share some overlapping expertise. Besides the gap between each 

expert's ability to solve a problem and his or her ability to explain "how" a problem 

is solved, there are conflicts between experts' problem solving methods. communication 

barriers between experts, differences between experts and knowledge engineer(s), and 

difficulties in integrating multiple views into a representation scheme. 

Interviewing, one of the most commonly used knowledge acquisition techniques, 

is of several different types. During unstructured interviews. a knowledge engineer asks 

some prepared questions while the expert provides ~U1swers. Follow-up questions usually 
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reflect further explanation or clarification of some points that the expert has made. The 

process is fairly unstructured, and neither the knowledge engineer nor the expert knows 

which part of the conversation is important to the final system. Structured interviews 

involve having experts fill out a carefully designed survey questionnaire. Such an in-depth 

survey is difficult to design but is effective in revealing the problem-solving process. A 

third type of interview is thinking aloud, in which a knowledge engineer describes a 

problem scenario and asks an expert to talk about his or her thinking process while 

solving the problem. A fourth type of interview is solving sample problems, in which a 

knowledge engineer describes some common problems in the domain and has the expert 

provide a solution to each of them. During any of these interviews, recording of the 

process is required. 

Although interviews are most commonly used to elicit knowledge from experts, 

there are difficulties with the method. First of all, the process is tedious and time

consuming. Both knowledge engineers and experts have to devote themselves completely 

to the interview. Experts may get tired and become bored with explaining many times 

what to them seem to be obvious items of information. Second, interviews usually are 

not simple question-answer sessions. Neither the expc,t nor the knowledge engineer 

knows which parts of the dialogue are important at the time. Additionally, it is difficult 

to structure interviews. An interruption may break an expert's train of thought and useful 

information may be lost. A throw-away comment may tum out to be very important. 

Consequently, all details of the interview must be kept. This involves recording all 

conversations and transcribing tapes into transcripts. The analysis of the transcripts 

requires a systematic breakdown of the information to produce a structured model of the 

expert's knowledge. 

When multiple experts are needed to build an expert system, the problem of em

ploying interviewing techniques becomes even more complicated. With one knowledge 

engineer, the knowledge acquisition process is sequential (i.e., interviews with various 
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experts can be done sequentially). With mUltiple knowledge engineers, the process may 

be parallel, but several knowledge engineers may not be equivalently capable in using 

a particular teclmique. The problem of integrating problem-solving expertise acquired 

from individual experts into a knowledge base exists whether one or many knowledge 

engineers have been involved in the knowledge acquisition process. 

Combining expertise from multiple experts raises the question of interpreting the 

results from these interviews. The results from one interview may conflict with results 

from interviews with other experts, and such conflicts cannot be recognized until tran

scripts are compiled and i111Jlyzed. Knowledge engineers should not assume that they 

have sufficient knowledge in the domain to try to solve these conflicts, which can only 

be solved by the individual experts through communication channels provided to them or 

through several iterations of interviews. Difficulties of employing interviews to acquire 

knowledge from multiple experts are illustrated in Figure 1.3. 

Group Decision Support Systems (GDSS) have been proven to be useful tools for 

improving the efficiency and effectiveness of many group activities [Applegate et al., 

1986; Vogel et al., 1987; DeSanctis and Gallupe, 19871. It appears that by bringing 

experts together in a computer-supported environment ~md using group support tools to 

facilitate group interaction and information exchange, a knowledge engineer can eliminate 

many of the problems described above. In the next section, a proposed solution to the 

problem of acquiring knowledge from multiple experts is discussed. 

1..1 Knowledge Acquisition from Multiple Experts Using a GDSS Environment: r\ 

Proposed Solution 

Knowledge acquisition from multiple experts can be a group activity. Experts are put into 

a group interaction mode while the knowledge engineer extracts knowledge from them. 

In the process of extracting knowledge, communication is important. This includes both 
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communication between the knowledge engineer and experts and communication among 

experts themselves. 

Studies have shown that Group Decision Support Systems (GDSS) improve effi

ciency and effectiveness of group activities. A GDSS has been defined as an integrated 

computer-based system that facilitates the solution of an unstructured or semi-structured 

task by a group of people [DeSanctis & Gallupe, 1987]. The term GDSS used throughout 

this research refers to computer support of group work. Other terms used in the literature 

include computer collaborative systems, computer-supported collaborative work, group 

support systems, and group meeting systems [Vogel, 1987; Dennis et al .. 1988]. 

A GDSS consists of hardware, software, people, and facility [DeSanctis and Gallupe, 

1985]. In addition, Dennis and his colleagues [1988] include procedures as part of a 

GDSS environment. Facilitation is another important part of a GDSS environment, as 

discussed by [Vogel et al., 1986]. Decision making is one of the activities that GDSS fa

cilitate. Other activities supported by such a system include idea generation, negotiation, 

planning and crisis management. The essence of GDSS is that the overall quality and 

quantity of results from the group process are superior to the sum of each individual's 

contribution. 

The goals of a GDSS are to reduce the process loss associated with disorganized 

activity, member dominance. social pressure. inhibition of expression. and other difficul

ties commonly encountered in groups and, at the same time, to increase the efficiency and 

quality of the end results [Turoff and Hiltz. 1982; Huber. 1984; DeSanctis and Gallupe, 

1987]. An effective GDSS environment is designed to increase efficiency and effective

ness of group activities and aims to improve the group process by removing common 

communication barriers, and directing the pattern. timing, or content of discussion. 

Since knowledge acquisition from multiple experts can be a group activity, the use 

of a GDSS environment may facilitate the process by providing communication channels 
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through the system, by documenting knowledge electronically, and by providing a group 

interaction atmosphere. It is the intent of this research to explore the possibility of using 

a GDSS environment to facilitate the acquisition of knowledge from a group of experts. 

'This research aims to address the question, "Does a GDSS environment facilitate the 

acquisition of knowledge from a group of experts?" 

1.5 Overview of the Dissertation 

Chapter 2 reviews the literature relevant to this research. Chapter 3 discusses specific 

research questions, and the research framework, followed by the methodology developed 

for knowledge acquisition in a GDSS environment. Chapter 5 describes a field study 

conducted at a corporate site and Chapter 6 summarizes findings of this study, discusses 

contributions of this research and suggests future directions for additional work. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

lbis chapter reviews literature on knowledge acquisition for building expert systems, 

focusing on knowledge elicitation methods and techniques and on computer-based support 

to group works using Group Decision Support Systems (GDSS) and the use of GDSS 

for a variety of group activities. 

2.1 Literature on Knowledge Acquisition for Expert Systems 

Expert systems development is first discussed. followed by a discussion on knowledge 

acquisition phases and activities involved in each phase. Knowledge acquisition meth

ods and techniques and automated knowledge acquisition tools are summarized in the 

following sections. Issues involved in knowledge acquisition from multiple experts are 

then reviewed. 

2.1.1 Expert S),stems Development 

An expert system is defined as "a computer program that uses expert knowledge to attain 

high levels of performance in a narrow problem area. These programs typically represent 
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Table 2.1: Key Tasks ir. Expert Systems Development 

Tasks Engineering Activities Engineering Products 

Mining Knowledge Acquisition Concepts and Rules 

Molding Knowledge System Design Frrunework and Knowledge Representation 

Assembling Knowledge Programming Knowledge Base and Inference Engine 

Refining Knowledge Refinement Revised Concepts and Rules 

knowledge symbolically, examine and explain their reasoning processes, and address 

problem areas that require years of special training and education for humans to master" 

[Waterman, 1986, p. 390]. Major tasks in expert systems development include mining, 

molding, assembling, and refining. These terms, taken from the vocabulary of rare

metals mining, seem appropriate for the processes involved in extracting knowledge and 

manufacturing knowledge systems (i.e., expert systems) [Hayes-Roth, 1984]. Table 2.1 

[adapted from Hayes-Roth, 1984, p. 18] provides the technical terms for each of the four 

primary construction activities and identifies the key products of each phase. 

Knowledge acquisition is defined as "the process of extracting, structuring, and 

organizing knowledge from some source, usually human experts. so it can be used in a 

program" [Waterman, 1986, p. 392]. It is sometimes called "knowledge elicitation" [Hart, 

1985, p.455]. Extraction involves eliciting from experts basic concepts of the problem 

domain, i.e., the terminology used to describe the problem situations and problem-solving 

heuristics. 1l1is process continues until necessary problem-solving knowledge has been 

obtained to allow the resulting system to have an expert performance. Knowledge such 

as heuristic rules constitute the primary product of this activity. 

Knowledge system design produces a framework or architecture for the expert 

system. In addition, the knowledge engineer selects an appropriate scheme for repre

senting the problem-solving knowledge. Representation schemes include formal logic, 
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rules, semantic networks, hierarchical frames, and objects. Once knowledge engineers 

ha .... e developed a system architecture and selected a representation scheme, knowledge 

programming begins. 

Knowledge programming involves transforming experts' know-how into a knowl

edge base. In addition, the knowledge engineer adopts an existing knowledge engineer

ing tool (i.e., expert system shell) that incorporates a predefined inference engine, so 

that knowledge programming need only enter knowledge which is in the form of the 

supported knowledge representation scheme in a knowledge base. This phase is tied into 

the previous design phase, in which some expert system shells support a particular rep

resentation scheme or schemes. The process of refining knowledge into a base continues 

until the system achieves adequate performance. 

2.1.2 Knowledge Acquisition Phases 

Buchanan et al. [1983] discuss the major stages of knowledge acquisition in the context 

of expert system development. These are identification, conceptualization, formalization, 

implementation, and testing. Activities involved in each of these stages are summarized 

in Table 2.2 [adapted from Buchanan, 1983, p. 139]. 

McGraw and Harbison-Briggs [1989] decompose knowledge acquisition into three 

phases in which phase I incorporates the identification and the conceptualization stages, 

phase 2 is equivalent to the formalization stage, and phase 3 performs similar activities 

that are included in the implementation and the testing stages. A mapping of these five 

stages and activities involved in each of them are summarized in Table 2.3 [adapted from 

McGraw and Harbison-Briggs, 1989, p. 761. 
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Table 2.2: Stages of Knowledge Acquisition 

I Stages II Activities 

Identification Identify participants 

Identify problem 

Identify resources 

Identify goals 

Conceptualization Identify explicit concepts 

Identify relationships of concepts 

Identify tasks and sub tasks 

Identify infonnation flows and processes 

Fonnalization Map key concepts into representations 

Map information flow into representations 

Map subproblems into representations 

Design structure to organize knowledge 

Implementation Map the fonnalized knowledge into specific representations 

Develop a prototype system 

Fonnulate rules to embody knowledge 

Testing Evaluate the prototype system 

Evaluate the representation fonns to implement the system 

Verify and validate the knowledge base 
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Table 2.3: Knowledge Acquisition Phases and Activities 

I Phases II Steps I Activities 

Phase 1 Define Problem Identify vocabulary 

(Identification) IdentifY background infonnation 

(Conceptualization) Identify major concepts 

Develop Mental Map Identify concept relations 

Identify major functions 

Perfonn Functional Analysis Identify distinct modules 

Identify currcnt inputs, outputs 

Perfonn Task Analysis Detennine types of knowledge 

Develop knowledge acquisition plans 

Phase 2 Conduct Initial KA Sessions Develop sample problems 

(Fonnalization) Use interviewing techniques 

Use protocol analysis 

Session Feedback and Refine- Develop knowledge graphs 

ment 

Develop pseudo-code 

Review session notcs 

Conduct In-depth KA Sessions Use structured interviews 

Use simulations 

Use developing prototypes 

Phase 3 Implement Knowledge Represent Knowledge 

(Implementation) Continue refinements 

(Testing) Test, Iterate. and Refine Test scenarios 

Test with panel of experts 

Use audit trail to modify 
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2.1.3 Knowledge Acquisition Methods and Techniques 

The approach used for knowledge acquisition detennines both the quality of knowledge 

and the amount of effort needed to be used in its acquisition, so the approach selected 

greatly affects the perfonnance of the expert system and the amount of resources con

sumed in its development. The growing recognition of the importance of the knowledge 

acquisitior.· process has focused attention on the techniques and methodologies that are 

used during knowledge elicitation and on the structure of tools for automated knowl

edge acquisition [parsaye, 1988]. Some common knowledge acquisition methods and 

techniques are: 

Interviewing. Interviewing is the most common method that knowledge engineers 

use; in it they acquire knowledge from experts through question-answer sessions. A 

distinct advantage is that they can elicit unforeseen infonnation. Interviews are free fonn 

in that experts are in control. Interviews are very time-consuming, however. 

Questionnaires. Questionnaires have the advantage of being an efficient way 

to gather infonnation. Experts can fill out questionnaires in a leisurely and relaxed 

atmosphere. Questionnaires can be particularly useful in discovering the objects of the 

domain. in uncovering relationships, and perhaps in detennining uncertainties, if the 

expert system attaches uncertainty to its conclusions [Olson and Rueter, 1987]. 

Observations. To observe the expert work at a real problem is one way to discover 

how he or she makes a judgment, diagnosis, or design decision. One approach is to 

watch, take notes, and try to follow the expert's thinking process. A second approach is 

to videotape the process for later review with the expert. The first approach suffers from 

time pressure and observer bias, while the second approach relies on the expert's ability 

to recall the reasons underlying his or her perfonnance. 
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Protocol Analysis. 11tis method is also known as "thinking-aloud." The knowledge 

engineer presents a sample problem to the expert and asks the expert to "think aloud" 

while solving the problem. The advantage of this method is that there is no delay between 

the act of thinking of something and reporting it. Sessions are recorded and transcribed 

for further analysis later. Protocol analysis, however, is not appropriate for all kinds of 

tasks. The process of recording and transcribing is time-consuming. The interpretation 

of protocols may be difficult. 

Inferential Flow Analysis. 11tis is a variant of the interview method. Answers to 

particular questions about causal relations are used to build up a causal network among 

concepts or objects in the domain of expertise. Although this technique appears somewhat 

ad hoc, the resulting networks have been shown to be both stable and consistent with 

other sets of behaviors [Salter, 1983]. It is a simple method to apply and powerful as a 

tool for displaying to the expert aspects of the expertise he or she has uncovered to that 

point [Olson and Rueter, 1987]. This display can be used effectively as a stimulus for 

further interviews. 

Repertory Grid Analysis. A technique that originated from personal construct 

theory in clinical psychology [Kelly, 1955], repertory grid analysis includes an initial 

dialog with the expert, a rating session, and analyses that cluster both the objects and 

the dimensions on which the items were rated. Essentially, it involves a free-form recall 

and rating session in which the analyst makes inferences about the relationships among 

objects and the relatedness of the dimensions with which the expert is concerned. It is 

particularly applicable to classification type problems, where features of a new object 

(case) are observed and the object sorted into one of a known set of categories. 

A number of serious drawbacks of interviewing were discussed by [Pars aye, 1986]. 

First of all, interviewing is highly subjective and time-consuming. Quite often important 

concepts are not explicitly mentioned by experts during the interview, resulting in in

complete structures in the knowledge base [Hawkins, 1983]. Practically, it is difficult to 
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require knowledge engineers to have a sufficient amount of knowledge in a broad enough 

area to be able to interact smoothly with the expert. Even for very good knowledge en

gineers, as the size of the problem grows, the interview process may not by itself be a 

proper strategy to handle the knowledge acquisition process. Apart from these consider

utions, directly asking questions of experts risks altering their view of what they actually 

do [Dixon, 1981]. Psychological studies show very weak correlations between verbal 

reports and mental behavior of humans [Bainbridge, 1986]. 

Most literature on knowledge acquisition teclmiques focuses on what these tech

niques are rather than how each of them can be applied under various situations. For 

instance, the authors did not discuss whether or not any of these teclmiques can be applied 

to the situation of knowledge acquisition from a group of experts. Some techniques may 

be useful to acquire knowledge from one individual but not applicable to situations in

volving multiple experts. Issues about how these techniques may be modified to acquire 

knowledge from a group of experts are not discussed either. 

2.1." Automated Knowledge Acquisition Tools 

Gaines and Shaw's observation that Kelly's personal construct theory [1955] could be 

adapted to the requirements of building expert systems aroused interest in using repertory 

grids for knowledge acquisition [Gaines and Shaw, 1986; 1981]. They fonnulated and 

tested methods for using repertory grids in knowledge engineering, which led to a series 

of experimental programs and further industrial studies about the use of repertory grids 

in knowledge engineering [Boose. 1985; Kitto and Boose, 1986]. 

Boose [1985] at Boeing developed the Expertise Transfer System (ETS) for knowl

edge acquisition using repertory grids and noted that repertory grids are generally better 

suited for analysis tasks than synthesis tasks. The race to build knowledge acquisition 

!;ystems is accelerating. A number of knowledge acquisition tools are currently under 
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development or in use in various corporations. The AQUINAS system introduced hi

erarchical repertory grids. The Auto-Intelligence system [parsaye, 1987] combines an 

extension of repertory grids with rule-induction techniques. The MORE system is an 

automated knowledge acquisition system that helps refine an existing knowledge base 

[Kahn, Nowlan, and McDermott, 1985]. SALT is one of the first automated knowledge 

acquisition methods to address synthesis rather than analysis problems [Marcus, McDer

mott, and Wang, 1985]. Some of the most famous knowledge acquisition tools can be 

summarized as follows: 

TEIRESIAS. Designed to enable automated acquisition of new knowledge fr 

MYCIN, TEIRESIAS uses MYCIN's backward-chaining rules as a framework for ac

quiring, refining, and adding new knowledge [Shortliffe, 1976]. 

ETS. Expertise Transfer System is developed in Interlisp-D and is based on Kelly's 

personal construct theory [1955]. ETS interviews an expert, analyzes the information 

gathered, and produces production rules [Boose, 1984]. 

MORE. MORE is similar to TEIRESIAS and ETS. It provides a mechanism for 

interviewing domain experts and makes use of several strategies for facilitating the in

terview process. It takes a model-theoretic approach to the acquisition of diagnostic 

knowledge [Kahn, Nowlan, and McDermott, 1985]. 

AQUINAS. AQUINAS is a knowledge-acquisition workbench and an expanded 

version of ETS. It interviews experts and helps them analyze, test, and refine the knowl

edge base. Expertise from multiple experts or other knowledge sources can be represented 

and used separately or in combination [Boose and Bradshaw, 1987]. 

KRITON. KRITON is a hybrid system for automatic knowledge acquisition for 

expert systems. It contains automated interview methods to elicit human declarative 

knOWledge, protocol analysis techniques to acquire human procedural knowledge, and 

incremental text analysis to capture textbook knowledge [Diederich, Ruhmann, and May, 
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1987]. 

KNACK. KNACK is a tool that builds expert systems for evaluating designs of 

electro-mechanical systems. It elicits from experts knowledge in the form of a skeletal 

report, knowledge about a large collection of report fragments, and knowledge of how to 

customize report fragments for a particular application [Klinker et al. 1987]. 

SALT. SALT consists of two subsystems that share a knowledge base. One sub

system interviews the expert to elicit three kinds of knowledge (method, constraint, and 

fixed schemas) and builds up a representation of that knowledge. A rule generator then 

translates this representation into rules that can be used in the knowledge base [Marcus. 

McDermott, Wang, 19851. 

The work of automating the knowledge elicitation process is in progress, but most 

existing tools have been designed for eliciting knowledge from individuals individually; 

only ETS and AQUINAS try to address situations where multiple expers are involved, 

in particular applications, by which they are constrained. Others are restricted by the 

type of problems solved. In addition. most tools are still in the research and development 

stage and are available only for in-house use. 

2.1.5 Knowledge Acquisition from Multillie Experts 

Knowledge acquisition from a single expert faces four primary problems: 1) allocation 

of time from a key individual in the organization; 2) possible bias; 3) single line of rea

soning; and 4) incomplete domain expertise [McGraw and Harbison-Briggs, 1989]. The 

first problem may create a bottleneck in the expert system development process. Since 

experts are important people within an organization ,md are presumably very busy, the 

time-consuming acquisition process may be forced to take place over several years sim

ply because of the unavailability of experts. Personal bias. which constitutes the second 
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problem, may affect the performance of the system. For example, in the context of infor

mation centers, one consultant's preference for one software package over another may 

result in that person' s bias being encoded into the system in such a way that suggestions 

provided by the system may be based on the consultant's preference rather than what 

is best for the user. The third problem affects the usefulness of a system, since expert 

systems that are developed based on a single, perhaps narrow, line of reasoning do not 

emulate most real-life decision making. As the problem domain gets larger and larger. 

the system becomes more and more complicated. and a single expert lacks the required 

expertise, causing incompleteness of the system and inability to solve problems. 

All these problems suggest that a possible solution is to involve multiple experts in 

the acquisition process when possible. McDermott [19831 described using seven domain 

experts on one project, since no one expert possessed all the knowledge necessary to 

develop the system. Smith [19841 worked with only one expert on a project, but in the 

future plans to work with multiple experts having different backgrounds in order to get 

multiple points of view. Mittal and Dym [1985] advocated the use of multiple experts in 

the elicitation process in order to better understand the kinds of expertise utilized in the 

domain. Prerau [19851 and Sviokla [1986] both recommended that when dealing with 

more than one expert a chief or primary expert should be designated. 

However, knowledge acquisition from multiple experts is not a cure-all. either. 

It has some potential difficulties. First, not many techniques discussed in the literature 

can be applied to acquisition of knowledge from multiple experts. Possible use of such 

techniques as brainstorming and group discussion is discussed. but no real experiences in 

building expert systems using these techniques have been described. Second. coordination 

of the contributions of experts in terms of their expertise in various areas requires some 

effort. Finally, there is the issue of interpretation of alternative points of view and 

methods of problem solving. 

Several studies have addressed these issues to some extent. Chorafas [1987] rec-
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ommended group discussions as one way to deal with the problem of interpretation. 

However, he believes that just recording group discussions is insufficient for gaining an 

understanding of the content and reasoning involved. He provided a couple of novel 

suggestions for ways of improving elicitation from groups. One is to use teleconferenc

ing, which could lead to facilitating distributed types of meetings; the other is holding 

a "knowledge competition." Nunamaker et al. [19881 view knowledge acquisition from 

multiple experts as a group activity and propose a group decision support system envi

ronment to facilitate the knowledge elicitation process. A methodology for knowledge 

acquisition in a GDSS environment has been developed and is discussed in Chapter 4. 

Literature on GDSS is reviewed in the following section. 

2.2 Literature on Group Decision Support Systems (GDSS) 

The term GDSS is first investigated, followed by a discussion of purposes of GDSS. 

Components of GDSS are discussed in the following section. This section concludes 

with the discussion of the use of GDSS. 

2.2.1 The Term G DSS 

A Group Decision Support System (GDSS) is defined as an integrated computer-based 

system to facilitate the solution of an unstructured or semi-structured problem by a group 

that has joint responsibility for perfonning the task [DeSanctis and Gallupe, 19851. This 

definition was broadened by Kraemer and King [1988] to include any computer and 

communications-based support of group work, including but not limited to decision

making. 

Discussion of GDSS at first was focused on design of decision rooms [Gray, 1981] 

and suggestions about the impact that GDSS might have [Huber, 1982]. Recent GDSS 

--------------------------
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research has recognized a much broader application and the role of computer-based 

support for groups. Different focuses have been attached to GDSS. with the result that 

various terms sometimes are used to describe the same system or similar ones. 

Gray [1986] has suggested that the term Group Deliberation Support Systems might 

be more appropriate than Group Decision Support Systems, recognizing the importance 

of communication in the group process. Vogel, Nunamaker, and Konsynski [1987] have 

suggested Group Support Systems to facilitate other activities besides decision-making. 

Wagner [1988] has used the term Group Process Support System, focusing on the facili

tation of the process. Dennis et al. [1988] introduce the term Electronic Meeting Systems 

(EMS) to describe information technology support for group meetings. The definition of 

a "meeting" taken from Webster is "an act or process of coming together." It does not 

imply that one type of task is performed in a meeting, nor does it imply that the people 

participating in the meeting must come together in a central location at a specific time. 

GOSS are recognized as computer-based support for group activities, including 

but not limited to alternatives generation, communication. consensus building, conflict 

resolution, decision making, negotiation, knowledge elicitation, and planning .. 

2.2.2 Purposes of (;DSS 

One of the primary purposes of a GDSS is to reduce the "process loss" in meetings 

that is caused by disorganized activity, member dominance. social pressure. inhibition of 

expression, and other difficulties commonly encountered in groups. [Turoff and Hiltz. 

1982; Huber, 1984; DeSanctis and Gallupe, 1987]. 

To enhance communication between group members is another purpose of GDSS 

[Huber, 1984; DeSanctis and Gallupe, 1987; Kraemer and King, 1988]. Turoff and Hiltz 

[1982] note that there is more task-focused communication and less joking and laughing 
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in GDSS-supported groups. Siegel et al. [1986] find that people are more critical of each 

other's ideas when they communicate electronically [DeSanctis and Gallupe, 1987]. 

Many groups find that having complete documentation available for group members 

to refer to during a session improves productivity and can be useful as a record of why 

certain decisions were made [Karon, 1987]. To provide complete documentation of the 

group session is obviously another purpose of using GDSS [Nunamaker, 1987; Stefik et 

al., 1987; Vogel, Martz, and Nunamaker, 1987]. 

2.2.3 Components of GDSS 

Components of a GDSS have been variously listed in studies. Hardware, software and 

people are three components uniformly mentioned [Huber, 1984; DeSanctis and Gallupe, 

1985; Kraemer and King, 1986; Vogel, 1987; Dennis, George, and Nunamaker, 1988]. 

The hardware component includes computing equipment, telecommunications equip

ment, and audio-visual equipment. Individual workstations and printers are examples of 

computing equipment. Communication networks are examples of telecommunications 

equipment. Audio/Video recorder/player and large screen projection systems are exam

ples of audio-visual equipment. 

The software component is the key distinguishing technological feature of GDSS 

and may support general information processing, decision modeling, or communications. 

Implementation of software can be very different from one GDSS to another. Activities 

supported by these tools also vary from system to system. 

The people component of the GDSS includes the group members and a group 

facilitator who is responsible for the smooth operation of the GDSS technology when it 

is in use. The facilitator is the key distinguishing social component of GDSS and his or 

her role can vary widely. At a minimum, the facilitator operates the technology required 
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to support the group activity. Alternatively, the facilitator may actually conduct the group 

meeting, leading the participants through each step of some specific decision-making or 

other group process technique as well as directing the teclmological aspects. 

Procedure is another component of a GDSS [Huber, 1984; DeSanctis and Gallupe, 

1985; Dennis, George, and Nunamaker, 1988]. 'This component consists of procedures 

which enable ease of operation and effective use of the teclmology by group members. 

The GDSS may be designed to accommodate a specific group technique, such as nominal 

group technique [Delbecq and Van de Ven, 1974], brainstorming [Osborn, 1957], the 

Delphi method [Dalkey, 1972], or social judgment analysis [Cook and Hammond, 1982]. 

Facility as a component of a GDSS is discussed by [Vogel. 1987; Dennis. George, 

and Nunamaker, 1988]. The facility component includes wide screen video projection 

units, visual presentation support tools, writing boards, and the conference room setting. 

The last of these includes characteristics of the room, lighting, and physical organization 

of the teclmology. 

Organizationware or orgware is a component discussed by [Kraemer and King, 

1988; Vogel, 1987]. The organizationware component includes the organizational data, 

group processes for decision-making, and management procedures for collaborative group 

work. 

Finally, facilitation. as discussed by [Vogel, 1987; Dennis. George, and Nunamaker. 

1988], is another important component. Facilitation includes technical competence, group 

facilitation skills .md research orientation in a multi-disciplinary atmosphere. The role 

of a facilitator can be any of three: (1) as a chauffeur who drives the software; (2) as 

a leader who guides the group process; and (3) as a technical assistant who helps the 

participants who are using the computing technology. 

-_. -~---------~-----.. ---.---------
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2.2.... Use of GDSS 

Research on GOSS is grounded in group communication theory [OeSanctis and Poole, 

1986]. For the most part the group decision support system effort has been concerned with 

demonstrating the usefulness of the technology in planning and decision-making situations 

where the quality of the meeting's outcomes can be objectively assessed [Watson, et ai., 

1987]. 

Some of the earliest research on GOSS was aimed at investigating its effect on 

decision quality [Gallupe, 1985]. An emerging body of research in GOSS provides 

evidence that computer technology can and does affect the quality of decision-making 

in groups [Gallupe, 1985; Turoff and Hiltz, 1980]. Gallupe [19851 found that GOSS 

improved decision quality but resulted in less satisfaction with the process. Easton 

[1988a] found that GOSS enhanced decision quality, shortened the decision time, and 

improved satisfaction with the outcomes and the process. However, another empirical 

investigation on how GOSS technology affects group decision making reported findings 

induding equivalent decision quality for both face-to-face and GOSS groups, greater 

time to decision for GOSS, GOSS groups arriving at less consensus, lower satisfaction 

in GOSS groups, and more equitable participation in GOSS groups [Easton. 1988b]. 

There have been other studies to investigate the effect of GOSS on group processes. 

Turoff and Hiltz [1980] found that GOSS support enabled the group to reach consensus 

faster. Other studies found that computer mediated communication in GOSS led to 

inhibited verbal behavior and more equality among participants in group processes [Siegel 

et ai., 1986]. A recent study reported that GOSS support helped to even out influence 

behavior, but it did not result in higher quality decisions than were made in manual groups 

[Zigurs, Poole, and OeSanctis, 1988]. Jarvenpaa and his colleagues [19881 found that 

group meetings supported by electronic blackboard technology shown positive effects on 

the thoroughness of information exchange and quality of team performance. 
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Very few studies have attempted to evaluate the impact of GOSS in a planning 

environment. An exploratory study [Applegate et al. 1987] found that GOSS stimulates 

task-oriented behavior and enhances the effectiveness of planning. Using an electronic 

brainstorming program on a GOSS to conduct a series of laboratory experiments de

signed to simulate a planning environment, Jessup and colleagues [1988] and Connolly 

et aI. [1988] found that the anonymity provided by a GOSS has advantages for strategic 

planning. 

To date, positive effects of GOSS have been observed for idea generation [Ap

plegate, 1986; Lewis, 1982], problem finding [Gallupe, 1985], intellective choice (i.e .• 

selection of a "correct" answer among a given set of alternatives) [Hiltz and Turoff, 

1982], and planning tasks [Jessup et al .• 1988; Easton, 1988a; Applegate, 1986; Steeb 

and Johnston, 1981]. Nunamaker et al. [1989] reported from a field study conducted at 

an mM site that process and outcome effectiveness, efficiency, and user satisfaction were 

consistently higher for group support systems compared with no automated support. 

Straub and Beauclair [1988] conducted a survey of 135 selected organizations 

and determined that GOSS are gradually being incorporated into information system 

portfolios. In particular. they noted that GOSS application seems to fall into three major 

categories: planning, administrative. and data analysis tasks. Each category has a different 

form of GOSS. 

Research [OeSanctis and Poole, 1987; Applegate, Konsynski. and NUfii.unaker, 

1986; Nunamaker, 1987; Vogel et al., 19871 has shown that GOSS facilitate group activ

ities by: (1) serving as a medium for group interaction; (2) providing various commu

nication channels to enhance the group's information handling capacity; (3) providing a 

collective group memory to prevent the loss of ideas and time wasted by looping through 

previously discussed issues; and (4) imposing structure on the group process. 

These results indicate that GOSS may be one way of easing difficulties involved in 
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the acquisition of knowledge from a group of experts. Therefore, it is the intent of this 

research to explore the possibilities of using computerized support in a form of aDSS to 

facilitate the acquisition from a group of experts of knowledge needed for expert systems 

development. 

------------------------------------
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CHAPTER 3 

RESEARCH FOUNDATIONS 

This chapter discusses research questions and the research framework. Section 3.1 in

troduces the goal of this study and lays out research questions in detail. The underlying 

research framework that bridges the gap between the problem (i.e., knowledge acquisi

tion from multiple experts) and the proposed solution (i.e., using a GDSS environment) 

is discussed in Section 3.2. 

3.1 Research Questions 

Knowledge acquisition has been a difficult and important task in the construction of 

expelt systems. As discussed in Chapter 1. the involvement of multiple experts makes 

the already difficult task even more complicated. Traditional knowledge acquisition 

techniques do not elicit knowledge from a group of experts efficiently and effectively. 

Although automated knowledge acquisition tools have been increasingly introduced in 

the literature, they are expensive and are used in domain specific problems. In particular, 

they do not address the problem when a group of experts are involved in the acquisition 

effort. 

Computer-based systems which support group activities have been proven useful 
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in tasks such as decision making, idea generation. and consensus building. It seems clear 

that such support could be applied to the elicitation of knowledge from groups. The goal 

of this research is to explore the possibility of using a GOSS environment to facilitate 

the acquisition of knowledge from a group of experts. The primary research question 

addressed in this work is, "Does a GDSS environment facilitate the acquisition of 

knowledge from multiple experts'!" To answer this question, several specific questions 

are identified: 

1. What existing knowledge acquisition techniques can be applied to the aoss envi

ronment? 

This question is addressed by investigating the various knowledge acquisition tech

niques discussed in the literature that are appropriate for use in a group environment. 

Discussion of those teclmiques that can be applied to the aDSS environment is 

provided in Section 3.2.1. 

2. What are the various phases of the acquisition process in a aDSS environment? 

This question is addressed by studying characteristics of the acquisition process in 

a GOSS environment in order to define the proper steps to achieving the goal of 

acquiring knowledge from a group of experts. Discussion of knowledge acquisition 

phases is provided in Section 3.2.2. 

3. What components should be incorporated in a GOSS environment to facilitate the 

acquisition of knowledge? 

This question is addressed by investigating how various components of aDSS 

environments discussed in the literature can contribute to the group activity of 

acquiring knowledge. Discussion of how each component facilitates the acquisition 

of knowledge is provided in Section 3.2.3. 

4. What types of group support tools are needed to facilitate the generating, extracting, 

analyzing, and structuring of knowledge? 



48 

This question is addressed by using a dimensional analysis of characteristics of 

group support tools. The dimensions of process capability, fonnat of output, and 

interaction among participants as well as some sample group support tools are 

discussed in Section 3.2.4. 

5. What process models can be used to extract, analyze, and verify knowledge? 

This question is addressed by identifying generic processes involved in the acqui

sition of knowledge. Process models using some group support tools to facilitate 

those activities are developed. Discussion of these models is provided in Sec

tion 3.2.5. 

6. What is the methodology of acquiring knowledge in a GDSS environment? 

This question is addressed by investigating activities involved in each phase of the 

acquisition process to develop a step-by-step method which enables the acquisition 

of knowledge from a group of experts in a GDSS environment. Discussion of the 

methodology is provided in Chapter 4. 

A field study has been conducted to investigate the primary research question. 

Description of the field study is presented in Chapter 5 while research findings from the 

study are discussed in Chapter 6. The following section discusses the foundations of the 

field study. 

3.2 Research Framework 

The research framework, depicted in Figure 3.1, is an effort to bridge the gap between 

the research problem and the proposed solution to that problem. Existing knowledge 

acquisition techniques and the knowledge acquisition phases are investigated while, at 

the same time, components of a GDSS environment and characteristics of group support 

tools are considered. Process models are then developed for use in a GDSS environment 
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to facilitate the acquisition of knowledge from a group of experts. 

Social scientific research can be divided into four major categories: laboratory 

experiments, field experiments, field studies, and survey research [Fe stinger and Katz, 

1953]. TIus breakdown comes from two sources, the distinction between experimental 

and nonexperimental research and that between laboratory and field research [Kerlinger, 

1986]. A nonexperimental field study has been conducted for this research. The applica

tion domain is information centers while the problem domain is help-service. The field 

study is part of an effort to develop an expert system for the help-service function of 

information centers. 

3.2.1 Knowledge AC(IUisition Techniques 

A review of traditional knowledge acquisition techniques and automated knowledge ac

quisition tools is provided in Chapter 2. The discussion in this section focuses on tech

niques that can be used in a GDSS environment and are appropriate for working with a 

team of experts rather than with individuals. 

As discussed in Chapter 1, acquiring knowledge from a group of experts individ

ually may cause problems such as how to interpret each individual's problem-solving 

strategies and integrate individual strategies into a cohesive group version. It takes more 

time both to extract and to analyze knowledge. Conflicting strategies or heuristic rules 

can only be identified during the knowledge analysis phase. They, therefore, have to be 

resolved through several iterations of interviews or by gathering experts together for a 

group discussion, which may be held at one location or at dispersed places by means of 

a teleconferencing facility. However, the result is not necessarily easy to integrate and 

analyze. 

Nunamaker et al. [1988 J propose a method of using a GDSS to facilitate knowledge 
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acquisition from multiple experts. The GDSS is a computer-based group support system 

that facilitates various group tasks, including but not limited to idea generation, consensus 

building, planning, and knowledge acquisition. Brainstonning, voting, Nominal Group, 

and Delphi techniques are examples of some group techniques which may be applied to 

elicit knowledge. 

McGraw and Harbison-Briggs [1989] discuss such techniques for working with a 

team of experts as brainstorming, consensus decision-making, the Nominal Group tech

nique, computer-facilitated sessions including static communicative devices, dynamic 

communicative devices. and computer conferencing and collaboration. Structured inter

view and repertory grid analysis [Boose, 1986] are other techniques which may be used 

in the computer-based environment to acquire knowledge from multiple experts. Brief 

descriptions of these techniques follow. 

Brainstorming. Brainstorming, a group method for developing ideas and exploring 

their meaning, is also known as "ideawriting" [Moore, 1987, p. 39]. It promotes the 

identification of a number of considerations related to an issue. It is designed to stimulate 

thinking and generate ideas in such a way that each individual may develop his or her own 

train of thought or follow other individuals' routes. Interactions by means of exchanging 

thoughts are encouraged to enrich the outcome of the group process. Brainstorming also 

can be used to help experts and knowledge engineers discover areas that require special 

attention in the problem-solving process. With multiple experts working as a team, 

brainstorming can help prohibit immediate confrontation and reduce inhibited behavior. 

Consensus Dccision-\Iaking. Consensus decision-making focuses on finding the 

best solution to a problem. It is equivalent to the voting technique. Alternatives are ranked 

and rated by the group of experts. It is effective only if each expert who participates in 

the team feels that his or her views and opinions have been heard. It is also vital that 

each expert have a commitment to the group decision even though he or she may have 

some reservations [Crag an and Wright, 1980]. Even when one best answer may not be 
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agreed upon by the team, this technique can significantly contribute to knowledge-base 

development efforts. 

Nominal Group Technique. Nominal Group Technique [Huseman, 1973] is a 

method for structuring small group meetings that allows individual judgments to be 

effectively pooled and used in situations in which uncertainty or disagreement exists about 

the nature of a problem and possible solutions. This technique is helpful in identifying 

problems, exploring solutions, and establispjng priorities. It typically includes four steps: 

(1) silent generation of ideas in writing; (2) round-robin recording of ideas; (3) serial 

discussion of the list of ideas; and (4) voting. This problem-solving procedure reduces 

negative effects (Le., nonparticipation, conflicts) that may be triggered by face-to-face 

interaction among members of the team. This technique is useful if characteristics of 

the team, such as status and rank, appear to threaten the effectiveness of the consensus 

decision-making approach. Knowledge engineers [McGraw and Seale, 1987; 1988] have 

found that a combination of group interaction and the Nominal Group Technique enhances 

the creativity and quality of the resulting solutions. 

Delphi Technique. The Delphi Technique uses a series of questionnaires to ag

gregate the knowledge, judgments, or opinions of experts who are usually anonymous in 

order to address complex questions. Individual contributions are shared with the whole 

group by using the results from each questionnaire to construct the next questionnaire. 

One of Delphi's principal uses has been to make future projections and forecasts [Moore, 

1987]. It also can be used to identify goals and objectives, array possible alternatives, 

establish priorities, reveal group values. gather information. and educate a respondent 

group. By keeping individuals separated and anonymous, the Delphi Technique reduces 

the influence of potentially dominant people or the personalities of certain individuals 

and allows strangers to communicate effectively. It also allows for the participation of 

more people than could be effective in an interacting group, and prevents unproductive 

disagreements [Linstone and Turoff, 1975]. 
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Structured Interview. The structured interview is goal-oriented. It forces organi

zation of the communications that take place between a knowledge engineer and experts. 

The structure provided by goals reduces the interpretation problems inherent in unstruc

tured interviews and allows the knowledge engineer to prevent the distortion caused 

by domain expert subjectivity [Waldron, 1985]. This technique is made more effective 

because it "forces the domain expert to be systematic in attending to interview tasks" 

[Hoffman, 1987]. It can be applied to a group of experts using an on-line questionnaire. 

Answers are collected and can be provided for group discussion. 

Repertory Grid Analysis. This technique is based on Kelly's Personal Construct 

Theory [1955]. It attempts to represent the domain expert's problem-solving knowledge in 

repertory grids, which allow experts to rate, or judge a solution according to its level of a 

problem-solving trait. A domain expert uses repertory grids to enter knowledge by means 

of a rating grid. This grid displays problem solutions that have been elicited from the 

domain expert, which serve as column headings within the grid. Constructs (e.g., solution 

traits) are placed beside the grid's rows. The system elicits constructs by presenting the 

domain expert with sets of solutions and requesting that the expert discriminate among 

them. The domain expert then provides each problem solution with a rating that represents 

how it relates to each trait. Once these initial grids have been constructed. the knowledge 

engineer analyzes them and refines the knowledge base. Tllis technique can be used in 

conjunction with the brainstorming technique, using brainstorming to generate solutions 

and constructs and then using a spreadsheet program to implement the repertory grid. 

The techniques described above have been incorporated into the design and im

plementation of such group support tools as Electronic Brainstorming, Voting, Nominal 

Group, Delphi, Automated Questionnaire, and Automated Rating Tool. ll1ese tools have 

been developed under the PLEXSYS project at the University of Arizona Management 

Information Systems Department. They also have been installed and are used by several 

educational institutions and corporations in the United States. Some of these tools have 
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Table 3.1: A Comparison of Knowledge Acquisition Phases and Stages 

1 4 Phases 1 5 Stages 13 Phases I 

Planning for KA Identification Phase 1 

Conceptualization 

Knowledge Extraction Formalization Phase 2 

Knowledge Analysis Implementation Phase 3 

Knowledge Verification Testing 

been used in this research for the acquisition of knowledge from a group of experts. 

3.2.2 Knowledge Acquisition Phases 

The process of knowledge acquisition in a GDSS envirorunent can be decomposed into 

four phases: planning for knowledge acquisition, knowledge extraction, knowledge anal

ysis, and knowledge verification, as depicted in Figure 3.2. These four phases are com

pared with Buchanan's five stages (Table 2.2) and McGraw and Harbison-Briggs' three 

phases (Table 2.3) as depicted in Table 3.1. 

Planning for Knowledge Acquisition. This is the most important phase of the 

knowledge acquisition task in a GDSS envirorunent. The goal of this phase is to analyze 

approaches to knowledge acquisition and design proper procedures to acquire knowledge 

from multiple experts. This phase is comparable to the analysis and design phase of the 

information system life cycle. Major activities include understanding the domain, defin

ing the problem scope, identifying the type of application, developing process models, 

identifying experts, and planning for knowledge acquisition sessions. When planning is 

done, the knowledge acquisition approach is identified and procedures to conduct knowl

edge acquisition sessions are developed. Knowledge engineers then proceed to the next 
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phase, which extracts knowledge from experts. 

Knowledge Extraction. The primary activity of the knowledge extraction phase 

is to acquire knowledge from experts through a series of knowledge acquisition sessions. 

It may consist of various sets of sessions, each with a particular objective and each using 

specific knowledge acquisition techniques in conjunction with group support tools. Dur

ing each session, knowledge engineers must explain the session objective, the approach 

to acquiring knowledge, and the expected results. Functionalities of a group support 

tool, as well as how such a tool is used, are explained. Outputs from this phase include 

heuristics, concepts, or classification structures. These may be captured in an electronic 

format and require further analysis to be represented in particular schemes. 

Knowledge Analysis. The primary task of this phase is to analyze outputs from 

knowledge acquisition sessions. Heuristics, concepts or classification structures are an

alyzed and formalized into representations which may be in the form of heuristic rules, 

frames, objects and relations, semantic networks, and classification schemes. These rep

resentations are then transferred into particular representation schemes that are supported 

by the expert system building tool (i.e., expert system shell). This transformation is 

part of an effort to implement a prototype system, but it is not a part of the knowledge 

acquisition. 

Knowledge Verilication. This phase focuses on verifying heuristics, concepts, 

and classification structures with experts. Formalized representations are presented to the 

experts. A demonstration of the prototype system to users and experts is also useful. 

Refinements of represented knowledge can be done by looping back to the knowledge 

analysis phase. while reformulation of heuristics, concepts. or classification structures 

must be done by going back to the knowledge extraction phase. If knowledge captured 

in the prototype system does not provide solutions to problems, redesign of the knowledge 

acquisition sessions is necessary. This is done by rethinking the knowledge acquisition 

approach as well as procedures to acquire knowledge. 
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We have discussed knowledge acquisition techniques appropriate to be used in a 

GDSS environment and the knowledge acquisition phases from the problem end of the 

framework. Discussion on components of a GDSS environment and dimensions of group 

support tools are presented next. 

3.2.3 Components of a GDSS Environment 

A review of components of a GDSS environment has been provided in Chapter 2. Six 

components: hardware, software, facility, people, procedures, and facilitation, are identi

fied as necessary to the knowledge acquisition task. The discussion in this section focuses 

on the role of each component in knowledge acquisition and the interrelationships of these 

components, as depicted in Figure 3.3, where six major components are represented using 

round-comer rectangles while possible instances of each component are shown in rect

angles. Thin lines with "includes" in shade are used to represent relationships between a 

component and possible instances, while thick lines are used to show interrelationships 

between components. 

People includes both participants and facilitators. In the context of knowledge 

acquisition, participants are domain experts and facilitators may be professional trained 

facilitators or knowledge engineers who possess group technique, competence and expe

rience in using various group support tools. The role of a facilitator during knowledge 

acquisition sessions can be one of three: as a group leader in terms of guiding the group 

to achieve objectives of particular sessions, as a chauffeur who serves as the intermediary 

between the group and the GDSS software, and as an assistant in the use of computer 

technology. Therefore, facilitators provide facilitation to enforce procedures, to assist 

participants. and to drive software. Both participants and facilitators use the facility. 

Facility is in general the environment in which the group activity takes place. 

Characteristics of the room such as observation windows, carpeting, adjustable lighting, 
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Figure 3.3: Interrelationships of Components of a GDSS Environment 
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arrangement of furniture that is appropriate to group activities, air conditioning, micro

phone, and noise control devices provide a setting within which people can comfortably 

work on complex problems. 

Procedures are particular group techniques that can be applied to the acquisition 

of knowledge. Brainstonning, Nominal Group, Voting, and Delphi are some examples. 

Procedures are enforced by people, i.e., facilitators, who set up an agenda and are 

implemented by software, i.e., group support tools. 

Facilitation is the support provided by the facilitator to participants in assisting 

them in using the computer technology as well as monitoring group dynamics and coor

dinating group sessions. 

Software includes group support tools designed to implement the various group 

techniques and computer programs comprising the overall system. Group support tools 

facilitate the process of generating concepts, ideas, objects, or class hierarchy, and then 

analyzing and consolidating them into a structured fonnat. Electronic Brainstonning, 

Issue Analysis, Topic Com menter, Voting, Nominal Group. Delphi. etc. are examples 

of some tools developed for the PLEXSYS project. Software runs on hardware and is 

used by people. 

Hardware includes individual workstations, central file servers, high ~'Peed l'rint

ers, presentation media. and a communication network to facilitate group communica

tion. Individual workstations and a communication network allow participants to interact 

through the GDSS. Central file servers coordinate and manage input from each individual 

and act as a knowledge repository from session to session. High speed printers provide 

quality printouts for participants to review the meeting proceedings. Presentation media 

provide a wide range of support that includes front screen projection of the displays on 

individual workstation screens and consolidated group infonnation from the facilitator's 

workstation screens, audio and video recording. electronic blackboards. and overhead 
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projection systems. 

Software is the most important component of a GDSS environment. What group 

support tools can provide in terms of the functionalities directly affects outcomes of the 

group process. The next section looks into characteristics of group support tools using 

a three-dimensional framework. A similar technique has been used to discuss visual 

programming languages [Shu, 1985; 1988]. 

3.2...J Dimensional Analysis of Group Support Tools 

Group support tools are the most important part of a GDSS environment. Each tool may 

be designed to implement a specific group technique and is appropriate for particular 

tasks. The analysis is based on three dimensions: process capability, format of output, 

and interaction among participants. The relationships among the various dimensions of 

tools, to be discussed next, are depicted in a three-dimensional diagram in Figure 3.4 . 

• Process Capability. TIus dimension puts tools on a continuum from analyzing 

to generating concepts or ideas. Analysis requires a mind capable of classifying, 

decomposing, illld consolidating, while generation requires creativity as well as 

interaction among participilllts to stimulate trains of thought . 

• Format of Output. Another dimension used for classifying group support tools is 

determined by looking at the output from the group process using a particular tool. 

Thls ranges along a continuum from totally unstructured messy information such 

as outputs from brainstorming sessions to structured information such as outputs 

from voting sessions. For instilllce, unstructured information might consist of one 

hundred pieces of information provided by twenty people, some of whom may 

address the same thing in a different way while others may have nothing in common. 

It requires an enormous amount of effort to analyze and consolidate the information 
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to make it useful. More structured infonnation might consist of one hundred pieces 

of infonnation from twenty people in ten categories. Less effort is needed to analyze 

this type of infonnation than is required to analyze unstructured data. Structured 

infonnation is like an ordered list of things. It has only one sequence and can be 

used as a final list to be voted on, for instance . 

• Interaction among Participants. In a group-oriented task, interaction among partic

ipants may be important to encourage generating ideas. Tools designed with more 

interaction among participants allow them to respond to other people's comments 

as well as to follow their own train of thought or to elaborate upon their own ideas. 

With little interaction or no interaction, each participant works individually at his 

or her own speed. 

A set of tools that support group activities has been developed and used for various 

research activities at the University of Arizona, Department of Management Infonnation 

Systems [Plexsys User Guide, 1988]. Each tool has its own characteristics in relation to 

what type of activities it is suited to do. A sample set of tools, categorized according to 

the three dimensions depicted in Figure 3.4, includes: 

Electronic Brainstorming (EBS) is an idea generation tool that allows experts to 

simultaneously and anonymously share comments on a specific subject. Experts may 

follow a train of thought in expressing their views of the subject. In tenns of the 

process dimension, this tool belongs toward the generating end of the continuum. The 

fonnat of output tends to be unstructured and the tool encourages more interaction among 

participants. In the context of knowledge acquisition, it could be used along with other 

tools such as Issue Analysis to identify problem boundaries or alternatives. Stimuli for 

this session could be a question, a problem description, or a demonstration of a system. 

Topic Commenter can be used to generate ideas in a fashion similar to Elec

tronic Brainstonning but in a more structured fonnat. Each expert is given the computer 

_ .. _---------------------- ------ ------------_ .. _------------ -------------
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equivalent of a deck of index cards with a topic label printed at the top of each card. 

Participants respond to any or all of the topics in whatever order they desire, working 

at their own speed. They are able at any time to view all comments that have been 

entered by other experts, so discussions on different points of view are encouraged and 

duplicative comments are eliminated. This tool helps in the idea generation process di

mension. The format of the output is more structured than that of EBS and it encourages 

less interaction among participants than EBS. In the context of knowledge acquisition, 

this tool can be used to classify as well as to elaborate on various topics. 

Issue Analysis identifies and consolidates ideas. It is composed of two phases: 

Issue Identification and Issue Consolidation. Issue Identification is a process in which 

experts work individually to organize the ideas generated in other sessions such as EBS 

or Topic Commenter. In the consolidation phase, the group condenses the combined list 

to a manageable size. Oral discussions during the consolidation phase help to resolve 

conflicts among experts and to clarify terms. This tool analyzes information generated 

from other sessions in terms of the process dimension. Format of the output is structured, 

and interaction during the consolidation phase is encouraged. In the context of knowledge 

acquisition, this tool is mostly used in conjunction with the EBS or the Topic Commenter 

tool. It can be used individually to simulate what Topic Commenter can do with preloaded 

topics, but it does not allow one paJticip.mt to view other people's ideas. 

Voting provides a mechanism for participants to express their group's consensus 

on issues. Six voting methods are provided: Yes/No, Agree/Disagree, Scale of I to 10, 

Percentage, Multiple Choice, and Rank Order. The accumulated results can be displayed 

for group discussion. This tool is mainly designed for analyzing information. TIle format 

of the output is fairly structured and interaction is not encouraged at all. Voting can be 

used in conjunction with EBS and Issue Analysis to identifying problem boundaries and 

to prioritize the specific area or areas with which the system should be dealing. It can 

also be used to perform consensus decision-making. 
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Alternative Evaluation allows a list of alternatives to be ranked against a list of 

criteria. The relative position of this tool is the same as that of the Voting tool in the 3 

dimensions. In the context of knowledge acquisition, this tool can be used to generate 

a repertory grid. With the current implementation, the tool is not effective in terms 

of analyzing the grid, however. An improved version has been implemented using a 

commercial spreadsheet package, Lotus 123. 

Alternative Rating Tool is the improved version of Alternative Evaluation. It runs 

on Lotus 123 and allows evaluation of alternatives against criteria to be done by using 

the spreadsheet facility. An individual's spreadsheet is merged with those of others to 

create a group spreadsheet. TIus tool can be used to simulate the repertory grid analysis 

in the context of knowledge acquisition. 

Automated Questionnaire is a form of on-line questionnaire. In the context of 

knowledge acquisition, the knowledge engineer can create a set of questions and distribute 

them to participants. Each participant answers these questions at his or her own speed. 

This tool collects responses from participants to the questionnaire and can be used to 

support a structured interview. In terms of the process dimension, it stands midway 

between analyze and generate. TIle format of outputs is fairly structured and interaction 

among participants is minimal. 

The analysis of group support tools provides a foundation for examining what these 

tools can do in the context of knowledge acquisition. However, how these tools can be 

used to facilitate activities in knowledge acquisition phases and to perform knowledge 

acquisition techniques requires further investigation of the actual process of using them. 

The next section demonstrates an effort to design a series of activities that use some of 

these tools to acquire knowledge. 
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3.2.5 Process Models 

According to the American Heritage Dictionary, a process is "a series of actions, changes, 

or functions that bring about an end or result," and a model is "a style or design of an 

item." A process model is therefore defined as a design of a series of actions that bring 

about a result. In the context of knowledge acquisition, actions are the use of various 

tools to acquire knowledge and the result is acquired knowledge. 

Five process models, session planning, identification, classification, repertory grid 

analysis, and verification, depicted in Figure 3.5, 3.6, 3.7, 3.8, and 3.9, respectively, 

have been designed based on the current pool of group support tools developed at the 

University of Arizona Department of Management Infonnation Systems. The models 

represent an effort to link these tools with knowledge acquisition phases and techniques. 

3.2.5.1 Session Planning 

- ' 

This model, depicted in Figure 3.5, is a base for the other four models. It includes six 

major steps that any other process model follows before any sessions can be conducted. 

A session-planner is a person who is in charge of this task. This person can be someone 

who has nothing to do with the group, one of the members assigned to the project, a staff 

member, or a prospective facilitator. The six steps required are: 

• Identify session objectives. Session objectives are important to how sessions are to 

be conducted. They affect the choices that will be made regarding process models 

or tools to be used, the amount of time to be used in each session. participants' 

expertise, number of participants, and interaction among participants . 

• Identify participants. Participants include the facilitator(s) and session participants 

who are involved in the group activity. Facilitators must have familiarity with group 
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techniques, communication skills and technical competence. Session participants 

must have the level of knowledge or expertise in the subject matter required to 

contribute to the end result. 

• Select process models and group support tools. Depending on session objectives 

and tools' availability, the session-planner may choose from among already devel

oped process models or select a combination of tools and design a new process 

model. 

• Set up an agenda. An agenda formalizes a series of actions that sessions will 

complete. TIle elapsed time of each session is important, as is the break between 

sessions. To achieve quality session outputs. the agenda must be carefully planned 

so that session participants will not be worn out or become bored. 

• Reserve the GDSS room, contact participants, and develop contingency plans. 

These are administrative details that may affect the success of a session. Obviously, 

if the room is not available or if participants do not show up, sessions cannot be 

conducted. Unexpected situations such as power shortage, software or hardware 

failure that may occur during a session may result in outputs not being stored 

anywhere in the system. making the session a waste of time and effort. Contingency 

plans are therefore necessary. 

• Material Preparation. Input files for some sessions should be prepared ahead 

of tir:~~ so that this preparation need not take time during sessions. Examples of 

these files are EBS questions, Topic Commenter topics, auxiliary files to provide 

additional background information. etc. 

3.2.5.2 Identification 

The purpose of this process model, shown in Figure 3.6, is to generate alternative ways 

of dealing with a subject and to evaluate them so as to identify the proper solution. In 
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the context of knowledge acquisition and expert systems development, this model can 

be used to identify problem areas and define the problem boundaries, identify expertise 

required to solve a particular problem, identify problem-solving strategies, etc. It includes 

five steps, session planning, brainstorming, identifying issues, consolidating issues, and 

voting. Session planning has been discussed above. Other steps are discussed in the 

following paragraphs. 

The brainstorming session can be conducted using the Electronic Brainstorming 

(EBS) tool from the PLEXSYS tool kit. It requires a stimulus that is usually an EBS 

question. Other brainstorming stimuli may be a demonstration of a prototype system, 

a problem scenario, or a description of problem-solving strategies. The purpose of the 

brainstorming session is to generate as many ideas as possible with regard to the stimulus. 

Usually it runs from 25 to 40 minutes. Output from the brainstorming session is a file 

including many ideas, some of which may follow a single train of thought and others 

that may offer brand new thoughts. 

The output file from the brainstorming session is used as input to the identifying 

issues session, during which participants use the Issue Identification phase of the Issue 

Analysis tool to organize ideas into several folders with key issues as folder-headings. 

The output from this session demonstrates, in structured form, the individual participants' 

knowledge. The facilitator's workstation collects individual files and displays them to 

participants on a public screen so that they can be consolidated into a group version. 

As a result of the consolidating issues session, the knowledge is synthesized into a 

single list that may be a list of alternatives, a list of criteria, a list of ideas. or a system 

specification, depending on the problem domain. Participants then vote on this list to 

identify priorities. The group consensus on the listed issues can be detected by analyzing 

the statistical grid of the voting result. 
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3.2.5.3 Classification 

lrus model, shown in Figure 3.7, is an iterative process which develops a classification 

scheme as sessions proceed. In the context of knowledge acquisition and expert system 

development, it can be used to generate a classification scheme, to discuss problem

solution strategies, or to extract experts' know-how in various areas. It involves four 

steps: session planning, parallel brainstorming, identifying issues, and consolidating is-

sues. 

Primary classes or topics are identified during the planning stage. They can be 

pre-defined or identified by using the Identification model. These topics are input to the 

parallel brainstorming session where the Topic Commenter from the PLEXSYS tool kit 

can be used to conduct the session. Each topic is similar to a brainstorming stimulus. 

Participants enter their knowledge about each of these topics in as much detail as possible. 

The output is a file segmented by topics within each of which a detailed discussion of 

that topic is provided. Based on this file, participants then identify sub-classes within 

each class and consolidate individual knowledge into a group version. Two or more 

iterations may be needed to develop a classification scheme. This model is mainly used 

to acquire analytical knowledge during the knowledge extraction phase. However, it can 

be used to acquire synthetical knowledge by eliminating the iterative process and applying 

a bottom-up approach in which detailed information is elicited and then synthesized into 

more abstract information. 

3.2.5'" Repertory Grid Anal~'sis 

This model, shown in Figure 3.8, implements the repertory grid analysis technique. 

The identification model can be used to identify alternatives (or solutions) and criteria 

(constructs of solutions, or attributes of solutions). The next step involves evaluating 

alternatives based on criteria. It can be implemented using the Alternative Rating Tool 



Session 
Planning 

Classes 

71 

Classes Subclasses... Parallel 
Brainstorming 

.. 
!------lP. Subclasses 

\.. ~ 

" 

Descriptive 
knowledge 

Structured 
knowledge , 

Consolidating 
Issues 

Figure 3.7: Classification 

Instances 



72 

in the PLEXSYS tool kit. A list of alternatives is input into the alternative rating tool as 

the rows of a spreadsheet, while criteria are input into that tool as columns. Participants 

work on the spreadsheet individually to evaluate alternatives, based on identified criteria. 

Individual spreadsheets are collected at the facilitator's workstation and displayed to 

participants on a public screen by means of merging methods such as summing up and 

averaging. The resulting spreadsheet is then used to generate a knowledge base. This 

model is mainly used in the knowledge extraction phase. 

3.2.5.5 Verification 

This model, shown in Figure 3.9, consists of session planning, demonstration of acquired 

knowledge and prototype, survey, identifying issues, and consolidating issues. It can be 

used to verify knowledge as well as to collect feedback from participants (experts or 

users) regarding the knowledge or the system. 

The session planning step prepares knowledge structures, for instance, a classifica

tion scheme that will be used to develop the prototype system. A questionnaire is also 

designed and developed during this step. The demonstration step involves explanation of 

the structure as well as of the mechanism employed to search for solutions and an on-line 

demonstration of the prototype system. After the demonstration, a questionnaire is dis

tributed to participants to survey their feedback. Individual questionnaires are collected, 

analyzed and consolidated in the identification and consolidation stages to generate con

structive suggestions as to what is good about the prototype, what may be wrong in the 

existing version and what can be improved in terms of the implementation. 

The analysis in this section provides a foundation for the field study. A method

ology to acquire knowledge from multiple experts in a aDSS environment is developed 

next. 
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A methodology for knowledge acquisition from multiple experts in a GDSS environment 

is discussed in this chapter. It involves fourteen steps throughout the planning, extraction, 

analysis, and verification stages of lmowledge acquisition. A mapping of these steps with 

the lmowledge acquisition phases is summarized in Table 4.1. 

·t 1 Planning for Knowledge Acquisition 

Planning is the most important phase throughout the knowledge acquisition process. It 

starts with understanding the application domain of expert systems, followed by defining 

the scope of problems for which expert systems provide solutions. Identifying the type 

of application is the next step that knowledge engineers must take in order to determine 

proper approaches to acquiring knowledge. Group techniques that can be applied to 

particular approaches to extraction of knowledge are identified next and appropriate group 

support tools are selected. Process models that integrate group techniques and tools 

are then developed. Participants of knowledge acquisition sessions must be identified. 

Finally, a detailed plan of how knowledge acquisition sessions are to be conducted must 
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Table 4.1: Knowledge Acquisition Phases and Steps 

KA Phases II Steps 

Planning for KA Understanding the domain 

Defining the problem scope 

Identifying the type of application 

Developing process models 

Identifying participants 

Planning knowledge acquisition sessions 

Knowledge Extraction Explaining the knowledge acquisition approach 

Discussing the objectives of knowledge acquisition sessions 

Conducting knowledge acquisition sessions 

Debriefing the expert team 

Knowledge Analysis Analyzing sessions outputs 

Transferring knowledge into representations 

Knowledge Verification Developing test scenarios 

Verifying knowledge with a panel of experts 
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be developed . 

. 1.1.1 Understanding the Domain 

The initial phase of an expert system development project has a great impact on the 

effectiveness of knowledge acquisition. No matter what methods or techniques a knowl

edge engineer uses to acquire knowledge, understanding of terminologies, concepts, and 

problem-solving strategies of the application domain is necessary. As Prerau [1987] 

notes, knowledge engineers are trained to "speak the language" and understand the basic 

concepts in the domain. The goal is not to tum knowledge engineers into experts but to 

increase the effectiveness with which they communicate with experts and conceptualize 

the domain. 

Ways to help knowledge engineers understand the domain include: self-study, 

developing a knowledge dictionary, attending seminars or lectures, and establishing a 

reference center [McGraw and Harbison-Briggs, 1989]. 

~.1.2 Defining the Prohlem Scope 

The success of an expert system is closely related to the scope of the problem. Davis 

[1984] notes that expert systems dea1 with very narrow domains of expertise; we have to 

constrain sharply what it is we hope to achieve with them. If the scope is too broad, the 

system can hardly be effective because the amount of knowledge is too large to acquire, 

manage, and store. In addition, it is difficult to identify experts with required expertise 

in a very broad domain. TIle problem scope should be clearly stated and narrowed to 

a specific area, or a few related areas, so that domain experts can be easily identified. 

There are misconceptions about expert systems and their ability to solve problems that 

are very much beyond their scope. 
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The decision of problem scope can be made by a group of people including domain 

experts, end users, managers, and the knowledge engineer or any combination of these. 

The involvement of domain experts in such a decision provides a subjective perspective 

of what the system can do for users, while the involvement of end users provides a 

broader perspective of how the system may be able to help them. Managers are involved 

in order to provide strategic guidelines as to what should and should not be included in 

the system. The knowledge engineer can assess technical feasibility. 

One individual, such as the manager, can, of course decide the scope of the system 

based on policy and the needs of the organization. However, decisions made by a group of 

people including users through discussion, with or without computerized support, is more 

desirable and acceptable to the users since they will be most affected by the performance 

of the system. 

-1".3 Identifying the Type of Application 

Problems that expert systems solve can be broadly classified into two categories: analysis 

and synthesis [Clancey, 1986]. EMYCIN, a medical consultation system, is an example 

that addresses a typical analysis problem [Hayes-Roth, 1983]. XCON, a configuration 

system for VAX computers, is an application of a solution to a synthesis problem [Water

man, 1986]. Each category of problems has its own characteristics and requires a different 

problem-solving approach. Problems of the analysis category in general look for solu

tions from the domain as a whole and try to narrow the domain, with the search space 

getting smaller and smaller until solutions are identified. A top-down approach seems 

appropriate to solve problems of this category because it requires experts to decompose 

a problem into subproblems and tackle smaller problems first. 

Problems of the synthesis category have a different orientation. A synthesis problem 

requires finding out all the necessary information in detail and then putting the details 
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together according to synthesis rules. For example, to configure a car, a worker first 

identifies all the parts required and then puts those parts together. Different combinations 

of different types of engine, body, or tires results in various models of cars. A bottom

up approach seems suited to solving problems in this category. TItis approach requires 

experts first to generate all the necessary parts and then to compose them on the way up. 

Most applications of expert systems fall into a few distinct types of these two 

categories. Some applications feature a combination of analysis and synthesis. These 

are summarized in Table 4.2 [adapted from Buchanan, 1983, p.14]. To identify the 

type of application to which an expert system belongs, a knowledge engineer must be 

able to differentiate analysis problems from synthesis problems. As has been discussed, 

analysis problems feature decomposing while synthesis problems feature configuring as 

the primary activity during the problem-solving process. 

-'.1.... Developing Process Models 

To maximize the benefits of using a ODSS environment to facilitate the acquisition 

process, knowledge engineers must select tools which best fit the type of application. A 

task analysis technique can be applied to identify tasks involved in an expert's problem

solving process. 

According to Sharmon [1980], task analysis is a methodological tool that can be 

used to describe the functions a human expert performs and determine the relation on 

a certain dimension of each task to the overall job. Using task analysis, a knowledge 

engineer defines major tasks involved in an expert's problem-solving activity to determine 

what the system will be required to handle and what types of information it will need. 

An example of this type of analysis for a software consultation expert system is depicted 

in Table 4.3. 
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Table 4.2: Problem Category and Types of Knowledge Engineering Applications 

Category Type Problem Addressed 

Analysis Interpretation Inferring situation descriptions from sensor 

data 

Analysis Prediction Inferring likely consequences of given situ-

ations 

Analysis Diagnosis Inferring system malfunctions from observa-

tions 

Analysis Monitoring Comparing observations to plan vulnerabili-

ties 

Analysis Debugging Prescribing remedies for malfunctions 

Synthesis Design Configuring objects under constraints 

Synthesis Planning Designing actions 

Synthesis Repair Executing a plan to administer a prescribed 

remedy 

Combination Instruction Diagnosing, debugging, and repairing stu-

dent behavior 

Combination Control Interpreting, predicting, repairing, and mon-

itoring system behaviors 



I Function 

Identify background 

Identify problem 

Table 4.3: An Example of Task Analysis 

I Task 

1. Identify computing experi-

ence 

2. Identify computing equip-

ment 

1. Identify problem characteris-

tics 

2. Identify category 

3. Identify subcategory 

4. Identify problem 

I Subtask 

a. # or years used computers 

b. type of computers used 

c. type of software used 

a. hardware configuration 

b. software 

a. Identify attributes 

a. Identify categories 

b. Identify attributes 

a. Identify subcategories 

b. Identify attributes 

a. Identify attributes 
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Identify appropriate tools 1. Match problem attributes a. Identify tools' characteristics 

with tools' characteristics 

b. Search for solutions 

2. Display suggestions a. Clear screen 

b. Display solutions 
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After the task analysis is done, knowledge engineer(s) design a series of actions 

which perfonn these tasks. They can be supported by computer-based systems or by 

applying particular group techniques or a combination of both. Five generic process 

models, discussed in Chapter 3, have been developed using the existing PLEXSYS Tool 

Kit to demonstrate what can be done in a GDSS environment. These process models can 

be applied to such generic tasks as identification, classification, and verification during 

the expert system development life cycle. As new group support tools are designed and 

implemented, it may be necessary to generate new process models based on various types 

of application and group techniques. 

There are only a few guidelines that may be useful to the design and development 

of process models. First, knowledge engineers must have an understanding of the existing 

tool kit. That is achieved by applying the dimensional analysis technique discussed in 

Chapter 3. Second, knowledge engineers must have had enough experience in working 

with tools to know about their strengths and weaknesses and what can be done with them. 

Third, knowledge engineers must understand the problem domain, the problem-solving 

process, and tasks involved in such a process in order to be able to match tools with the 

required knowledge acquisitiun tasks. 

4.1.5 Identifying Participants 

Participants of knowledge acquisition sessions for the most part include experts and fa

cilitators. Users and managers may be involved only in defining the problem scope. 

The ability to identify expertise in the problem domain and those experts who have the 

required problem-solving knowledge is a key to success. Therefore answers to such 

questions as "Where does the expertise come from?" and "Who has knowledge in the 

domain?" should be investigated. By analyzing the domain and the problem characteris

tics, it is possible to pinpoint sources of expertise. Identifying domain experts is a joint 

responsibility of managers of the organization and knowledge engineers. Attributes that 
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should be considered when choosing domain experts include domain background, cus

tomer authorization, availability, personal characteristics and attitudes (e.g., willingness) 

[McGraw and Harbison-Briggs, 1989]. 

Domain background includes the experiences an individual has had and the capacity 

in which the person has used this knowledge. McGraw and Seale [1987] distinguish 

experienced experts from practicing experts. "Experienced experts are those with domain 

expertise who are not presently practicing in that domain" [McGraw and Harbison-Briggs, 

1989. p. 98]. For example, former information center consultants may be familiar 

with some common software problems but may not know current problems. "Practicing 

experts are those who are currently active in domain tasks. 1bis 'practice' includes formal 

education and training as well as practical experiences" [McGraw and Harbison-Briggs, 

1989. p. 98]. Practicing experts are the domain experts who need to be identified. 

Customer authorization refers to the issue of who proclaims an individual to be 

an "expert." It is not individuals who claim themselves to be experts but "customers" 

receiving services who should give the authorization. Personal characteristics and at

titudes may influence the efficiency with which important information is transferred to 

the knowledge engineer. Such attributes include sense of humor, being a good listener, 

sense of commitment, patience, ability to communicate ideas and concepts, introspective 

perspective of own knowledge, willingness to prepare for the session, honesty with self 

and others, and persistence [McGraw and Harbison-Briggs, 1989]. 

Limited access to domain experts is a common problem in knowledge acquisition. 

Hart [1986] notes that most problems are caused by rime demands on an "already-busy" 

expert. Regardless of an individual's experiences and characteristics. he or she should 

not be selected as the primary expert if problems with access are anticipated. Reiss 

[1986] advises gaining management commitment to allocate the expert's time to the 

expert system development project. 
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One important characteristic of a good facilitator is technical competence in terms 

of assisting experts in using software, directing the system, and controlling the working 

environment (e.g., lighting and procedures). Being able to work with people is another 

characteristic that a good facilitator must have. This includes communication skills 

and mastery of group facilitation techniques. During knowledge acquisition sessions, 

professional facilitators are desirable, but knowledge engineers with special training in 

group facilitation techniques may be acceptable . 

.... 1.6 Planning Knowledge Acquisition Sessions 

Preparation for knowledge acquisition sessions is the final step in the planning stage. 

Objectives of each group session must be identified. A session agenda describing ob

jectives, participants, duration, input, process, expected output and the overall process 

,T!.ust be developed. Intermediate activities between sessions n !Ust be identified. These 

may include backing up session outputs, reviewing outputs, and preparing files for the 

following session. Input files such as brainstorming qu~:;tions, discussing topics, and 

background information should be prepared before s(':;sions start. In addition, notices of 

sessions must be delivered to participants and reservations for the GDSS room must be 

made . 

.... 2 Knowledge Extraction 

When planning for knowledge acquisition is done, the knowledge extraction phase starts. 

Before any knowledge acquisition sessions are conducted, knowledge engineers should 

explain the knowledge acquisition approach to the expert team and discuss objectives 

of the knowledge extraction phase as well as of each knowledge acquisition session. 

The next steps are conducting knowledge acquisition sessions and, finally, debriefing the 

expert team. 
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.. U.1 Explaining the Knowledge Acquisition Approach 

The first thing that should be done in the knowledge extraction phase is to explain the 

knowledge acquisition approach to experts so that they have an understanding of the 

overall picture of knowledge acquisition. Basic concepts about knowledge acquisition 

and its role in the expert systems development life cycle must be explained. This should 

be done at an introductory rather than an in-depth lecture level. In addition, the approach 

taken to acquire knowledge for the specific expert system must be discussed. For in

stance, if a classification approach is to be taken to decompose help-service problems 

in information centers for a help-service expert system, a discussion of the classification 

approach should point out that an expected output from sessions is a classification scheme 

of help-service problems. This debriefing provides guidelines for experts of what to con

tribute during sessions. Experts' understanding of what to expect and what to contribute 

during sessions makes the acquisition task more effective. 

"'.2.2 Discussing the Objectives of Knowledge Acquisition Sessions 

Objectives of each session must be identified during the planning stage and then explained 

to experts before each session starts. Both an overview of objectives of a series of 

knowledge acquisition sessions and the objectives of each individual ses~ion should be 

discussed in order to reduce potential misinterpretations during the knowledge acquisition 

process. 

"'.2.3 Conducting Knowledge Acquisition Sessions 

During knowledge acquisition sessions, there are two factors that affect the result of 

sessions. One is structured procedure, the other is facilitation. A structured procedure 

applies such group techniques as brainstorming and voting to acquire knowledge from a 
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group of experts, organizes sessions according to particular process models, and integrates 

inputs and outputs from session to session. A contingency plan and frequent backup of 

session outputs are recommended in case of a system failure or any other unexpected 

problems, such as power failure. 

Facilitation requires technical competence, communication skills, domain knowl

edge, and group facilitation skills. Technical competence includes knowledge of the 

group support tools: how to use them, their purposes and limitations, and how they 

work together to support the knowledge acquisition process. Knowledge of the problem 

domain is task-oriented. Group facilitation skills require a sound understanding of group 

dynamics and possession of the skills to work with those dynamics to help the group 

achieve its goals. 

If the facilitator is not a knowledge engineer, he or she should be aware of the 

expectations of the knowledge engineers who initiate the session and the experts who 

take part. Having a facilitator who cannot incorporate different expectations of a session 

will often result in an unsuccessful session . 

.... 2.... Debriefing the Expert Team 

Debriefing is especially important when sessions have involved a group of experts. This 

is the last step of the knowledge extraction phase and it brings closure to the knowledge 

acquisition sessions. Initial goals for the debriefing address the tasks of summarizing and 

correctly recording the problems, solutions. and ideas discussed during the session. Dur

ing this summation. experts should be encouraged to request or suggest clarification on 

the issues that were raised. The debriefing process offers knowledge engineers an oppor

tunity not only to obtain consensus from experts. if desired. but also to elicit information 

concerning the experts' degree of certainty or belief in the information obtained. While 

certainty or validity of rules for a knowledge base is always important. it is extremely 
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so in situations where more than one expert may have contributed ideas or where ideas 

were consolidated based on discussion among experts [McGraw and Seale, 1987; 1988]. 

As the session concludes, the knowledge engineer should make an opportunity 

to identify action items, parties responsible for specific tasks, and target completion 

dates. Additional objectives for debriefing the expert-team include ensuring that the 

group members have a positive attitude about their contributions and participation and 

outlining future plans for the team. 

-1.3 Knowledge Analysis 

Steps involved primarily deal with the analysis of outputs from knowledge acquisition 

sessions and the transfonnation of knowledge into representations. Although implemen

tation of the expert system is not an issue in knowledge acquisition, it detennines what 

knowledge representation schemes can be used. Thus, knowledge engineers must decide 

how an expert system is to be implemented in tenns of selection of expert system build

ing tools, knowledge representation schemes, and inference methods before the analysis 

phase starts. 

-1.3.1 Analyzing Sessiolls Outputs 

Outputs from knowledge acquisition sessions must be analyzed and consolidated into 

knowledge chunks, which in tum must be fonnalized into such representations as classes 

and instances, semantic networks, a hierarchical classification tree. An example of an 

animal classification system is chosen to explain some guidelines of how analysis is done. 

1. Identify concepts. objects. or entities: these are usually presented as nouns. For 

example. mammals. birds, dogs, and cats are identified. 



88 

2. Identify attributes associated with each concept, object, or entity; these are usually 

presented as adjectives or descriptors and can be used to differentiate one animal 

from another. For example, mammals drink milk; birds fly; dogs bark. These 

indicate object-attribute relationships. 

3. Identify possible values of attributes; these are usually presented as numbers, ad

jectives, or descriptors. For example, human beings have two arms and two legs; 

dogs have four legs; cats have four legs; the color of a horse may be white, brown, 

or black. 

4. Identify class-instance relationships. For example, a dog is a kind of mammal. In 

other words, dogs are a subclass of mammal. Verbs such as "is a," "a kind of' 

imply such a relationship. 

5. Identify part-subpart relationships. For example, a head consists of eyes, ears, 

nose, mouth, and hair. Verbs such as "has parts," "has a," "consists of," "is part 

of' imply such a relationship. 

6. Identify heuristic rules using terms such as "i f... then ... " as indicators. For example, 

if an animal drinks milk, then it is mammal. 

A parsing program may be used to assist in the identification of knowledge items 

such as concepts, objects, or entities, attributes, values, relationships and heuristic rules. 

Visual diagrams such as semantic networks. hierarchical classification structures, and 

object-attribute-value frames, are useful to represent knowledge in a particular format. 

".3.2 Transforming Knowledge into Representations 

Knowledge items such as objects. attributes. values, relationships. and heuristic rules 

resulting from the previous analysis step are transformed into a particular representation 
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or representations supported by the expert system building tool. For example, the help

service system is developed on the Expert System Environment (ESENM) which is a 

mle-based expert system shell. Some guidelines for transferring knowledge items into 

rules include: 

1. Use a diagram to represent knowledge chunks. Such diagrams may be a hierarchical 

classification scheme, a semimtic network, or object-attribute-value frames. 

2. Transfer object-attribute relationships into rules. For example, the fact is that birds 

fly. A heuristic rule is If all animal flies. then it is a bird. 

3. Transfer class-instance relationships into rules. For example, the fact is that dogs 

are mammals. A heuristic rule is If Snoopy is a dog, then Snoopy is a mammal. 

4. Transfer part-subpart relationships into rules. For example, a dog consists of head, 

body, and legs. A heuristic rule is If Snoopy is a dog, then Snoopy has head, body, 

and legs. 

The analysis and transformation of knowledge chunks into representations still 

rely on man-power. The more experiences a knowledge engineer has in building expert 

systems, especially in representing knowledge extracted from human experts, the more 

reliable the result is and the more effective the system can be. TIus is a key step in 

the knowledge acquisition process. A computer program to assist the transformation of 

knowledge chunks into formal knowledge representations such as rules and frames will 

be a useful tool for knowledge acquisition . 

..JA Knowledge Verification 

Importance of the knowledge analysis phase indicates the necessity of testing and verify

ing the knowledge base so that refinements can be done. In addition, problems with the 
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system capability that are identified in the verification phase will require reformulation of 

the knowledge acquisition sessions or redesign of the knowledge acquisition approach. 

4.4.1 Developing Test Scenarios 

The first step in the knowledge verification phase is to develop test scenarios. The 

primary source of test scenarios is users of the system. Knowledge engineers can sample 

problems that users commonly have and use them to test the knowledge base. They 

may also create various scenarios artificially based on their understanding of the problem 

domain, but scenarios collected from users are more realistic and can test the system's 

capability better. 

4.4.2 Verifying Knowledge with a Panel of Experts 

Three levels of verification can be done in this step. The first-level v~rification involves 

providing session outputs for experts to review. A limitation of this level of verification 

is that experts may see refinements of wording or phrasing rather than completeness of 

the knowledge in the problem domain. They see pieces of information about the domain 

rather than an overall picture of what is to be included in the knowledge base. 

The second-level verification involves explaining knowledge structures (Le., dia

grams of classification schemes, semantic nets, etc.) to a panel of experts. Experts are 

able to get a rough idea of an overall picture of what will be included in the knowledge 

base so that missing pieces of knowledge can be recognized and submitted for refinement. 

The third-level verification involves testing various scenarios to which the knowl

edge base is applicable, using the prototype system. Solutions to such testing problems 

provided by the prototype system are verified with a panel of experts. some of whom are 

involved in knowledge acquisition sessions and some of whom are not. Experts may use 
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their own scenarios to test the system. 

Verification results are used to refine to the knowledge base. These refinements 

are analyzed and transferred into representations which are then incorporated into the 

existing knowledge base. 

A methodology for knowledge acquisition in a GDSS environment has been dis

cussed in detail in this chapter. A field study applying such a methodology to acquire 

knowledge from a group of experts in a GDSS environment is described in the next 

chapter. 
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CHAPTER 5 

THE FIELD STUDY 

This chapter discusses an application domain (i.e., information centers) of an expert sys

tem and the problem domain (Le., help-selVice) selected for this research. Knowledge 

acquisition sessions conducted at a corporate site to extract knowledge from a group of 

experts also are reported. Section 5.1 is an ovelView of the Information Center Expert 

project, followed by a discussion of the field study. The prototype of the Information 

Center Expert: Help-SelVice System is discussed in Section 5.3 and knowledge acquisi

tion sessions conducted at the corporate site are described in the final section, 5.4. 

5.1 Background 

According to a sUlVey of information systems (IS) managers, about ten microcomputers or 

terminals constitute a critical mass extensive enough to require support and coordination 

of their use [AMA, 19861. Information Centers (ICs) happened, not as part of a grand 

plan, but because something had to be done to provide this coordination and support. 

Hammond [19821 describes the objectives of ICs as to provide users access to data on 

their own terms so that they can solve their own business problems. An information 

center is therefore an organization designed to produce guided selVice to help end users 

help themselves [Leitheiser and Wetherbe, 1985]. 
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5.1.1 Problems Faced by Information Centers 

A study conducted by Brancheau and his colleagues [1985] reported that end users expect 

to be even more dependent on the IC in the future than they are now. Information 

centers are being subjected to increased user expectations, higher demand for integrated 

applications. and growing pressure to accomplish more with fewer resources. These 

pressures have put information support services in a difficult situation. 

Another major problem that ICs must face is the high turnover rate of personnel 

[Heltne et al.. 19871. IC consultants with a combination of skills serve end users who 

may be in the high levels of management. This unique visibility provides enormous 

opportunities that often result in shifting jobs. The IC consequently loses knowledge and 

experience as well as already established consulting and training relationships with end 

users. In addition, replacement consultants may not be easy to find and job training for 

them requires expending resources in terms of time and effort from other consultants. 

5.1.2 The Information Center Expert System 

Just as ICs provide support for technology enhancement, technology can be used to 

support ICs. The Information Center Expert System is an ongoing project in the MIS 

Department of the University of Arizona to provide knowledge-based support for in~ 

formation centers, as depicted in Figure 5.1. It has three divisions. corresponding with 

the three functions of information centers. They are. respectively, the Information Center 

Expert for Consultation. Help-Service. and Distribution. Functions of information centers 

are as follows: 

1. Consultation: Information Center personnel work with end users to help them an

alyze their problems and clarify their needs for computing resources. In particular, 

assistance is provided for the selection of software and hardware to perform a given 
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task. 

2. Help-Service: Users approach the IC with specific problems, and the IC provides 

them with troubleshooting expertise. Additional ongoing support is provided to 

users to help them learn about hardware and software using tutorials and other 

training programs conducted by the Ie. 

3. Distribution: The IC functions as a center for controlled distribution of end-user 

tools (both hardware and software). This distribution control allows information 

centers to track tool usage and to respond better to the needs of the end-user 

community. The distribution of software by the IC facilitates the management 

of newly released software, as well as ensuring the use of legal versions of the 

software. 

Over the past two years, the Consultation system has been developed and tested 

at three separate locations. Experimental results indicate that knowledge-based system 

support has a positive effect on software consultation in information centers in terms 

of efficiency, effectiveness, and user's satisfaction [Vinze, 1988]. Experiences learned 

from the development of the Information Center Expert: Consultation System surfaced 

the need for multiple experts and a better methodology to support the acquisition of 

knowledge [Nunamaker et al., 1988]. The field study reported here is part of an effort to 

build an expert system for help-service to be used in a corporate information center. 

-, ::l._ Description of the Field Study 

In this section, the corporate information center is first described, followed by discussions 

of the help-service problem and the heuristic classification method. Description of the 

GDSS environment of the corporation follows. 



95 

Knowledge-Based Systems Support 
for Information Centers 

~ ;:; C -::: c :::; 
User prOfile problem profile Resource Profile 

name, depart., phone no., name, version, vendor, classification of 
hardware configuration, configuration required, problems, symptoms, 
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5.2.1 The Information Center 

The infonnation center described in this study resides in one of the divisions of a ma

jor computer manufacturing company on the east coast of the United States. This IC 

is staffed with twelve consultants and serves about 5,000 end users who are located in 

seven different buildings. The end user support functions of the infonnation center are 

divided into three areas: the help desk, the productivity center, and the main infonnation 

center. The help desk handles problems dealing with either hardware or software. Prob

lems dealing with personal computer (PC) applications are handled by the productivity 

center. "How to" questions are addressed to the main infonnation center, which receives 

approximately 4,000 phone calls per week and is staffed by 4 to 6 consultants [proposal. 

1988]. A heavy work load has been a difficult problem. 

5.2.2 The Help-Service Problem 

Research indicates that the help service (help desk and technical support) provided by ICs 

is perceived by users as the most important function of infonnation centers [Brancheau. 

Vogel, and Wetherbe. 19851. The help services of ICs are diverse and include both 

hardware and software related questions. The difficulty with providing help services to 

users is that the expertise in the problem area has to be "on call." This is not a.lways 

possibl~ and is becoming increasingly difficult as infonnation centers are called upon to 

support more users. The nature of the help-service problem in infonnation centers can 

be described as shown in Figure 5.2. One common solution is to implement telephone 

"hot line" assistance [Canning, 19811. 

A high-level official of the subject corporation encourages his people to think 

of labor- and knowledge-intensive areas where AI teclulOlogies could be inserted into 

existing applications to enhance. not replace, jobs [Travel Report, 19881. An expert 

system of help service would have the ability to answer questions most commonly directed 
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to the center. It has been observed repeatedly that the majority of consultants' work 

load consists of answering a few questions over and over. Currently, 126 of the most 

commonly asked questions have been stored in a database. However, it has been found 

that a search on key words does not always provide the user with needed answers. For 

instance, if a user thinks PROFS is down, he or she might search on "PROFS" when the 

problem might be totally unrelated to PROFS and have to do with session disconnection. 

An intelligent system that could query users for symptoms and then offer solutions might 

be useful. 

Knowledge-based system support for a help service will not replace any personnel 

but it will do a first-level screening as indicated in Figure 5.3. The system will be able 

to screen users to determine specific needs and make suitable recommendations based on 

those needs. TItis will reduce user dependency on IC personnel and provide immediate 

on-line help. 

5.2.3 Problem-Solving Using the Heuristic Classification Method 

The problem being dealt with by the help-service system is classification. Clancey [1985, 

p. 293] defines classification problems as "identifying some unknown object or phe

nomenon as a member of a class of objects, events, or processes. Typically, these classes 

are stereotypes ... the process of identification is one of matching observations of an un

known entity against features of known classes." Users' problems can be classified into 

various categories using a classification tree such that the knowledge needed to provide 

solutions to those problems can be identified. Knowledge acquisition sessions of this 

study were therefore designed to assist experts in classifying their knowledge. 

Heuristic classification is a problem-solving method applicable to many interpreta

tion problems. It is characterized by a task in which one starts with a pre-enumerated set 

of possible solutions (i.e., problem solutions), a set of data either given or to be elicited 
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from the user, and the goal of finding the single solution that best characterizes the data. 

There exist only a fixed set of possible solutions when the heuristic classification method 

is applied. This is different from other methods such as generate-and-test. Heuristic 

classification employs a three-step procedure: 

1. Data Abstraction classifies infonnation collected for a particular problem from a 

user into conceptual categories for further reasoning. 

2. Heuristic Match makes a comparison from a suitable abstraction of the data to an 

abstract version of the solution. TIns association is often based on experience and 

is identified as the heuristics (i.e., rule of thumb) in expert systems. 

3. Refinement fills in the details of the abstract solution suggested by the heuristic 

match. 

5.2.'" The G DSS Environment 

The corporation has a designated conference room, depicted in Figure 5.4, for computer

supported collaborative work. Fourteen workstations, each installed with an IBM Personal 

Computer/AT, are placed in a U configuration around the room. An IBM Personal 

System 2/Model 80 located at the open end of the U is the facilitator's workstation. 

These workstations are networked using an mM Token-ring local area network. An 

IBM PC/AT, used as a server, and a laser printer are located in the control room, which 

has a large observation window overlooking the conference room. A BARCO system is 

used to project the facilitator's workstation screen to the large front screen. An overhead 

projector and two white boards are also available. 

Twelve consultants providing help-service to end users were identified as domain 

experts for the Help-Service system. Most of them know Professional Office System 

(PROFS) pretty well because that is the system they use daily and the one with which 



101 

Front Screen 

~~@ITil~1§l 

~O Participants 

~ 0 D 
Facilitator 0 ~ Workstation 

~ 0 
Overhead 

0 ~ Projector 

~ 0 0 ~ BARCO 

~ 0 0 ~ 1b@@I§lO ~rr@1il INI@U\iii7@rr~~ 

~ 0 @rr@l!1ljp) ~1!1ljp)jp)@rrU 'ii'@@O~ 0 ~ User Workstations 

00 00 
~ ~ ~ ~ --- Observation Window 

Control Room 

Printer Eerverl 

Figure 5.4: The Conference Room Layout 



102 

users have most problems. Three are specialists in that area and two have specialities in 

Application System. Two consultants handle most of the file transfer problems and two 

others are specialists in printing using various hardware and/or software packages. Two 

other consultants perform administrative support for the center. One consultant who acts 

as the supervisor of the expert team knows all these areas in general. 

5.3 Prototyping the Information Center Expert: Help-Service System (ICE/H) 

This section discusses primary design considerations of the help-service system and the 

system architecture. Two primary design considerations, multi-user access capability and 

feedback forwarding capability, are discussed in Section 5.3.1, while system architecture 

is described in Section 5.3.2. Developing the ICE/l-I prototype was a team effort. The 

author was involved in designing but not in implementing the system, therefore the 

discussion here focuses on design issues rather than implementation details. 

5.3.1 Design Considerations 

One of the design considerations of the help-service system is the ability to allow a 

number of users to access the system at the same time. since the system is designed to be 

used in information centers. This criterion has been designed into a system architecture 

where access to a database (SQL/DS) is allowed. A discussion of the integration of the 

database management system and the expert system can be found in Section 5.3.2. 

Another design consideration of the system is the ability to forward user feedback 

from a consultation session to an IC consultant on duty if the system fails to provide a 

satisfactory answer to the user. Since the system does not attempt to provide solutions 

to all questions that users can possibly have. this capability provides a way to identify 

difficult problem areas. This consideration has been built into the system architecture by 
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incorporating an integrated office system (PROFS) to allow the use of electronic mail 

and is described in Section 5.3.2. 

5.3.2 System Architecture 

The Help-Service system is built using three IBM software products: Expert System En

vironment/Vutual Machine (ESENM), a rule-based expert system building tool; Struc

tural Query Language/Database System (SQL/DS), a database management system; and 

Professional Office Systems (PROFS), an integrated system for notes and messages, cal

endaring, etc. The system architecture is depicted in Figure 5.5. 

When a user accesses the help-service system, the dialog subsystem collects infor

mation from the user to determine his or her problem. The inference mechanism controls 

the flow of questions, based on the knowledge embedded in the rule base, and identifies 

proper solutions. In the meantime, the system issues queries to the SQL/DS database to 

access the user's personal data, consultation data, and the problem-solution data to be 

able to provide solutions to the user's problem. If the system cannot identify an appro

priate solution for the user, he or she may describe the problem in a paragraph which 

is then forwarded, using the PROFS electronic mail facility, to one of the consultants. 

Consultants: can provide solutions to the user by electronic mail and in addition, a main

tenance tool allows consultants to modify data, print out reports, and browse information 

stored in the SQL/DS database. 

Inference control, dialog, and rule base components are implemented in ESENM, 

while database tables are built in the SQL/DS. In addition, a feedback facility using 

PROFS mail and a maintenance tool of the database are described as follows . 

• Inference Control: The help-service system draws on a rule base to control the 

process of consultation. It is accomplished by knowledge "chunking" using Focus 
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Control Blocks (FCBs). The use of FCBs allows the production rules to be arranged 

into logical groupings that are then set up in a hierarchical structure. 

• Rule Base: The development environment provided by ESENM allows for the 

building of a knowledge base of facts and relationships about users of the IC, the 

problem categories, and specific problems, as well as solutions to those problems. 

The facts are stored as "parameters," the relationships are represented using "rules," 

logical grouping of facts and their relationships are accomplished by the FCBs. 

e Dialog: Dialog refers primarily to the way in which the system and the user 

interact. The Help-Service system uses a rule-guided approach to conduct a dialog 

with the user. The system uses both backward and forward chaining inferencing 

procedures. Forward chaining is used to obtain a profile of the user; backward 

chaining is used to ask questions relevant to collecting information to classify a 

specific problem. 

e Database: There are seven database tables including personal data, consultant's 

expertise data, user proficiency level data, user remarks and consultation data, term 

description data, and solution data. These tables store factual information which 

is dynamic and make it possible to update information in the database without 

changing rules in the knowledge base . 

• Feedback Facility: The Help-Service system allows the information center to 

gather user feedback as to whether the solution provided by the system helped or 

not, and as to whether the system provided a solution at all. If no solution is pro

vided during a consultation session, the user may enter a brief problem statement 

and the system will generate a PROFS note and mail it to one of the consultrults. 

Consultants will update the solution profile in the database and respond to the user 

by phone or through electronic mail. TIus facility provides a way of identify

ing difficult problems, helps in maintaining the database, and keeps track of user 

feedback on the solution provided by the previous session. 
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• Maintenance Tool for the SQLlDS Database: The architecture of the system is 

designed for relatively easy maintenance because the static knowledge is stored as 

rules in the knowledge base. The dynamic knowledge of the problem solutions, 

user and consultant's data, etc., is stored in a database which is easily maintained. 

This tool allows consultants or information center managers to modify data, print 

out reports, and browse data stored in the database. 

The prototype system has been tested at the corporate information center which 

supports a base of 5,000 end-users, receives approximately 4,000 calls per week, and is 

staffed by twelve people. Preliminary feedback from Ie consultants and users is posi

tive. A user can receive an immediate answer to a routine question by consulting the 

Help-Service system, rather than exchanging telephone messages with the he!p desk con

sultant. This is possible because most routine, and some non-routine, problems and their 

answers were classified and encoded into the system. It performs a first-level screening 

to determine users' problems and provide proper solutions. Section 5.4 describes how 

the acquisition of knowledge was done using a GDSS environment. 

5..1 Knowledge Acquisition Using a GDSS Environment 

The approach taken to acquire expertise for the help-service system was to use a GDSS 

environment to facilitate the knowledge acquisition process. The acquisition process 

involves four phases: (1) planning for knowledge acquisition, (2) knowledge extraction, 

(3) knowledge analysis, and (4) knowledge verification. Activities and actual sessions 

conducted at a corporate site in each phase are described in the following subsections. 



107 

Table 5.1: Site Visit I: Problem Scope and Characteristics Identification 

Session No. Session I Session II 

Session Objective Elicit general problem areas Identify and consolidate prob-

lem areas 

Group Support Tool EBS Issue Analysis 

Input What are the general kinds of Output from the EBS session 

questions on software problems 

that come to you? 

# of Participants 9 9 

Duration 45 minutes 60 minutes 

Output 200 comments 30 items 

5.4.1 Planning for Knowledge Acquisition 

The Help-Service system addresses problems with mainframe systems specific to two 

products, PROFS and Application System. In addition, printing problems with mainframe 

or microcomputer systems and file transferring between systems are included in the 

scope. The decision regarding the problem scope was made by the management of the 

information center, including consultants who were the designated experts, and the system 

development team. Management's concern was the usefulness of the system to end users 

and to the IC. The system development team's chief concern was the feasibility of the 

implementation of the system. 

Two sessions were conducted during a first site visit to collect information to 

determine the problem scope. A brainstorming session was conducted to identify common 

problem areas and an issue analysis session was used to analyze information generated 

during the brainstorming session. These two sessions are summarized in Table 5.1. 
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The objective of Session I was to identify common problem areas. An EBS ques

tion, "What are the general kinds of questions on software problems that come to you?" 

was posted to elicit participants' input. The output from this EBS session was used as 

input to Session II. An Issue Analysis session consisted of two phases: Issue Identi

fication and Issue Consolidation. Issue Identification helped identify a list of common 

problems in a more general sense. For example, PROFS was identified as one of the 

areas where users had the most questions. Issue Consolidation condensed the list of 

problem areas into items which indicate various areas at the same level of complexity. 

Subsets of a problem area were identified and appended to the more general area. For 

example, PROFS mail and PROFS notes are both related to the PROFS system; printing 

notes from PROFS and printing a PC file are both related to printout files. Information 

provided by this process indicated four main areas with which the Help-Service system 

should be dealing: PROFS, Application System (AS), File Transfer and Printing. Partial 

output from Sessions I and II are provided in Appendices A and B, respectively. 

Problem-solving strategy and characteristics of potential users of the system were 

then identified. The problem that the Help-Service system addresses is a type of classifi

cation. In other words. the system identifies a user's problem so as to provide solutions to 

it. The approach taken to tackle the classification problem was to develop a classification 

scheme consisting of the four primary areas: PROFS, AS. Printing, and File Transfer. 

Sessions I and II summarized in Table 5.1 were conducted to collect problem charac

teristics. Sessions ill and IV, summarized in Table 5.2. were also conducted during the 

first visit to acquire information about typical consultation processes .md characteristics 

of users. 

Both Sessions ill and IV were EBS sessions. one used to elicit a snapshot of a 

typical consultation process while the other was used to extract characteristics of users. 

Partial outputs from Sessions ill and IV are provided in Appendices C and 0, re~'Pectively. 

They are useful in terms of understanding the process that consultants have gone through 
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Table 52' Site Visit I' Consultation Process and Characteristics of Users .. 
Session No. Session III Session IV 

Session Objective Elicit typical consultation pro- Extract characteristics of users 

cess 

Group Support Tool EBS EBS 

Input Describe the steps in a typical What characteristics of your 

consultation session clients are important? 

# of Participants 10 7 

Duration 25 minutes 20 minutes 

Output 60 comments 40 items 

to provide solutions to end users. 

By identifying the problem scope and analyzing problem characteristics, it is possi

ble to pinpoint sources of expertise. In the case of the Help-Service system, the required 

expertise was found in information center consultants. Consultants with specialities in 

PROFS, AS, printing, and file transferring were recruited to participate in the knowledge 

acquisition activities. The identification process model, as described in Section 3.2.5, 

was applied and a set of tools including EBS and Issue Analysis was used. Session 

agendas were prepared for each vi~it. The entire process was carefully considered and 

contingency plans were prepared. EBS questions were created and stored as ASCII files 

before sessions started. 

SA.2 Knowledge Extraction 

In the knowledge extraction phase, the primary task is to extract expertise required to 

build the knowledge base for the system. One visit was made to the corporate site 

to elicit knowledge for the system. A series of knowledge acquisition sessions was 
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Table 5.3: Site Visit II: Problem Categorization 

Session No. Session I Session II 

Session Objective Elicit subsets of common Identify and consolidate problem 

problems within each of categories within each of 

the four main areas, PROFS, the four main areas 

AS, File upload/download, 

Printing 

Group Suppon Tool Topic Commenter Issue Analysis 

Input PROFS, AS, File upload/ Output from Session I 

download, Printing 

# of Participants 10 10 

Duration 40 min. 120 min. 

Output 500 lines 18 items 

conducted to extract a hierarchical structure which classifies problem areas into categories, 

subcategories, and instances. Each of these provided a specific problem statement and 

solution. The classification process model discussed in Section 3.2.5 was applied to 

perform the task. 

For the four main areas that were identified from the first visit (PROFS, Applica

tion System, Printing, and File Transferring), six sessions were conducted using Topic 

Commenter and Issue Analysis tools. Ten information center consultants who had the 

required expertise in specific areas attended these sessions, some of which involved only 

consultants having expertise in a specific problem area and others at which consultants 

with expertise in that area worked with consultants having expertise in other areas who 

represented the end users' standpoint. One knowledge engineer with considerable expe

rience in facilitating group activities was the facilitator of these sessions. Characteristics 

of Sessions I and II are summarized in Table 5.3. 
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In the first session, most consultants used II'i, Topic Commenter tool to state what 

they knew about each of the problem areas and listed questions that were frequently 

asked. Output generated from this session, a set of common questions characterized into 

four areas, was used as input to the Issue Analysis session. In the Issue Identification 

phase, consultants worked individually to group common problems into categories. A 

list of categories was collected at the facilitator's workstation and projected to the pubiic 

screen. In the Issue Consolidation phase, facilitator(s) and consultants worked on the raw 

list, 80 items, and consolidated them into a set of 18 subcategories. 

During the consolidation phase, the GOSS environment provided consultants with 

an opportunity for conflict resolution. Most conflicts related to classifying problem areas 

were resolved by using oral discussions among consultants. Partial consolidated outputs 

from Sessions I and II are provided in Appendices E and P, respectively. 

These subcategories were then used as topics for another set of sessions using Topic 

Commenter to further decompose these subcategories. Specific instances of problems and 

solutions were extracted during Sessions ill to VI, as summarized in Table 5.4. 

Although most sessions were attended by consultants with expertise only in a 

particular area, some sessions also were attended by persons having general knowledge 

in using a product such as PROFS. Consultants with general knowledge in any of the 

four problem areas also were welcome to attend any of the sessions, but they acted more 

like end users than consultants. Eight consultants were involved in the PROFS sessions, 

two consultants in the AS sessions, six consultants in the file transferring sessions and six 

consultants in the printing sessions. The final outputs from these sessions were specific 

problems and associated solutions at the bottom level of each. Hard copies of outputs 

from these sessions were distributed to consultants for a first-level verification. Partial 

consolidated output of Sessions ill to VI are attached in Appendices G to J, respectively. 
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Table 5 4' Site Visit n· Problems and Solutions 
Session No. Session III - VI 

Session Purpose Extract problems and solutions within each of 

subcategories of the four main areas 

Group Support Tool Topic Corrunenter 

Topics Subcategories in PROFS for Session III. 

Subcategories in AS for Session IV, 

Subcategories in File upload/download for Session V. 

Subcategories in Printing for Session VI. 

# of Participants 8 for PROFS. 

2 for AS, 

6 for File transfer. 

6 for Printing. 

Duration Between 20-40 minutes for each single session. 

Output Approximately 2000 lines all together 

---------------------------
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5 ..... 3 Knowledge Analysis 

The knowledge analysis phase deals primarily with analyzing outputs from the knowledge 

acquisition sessions in the extraction phase. Outputs from knowledge acquisition sessions 

were analyzed and consolidated. As has been discussed, the help-service is a type of 

classification problem. A hierarchical structure is needed to categorize problems so as to 

provide solutions. Knowledge acquisition sessions were designed in such a way that a 

hierarchical structure resulted. 

Categories and subcategories (i.e., problem areas) were taken from topics emerging 

from Topic Commenter sessions (Sessions I - VI). Instances (i.e., particular problems and 

associated solutions) were taken from consultants' input to Topic Commenter sessions 

(Sessions ill - VI). Since some duplications existed in session outputs, further analysis 

and consolidation were done to develop a hierarchical classification structure, as depicted 

in Appendix K. 

The hierarchical classification structure is the framework of the knowledge base. 

A set of primitive rules generated from the hierarchical structure also is provided in 

conjunction with the structure. Both the hierarchical structure and primitive rules provided 

knowledge engineers with a basis from which to generate rules for the knowledge base. 

5........ Knowledge Verification 

The goal of the knowledge verification phase is to verify the hierarchical structure. includ

ing categorization of problem areas and particular problems in conjunction with solutions 

to those problems. Several things have been done to achieve that goal. 

First, a first-level verification was done after the knowledge extraction phase. Out

puts from knowledge acquisition sessions were reviewed by IC consultants. Only some 
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minor changes such as use of particular terms, information about specific system com

mands or training classes occurred. These suggestions had been considered before outputs 

were analyzed. A prototype system, according to the system architecture described in 

Section 5.3.2, was developed to demonstrate the problem-soiving ability of the system. 

Second, one site visit was made to do a second-level and a third-level verification, 

summarized in Table 5.5. During this visit, a demonstration of the prototype system was 

presented to allow users and consultants to compare solutions provided by the system 

with those resulting from consultation sessions. In addition, a thorough explanation of 

the hierarchical structure and an overall picture of the system architecture were provided. 

Components of the system architecture, functions of each component, as well as the 

inference method were discussed. 

In general, people at the research site were fairly satisfied with what the system 

could do for them. Their feedback was mainly concerned with the implementation details 

of the system and the maintenance tool. Some minor modifications to the hierarchical 

structure and definitions of terms were suggested at the third visit. 

Suggestions as to the classification scheme, term descriptions. as well as implemen

tation details are incorporated in the third prototype system, which has been delivered to 

the research site. Further verification of the knowledge base as well as of the system is 

expected to be done by users and experts to test the system's use of its knowledge to 

solve real problems rather than scenarios. 

Knowledge engineers can spend 3 to 5 years to perform the knowledge acquisition 

task when developing knowledge-based systems [Boose and Gaines, 1988]. The use of a 

GDSS environment to facilitate the knowledge acquisition process enhanced the efficiency 

of the overall process, considering the amount and quality of knowledge acquired for the 

Help-Service system during a one-day visit for planning, a two-day visit for knowledge 

extraction, and a one-and-a-half day visit for verification. The next chapter discusses 
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findings and experiences gained from this field study, contribution~ of this research, and 

possible directions of future research. 
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Table 5 5' Site Visit m· Verification 
Session No. Session I Session II Session III Session IV 

Objective Elicit feedback Elicit feedback Extract term de- Extract sugges-

on ICE/H on ICE tool scriptions tions on possi-

ble extensions 

Tool Topic Topic Topic Topic 

Commenter Commenter Commenter Commenter 

Input Dialog, Screen design, PROFS, User expertise 

Screen design, Functions, AS, determining 

User expertise Management File transfer method, 

Tracking loop, reports, Printing Classification 

User remarks, Maintenance etc. scheme for 

Classification reports, PROFS, AS, 

scheme, Miscellaneous File transfer, 

Miscellaneous Printing, 

VM/CMS/VP 

# of Participants 5 5 5 5 

Duration 30 min. 30 min. 30 min. 30 min. 

Output 170 lines 120 lines 60 lines 250 lines 
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CHAPTER 6 

FINDINGS, CONTRIBUTIONS, AND FUTURE RE'SEARCH 

Findings are discussed in Section 6.1. followed by contributions of this research. Finally, 

potential future research is discussed in Section 6.3. 

6.1 Findings 

The result of this field study indicates that a GDSS environment does facilitate the 

acquisition of knowledge from multiple experts. Advantages and findings of using such 

a computer-supported cooperative approach are six. First. knowledge is documented 

electronically. Second. knowledge extraction from individual experts can be performed in 

parallel. 11lird. conflicts can be addressed during the knowledge extraction phase. Fourth, 

interaction among experts results in an enlarged and enriched domain of expertise. Fifth, 

structured analysis techniques such as task analysis can be used to plan for knowledge 

acquisition. Finally. a designated primary expert can be of great help when dealing with 

multiple experts. 
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6.1.1 Electronic DoC'umentation of Knowledge 

One of the primary advantages of using computer support to facilitate the acquisition of 

knowledge from a group of experts is that knowledge is documented electronically by 

the computer program. There is no need to tape-record the interview process so that time 

required to transcribe audio or video tapes is saved. Although the format of outputs from 

knowledge acquisition sessions may be unstructured, they are captured while sessions are 

conducted. 

Experience gained in this field study shows that videotaping during sessions in 

which oral discussion is the primary communication channel is necessary, since oral 

conversations cannot be captured by current aDSS software. Videotapes can be used to 

understand how conflicts are identified and the resolving process, as well as to support 

further behavioral study based on observations. 

6.1.2 Parallcl Knowledge Extraction 

One of the advantages of using a aDSS environment to acquire knowledge from multiple 

experts is that the acquisition can be done in parallel. When a group of experts are 

involved in an expert system development project, knowledge engineers can acquire 

knowledge from them as a team or individually. 

If domain experts act individually (i.e., knowledge engineers acquire knowledge 

from each individual expert :md then integrate individual knowledge into group knowl

edge), the acquisition is time-consuming and difficult. It is time-consuming because 

conflicts in problem-solving methods cannot be identified during the extraction process 

and must be resolved through several iterations of individual knowledge elicitation. It is 

difficult because individlld knowledge engineers cannot be equally c:.!pable of performing 

the knowledge acquisition task, so results from individual knowledge elicitation vary. In 
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addition, the integration of individual knowledge into group knowledge should be done 

by experts rather than knowledge engineers. 

If domain experts act as a team (i.e., knowledge acquisition activities involve 

the expert team so that group knowledge rather than individual knowledge is the result), 

knowledge engineers can take advantage of such techniques as group interviewing, group 

discussion, and brainstorming to extract knowledge. Knowledge extraction is done in 

parallel, by which we mean that experts contribute their knowledge to the knowledge 

base in a parallel fashion so that duplications can be eliminated and conflicts can be 

addressed. Using the parallel process saves time in both the knowledge extraction and 

analysis phases. 

Experience gained from the field study suggests that knowledge acquisition from 

multiple experts working as an expert team allows parallel knowledge extraction and is 

an efficient and effective approach. 

6.1.3 Conflicts Addressed during Knowledge Extraction 

Conflicting viewpoints can be addressed during the knowledge extraction phase in a aDSS 

environment. They mainly arise·when experts' heuristics are used to solve problems in 

the domain during the extraction process. One way to address conflicts is to use such 

tools as EBS and Topic Com menter, which allow each individual to view input from 

other participants in knowledge acquisition sessions. Discussions are encouraged during 

sessions, whether or not electronic media are used. 

Another way of addressing conflicts is by oral discussions in the consolidation 

stage. Although observations from the field study indicate that more effective tools than 

the Issue Analysis tool are needed to consolidate problem-solving knowledge effectively, 

oral discussions in one place or teleconferencing in a distributed environment can be used 
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to address conflicts. 

A first-level verification allows experts to review outputs generated from the expert 

team and to identify conflicting problem-solving strategies or heuristics. Conflicts must 

be resolved by experts rather than by knowledge engineers. 

6...... Interaction Resulting in Enlarged and Enriched Domain of Expertise 

Interaction among experts is encouraged because it results in an enlarged and enriched 

domain of expertise. Several observations contributed to this finding. First, since experts 

are acting not only as "experts" but also as "users," they provide both problem solu

tions iUld problems. It was observed that during knowledge acquisition sessions some 

consultants brought up questions that were commonly asked but for which they did not 

know proper solutions while other consultants were able to provide detailed solutions. 

Furthermore, one expert often entered one piece of information which stimulated an

other expert's thoughts on a different matter along the same line. In one instance, after 

an expert mentioned problems related to printing a file, another expert followed with a 

discussion on printiIlg various files using different systems. 

Experience gained from this field study suggests that tools must encourage inter

actions among participants by providing various communication channels, either through 

the system or independent of it. It is preferable to use the system, since discussions can 

be captured by the system and videotaping will not be necessary. 

6.1.5 Planning for Knowledge Acquisition using Structured Analysis Techniques 

Structured analysis techniques can be used to help structure the domain and identify 

knowledge acquisition needs. Such techniques include task analysis and job analysis 

[McGraw and Harbison-Briggs, 1989]. Because the analysis process serves to identify 
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and delimit major sections of the domain, it provides development focus and can be used 

as a planning tool in the following ways. It identifies the major functions or tasks for 

which the expert system will be responsible. It helps the knowledge engineer identify 

specific areas for l-.nowledge acquisition sessions, thereby reducing the amount of time 

required for knowledge acquisition and making it easier to plan or schedule knowledge 

acquisition for the upcoming prototyping cycle. Existence of the analysis and a knowledge 

acquisition plan can help knowledge engineers elicit the help of the domain experts who 

are most appropriate for the upcoming sessions. And finally, knowledge acquisition 

sessions can be managed more effectively because the planning process makes it possible 

to specify goals in a more organized fashion. 

6.1.6 A Designated Primary Expert 

Having the right person in the role of a primary expert who coordinates the efforts of the 

expert team, knowledge engineers, and the management of the organization is critical to 

the success of the project. In this field study, one particular individual was of tremendous 

help in identifying experts, scheduling knowledge acquisition sessions. gathering experts, 

explaining objectives of each sessions to experts. helping resolve conflicts during ses

sions, and assisting in refining knowledge. This finding supports Prerau' s [1985] and 

Sviokla's [1986] recommendations for having a designated primary expert when dealing 

with multiple experts. 

6.2 Contributions 

This exploratory study on the use of a GDSS environment for knowledge acquisition 

contributes to three areas of knowledge. First, it contributes to the area of expert systems 

development by applying a new technique to acquire knowledge from multiple experts 

and by establishing a methodology to do so. Second, it contributes to the study of GDSS 
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by applying a computer-supported cooperative concept to the acquisition of knowledge 

and by developing guidelines for designing and evaluating group support tools. Third, it 

contributes to the theoretical foundation by developing process models which are gener

alizable to such tasks as piarming. 

6.2.1 Use of a GDSS Environment to Elicit Knowledge 

A real case of developing an expert system for information center help-service has been 

used to explore the use of a aoss environment for knowledge acquisition from multiple 

experts. It is the first attempt to integrate aoss technology and knowledge acquisition 

techniques. Results of this study indicate the applicability of using a computer-supported 

cooperative approach to acquire knowledge. Although installations of aoss environ

ments vary, the knowledge acquisition task depends upon the functionalities of group 

support tools. 

6.2.2 Establishment of a Methodology for Knowledge Acquisition in a (,DSS En

vironment 

A methodology which characterizes procedures of knowledge acquisition in a aoss 
environment has been established. Steps involved in each phase of the acquisition process 

incorporate principles discussed in the literature as well as experiences gained from 

facilitating group sessions. Examples using the existing PLEXSYS tool kit are given. 

1lUs methodology is generalizable to domains other than information centers and to 

problems other than of the analysis type. 
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6.2.3 Development of Process Models to Acquire Knowledge 

Process models have been developed based on theoretical foundations of group tech

niques. These models can be applied not only to the acquisition of knowledge for 

developing expert systems but also for performing other tasks within the information 

systems domain involving a group of individuals having diverse specialities. Such tasks 

include requirements definition for information systems design and all levels of planning 

in organizations. 

6.2'-' Development of Guidelines for Designing and Evaluating Group Support 

Tools 

Group support tools playa primary role in facilitating group activities. The functionalities 

of these tools that support the knowledge acquisition process have been identified and 

a dimensional analysis of group support tools has been completed to provide general 

guidelines for the design of better tools. This analysis makes it clear that when designing 

a group support tool, a software developer must consider the functionalities of such a 

tool in terms of process, format of output, and interaction among participants. 

6.2.5 Implications of Using Computer-Supported Cooperative AIJProach to Extract 

Knowledge from a Group of Experts 

There are two implications of using a computer-supported cooperative approach to ex

tract knowledge from multiple experts. First, gathering experts at the same time, not 

necessarily in a centralized facility, allows conflicts to be addressed during the process of 

extracting knowledge by using teleconferencing technology in a distributed environment, 

by using electronic mail. or by verbal communication at one location. 



124 

Second, users' participation is important in the knowledge acquisition task, espe

cially during the planning" stage where the problem is identified and the scope is defined. 

In addition, by involving a group of individuals with specialities in diverse areas in the 

knowledge extraction phase, a knowledge engineer is able to gather various viewpoints 

from both experts and end users (some experts are end users in particular areas and vice 

versa). This interaction adds a new dimension to the knowledge acquired from them, 

making it more comprehensive than that acquired from "pure" experts. 

6.3 Future Research 

Implications of this research indicate possible directions of future research. First, it 

is clear there is a need to study communication behavior of experts because most Ie 

consultants have been observed to express their expertise using specific instances rather 

than general categories at a conceptual level. Second. interactions among experts in this 

study were shown to have positive effects on the acquisition of expertise, so we need to 

learn more about what type of interactions should be encouraged and how to encourage 

those types of interactions. Third, design and development of group support tools such as 

a tool which provides a graphical representation of acquired knowledge that enhances the 

acquisition of knowledge would be useful to experts as well as to knowledge engineers. 

Fourth, conceptual design of a distributed GDSS environment requires further study and is 

expected to have a major impact on the study of GDSS. Finally, applications of process 

models in real-life cases involving such activities as strategic planning as well as the 

design of information systems deserve more attention. 

6.3.1 Communication Behavior of Experts 

Based on observations of this study, experts tend to provide specific information before 

providing general concepts or an overview. For instance. when experts were asked 
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about "categories of common problems," specific problems instead of common problem 

areas were cited. The primary objective of an empirical study could be to identify the 

communication behavior of people having expertise in particular domain areas and to 

determine whether IC consultants are a special case or experts in general tend to express 

their expertise in such a fashion. 

Future experiments can be conducted to study the communication behavior of 

people who specialize in particular areas as they perform a variety of tasks. Content 

analysis [Budd. Thorp, and Donohew. 1967] could be used to analyze data. 

6.3.2 Interaction among a (;roup of Experts 

One other extension of this research would be to study the interactions among members 

of a group working in a computer-based environment and see whether such interactions 

affect the end results or do not. Types of interactions and how each type of interaction 

relates to end results. as well as how to accomplish encouragement of particular types of 

interactions, need to be identified and studied. 

Experiments should be conducted to study the contribution of human interactions 

to accomplishment of a variety of tasks, including but not limited to decision making, 

negotiation. strategic planning. and knowledge elicitation. Interaction analysis [Budd, 

Thorp, and Donohew, 1967; Zigurs. 1988], a similar methodology to content analysis. 

could be used. 

6.3.3 Design and Development of New Tools 

Tools available in the PLEXSYS tool kit were used to facilitate the knowledge acquisition 

task in this field study. They were not designed and developed for this type of task 

originally and some were inadequate to support certain functions such as consolidation. 
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Feedback from consultants indicated that the Issue Consolidation phase of the Issue 

Analysis tool was a time-consuming process and that it was possible for a few individuals 

to dominate the whole process. 

One tool that might be useful in the consolidation process is an automated analysis 

and consolidation tool that functions as a parsing program in which knowledge engineers 

specify key tenns that characterize problems and solutions. Such a program could serve 

as an analyst to scan through a file, pick out paragraphs with particular key tenns and 

put them in file folders using different labels, where they could be scanned again and 

consolidated into a concise fonnat. This program should be able to access a thesaurus 

so that synonyms could be detected and files under different labels could be merged and 

integrated. 

In addition, experience gained from the analysis and verification phase of the study 

indicates that a tool which could support the creation of visual diagrams such as classifi

cation trees and networks with nodes and links would be very useful. A visual diagram 

such as a classification tree would be useful in three ways. First, in the consolidation 

phase, it would help speed up the consolidation process by displaying the resulting tree 

in conjunction with group discussion. Second, it would contribute to the analysis phase 

by showing entities and their relationships along the analysis process so that knowledge 

engineers would have a vision of the knowledge structure to be stored in the knowledge 

base. 1bird, it would he useful in the verification phase when knowledge engineers 

must explain the knowledge stored in the knowledge base and demonstrate the prototype 

system in such a manner that conflicts and mistakes can be easily recognized. 

A group-based automated knowledge acquisition tool also could be a valuable 

addition to the tool kit. Such a tool could elicit alternatives (i.e., objects, concepts, or 

entities), attributes which are used to evaluate alternatives, and a range of valid values 

of those attributes. These inputs from individual participants must be integrated and 

consolidated into a group version. The repertory grid analysis process model could be 
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used to facilitate the above elicitation process, but an automated tool should be more 

efficient in generating grids. An induction program could then be used to generate rules 

based on the resulting grid. 

Design guidelines of what these tools should do include: (1) supporting modularity 

(develop knowledge in logical units); (2) supporting abstraction (grouping common ele

ments in higher-level units as in a data hierarchy); (3) providing the knowledge engineer 

with a variety of formalism choices (such as property, role, relation; function, procedure, 

rule; and single elements, sets, sequences); (4) supporting typical automated computer 

programming tasks (bookkeeping, documentation, day and time stamping, knowledge ver

sion management, knowledge display, graphics support, and graphical data management); 

(5) supporting as many control structures as possible; and (6) providing the knowledge 

engineer with assistance in the effective use of all features [Martin, 1988, p.89]. 

6.3'" Distributed GDSS Environment 

Using a aDSS environment. knowledge engineers can acquire knowledge from a group 

of experts during knowledge acquisition sessions which may be conducted at the same 

time but not necessarily in the same location. Advantages of a synchronous process 

such as allowing interactions among experts are discussed in Section 6.1.4. A distributed 

environment allows greater flexibility by not requiring experts to be physically present at 

the same place. Although communicationtraditionally is direct and can be made orally 

in a centralized facility, it can be done effectively in a distributed environment through 

telecommunications, by using electronic mail. or by teleconferencing. 

A distributed aDSS environment is expected to be increasingly capable of support

ing such tasks as planning, decision-making, group discussion, negotiation, an.d knowl

edge elicitation since they will continue to involve a group of people who recognize 

the contribution of such an environment to the saving of their time and effort. Con-
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ceptualizing of such an envirorunent requires knowledge of distributed systems and data 

communications, as well as of teleconferencing technology. 

6.3.5 Applications of Process Models 

The term "knowledge acquisition" usually refers to the acquisition of knowledge for 

building expert systems. However, the concept of acquiring knowledge from people has 

existed since societies were formed. Tasks sllch as planning, negotiation, and decision 

making involving a group of people require each person to contribute his or her own 

expertise during a process in which particular group tedmiques may be applied. Process 

models that are developed based on group techniques should be applicable to these tasks. 

In order to make process models useful in the field of management information 

systems, they should be tested and applied to a variety of tasks in the IS field. Planning 

usually involves a group of individuals who have specialities in diverse areas. Process 

models can be used to elicit planning knowledge from a group of individuals, either 

with or without computer support. Information system analysis and design that involves 

end users, system analysts, and managers can be improved by using process models to 

acquire system specifications for desired information systems that will meet the needs of 

all these groups. 

The case or field study approach is useful for conducting this type of research. A 

series of studies will be required to test and evaluate process models by diverse tasks 

and various organizations. Modifications may be necessary to adapt process models to 

fit specific applications. The development of general guidelines to create, modify, ,md 

evaluate process models deserves further attention. 
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APPENDIX A 
PARTIAL OUTPUT FROM PROBLEM SCOPE IDENTIFICATION SESSION, 

SITE VISIT I 

========-----=========================== ---
What are the general kinds of questions on s'oftware problems 
that come to you? 
======================================~====================== 

How do I get this to print a report. 

What do page printers do? 

What formula should I put into this Lotus cell to get it to 
calculate such and such. 

Questions about TOOLS 

What data base program should I use. 

How to fix Script document output 

how do I receive non-PROFS'files 

How to change entries in the Corporate Telephone Directory. 

when I try to open my PROFS mail I get a funny message about 
the pointers being messed up - what's that mean and how do I 
fix it 

what script command do I use to force the Whole document to 
be indented 

what are the different types of PROFS documents 

I sent my job to print, but never received any output - where 
did it go? 

I've been reorged into a new dept on a different PROFS cpu -
what do I do to get my signon moved to that cpu 

How do I print this report on a Quietwriter (report is from 
PCFILE) 

I 

how can i tell what version of Control Program I am running 

How do I look at someone's calendar on a different PROFS cpu 

What's the best PC editor to use for ... 

How do I re-confiqure my control software. 

where are there classes available for product XYZ? 

what is difference between FILELIST FLIST FULIST (any 
others?) 



==============================================_==~Pa~ge_2 01_11 = 
What are the general kinds of questions on software problems 
that come to you? 
============================================================= 

how do I download to my pcprinter? 

How do I get this to format a report the way I want it to 
look. 

how can I print from PROFS to the 3800 

I have a problem with CICS .... 

I've a form I'd look to put online - what do I do next 

how to print on 3820 

how do 

PROFS ?'s: I need to migrate from one system to another. 
I need my password reset, 
I cannot print to a printer I previously could 
reach, I don't know how to set up to print on my 
PC. 
I don't know how to download from Host to PC. 

I can't reach Mary Doe, who can help me with my problem? 

I sent a note accidentally and want to get it back ASAP 
(could be on same system or cross-system) 

how do I get a non-AS file into AS 

How do I split a note log? 

how can I send graphics in a PROFS note 

I've a survey I'd like to do online - what do I do 

How do I get a feature to work in this product. 

the PROFS calendar is down 

How do I delete a calendar entry? 

I need a modem, how do I go about getting one? 

Why don't you have more training classes on xxx 

i want my screen to be very colorful just like my office
mAtes (SCREEN command) 
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APPENDIX B 
PARTIAL OUTPUT FROM PROBLEM CHARACTERISTICS 

IDENTIFICATION SESSION, SITE VISIT I 

ISSUES AND RELEVANT CONSIDERATIONS: Page 1 of 10 
************************************************************* 

"Disaster" recovery 

I sent a note accidentally and want to get it back ASAP 
(could be ~n same system or cross-system) 

My PC just locked up ... why & how do I keep it from doing that 
again. 

CMSBACK 

"What should I use" type questions 
-------------------------------------------------------------
Questions about Program Products 

What data base program should I use. 

What's the bes't PC editor to use for 

what s/w products are available and who supports them? 

What program should I use to do whatever. - project 
management, graphiCS, etc. 

Calendars 
-------------------------------------------------------------
the PROFS calendar is down 

How do I delete a calendar entry? 

How do i set up XCAL profile for s~meone to write to my 
calendar 

Conference Room Scheduling 

----------------~--------------------------------------------
Contractor/subcontract/vendor access and constraints 
-------------------------------------------------------------
how do I get those folks onto our PROFS 
pa •• words 
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Page 2 of 10 
What control software should I use. 

I get an "out of memory" error trying to run DW3 (or DW4). 
(Conflict with control s/w.) 

how can I tell what emulator i am running and what version 

Data Sharing 

I want to upload my lotus (or other PC) file into a host 
document - how do I do that 

How do I upload DW3/4 files to the host? 

disk maintenance 

how to clean up my A disk? 

Education 

What's the best PC editor to use for ... 

where are there classes available for product XYZ? 

Questions about programming languages 

Enrollment questions 

where can I get a PROFS enrollment form? 

Where do I get an enrollment form for the various systems? 

Graphics 

how can I send graphics in a PROFS note 

I have a question about CDDM? 

IUO Tools 

How do I make PCPRINT work on my printer. 
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APPENDIX C 
PARTIAL OUTPUT FROM CONSULTATION PROCESS SESSION, SITE VISIT I 

~~~~~-=-====================================== -".;1.9~_~3! 5 __ 
Describe the steps in a tYPical consultation session. 
============================================================= 

DC - How do I download from'Host 1. Get file name (may have 
to teach FLIST). 2. Is it Binary or ASCII. 3. Get to clear 
screen. 4. Jump to PC and walk through the RECEIVE command, 
with appropriate binary or ASCII parameters. 

mm RACF questions- tell User to type RACF and follow menus 

,CS: I can't logon to PROFS. 1. Do you have a VAMP screen? 
No=Call HELP DESK. Yes=2. When you type in your 10, does the 
system ask for your passWord? NO=What is your 10 and did you 
type it correctly? See SYSADMIN if your ID was OK. YES (on 
password)=What msg. did you get? Password expired or ID 
revoked - Expired=Think new;Revoked=See SYSADMIN. 

jb - user can't reach the PROFS sys. adm. with a PROFS 
problem. i will take down the user's name and number, go 
over to the PROFS sys. adm. office and leave the message 
explaining the urgency of it. 

=======~===================================================== 
Describe the steps in a tYPical consultation session. 
============================================================= 

vg:how do i schedule a deCiSion room session:pattern note 
soon to be available on common file, pull it into profs, send 
to vicki galanko, she'll get back with on the 
specifics(when, who , what, etc) 

CS: How do I print a CMS file? 1. Issue FLIST fn ft fm. 2. 
Type PROFS HARDCOPY by file and press ENTER. 3. Choose 
printer from Printer Selection List. 

vg:does the decision room have a calendar on profs: yes, , 
point them to dlab on gbgvm7 

mm print a cms file - use PRINTER to set up defaults. fl~st 
for file. enter PRINT beSide file name 

DC - How do I recover an erased file. 1. Was it just a file 
or entire disk? 2. Either refer to Steve Palmer or take 
Norton Utilities over myself. One of us can then recover 
file (or try to recover entire disk). 

mo - PROFS pattern note needed: justify (volume, frequency, 
audience); give caller general rules on pattern note creation 
("Type data and press ENTER" etc); when he/she creates the 
file and sends it to me as a cms file, test it out; debug 
with caller; alert caller to publicity ideas (THEIR problem), 
submit to SYSADMIN for putting up 



Page 2 of 5 
DC - What Lotus formula do I use for this. 1. If simple, talk 
through. Else schedule a meeting with them. 

============================================================= 
Describe the steps in a typical consultation session. 
============================================================= 

mo-FORUM request - send questionnaire; get answers; get MIke 
to set up tools disk assigned to user; create RULES and other 
2 files; send them to that user to put up on the FORUM disk; 
get Mike to send user the note re RACF and control commands 

vg:what is the decision room:reference available 
documentation which is available on profs, etc(as of yet 
there is nothing publicized) 

dk - Where is there a listing of PROFS commands/functions. 
Refer to the Added Functions list, PF7, Profs main Menu for 
those locally added functrons. 

dk - How do I receive a number of files at one time? Type 
"receive" at the cursor position of one, move the cursor to 
the next file and type an = sign. Type an = sign next to 
other files to be received, press ENTER when finished. 

CS All product/tool questions: Determine product/tool name; 
refer to Resource List; provide caller with name/phone of 
consultant. 

============================================================= 
Describe the steps in a typical consultation session. 
=================================:=========================== 

dk - How do I upload a document from Displaywrite to PROFS? 
First ask if the individual is a secretary. If yes, refer to 
system operator. If not, send instructions to the userid. 
Tell them a batch file is needed on the PC, they can create 
the file on the PC or download the file from PROFS. 

vg:who can use the decision room:reference documentation on 
examples of users .. QIT·s to execs to dept members. Also 
include examples of questions in the documentation to give 
people a feel for the uses. (this is not yet available) 

ps - how do I give a UACC of READ for my minidisk? Go into 
RACF, choose 2 for general resource, choose 2 for change: 
fill in resource class of vmmdisk, resource name of 
userid.minidisk #, press enter, next to UACC type READ 

dk - How do I change the classification of my A-disk? Type 
classify on the Profs command line and follow the prompta. 

mm ISPF questions - Call Thelma 
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APPENDIX D 
PARTIAL OUTPUT FROM CHARACTERISTICS OF USERS SESSION, 

SITE VISIT I 

====== __ -_--=====================================~~=b_of 3 __ 
Mlat characteristics of your clients are important? (1e. 
What do you need to know about someone in order to respond to 
their questions?) 
============================================================= 

For down load questions, what emulator are you using and what 
PC type are you targeting for and what host are you coming 
from 

Download - also need to know if the file is CMS or TSO. The 
command differs slightly. 

Keyboard question: Terminal/type of PC 

============================================================= 
What characteristics of your clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
============================================================= 

vg:dec room:what business area do you report to -- because if 
each area has their own room, they should be calling someone 
else other than me. 

For where-can-I-print questions, what location and building 
and floor as well as what type of thing are you trying to 
print (# pages, image? graphics? text only?) 

What kind of printer do you have? Maybe later, what are the 
switch settings. 

================================~============================ 
What characteristics of your clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
=========================:..~=================================== 

What host system are you running on 

Where are you located? 

What kind of PC (different PCs = different keyboards) 

PC/PROFS coordinator: Executive area 

Which level of program product .... are you running 

============================================================= 
What characteristics of your clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
====================================================~=====-====-
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For logon requests, are you IBM-full time or IBM-not-fulltime 
or non-IBM 

I need to determine rapidly whether or not the person can 
read and understand information on his/her screen. It's 
amazing how many people cannot digest what they read, even 
though it makes obvious sense to me. 

============================================================= 
What characteristics of YI,ur clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
============================================================= 

Which PROFS system are you on? 

on PC / Host printer questions, the user needs to tell me 
what contol program exists on the PC. 

What program are you trying to run. They may ask how to get 
a report out, and I need to know "out of what". 

For telecommunications on PC's, what modem and what switch 
settings. 

PROFS privileges: ID - SCG, SCC, "regular" 

============================================================= 
What characteristics of your clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
============================================================= 

how well do they know the product? Do they have a DP 
background? Do they want to see how the problem is fixed? 
Do they want to understand how the problem occurred? 

For updating simple PROFS files - if they are programmers 
familiar with XEDIT they may want to edit that way rather 
than thru the cumbersome PHOFS ways I 

when MUST the problem be fixed? 

============================================================= 
vfuat characteristics of your clients are important? (ie. 
What do you need to know about someone in order to respond to 
their questions?) 
============================================================= 

If PC problem, I need to know if they know DOS, PATH, what 
Batch files are, are they comfortable with subdirectories (or 
don't they know what they are), i.e. I need some feel for 
their general level of introductory PC knowledge. 
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APPENDIX E 
PARTIAL OUTPUT FROM PROBLEM CATEGORIZATION SESSION, 

SITE VISIT II 
=> PROFS Page 1 of 7 
-------------------------------------------------------------
Resetting passwords 

How to work with documents 

How to change greeting or closing 

How to print from PROFS 

How to send a note to many users when there isn't enough from 
on the SEND TO: line 

How to schedule a meeting 

Who do contact for additional minidisk space? 

Where do I find out about other PROFS functions? 

What education is available? 

1. Logon support (passwords ..... ) 
2. Addition dasd space 
3. Nickname files 
4. Using Calenders 
5. Document problems 
6. Printing 
7. Distribution lists 

How do I access PCTOOLS (not really part of PROFS, per se ... ) 

how to schedule a conference room 

Please note that "Calendar" is misspelled in the tool. 

Would like to have PROFS "Problem Areas" list include the 
following: Full A-disk 
Log maintenance 
Other (to take in the unusual problems as well as 
to 

enable the consultant to respond to questions 
received which need to be referred to someone 
else. One out of every 10 calls I receive 
should be directed elsewhere. 

The Comments screen should be renamed to include an 
opportunity for a user to further explain a problem for which 
the system has no solution. 

How to use Cross System calendaring (XCAL) 
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General comment: Have your user status default to "no" for 
update and save a keystroke. 

Directory, on-line commands (supported but not PROFS 
commands)? 

I forgot my password 

how to use SAFE 

How can I print documents with graphics on my PC workstation? 
·How can I print documents with other fonts and page 
orientations 

from my PROFS printer selection screen?? 

How do I set up a pattern in PROFS (could be pattern note or 
PROFS document format or ... ) 

How do I build a distribution list? 

A-disk full 

"cute" features like how to change note postscript 
mail 
distribution lists 
calendar functions 
electronic forms 
management features 
log maintenance -- how to use .nl, increase disk space, 
archive documents --profiles, unformatted documents, use of 
draft copies 

-how to use tools 
-dirmaint messages 
-how to respond to nothere notes 
-what is a nothere note 
-how to use racf to change disk sec level 
-why my userid is not in the nickname name file (on 2 
systems) -how to look at docs within my subdatabase 
-print on the 3800 - fonts, etc 
-print on the 3820 - addresses, fonts, graphics, etc 

What other TOOL conferences are available and how do I get to 
them? 

Terminal Reset 

How to look at someone else"s calendar 

How to print to my PC 

How to change my id because my last name changed 

the same as vm error messages are looked up now 
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Can I imbed graphics in a PROFS note. 

How do I send a CMS file. 

How do I get a CMS file into a PROFS note. 

How do I create a "subdirectory" on HOST. 

communicating with other profs systems 

Page 3 of 7 

Definitely need an entry for SAFE problems, unless VM reI. 5 
will relieve the overload. 

How to Passthru to another node. 

how to script a file without using document facility 

How can I tell if I"m CUT or DFT? 

Linking to another person"s disk. 

How do I use XEDIT 

How do I read/access the FORUMS 

How do I append a Forum 

How do I sort an Xedit file 

How do I split a note log 

1. Splitting a NOTE LOG 
2. CMSBACK 
3. NON-PROFS mail 
4. Increase virtual storage 
5. Dept disks 
6. $TELE 

How do I backup my files to tape 

=> AS 

Menu construction, i.e. how do I build menu screens and make 
them work. 

File export and import - to & from flat ASCII files. 

graphics 

How do I qenerate reports? 

Some common A/S question areas: 
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APPENDIX F 
PARTIAL OUTPUT FROM PROBLEM DECOMPOSITION SESSION. 

SITE VISIT [[ 

ISSUES AND RELEVANT CONSIDERATIONS: Page 1 of 27 
************************************************************* 

A - Data Exchange 

File export and import - to & from flat ASCI1 files. 

Data from other files into A/S 
PC files 
CMS files 
SQL ? 
TSO 

Setting up project libraries 

What is involved in migrating application from 
another system. 

How can I convert an application from SAS to AS? 

A File Transfer 

File export and import - to & from flat ASCII files. 

Data from other files into A/S 
PC files 
CMS files 
SQL ? 
TSO 

What is involved in migrating application from 
another system. 

Sending data to another user 

A - Menus 

Menu construction, i.e. how do I build menu screens and make 
them work. 

a menus 

Menu construction, i.e. how do I build menu screens and make 
them work. 
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A Application Development and Conversion 

Menu construction, i.e. how do I build menu screens and make 
them work. 

Using a unique index field 

Creating a summary file 

How to decide if a project should be set up in AS 

How do AS and SAS compare? 

How can I convert an application from SAS to AS? 

a as vs sas 
----------------------------~------------------------- -------

How can I convert an application from SAS to AS? 

How do AS and SAS compare? 

A Project Library Considerations 

Setting up project libraries 

What is involved in migrating application from 
another system. 

A Creating/Changing Data 

Use of CLEAR to backout of full screen data entry 

How do I change data 

How do I create a data file. 

A Displaying/Rerorting Data 

Menu construction, i.e. how do I build menu screens and make 
them work. 

graphics 

How do I generate reports? 
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APPENDIX G 
PARTIAL OUTPUT FROM PROBLEMS AND SOLUTIONS SESSION-PROFS, 

SITE VISIT II 

Page 1 of 20 
••••••••• ** ••••••• ********.*********.***** ••• ****.**** •• ******* ••••••••••••• *** 
Problem8 and Solutions - PROFS PI 
•••• *** •••••• ** ••••• *.**********.*****.**** •••• **** •• * •• * •••••••••••••••• **** •• 

R> PROFS 

-=> PROFS Functions and Classes 

=-=> PROFS Functions 

====> On-line Guide 

What are available functions? 
The on-line Guide has a sectlon about on-line PROFS functions, such as 
FYI, SYSNEWS, Added Functlons 

HELP screens are available for all PROFS functions by pressing PF9. 

How can I l •• rn about PROFS functions? 

Help information can be obtained by presslng PF9 from most PROFS 
menus. 

====> Access to Functions 

How do I access these functlons' 
Refer to the on-line Guide under the PROFS section for assistance 

Where are the various commands and other functions listed? Look at the 
added functions list, and page through. 

~> On-line Help 

Bow to use ON-line HELP? 
Type HELP subJect or HELP (and scroll for your subject) 

How to online HELP facility? 
Type HELP subject or HELP (follow the menu). 

==--=> Access to On-line Commands 

_Q-How can I accese a list of on-line commands? o' - 0 ---

A-Preaa the PFKey on Menu 1 or type: COMMANDS 
from the PROFS Main Menu Command Line. These 
comman~~ are listed in two parts: non-PROFS and PROFS. 
You mill)' use /xxxxxx to locate a specific word. 

1. Bow to ua. ON-LINE commands? 

Typo HELP co_and and pres. enter for 8 d •• cription. 
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rage 2 of 20 
**** ••• ***.* •••••• *.*.**.*****.*.*.****~~**** •• *.**.*.*** •• ****** •••• *~ •• * •• * •• 
Pr.ablema and Solutions - PROFS P2 
•••• w ••• _ ••••••••••••••••••••••••• ____ •••••••••••••••••••••••••••••••••••• _ •••• 

=--=> PROFS Classes 

-advanced REXX class 

Do you have a class on PROF3: 
Document Writing 
Notes and Messages 
Calendaring and Meeting Scheduling 
Log Maintenance 
Special Features: Corp. Tele. Dir .• HDDI. etc. 
Pseudo-PROFS: SAFE. Puborder, PCorder. Bulletin. etc. 

Where can I learn about what education classes are available? Type in TECHTRAN. 
[Most information center classes are not listed in TECHTRAN. There will be 
changes comlng here as the trainlng responsibllity i8 moved to technical 
educatlon. ] 

Use TECHTRAN for enrollment informatlon. 

What courses are available? 
Contact Bobbl LeWis (qlve her PROFS id) (The name has been croased out.] 

Procedures for clasa enrollment will change aa the training 
responsibility is transltioned to the Technical Education department. 

Q - Is there a 
A - There is a 

by typing: 
course has 

cla"s on XEDIT? 
self teaching course called XEDIT which can be accessed 

SLFTEACH from the PROFS Main Menu Command Line. The 
15 45-minute lessons and incorporates input from the user 

Q - How can I become familiar with PROFS documents? 
A - Classes are held in Galthersburg. (Type: TECHTRAN at the PROFS Main 

Menu Command Line for a list of class schedules.] 

Q - I need a refresher course in PROFS. 
A - Type: [TECHTRAN at the PROFS Main Menu Command Line for a list of 

class schedules for Intermedlate PROFS.] 

Q-What clauueu are available for 'PROFS? A-Baaic (required): [may no longer be 
required] intermediate: documents (dcf) 

Bow to find information on an error messaqe? 
Type HELP error-message 

Q-What FTN or CENET clasees are available? A-We are working to qet this 
info online: for now, call your orqanizatlon's technical educatlon coord1nator 
[C!N£T clauses are excluded in TECHTRAN] 
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PARTIAL OUTPUT FROM PROBLEMS AND SOLUTIONS SESSION·AS, 

SITE VISIT II 
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Page 1 of 6 
****.************************************************************ 
Problems and Solutions - AS 
***************************************************************** 

=> Data Exchange 

==> File Transfer (Export/Import) 

Q. How can I send an A/S table to someone else? 

A. Use the A/S Export command as found in the 
Appliction System Reference. Use the CMS SENDFILE 
co~~and to send the ASTRAN file produced by the 
export command. The recipient should type 
RDRLIST, than type RECEIVE to receive the file from 
his or her reader. The recipient should enter 
VMASS to start AIS, and then use the A/S command 
Import. 

==> Data Migration 

==> PC to AS 

Q. How do I use a PC Dos file with A/S. 

A. Create an ASCII file using the PC program 
option to do so. If you are unable to do this, 
you will probably not be able to use the file with 
A/S. Upload the file using the (ASCII CRLF LRECL 
255 option of the PC DOS send command to the host 
where you wish to use the file. Continue with the 
instructions for using a CftfS file from A/S. 

==> CMS to AS 

Q. How can I use a CMS data file in Application 
System. 

A. Look up the IN command in the A/S Reference 
(order -number). The information you require is 
listed under the extended IN command. 

Delete reference to extended IN command, and 
replace with The information you require is listed 
under the discussion, Syntax of tableref-for 
external files. Generally, you will use the 
d~!cult, or RECORD(VARYING) as the type. 
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Page 2 of 6 
•••••••••••••• *************************.******.******* ••••••••••••• 
Problems and Solutions - AS 
••••• *********.************.*** •••••••••••• ************ •• * •• * •••••• 

=> SQL to AS 

Q. How can I use an SQL with A/S? 

A. The instructions for doing so are found in the 
Application System Reference under the IN command, 
under the discussion of Full Syntax of 
tableref-for SQL/DS and DB2 tables. 

===> TSO to AS 

Q: How can I move a file from TSO to AS so that I 
can use it with an existing AS application? 

A: Use the "XMIT" TSO command to send the file to 
your USERID on the host system on which your AS 
application resides. Then log on the host 
system; the file will appear in your 

RDRLIST (CMS command). Use the CMS Receive 
command to recieve file onto your A-DISK. Follow 
instructions for Data Exchange-Migration-CMS to 
A/S. 

==> Application Migration 

Q. How can I migrate an application to my system 
that was developed on another system? 

A. The developer of the application must use the 
A/S Export *, ALL command. After the tables that 
are to be migrated have been exported, the 
developer must send you the files using ~e CMS 
Sendfile command. The files will appear in your 
RDRLIST. Use the CMS RECEIVE command to receive 
them on your A-Disk. Use VMASS to start your A/S 
session. Use the A/S Import command to import 
them into your project code. If this 
application was developed to make use of another 
library, you will need to change the library 
references on the table references. 

==> Sending Data 

Q. How can I use someone else's A/S data? 

A. Use answer for Data Exchange-File Transfer. 
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APPENDIX I 

PARTIAL OUTPUT FROM PROBLEMS AND SOLUTIONS SESSION-FILE 
TRANSFER. SITE VISIT II 

Paae " of 7 ••• * •• ***********************************.************ •••••••••••• 
Problems and Solutions - File Up1oad/Down1oad 
•••• * •• *.******************************.****** ••• ** •• * •••••• * ••••• 

=> Emulator Issues 

==> Support for Emulator 

Q - How do I know what emulation software I have? 
A -

q.What is the difference, if any, between an 
emulator and a control program? 
a. no answer 

q.Which control program do I need to order for my PC? 
a.For 3270 PCs - 3270 Control Program 

For vanilla XTs, .ATs Cut mode (that is one host 
session) - E78 or 3278 Emulation Program 

For XTs, ATS, DFT mode (multiple host sessions)
MITE 
For 3270Gs, 3270GX - Graphics Workstation Control 

Program. 
Note: This list is not complete. 

NOTE: Janet Becker's guide has a nice grid showing 
which emulator software supports what types of PC·s. 

q:I have xx emUlator, what can I do with it? 
a: read the manual!!! 

q:I don:t have a manual, how do I get one? 
a:i£ the emulator is IBM IUO, the PC store may be 

able to help you; 
if the emulator is a product, you should have been 

given the manual when you got the product: 

q:a friend gave me a copy of his/hers, what do I do? 
a:tell the friend thanks, but you must have an 
official copy and then order a copy from the PC 
store. 

The emulator list is: 

APV3278, B3101, B3277,· 83278, CP78, E78, E78CPY, 
GA3277, IRMALINK, IRMAXFER, IRMA78 , 13101, 13277, 
13278, MCA, MYTE, PCTERM, PCVM80ND, PCXFER, PC3270, 
PC3277, PC3277P, PC3278, XT3277, XT3277P, 3270AT, 
3270PC. 

This information comes from the PCPRT User's 
Guide, Dec. 30, 1987. 
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Page 2 of 7 
****************************************************** •••• **.*.** 
Problems and Solutions - File Upload/Download 
***************************************************************** 

==> Identifying Emulator 

q:what emulator do I have? 
a:display your autoexec.bat and look for 
PC3278 - entry level cut mode 
pc3270 - 3270 ernul, possible multiple sessions 
INDCIPL - 3270 CP or Workstation l.x or Graphics CP 
E78 - E78 emulator 
MYTE xxx x - MYTE 
or look at BAT files that the autoexec calls or BAt 
files that exist in the PATH. 

q.What emulator am I currently using? 
a.Get the name from your documentation manual. If 
you do not have the documentation, look in the 
autoexec.bat file in your PC root directory 
(generally C:\). This file may be viewed by 
entering "type autoexec.bat 1 more' at the DOS 
prompt. Look for the invocation of the control 
program. Key words to look for are E78, PC3278, 
PC3270, INDCIPL. (This is not the complete list, 
someone will have to fill in the blanks. ) 

=> Document Transfer (HODI) 

Q - What is HODI? 
A - Host Displaywrite Data Interchange, allows 
Displaywrite to be sent to PROFS on the Host. 

Q- How do I translate a document between DW and 
PROFS? 
A- Use the HODI package. You can either 
upload/download directly, for RFT files, or you can 
~ranslate between DCF and DW codes. 

=> Transfer of files (host to host) 

Q - How do I send a file to another user on the Host. 
A - Type 'sf "filename filetype" to "userid" at 
"usernode" . 

==> MVS to VM 

q:from MVS to VM, 
a-use TRANSMIT comm,::md 



APPENDIX J 
PARTIAL OUTPUT FROM PROBLEMS AND SOLUTIONS 

SESSION-PRINTING, SITE VISIT II 
Page 1 of 7 

************************************************************* 
Problems and Solutions - Printing PI 
************************************************************* 

=> Documents 

==> Print Documents with Graphics on PC 

Notes: To print Graphics from a PC, you'll need a graphics 
printer. such as the PROPRINTER or the 
Quietwriter II or III (or I with APA chip). OR a 
pageprinter, such as the 3820. Wheelprinters cannot 
handle graphics. 

=> Scripted Files 

==> Printing Script File 

NOTE - See "Printing for Application" notes. 

Q - How do I print a Script file? 
A - Do you want to print it on a Host Printer? 
(Assume the answer is "yes") ... Use ISPF options 4.9. 
Fill in the necessary blanks and away it goes. (I'd 
need a screen dump to tell you which blanks need 
what ... , sorry.) 

Q:How do I print to a 3820? 
A:Which 
computer are you using? 

- PROFS (GBGVM2, GBGVM7 or RCKVM1) 
The 3820'5 are only available in line mode (1403 
type output). TOM/DONNA please complete. 

- GBGVM3 
The STI interface has a complete SCRIPT format 
capability and printer assistance. At the CMS 
ready command type STI and press enter. On the 
command line of the STI Primary Option Menu, type 
4.4 and press ENTER. Choose the appropriate 
printer and GML tag set, enter the appropriate 

SCRIPT commands. Once the document has formatted, if 
any error messages are displayed, press PF3. The 
Print disposition panel will appear. Enter pd on the command 
line and MVS for printer attachment, press 
ENTER. The 3820 Printer panel will appear. Enter the 
printer name (Destination names are posted in the 
printer rooms) fill the in the number of copies, 
etc. and press ENTER. The file will be spooled 
through the system to the 3820 printer specified. 
Users must pick up their printouts at the printer. 
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Page 2 of 7 
************************************************************* 
Problems and Solutions - Printing P2 
•••• ****.************.*************** •••••••••••••• ~ •••••••• * 

=> PCPRT 

==> Error messag~s/return codes 

Notes: If the host goes down, all the PROFS notes that have 
not been printed will not print, and they 
will be left in the flist as * prn files that need 
erased. This is because the PCPRTBAT.BAT file has 
been messed up when the host went down. 

Q- PCPRT times out - why? 
A- The PC PCPRT code is set up to say if the RECEIVE 
does not occur in a fixed ~mount of time, time out 
and free up the PC. The delay might be a busy network, 
or conflict in timing between the speed of the PC and 
the speed of the lines. Possible bypasses - try 
printing off-hours, or print after each execution of 
host PCPRT 

==> Printing from application 

Q - How do I print a CMS file using PCPRT? 
A - From the FLIST, simply type PCPRT beside the 
filename you desire to print (must be ascii). If the 
file is a script file type: PCPRT (SCRIPT 
This assumes Script options have already been set in 
the PCPRT exec. 

q-can I print from my host appl: 
a:usually only via a PrtSC -prt screen, 

q:can I print graphics from my host graphics 
application? 
8:8ome workstations allow HOST prtscreen of graphics, 

ie: Graphics Control prgm, Graphics w/s support. 
other w/s can use PCLK to print/plot from within 
the application. eg AS, ICI, ICU, APGS, GDQF 

==> Network problems 

Q - Why can't I print the screen on my PC on a LAN? A -The 
software doesn't support print screen. The 
LAN just can"t handle this. (It also won"t allow you 
to do n CHKDSK either .... ) 

q: I can"t PCPRT my file; 
a: make sure your workstation is defined to VTAM 
as a w/s that can receive files. 

149 

.' -



APPENDIX K 
HELP-SERVICE PROBLEM CLASSIFICATION SCHEME 

Page 1 of 4 
••••••••• ****************************************.********.* 
Catagori:ation PI 
•• * •• ******************************************************* 

PROFS 
PROFS Functions and Classes 

PROFS Functions 
On-Line Guide 
Access to Functions 
On-Line Help 
Access to On-line Commands 

PROFS Classes 
Notes, Mess"ge~, and Incoming Mail 

Maintenance of A-disk 
Full A-disk 
Managing A-disk 

PROFS Distribution Lists 
Sort 
Setup or Create 
Use 
Error 

. Eliminate names 
Notes and Messages 

Note Log Maintenance 
Splitting a Note Log 
Convert Notelog into Document 

Creating a Note 
Greeting and CloSing 

Change 
Note Patterns 

Access 
Create 
Use 

Graphics in PROFS Notes 
CMS File in PROFS Notes 

Include 
Sending a Note 

Communication with Other PROFS Systems 
Communication with Non-PROFS Systems 
No Room in SE~ID TO Line 

"." commands 
Sending a CMS file 

-Sending CMS file to Other Systems --
Sending eMS file to PROFS 
Nothere Note 

Calendar, XCAL and Meetings 
Cross-system Calendaring (Use of XCAL) 

Remote Access 
Access Someone's Calendar 
Schedule a Meeting 
Schedule a Conference Room (Use of BOOKROOM) 
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Page 2 of 4 
••••••••• *************************************************** 
Categorization P2 
************************************************************ 

PROFS (continued) 
Documents (RFT/DCFDW3&DW4)/DW370 and Graphics 

Create a Document 
Create 
Author Profile 

Document Formats 
Include Another Document 
Include Graphics 
Ter.minal for Graphics 

System Administration 

Pseudo PROFS 
Directory 
Use of SAFE 
Use of TOOLS 
Use of $TELE 
DIRMAINT Messages 
Use of RACF 
Use of FORm"! 
Use of PASSTHRU 
Use of Xedit 
Use of CMS Back 
Use of PUBOFDER 
Use of QORG 
Use of BOOKROOM 
Linking to Other Disks 
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Page 3 of 4 
.*********************************************************** 
Categorization P3 
*.***.****************************************************** 

AS 
Data Exchange 

File Transfer (Export/Import) 
Data Migration 

Data from PC to AS 
Data from CMS to AS 
Data from SQL to AS 
Data from TSO to AS 

Application Migration 
Sending Data 

Application Development and Conversion 
Menu Construction 
Converting SAS to AS 
Setting Project Libraries 

Creating and Changing Data 
Creating Data File 
Changing Data File 
8ackout of full screen data entry 

Displaying and Reportiing Data 
Graphics 

Re~~irements to run graphics 
Graphics hardcopy 
Printing Graphics Documents 

Generating Reports 
Miscellaneous(Local Installation Specific Items) 

Recovery of Corrupted Files 
Backing up Data 
Getting on AS 
Exit from AS 
Printing from AS 

File Upload/Download 
Emulator Issues 

Support for Emulator 
Identifying Emulator 

Document Transfer (HODI) 
Transfer of files (host to host) 

-MVS to VM 
VM to MVS 
CMS to CMS 

Transfer of files (host to PC) 
ASCII files 

DisplayWrite 3 / DisplayWrite 4 Files 
Lotus Files 
PCPRT problems 
Host filename 
Strange Characters in Host File 

Binary files 
PASF/PC 
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Page 4 of 4 
************************************************************ 
Categorization P4 
************************************************************ 

Printing 
Documents (DW4, PROFS, Script/GML) 

Print Documents with Graphics on PC 
*Documents with Different Fonts 
*Documents with Different Page Orientations 

Scripted Files 
*Scripting a file without using document facility 
Printing Script File (Host,PC) 

PCPRT 
Error messages/return codes 
Printing from application 
Network problems 
Setting defaults (Emulator~ 
PrintScreen using MYTE 
IPCPP (Setting PCPRT Options) 

Printer Types and Locations 
Printer location and addresses 
Types of printers 
Plotters 

Special Printing Functions 
Letterhead printers 
Rotating 
Turnaround time for 3800 
Fonts 
Graphics 

Host printing 
Host settings 

Setup your printer 
Host 5tatus 
Cross system printing 
Setting PCPRT environment on host 

*PC Printing 
Printing Options from PROFS 
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