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ABSTRACT 

The behavioral problem of user resistance to change and its role in systems 

implementation failure has been raised in MIS and related fields. The opportunity cost of 

unused DSS technology is substantial, because it cannot improve decision performance. 

Despite this recognition, extant DSS design methodologies have directed a great deal of 

their focuses toward the technical issues related to the design of DSS technology. These 

methodologies are deficient from the perspective of managing the behavioral problem 

and motivating DSS utilization. 

The purpose of this research is to provide a conceptual understanding of the 

behavioral problem of user resistance to change, and to identify and develop a means of 

resolving user resistance to change and hence motivating DSS utilization. This research 

presents a user-leaming-based DSS implementation methodology. The methodology 

development is built upon prior research in MIS and related fields. 

A user-leaming-based DSS implementation methodology consists of a user-

leaming model of DSS implementation, a user-leaming approach to DSS 

implementation, a set of implementation steps, and a generic architectural model of 

knowledge-based user-leaming support systems (KULSS). This methodology is 

applicable to most DSS implementation situations where user resistance to change is 

observed at the onset of DSS implementation. The methodology facilitates user-

cognitive learning to resolve user resistance to change and to develop a felt need for DSS 

utilization. A set of generic KULSS commands enables the user to identify his actual 

decision performance, to leam a desired decision performance, and to understand how 

the actual decision performance differs from the desired decision performance. 
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CHAPTER I 

INTRODUCTION 

Background 

Many Decision Support Systems (DSS) are considered as implementation failures 

(Gerrity 1971; Stabell 1975; Lucas 1975; Keen and Scott Morton 1978; Tait and Vessey 

1988). Utilization has been widely adopted as a relevant behavioral measure of DSS 

implementation success (Trice and Treacy 1988) and as a salient behavioral measure of 

Management science systems (MS) implementation success (Churchman and 

Schainblatt 1965). Therefore, DSS implementation failures occur when technically 

valid DSS are not utilized by their intended users to effect desired change in the existing 

suboptimal decision process. Fuerst and Cheney (1982, p. 554) have stated: "It is 

unfortunate, but tme, that in some cases millions of dollars have been spent developing 

decision support systems that were never used." The opportunity cost of 

implementation failure is substantial. Unused DSS technology cannot effect change in 

decision performance. 

Several factors are beUeved to affect DSS utilization. Trice and Treacy (1988), for 

example, suggest four types of independent variables: design and implementation 

process variables, information systems characteristics, individual differences, and task 

characteristics. Fuerst and Cheney (1982) suggest three classes of independent 

variables: DSS implementation process characteristics, user characteristics, and DSS 

characteristics. DSS design research, one of three major DSS research areas 

(Henderson 1987), however, directs its focus toward implementation process variables. 



2 

DSS Design Methodology and DSS 

Altemative DSS design methodologies (Gerrity 1971; StabeU 1983; Keen and 

Gambino 1983; Keen 1980; Moore and Chang 1983; Carlson 1983; Sprague and 

Carlson 1982) have been proposed in design research. They can be categorized along a 

weak-strong design continuum. Moore and Chang (1983, pp. 188-89) postulate that 

motivational factors, such as the user's motivation to change and the client's orientation 

towards change intervention, distinguish a strong design fix)m a weak design: 

A strong design is appropriate in a situation where more effective decision 
making is required by the client, but the user is (passively) resistant to 
changes in the decision-making process demanded by the cUent (i.e., the 
user is not motivated to expand personal decision-making capabilities). 

A weak design is appropriate whenever the client elects not to influence the 
user's decision-making style. In such cases, the system design may either 
migrate into an information retrieval and control system (higher efficiency) 
or else, in the case of a self-motivated user, may expand into a sophisticated 
support system for improved decision making (greater effectiveness). 

The strong design category includes man-machine decision systems design 

methodology (Gerrity 1971), adaptive design methodology (Keen 1980; Keen and 

Gambino 1983), and decision-oriented design methodology (Stabell 1983). The weak 

design category includes design methodologies proposed by Carlson (1983) and 

Sprague and Carlson (1982). The latter methodologies focus on a flexible design 

approach, which enables the designer to support the existing idiosyncratic decision 

process. 

In the strong design category, a primary goal of DSS is to facilitate change in 

decision making from the extant suboptimal decision process toward an optimal 

decision process (Keen and Scott Morton 1978; Stabell 1983). Many DSS are 

designed to improve semi-stmctured and unstructured decisions (Gorry and Scott 

Morton 1971). These decisions tend to lack problem structure and/or a standard 
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procedure. This decision characteristic makes it necessary for the manager to provide 

judgment in defining what the basic decision problem is. The manager frequently uses 

an inadequate mental model to guide judgment called for in these decisions. Suboptimal 

decision performance has been atttibuted to the use of inadequate mental models (Gorry 

and Scott Morton 1971). 

Organizational motivation for implementing DSS technology is explained drawing 

from the performance gap concept (March and Simon 1958; Downs 1966). When a 

discrepancy exists between what subordinates are actually doing and what their senior 

managers believe they ought to be doing, there is a "performance gap." This perceived 

gap between actual performance and desired performance increases the organization's 

search for altemative courses of action. The organization's perception of a performance 

gap provides the impetus to search for better methods of performing the decision task. 

The organization's search terminates with an altemative course of action selected to 

close the performance gap. DSS implementation is an altemative coiu^e of action 

selected to improve subordinates' decision performance. Recognition of the 

performance gap is critical to reduce resistance to change. 

Resistance to Change 

Resistance to change is a propensity to maintain the status quo in the face of 

pressiffe to change (Zaltman and Duncan 1977). Generally, lack of knowledge or 

understanding of the existing performance gap precipitates resistance to change (Schein 

1961; Rogers 1983; Zaltman and Duncan 1977). In DSS implementation situations, 

despite recognition by senior managers, intended DSS users do not always recognize 

the performance gap (Gerrity 1971; Stabell 1975; Moore and Chang 1983). Miller 
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(1984) asserts that resistance to change is the reasonable response of an individual who 

has no felt need to change. 

Planned organizational change research shows that attempts to introduce change 

into an organization are often strongly resisted (Schein 1961; Lewin 1951; Watson 

1973; Rogers 1983; Markus 1983; Argyris 1985). DSS implementation is viewed as a 

process of planned organizational change, because DSS are designed precisely to 

induce change in an extant decision process (Zand and Sorensen 1975; Ginzberg and 

Stohr 1981). Resistance to change frequendy occurs during the DSS implementation 

process, which often results in unused DSS technology (Gerrity 1971; Keen and Scott 

Morton 1978; Stabell 1975; Lucas 1974; Lucas 1981;Sage 1981; Moore and Chang 

1983; Ives and Olson 1984; Keen 1981; Markus 1983; Baronas and Louis 1988). 

The most important implementation problems are not technical but are behavioral in 

nature, (Lucas 1981; Gerrity 1971; Stabell 1975; Keen and Scott Morton 1978; Sage 

1981; Churchman and Schainblatt 1965; Ginzberg 1981; Moore and Chang 1983). 

Resistance to change influencing user behavior (i.e., DSS utilization) is cognitive in 

nature (Schein 1961; Churchman and Schainblatt 1965). Resistance to change as a 

primary cause of systems implementation failure has been recognized as a significant 

research problem requiring more attention (Churchman and Schainblatt 1965; 

Churchman 1971; Mitroff 1975; Schultz and Slevin 1975; Bean and Radnor 1979; 

Duncan 1974; Hammond 1974; Lucas 1975; Lucas 1981; Ginzberg 1981; Nichols 

1981). 

Cognitive Learning Prescription 

Two behavioral theories provide a theoretical basis for understanding the behavioral 

problem of user resistance to change (Schein 1961; Churchman and Schainblatt 1965). 
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Cognitive learning is prescribed to resolve resistance to change and to develop the 

motivation to change. 

The process theory of change asserts that a normative process of change consists of 

three phases of unfreezing, changing, and refreezing (Schein 1961). The unfreezing 

phase temporally precedes the changing phase, which in tum precedes the refreezing 

phase. Thus, the unfreezing phase plays a critical role in the normative process of 

change. It is concemed with facilitating the manager to recognize the need to change. 

This felt need to change is necessary for the manager to actually change his beliefs, 

values, or attitudes at the changing phase. Extant beliefs, values, or attitudes represent 

a stable equilibrium maintained by opposing forces such as resistance to change and 

motivation to change. The theoty asserts that no desired change is effected without 

resolving resistance to change and developing the motivation to change. 

The theory has implications for a DSS implementation methodology. First, DSS 

implementation is a change process for intended users. DSS utilization effects change. 

Second, intended users need to understand the rationale for change in order to resolve 

resistance to change and to develop the motivation for DSS utilization. Without 

learning the rationale for change they do not use DSS technology to effect the desired 

change in the existing decision process. 

MS are implemented precisely to improve decision performance. The theory of 

implementation (Churchman and Schainblatt 1965) asserts that the problem of 

implementation is attributed to a dialectic relationship between the management scientist 

and the manager. They have different goals, thereby approaching MS projects with 

different logic and assumptions. It views implementation as an educational process for 

the manager as well as for the management scientist. Therefore, it suggests that 
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successful implementation requires managerial learning about the rationale for the 

proposed MS. 

Churchman and Schainblatt postulate that mutual understanding between the 

manager and the management scientist is imperative to resolve resistance to change in a 

change effort. During the process of developing mutual understanding the management 

scientist and the manager leam what each other's goals are, how the manager actually 

tries to achieve his goals, and how the management scientist intends to improve the 

managerial decision making. Through the educational process of attaining mutual 

understanding the management scientist needs to understand the goals of the manager in 

order to define the problem and deUneate the rationale for a management science effort. 

The manager in tum needs to understand the goals of the management scientist 

Otherwise, he fails to understand the rationale for the proposed change and is reluctant 

to use management science systems to improve his decision process. 

The behavioral theories provide a sound theoretical basis for our inquiry. Change 

implementation failures can be attributed to lack of understanding of the rationale for 

change on the part of the manager. The contribution of the theories is their focus on 

user-cognitive learning. Designer learning has been traditionally prescribed in MS and 

MIS design research (Churchman 1971; Boland 1978). There are two implications for 

a DSS implementation methodology. 

First, a DSS implementation methodology needs to expUcitiy address the behavioral 

problem of resistance to change during the DSS implementation process. Second, a 

DSS implementation methodology needs to direct research focus at facilitating 

user-cognitive learning. User-cognitive learning includes user learning of the rationale 

for change. The process theory of change refers to the need for change. The theory of 

implementation refers to the need for mutual understanding between designer and user 
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(i.e., how the designer intends to improve the user's actual decision performance). 

Both theories suggest the user needs to recognize the existing performance gap. 

Although user-cognitive learning is prescribed in the behavioral theories, they do not 

explicate how it ought to be facilitated. The dialectical process underlying Hegelian 

inquiry systems (Churchman 1971) has been shown to be effective to facilitate the 

manager to recognize the existing performance gap in a planning decision situation 

(Mason 1969) and in a systems analysis situation (Boland 1978). 

The dialectical process involves the comparison of two contrasting models (i.e., 

world views or mental schemes) of the decision situation. In Mason's case, two 

contrasting models are models of the planner and the expert (the consultant). In 

Boland's case, they are models of the user and the designer. The dialectical process in 

DSS implementaiton situations involves two contrasting models of the user and the 

designer. They have contrasting views of the DSS implementation situation because the 

user does not recognize the performance gap, while the designer intends to close the 

user's performance gap by implementing DSS technology. 

The dialectic process can be supported by knowledge-based expert systems 

technology being developed in artificial inteUigence (AI) field. It is because the 

dialectical process is concemed with two different processes of reasoning. Two 

paradigms of expert systems have been built to demonstrate different processes of 

reasoning. The problem solving expert systems paradigm emulates the expert's 

reasoning process. In contrast, the critiquing expert systems paradigm models the 

user's reasoning process. 
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Problem Statement 

User resistance to change as a primary reason for systems implementation failure has 

been recognized as a significant research problem requiring more attention (Churchman 

and Schainblatt 1965; Churchman and Schainblatt 1967; Mitroff 1975; Schultz and 

Slevin 1975; Bean and Radnor 1979; Duncan 1974; Hammond 1974; Lucas 1975; 

Lucas 1981; Ginzberg 1981; Nichols 1981). 

Despite this wide recognition of the user resistance to change problem in 

implementation situations, extant DSS design methodologies do not address explicitiy 

how to resolve user resistance to change. They attempt to avoid user resistance to 

change by implementing DSS technology initially to support the existing decision 

process. They postulate that once this DSS technology is accepted by its users, it can 

be evolved to support a desired decision process. This is done by adding new 

functional capabilities that effect the desired change. They implicitiy assume that users 

who accepted the initial DSS technology do not resist utilization of these functional 

capabilities that support the desired decision process. Case analysis of DSS 

implementation failures invalidate this assumption (Gerrity 1971; Stabell 1975). 

Extant DSS design methodologies have been developed from technical perspectives. 

Their focus has been directed toward technical issues related to the design of DSS 

technology, not toward behavioral issues related to the user of DSS technology. 

Furthermore, extant DSS design methodologies have not been grounded in behavioral 

theory. Consequentiy, they not only fail to provide a conceptual understanding of the 

behavioral problem of user resistance to change, but fail to provide a method for 

resolving user resistance to change. The shortcomings of extant DSS design 

methodologies partly explain why so many DSS are unused and considered to be 

implementation failures. 
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Research Questions 

The purpose of this research was to develop a user-leaming-based DSS 

implementation methodology. This implementation methodology development was 

necessary to provide a conceptual understanding of the behavioral problem of user 

resistance to change, and to indentify and develop a means of resolving user resistance 

to change. 

The research questions were concemed with this user-leaming-based DSS 

implementation methodology development. The following questions were put forth to 

direct the research toward the methodology development 

1. What are the shortcomings of extant DSS design methodologies that consequentiy 

lead to the behavioral implementation problems? 

The nature of the shortcomings provide the rationale for the development of a 

user-leaming-based DSS implementation methodology. Analysis of the shortcomings 

identified the research need (1) to provide a conceptual understanding of the behavioral 

problem of DSS implementation resulting from user resistance to change, and (2) to 

identify and develop a means for resolving resistance to change and motivating DSS 

utilization. 

2. How can a DSS implementation methodology help realize DSS implementation 

success? 

This research question is decomposed into two parts. The first question is 

concemed with an understanding of the DSS implementation phenomenon. What are 
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tiie implementation process variables that affect DSS utilization? An answer to the first 

question is integrated into a user-leaming model of DSS implementation. The model 

provides a theoretical basis for deriving a conceptual approach that underlies the new 

DSS implementation methodology. 

The second question identifies a set of implementation steps to be taken during the 

DSS implementation process. What steps are required to either control or facilitate the 

process variables that affect utilization? An answer to the second question is integrated 

into a user-leaming-based DSS implementation methodology. 

3. How can a new DSS implementation methodology support user-cognitive learning? 

The user leaning model of DSS implementation is built on behavioral theory 

(Churchman and Schainblatt 1965; Schein 1961). It postulates that user resistance to 

change is effectively resolved by facilitating user-cognitive learning. 

The research question identifies and develops knowledge-based user-leaming 

support systems (KULSS). KULSS are knowledge-based tools that support the role of 

user-cognitive learning emphasized in the user-leaming-based DSS implementation 

methodology. 

The research question is further decomposed into two parts. The first question is 

concemed with the operationalization of user-cognitive learning. How should 

user-cognitive learning be operationalized? User-cognitive learning is a special case of 

cognitive learning. Research in cognitive learning identifies two major components: 

learning strategies and learning modes/media (Burris 1976). Thus, user-cognitive 

learning is defined through these two components. Learning strategies are 
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operationalized through the concept of the performance gap defined in prior research 

(Downs 1966; March and Simon 1958) and strongly implied in behavioral theory. 

Once the concept is operationalized, how should it be facilitated? Learning 

modes/media are operationalized through the dialectical process underlying Hegelian 

dialectical systems (Mason 1969; Boland 1978) and the technology of knowledge-based 

expert systems (Miller 1982; Langlotz and Shortliffe 1983; Coombs and Alty 1984). 

An answer to these two questions is integrated into a generic architectural model of 

KULSS. 

4. Is it technically feasible to build KULSS based on the generic architectural model 

derived in the research? 

A discussion of the prototype KULSS implemented in the the financial ratio analysis 

domain and its performance analysis provides information necessary to answer this 

research question. An answer to the research question provides an empirical validation 

of the generic architectural model of KULSS. 

User-Leaming-Based DSS Implementation Methodologv 

The research was conducted to answer the above research questions. The research 

was conducted in two distinct phases: (1) theory-building phase and (2) computer-

experimentation phase. The first three questions required theory building. The last 

research question involved computer experimentation. 

There were five specific objectives in this research. Those objectives were: (1) to 

develop a user-leaming model of DSS implementation, (2) to identify a user-leaming 

approach to the behavioral problem of user resistance to change, (3) to derive a set of 



12 

DSS implementation steps, (4) to derive a generic architectural model of 

knowledge-based user-leaming support systems (KULSS), and (5) to validate the 

generic architectural model of KULSS. 

First the user-leaming model of DSS implementation is developed to explain the 

phenomenon of DSS implementation success. It draws partly from the process theory 

of change (Schein 1961) and the theory of implementation (Churchman and Schainblatt 

1965). It identifies the implementation process variables that directly influence DSS 

utilization: resistance to change and user-cognitive learning. It also identifies the 

implementation process variables affecting resistance to change: authority decisions, 

degree of heterophily between designer and user, knowledge stmcture, selective 

perception, and user-cognitive learning. 

The model explains that resistance to change has cognitive and organizational 

antecedents. Cognitively, resistance to change occurs when intended users do not have 

a felt need for the proposed change, because they do not recognize the existing 

performance gap. Organizationally, resistance to change occurs when unilateral 

authority decisions are made by senior managCTS to implement DSS to close the 

performance gap or when the designer fails to communicate to the intended users about 

the performance gap. 

Second, the user-leaming approach to DSS implementation is based on practical 

implications derived from the user-leaming model of DSS implementation. It directs 

the designer's focus toward the behavioral problem of user resistance to change during 

the DSS implementation process. It postulates that the user must be facilitated to 

recognize the performance gap and to develop the motivation to extend the existing 

suboptimal decision process. It fiirther postulates that user-cognitive leaming is 

conducive to resolving resistance to change and accepting DSS utilization in the manner 
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which extends the existing decision-making process. User-cognitive leaming occurs as 

a result of user participation in problem diagnosis at the onset of the DSS 

implementation process. The user-leaming approach emphasizes user participation in 

problem diagnosis in contrast to user involvement in the design of a DSS. 

User-cognitive leaming refers to cognitive leaming by members of the intended user 

group about the existing performance gap, its underlying reasons and about the 

rationale for change. User recognition of the need for change is a necessary condition 

for developing a felt need for the proposed DSS and inducing DSS utilization. 

User-cognitive leaming is distinguished from what is coined "user training" (Fuerst 

and Cheney 1982; Ginzberg 1978; Markus 1985; Sanders and Courtney 1985) in MIS 

literature. User training, such as operations training and task context training (Ginzberg 

1978), increases usability of DSS, but does not reduce resistance to change or develop 

a feh need for the proposed DSS (Miller 1984). 

Third, a set of DSS implementation steps are derived to accommodate the 

user-leaming approach to DSS implementation. The steps consist of analysis of user 

performance gap, analysis of user receptivity to change, development of a specific 

KULSS, user-cognitive leaming with KULSS, user involvement in DSS functional 

specifications, designing and building DSS, DSS implementation and user training, 

DSS utilization, and evaluation of user performance. 

Fourth, the major implication drawn from the user-leaming model is that user 

leaming must be facilitated to manage resistance to change, which is a major cause of 

DSS implementation failure. Based on this premise, this research has developed a 

generic architectural model of KULSS as educative tools for facilitating user-cognitive 

leaming. KULSS support the user-cognitive-leaming step. The generic architectural 

model of KULSS is derived by specifying a set of KULSS requirements. KULSS 
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requirements are logically derived to support the user-cognitive-leaming concept. 

User-cognitive leaming has two major components: leaming strategies and leaming 

modes/media, which draws from research in cognitive leaming (Burris 1976). The 

operationalization of leaming strategies and leaming modes/media provides goals for 

user-cognitive leaming and means for facihtating user-cognitive leaming. The former is 

operationahzed through the concept of the performance gap (March and Simon 1958; 

Downs 1966). The latter is operationalized through the dialectical process underlying 

HegeUan inquiry systems (Churchman 1971; Mason 1969; Boland 1978). 

The generic architectural model of KULSS identifies a set of generic commands that 

are necessary to facilitte user-cognitive leaming: present, model, solve, and critique. 

These commands are supported by systems architecture that includes user interface, 

data base, knowledge base, problem solving expert system, and critiquing expert 

system. The commands facilitate the user to leam how his actual decision performance 

differs from the desired decision performance. The Present command displays case 

data sampled from the user's decision task environment. The Model command captures 

the user's actual decision performance. The Solve command demonstrates a desired 

decision performance. The Critique command contrasts the user model of the decision 

task vis-a-vis the conceptual (or expert) model of the decision task and notes significant 

differences in terms of knowledge stmcture and reasoning process. 

Fifth, the prototype KULSS is built in the financial ratio analysis domain using the 

generic architectural model as a design base. A working prototype was implemented to 

provide an empirical validation that the generic architectural model is sufficient to guide 

the prototype development in this financial domain. 
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Significance of the Research 

Tait and Vessey (1988) assert that research is needed to understand why so many 

DSS fail and to identify and develop tools and techniques that facilitate successful DSS 

implementation. This research has developed a new DSS implementation methodology. 

The research makes theoretical contributions to DSS design research, because it 

provides a conceptual understanding of the behavioral problem of user resistance to 

change. It also provides a set of DSS implementation steps to manage the DSS 

implementation process. 

The new methodology differs from extant DSS design methodologies for three 

reasons. First the new methodology is grounded in the behavioral theories 

(Churchman and Schainblatt 1965; Schein 1961) because the most important 

implementation problems are behavioral, rather than technical (Churchman and 

Schainblatt 1965; Lucas 1981). The behavioral focus of the new methodology is in 

contrast to the technical focus of extant DSS design methodologies. Second, the new 

DSS implementation methodology directs its focus on user-cognitive leaming at the 

onset of DSS implementation to facilitate the user in recognizing the existing 

performance gap and developing a felt need for closing the gap through DSS utiUzation. 

The new methodology's focus on user leaming is in contrast to the designer leaming 

focus found in extant DSS design methodologies. Finally, the new methodology 

provides a generic architectural model that guides the designer in building specific 

KULSS. The knowledge-based tools support the user-cognitive-leaming step during 

the DSS implementation process. 
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Organization of the Dissertation 

The dissertation is presented in seven chapters. This first chapter has provided an 

overview of the research and discussed why this research was undertaken. The second 

chapter will begin with a survey of the relevant hterature to provide the rationale for this 

methodology development and to provide a theoretical basis for the new DSS 

implementation methodology. The third chapter will present the research methodology 

in detail. Both the theory-building phase and the computer-experimentation phase will 

be discussed The fourth chapter will present a user-leaming-based DSS 

implementation methodology. Part of this DSS implementation methodology is a 

generic architectural model of KULSS. The fifth chapter will present this generic 

architectural model. The sixth chapter will report the implementation of a prototype 

KULSS in the financial ratio analysis domain, and discuss its performance analysis 

results. The final chapter will discuss thcOTetical contributions of this research, 

research limitations and a direction for future research. 



CHAPTER n 

LITERATURE REVIEW 

Introduction 

This research is concemed with the development of a new DSS implementation 

methodology. The purpose of the second section is to provide a general understanding 

of DSS implementation. It surveys the literature on DSS, the motivation for DSS 

implementation, and DSS implementation as a process of planned organizational 

change. The third section discusses the behavioral problem of user resistance to change 

as a major culprit for many DSS implementation failures. The fourth section presents 

altemative DSS design methodologies proposed in DSS design research, and discusses 

their shortcomings from a perspective of resolving user resistance to change during the 

DSS implementation process. These shortcomings provide the rationale for the new 

DSS implementation methodology development in this research. 

The next four sections provide the theoretical basis for a user-leaming-based DSS 

implementation methodology developed in this research. The fifth section discusses the 

cogiutive leaming concept suggested in behavioral theory. Cognitive restmcturing 

(i.e., assimilation of new knowledge stmcture) has been identified as the necessary 

condition for resolving resistance to change and developing a felt need for change. The 

sixth section discusses the dialectical process underlying Hegelian inquiry systems, 

which has been shown to be effective for facilitating managerial cognitive leaming. The 

seventh section discusses two different models: mental models and conceptual models. 

The eighth section describes two paradigms of expert systems. Each paradigm offers 

different capabilities. The problem-solving expert systems paradigm is concemed with 

17 
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emulating the expert's problem-solving strategies. The critiquing expert systems 

paradigm is concemed with improving the user's inadequate problem-solving 

strategies. The final section provides a summary of the findings from tiiis literature 

survey. 

Major findings from this survey chapter will be integrated into a user-leaming-based 

DSS implementation methodology (Chapter IV) and into a generic architectural model 

of user-leaming support systems (KULSS) as part of the new implementation 

methodology (Chapter V). 

DSS Implementation 

This section provides a background for this research. DSS are designed to improve 

users' decision performance. They provide a means for altering a suboptimal decision 

process. DSS implementation is concemed with DSS being effectively used to improve 

decision performance. It is necessary in this section to briefly discuss the literatiu-e on 

DSS, the motivation for implementing DSS in the organization, and DSS 

implementation as a process of planned organizational change, before the behavioral 

problem of DSS implementation is discussed in the next section. 

DSS 

Gorry and Scott Morton (1971) coined the term "Decision Support Systems." A 

primary goal of DSS is to improve decision performance by changing the existing 

suboptimal decision process. DSS are designed to support semi-stmctured and 

unstmctured decisions. These decisions have two characteristics. First, they lack 

problem stmcture and/or a standard procedure. Decision makers face ambiguity in 
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defining the nature of the problem. The lack of problem stmcture and/or a standard 

procedure requires decision makers to provide judgment in the problem definition. 

Second, inadequate mental models are frequentiy used to guide the judgment called for 

in these decisions. Gorry and Scott Morton's assertion that inadequate mental models 

are used by decision makers is consistent with research which shows that mental 

models are used to simplify the complex decision task environment but they are often 

inadequate to guide the decision task (Huber 1983; Mayer and Bayman 1981; Norman 

1983; Young 1981). 

In order to improve decision performance in semi-stmctured and unstmctured 

decision situations, Gony and Scott Morton assert that DSS need to alter the existing 

inadequate decision process. They did not specify how DSS ought to alter the existing 

decision process. 

In contrast to the DSS goal delineated by Gorry and Scott Morton, a different goal of 

DSS was identified. It is to support the user's particular cognitive style and his 

idiosyncratic decision process (Carlson 1983; Sprague and Carlson 1982). Huber 

(1983) asserts that using the cognitive style constmct as a design base for DSS is not a 

sound practice, because extant idiosyncratic decision processes are often dysfunctional, 

and the designer should not provide decision aids that reinforce the dysfunctional 

decision processes. 

Gorry and Scott Morton's view of DSS as a means for changing an inadequate 

status quo finds theoretical support in the MIS and related fields. Huber (1983), Simon 

(1985), and Churchman (1968) unequivocally argue that systems design is purposive 

and goal-directed toward organizational improvement and that the designer has 

professional responsibility for effecting the desired change in the organization. 
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Simon (1985) in The Sciences of the Artificial discusses the logic of design. He 

asserts that a science of design is emerging in both engineering and business schools. 

The logic of design is concemed with how things ought to be (i.e., goals and 

functions), and focuses on designing artifacts to attain goals. In contrast, the natural 

sciences concern describing how things are. He demonstrates the need to redefine the 

designer's professional role, away from the traditional role as a "simple executor of his 

client's purposes." 

Chiffchman (1968, pp. 11-12) argues that the management scientist uses his 

knowledge in making diagnosis and prescriptions towards system improvement: 

In the past the economist or engineer could say to himself, "These are the 
goals tiiat my client wishes to attain, and I will study how he can best attain 
tiiem. It is none of my business whether these goals are the correct ones." 
But when the scientist begins to work hand in hand with the top 
administrator, he can no longer take such a detached viewpoint toward his 
client's goals. He must ask himself whether the goals specified by the client 
are the correct ones in terms of the client's interests, and he often discovers 
that they are incorrectiy stated or dangerously narrow from the point of view 
of the improvement of the entire system. 

Huber (1983, p. 570) also describes the designer's professional responsibility for 

improving the existing decision process that deviates fix)m a normative (desired) 

decision process: 

Many would agree that it is the professional responsibility of a DSS 
designer, in his or her role as a decision analyst to tactfully challenge 
apparent deviations between what on the one hand seems to be the most 
appropriate decision process, based on the decision task and setting, and 
what on the other hand seems to be the process implicit in the 
decision-maker's expressed preferences for data, decision aids, and other 
components of the DSS. Some managers would respect challenges to their 
expressed preferences for DSS features if the challenge followed from what 
the designer/analyst saw as the correct process. 

There is theoretical support for the new role of the designer in improving the existing 

decision process. The logic of design concerns how to improve the existing decision 
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process. Conceptual (normative) models have been used to provide the logic of DSS 

by DSS design researchers (Gerrity 1971; Keen and Gambino 1983). Generally, 

conceptual models are built by academics to provide a general understanding of the 

decision task. They sharply contrast with mental models, because they are generally 

grounded in theory, and hence provide a global (broader) view of the decision task 

environment 

Human information processors exhibit biases and errors (Sage 1981; Pitz and Sachs 

1984; Aguilar 1967; Ungson, Braunstein and Hall 1981; Remus and Kottemann 1986). 

These biases and errors are not just limited to novices. Experts and professionals share 

the problem (Wright 1980). However, comparative studies of experts and novices in 

cognitive task domains show that experts tend to have a global view of the task that is 

based on a complete representation of the task, whereas novices tend to have a narrow 

view of the task (Kolodner 1983; Larkin, McDermott Simon, and Simon 1980; Chi, 

Faltovich, and Glaser 1981; Larkin 1983) and to have simplistic mental models (Huber 

1983; Mayer and Bayman 1981; Norman 1983; Young 1981). 

Motivation for DSS Implementation 

This section discusses the performance gap concept to explain an organizational 

motivation for implementing DSS technology. The concept of performance gap was 

described by March and Simon (1958) and Downs (1966). When a discrepancy exists 

between what subordinates are actually doing and what their senior managers believe 

they ought to be doing, there is a "performance gap." This perceived gap between 

actual performance and desired performance increases the organization's search for 

altemative courses of action. The organization's perception of a performance gap 
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provides an impetus to search for better methods of performing the decision task. The 

organization's search terminates with an altemative course of action selected to close the 

performance gap. 

This concept is readily appUed to explain organizational motivation for implementing 

DSS technology. Senior managers evaluate their subordinates' decision performance. 

They recognize a performance gap, which prompts them to search for altemative 

courses of action to close the performance gap. DSS implementation is an altemative 

course of action selected to improve the subordinates' decision performance. DSS 

technology provides a means to change fix)m what they are actually doing to what they 

ought to be doing. 

This explanation of a motivation for DSS implementation is consistent with an 

observation of DSS projects by Moore and Chang (1980; 1983). Generally, a major 

thmst for DSS development is the recognition by senior managers of the need to 

improve subordinates' information processing and decision-making process. 

The explanation that is built on the performance gap concept is also consistent to two 

well-known cases of DSS implementation (Gerrity 1971; Keen and Gambino 1981). In 

both cases, the recognition of a suboptimal decision process provided a major impetus 

for DSS implementation. In Gerrity's case, the established security-oriented decision

making process of portfolio managers was judged as suboptimal. DSS technology was 

designed to support a portfolio-oriented decision-making process, which was drawn 

from the theory of portfoUo selection in the finance literature. Similarly, in Keen and 

Gambino's case, the simplistic financial analysis performed by school finance analysts 

was judged to be inadequate. DSS technology was designed to provide a sound 

practice that draws from equity theoty published in the pubUc finance literature. 
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DSS Implementation As Planned Organizational Change 

As discussed above, the organization implements DSS technology partly because it 

recognizes the need to improve the existing decision process. The designer often uses a 

conceptual model as a design base for DSS. DSS functions (capabilities) thus designed 

provide a means to effect desired change in the existing decision process. 

Implementation is concemed with issues of how to facilitate intended users to accept 

and utilize DSS technology so as to effect desired change in the decision process and to 

improve decision performance. DSS implementation is hence viewed by many as a 

process of planned organizational change (Lucas 1974; Keen and Scott Morton 1978; 

Zmud and Cox 1979; Sage 1981; Ginzberg 1981). 

Behavioral Problem of DSS Implementation 

DSS implementation success has been operationalized through DSS utilization in the 

MIS field (Trice and Treacy 1988). DSS implementation failures occur when 

technically valid DSS are not utilized by intended users to their fiillest capacity or in 

proper ways. Fuerst and Cheney (1982, p. 554) have stated: "It is unfortunate, but 

tme, that in some cases millions of dollars have been spent developing decision support 

systems that were never used." 

The opportunity cost of DSS implementation failure is substantial. Unused DSS 

technology cannot effect plarmed change, despite the generally high costs involved in 

developing DSS technology. Despite the pragmatic importance of the implementation 

problem, relatively litfle research has been conducted concerning systems 

implementation (Mitroff and Pondy 1974). 



24 

The major obstacles to implementation success arise in the process of 

implementation and are behavioral in nature (Zmud and Cox 1979; Churchman and 

Schainblatt 1965; Zand and Sorensen 1975; Hammond 1974; Lucas 1974; Baronas and 

Louis 1988). 

It has been shown that the behavioral problem of user resistance to change occurs 

fijcquently during the DSS implementation process, and presents a major barrier for 

DSS implementation success (Gerrity 1971; Keen and Scott Morton 1978; Stabell 1975; 

Lucas 1974; Lucas 1981;Sage 1981; Moore and Chang 1981; Baronas and Louis 

1988). The behavioral problem of user resistance to change tends to be more serious 

when a great deal of change expected from users or when DSS technology is perceived 

to greatiy impact users (Keen 1981; Markus 1983). 

User Resistance to Change 

Attempts to introduce radical change into an organization in equilibrium are often 

resisted (Schein 1961; Lewin 1951; Watson 1973). If radical change is perceived to 

make a large impact on the organization, the degree of resistance to change and planned 

change failures will increase. 

DSS technology is often designed to change the existing ways information is 

processed and decisions are made in the organization. User resistance to change 

frequendy occurs during the DSS development process (Baronas and Louis 1988; Ives 

and Olson 1984; Keen 1981; Markus 1983). This behavioral problem of resistance to 

change is important, because DSS acceptance is critical due to the voluntary nature of 

DSS utilization (Ives and Olson 1984). 
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Moore and Chang (1980; 1983) identify three parties involved in a DSS project: the 

client (i.e., top management), the intended DSS user, and the designer (external 

consultant). They argue that a major thmst for DSS development is the recognition by 

the client of the need to improve the user's decision process. It is not unusual, 

however, for the user to show reluctance to make changes in the existing decision 

process. They prescribe a strong design, not a weak design, for DSS in a situation 

where change in the existing decision process is required, but the user is resistant to 

change. Moore and Chang (1983, pp. 188-89) postulate that motivational factors such 

as the user's motivation to change and the client's orientation towards change 

intervention distinguish a strong design from a weak design: 

A strong design is appropriate in a situation where more effective decision 
making is required by the client, but the user is (passively) resistant to 
changes in the decision-making process demanded by the cUent (i.e., the 
user is not motivated to expand personal decision-making capabilities). 

A weak design is appropriate whenever the client elects not to influence the 
user's decision-making style. In such cases, the system design may either 
migrate into an information retrieval and control system (higher efficiency) 
or else, in the case of a self-motivated user, may expand into a sophisticated 
support system for improved decision making (greater effectiveness). 

Underlying the concept of the strong design is user resistance to change. Resistance 

to change occurs when the user rejects the use of DSS capabilities that enable him to 

improve his existing decision process. Moore and Chang imply that education and 

training is more important in the strong design for alleviating the user's resistance to 

change, but they do not delineate the strong design concept. 

Argyris (1961) identifies two sub-systems with which the extemal consultant must 

deal. One sub-system includes the client who invites the consultant to the organization 

and who recognizes the need for an improvement in the existing decision process. 

Another sub-system consist of those who do not yet recognize the need for change. 
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those who recognize the need for change but do not agree upon what constitutes the 

desired change, or those who resist any change. Argyris points out that the two 

sub-systems often have antagonistic demands on the consultant, thereby creating a 

marginal status for the consultant The marginal status of the consultant creates 

additional pressure for the consultant to pay littie attention to the processes (the means) 

in order to get results (the ends). Argyris argues that an important role of the consultant 

is to design the change process. 

Churchnaan (1971) asserts that resolution of resistance to change is one of the most 

important design issues if design of systems includes prescriptions for changes. 

Churchman (1971, p. 14) emphasizes the need to include resistance to change in a 

theory of design: "Should the designer of systems include resistance to change in his 

design? To fail to do so seems to leave out the most important aspect of the problem." 

Definition of Resistance to Change 

When DSS implementation is viewed as a process of plarmed change, two research 

fields provide the relevant reference disciplines, serving as the theoretical bases for our 

inquiry: planned organizational change and adoption of innovation. Research in these 

disciplines has generated a variety of definitions of resistance to change. Despite the 

surface differences of the definitions, resistance to change has been attributed to two 

types of cause(s): cognitive causes and organizational causes. The first type suggests 

that one of the underlying causes of resistance to change is cognitive in nature. Schein 

(1961) and those who draw from the process theory of change have proposed the 

cognitive definition. 
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Schein (1961) in the process theory of change defines resistance to change as the 

negative reaction of managers who are in equilibrium and have no felt need for the 

proposed change. Miller (1984) draws from the process theory of change to define 

resistance to change as the reasonable reaction of the intended DSS users in equihbrium 

who perceive no need to change the way they perform organizational tasks. 

Schein postulates that unfreezing these managers is a necessary condition for the 

successful implementation of the proposed change, because unfreezing reduces 

resistance to change. Unfreezing consists of managerial recognition of the reasons for 

the proposed change. Managerial recognition involves the cognitive process of 

discovering the reasons why the status quo must be changed. A felt need for the 

proposed change results from the cognitive process of unfreezing. 

Unfreezing in essense involves what Guilford (1959) calls "cognition." Guilford 

has identified five major groups of cognitive operations that constitute the stmcture of 

human intelligence: cognition, memory, convergent thinking, divergent thinking, and 

evaluation. Cognition is defined as discovety, rediscovery or recognition. Guilford 

and Dewey (1933) agree about an important role played by cognition. Cognition or 

recognition constitutes the first cognitive operation performed in the process of 

reflective thinking proposed by Dewey. 

A major implication to be drawn from the cognitive defintion is that resistance to 

change by managers who have no felt need for the proposed change can be reduced by 

facilitating the cognitive process of unfreezing. In the DSS implementation context, it 

means that resistance to change exhibited by intended DSS users can be managed by 

supporting the cognitive process of unfreezing at the early phase of DSS development. 
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The second type of organizational cause(s) suggests that resistance to change is a 

reaction of subordinates to a unilateral decision by senior managers to implement 

change, such as an innovation or a DSS, which explicitiy or implicitiy impacts the 

subordinates. Argyris (1970) defines resistance to change as the reasonable reaction to 

a unilateral decision by top management to implement an innovation. Watson (1973) 

also identifies unilateral decisions by top management as a major cause of resistance to 

change in research on educational innovations. Markus (1984) defines user resistance 

as the reasonable behavior by the intended system users who intend to avoid or alleviate 

the impacts of a system that is implemented without user involvement 

Zaltman and Duncan (1977) have investigated the problems in organization change 

efforts. They have identified resistance to change as a leading cause of the failed 

change efforts. They define resistance to change as "any conduct that serves to 

maintain the status quo in the face of pressure to alter the status quo" (p. 63). Zaltman, 

Duncan, and Holbek (1973) postulate that resistance to change is the defensive 

response to the perceived threat of depreciating his own power status when an 

innovation is introduced in the organization. 

In the organizational definition, the question of who brings change impacts the 

degree of resistance to change. Unilateral decisions to implement change without user 

involvement increase resistance to change. A major implication to be drawn from the 

organizational definition is that the management of resistance to change is more difficult 

for the DSS designer, since he as an extemal consultant does not direcfly control 

organizational decision making. 



29 

Resolving Resistance to Change 

Two major prescriptions have been proposed to resolve the behavioral problem of 

resistance to change that frequentiy occurs in planned organizational change situations: 

user involvement and user-cognitive leaming (unfreezing). User involvement as the 

prescription has been proposed with two different focuses: user involvement in DSS 

design (Ives and Olson 1984) and user involvement in problem finding or diagnosis 

(Watson 1974; Greiner 1967). 

User Involvement in DSS Design 

User involvement in the DSS design refers to participation in the DSS design 

process by members of the intended user group. User participation in the system 

design is postulated to increase system acceptance and system quality (Lucas 1975; 

Guthrie 1974; Maish 1979; Powers and Dickson 1973; Olson and Ives 1981; Ives and 

Olson 1984; Tait and Vessey 1988; Baronas and Louis 1988; Trice and Treacy 1988). 

System acceptance is a measure of DSS implementation success, which is quantified 

using behavioral measurements, such as actual system utilization, and/or using 

perceptual measurements, such as user attitude questionnaires. 

Researchers give different explanations as to why user involvement in the system 

design increases system acceptance (Ives and Olson 1984). User involvement: 

1. Develops realistic expectations about system capabihties; 

2. Provides an arena for bargaining and conflict resolution about design issues; 

3. Leads to system ownership by users; 
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4. Decreases user resistance to change; 

5. Commits users to the system. 

Among others, user involvement in the design decreases resistance to change. 

Decreasing resistance to change increases system acceptance. Thus, Lucas (1975) and 

Guthrie (1974) have prescribed user involvement in the MIS design process to avoid 

resistance to change. User involvement in the DSS design is also prescribed as a way 

to reduce resistance to change and increase system acceptance and system quaUty (Sage 

1981; Ives and Olson 1984; Baronas and Louis 1988). 

Cognitive factors and motivational factors act as "intervening mechanisms" between 

user involvement and implementation success (Locke and Schweiger 1979). However, 

user involvement research generally focuses on a direct relationship between user 

involvement and implementation success that is operationalized through outcome 

variables such as system acceptance and system quality. 

Empirical evidence of a direct relationship is not strong (Ives and Olson 1984). 

Some of the shortcomings of user involvement research are (1) a lack of theoretical 

bases for the hypothesized relationship between user involvement and implementation 

success; (2) a lack of operational definition of user involvement; (3) a lack of detailed 

description of a mechanism for facilitating user involvement; and (4) a lack of the 

cognitive and motivational variables that mediate the hypothesized relationship. 

Based upon their review of user involvement research, Ives and Olson have 

suggested that future research should be grounded in theory and direct its focus on the 

underlying cognitive and motivational factors as intervening variables. Furthermore, 
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Robey and Farrow (1982) have suggested that research is needed to provide a more 

detailed description of the mechanism for facihtating user involvement 

User Involvement in Problem Finding/Diagnosis 

DSS researchers have proposed user involvement in the design as an effective way 

to reduce resistance to change during the DSS development process. In contrast, 

researchers in planned organizational change have argued that subordinate participation 

in the problem finding or diagnosis is imperative for resolving resistance to change that 

frequentiy occurs during the planned change process. 

Greiner (1967) has conducted a review of eighteen studies of planned organizatonal 

change. He has found that successful planned changes share characteristics that 

unsuccessful changes do not They are: (1) top management's recognition of the need 

for closing the subordinates' performance gap, (2) hiring of an extemal consultant for 

plamied orgaiuzational change, (3) subordinate participation in the problem diagnosis, 

(4) top management support, and (5) radical change rather than incremental change, but 

which is implemented on a small scale to insure success. 

Based upon his review of eighteen cases of successful and unsuccessful planned 

changes, Greiner has proposed a prescriptive model of successful planned change. The 

model consists of six phases. The first phase begins with top management's 

recognition of the perforaaance gap. The second phase is triggered by top 

management's decision to intervene by hiring an extemal consultant. The third phase 

begins with subordinates' participation in the problem finding or diagnosis, which 

results in their recognition of specific problems and the underlying causes. Greiner 

postulates that serious resistance to change frequentiy observed in the fourth phase is 
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largely attributed to a failure of the third phase. The fourth phase begins with the 

generation of new solutions and commitment to implement them. The fifth phase 

concems reaUty testing involving a small scale experimentation with new solutions. 

The last phase finds improvements in organizational performance as signs of payoff, 

which promotes a greater and more permanent acceptance of planned change within the 

organization. 

In another planned change study, Watson (1973) has postulated that resistance to 

change is largely attributed to top management's unilateral decisions to implement 

organizational change. He has also postulated that the involvement of subordinates in 

problem diagnostic efforts reduces resistance to change. 

User-Cognitive Leaming 

User-cognitive leaming (unfreezing) refers to cognitive leaming of underljdng 

reasons for the performance gap by members of the intended user group. It is 

postulated to reduce resistance to change and increase a felt need for the proposed 

change in planned change research (Schein 1961) and systems implementation research 

(Churchman and Schainblatt 1965). User-cognitive leaming will be discussed in detail 

in Section 4 in this chapter. 

User-cognitive leaming is distinguished from what is coined "user faining" (Fuerst 

and Cheney 1982; Ginzberg 1978; Markus 1983; Sanders and Courtney 1985) in MIS 

literature. User training increases usability of DSS, but does not faciUtate 

user-cognitive leaming. 

Ginzberg (1978) has classified user traiiung into two types: operations training and 

task context training. The term "user training" in MIS literature primarily refers to 
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operations training. Operations training refers to the training of the intended user group 

about how to get started with a DSS and how to use its more advanced features. In 

contrast task context training refers to the training of the intended user group about 

how to use a DSS in the context of his organizational role. The taxonomy impUes that 

the goal of operations training is to educate the user to operate a DSS efficientiy, 

whereas task context training has the higher goal of educating the user to use a DSS 

effectively in order to improve his role performance. 

Fuerst and Cheney (1982) have identified educational methods often employed for 

user training: formal training classes, hot-lines to answer specific questions, the 

availabiUty of procedure manuals, and tutorial instmction on system use. Similarly, 

Sprague and Carlson (1982) have idenified six educational techniques that have been 

used in the DSS area: (1) individual tutorials, (2) courses, lectures, professional 

development instmction, (3) programmed or computer-aided instmction, (4) combined 

tutorials and computer aided instmction, (5) provision of a resident expert for the ad 

hoc consultations, (6) provision of "help" components in the DSS itself. 

In his discussion of resistance to change that frequenly occurs during DSS 

implementation. Miller (1984) asserts that the traditional educational techniques are not 

adept at reducing resistance to change or developing a felt need for the proposed DSS. 

He explains that it is because resistance to change is the reasonable response of an 

individual who has no felt need to change. 

Altemative DSS Design Metiiodologies 

The previous sections discussed how DSS implementation impacts intended users of 

DSS technology, and how user resistance to change is a major culprit of many DSS 
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implementation failures. This section presents a brief discussion of DSS design 

research, and altemative DSS design methodologies proposed in DSS design research. 

Finally, this section discusses the shortcomings of extant DSS design methodologies 

from the perspective of effectively managing DSS implementation success. i S i e 

DSS Design Research 

DSS design research, as well as DSS technology and DSS applications research, 

constitute the three major research traditions in DSS literature (Henderson 1987). DSS 

design research is characterized by its focus on theoretical concepts and techniques that 

provide formal guidelines for the design and implementation of DSS (Henderson 

1987). The formal guidelines are referred to as DSS design methodology. Its ultimate 

goal is DSS implementation success. DSS implementation success is an outcome 

variable. 

DSS utilization is a behavioral measure often used to assess DSS implementation 

success (Trice and Treacy 1988; Blanning 1983). Perceptual measures, such as user 

attitudes toward system acceptance and user perception of system success, have also 

been used to assess the outcome variable (Tait and Vessey 1988). 

In DSS design research, DSS design and/or implementation process variables are 

believed to impact the outcome variable. Different DSS design and implementation 

methodologies have been proposed in the DSS design research tradition. Essentially, a 

DSS design and implementation methodology describes a general conceptual approach 

to the design and implementation of DSS, and often offers specific techniques and tools 

to accommodate the conceptual approach. The purpose of the DSS design and 

implementation methodology is to provide formal guidelines in designing a specific 
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DSS and successfully managing its implementation. This purpose suggests at least two 

objectives of the DSS design and implementation methodology: the technical objective 

of attaining successful DSS design and the behavioral objective of managing successful 

DSS implementation. 

The central and recurrent issue in the existing DSS design and implementation 

methodologies is how to move the user from the existing decision process towards a 

normative decision process. The existing methodologies differ with regard to the actual 

process through which the desired change is postulated to occur. The following section 

win discuss the four most recognized design methodologies in DSS design research: 

Gerrity's evolutionary design methodology, prototyping methodology. Keen's adaptive 

design methodology, and Stabell's decision-centered design methodology. 

Gerrity's Evolutionary Design Methodology 

Gerrity (1971) proposes an evolutionary design methodology that is influential in 

DSS design research. The major premise of the evolutionary design methodology is 

that a computer-aided approach to improve managerial decision process should be 

evolutionary, rather than revolutionary. The evolutionary design methodology 

postulates that desired change in the decision process is effected through an evolution of 

system capabihties. 

DSS initially support the existing decision process to ensure user acceptance. When 

DSS are accepted by users the designer evolves DSS by implementing new functional 

capabilities. These new functions provide a means to change the existing decision 

process in the direction of a normative decision process. Gerrity (1970, p. 162, 

underlining added) describes this evolutionaty design methodology for effecting the 
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desired change in the existing decision process: 

One approach to building a familiar base would be to identify programmable 
operations or data manipulations in what the decision maker now does and 
implement those in an accessible fashion with the appropriate data base. 
These familiar operations provide for positive transfer from the current 
decision process for the user. Once he is over this threshold of using the 
system, then he may begin to explore and incorporate new procedures 
implemented from a normative rather than descriptive model. 

The underhned portion of the above quote implies that the desired change in the 

existing change occurs primarily through the use of DSS that supports a 

normativedecision process. Therefore, the central issue in the evolutionary design 

methodology concems how to design DSS that evolve from supporting the existing 

decision process to supporting a normative decision process. The designer alone drives 

the techiucal evolution of system capabilities that enable the user to effect the desired 

change in the existing decision process through the use of the final DSS. Because user 

involvement is minimal in the evolutionary process of design, Gerrity's methodology is 

referred to as "a designer centered development methodology" (Stabell 1975). 

An implicit assumption of this methodology is that resistance to change does not 

occur once users accept DSS that initially support the status quo. This assumption was 

invahdated by research showing that the intended users accepted DSS that supported the 

status quo but resisted the use of DSS that support the desired change (Stabell 1975; 

Keen and Scott Morton 1978). The methodology does not provide any means to 

resolve resistance to change and to facilitate DSS utilization. 

Figure 2.1 depicts Gerrity's evolutionary design methodology. Gerrity views 

design as a process of problem finding and problem-solving. The methodology 

postulates four phases of systems analysis and design. The first phase concems 

analysis of the existing decision process and definition of the problem. Design 
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Figure 2.1 Evolutionary Design Methodology (Gerrity 1971) 
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activities include "problem finding" and "problem definition." Gerrity builds on 

Pounds (1969) to define problem finding as the process of evaluating the 

existing decision process vis-a-vis the normative decision process. Differences 

between the existing decision process and the normative decision process are used to 

help define the problem. Gerrity proposes "normative modeling" and "descriptive 

modeUng" for the purpose of problem finding. The concept of normative modeUng 

implies that a normative decision process exists. Normative modeling enables the 

designer to mentally constmct a conceptual model of how the desired decision process 

should be. The conceptual model draws from normative theories (i.e., the normative 

theory of portfolio selection) or normative models (i.e., MS/OR models). In contrast, 

descriptive modeling enables the designer to exphcate the existing decision process. 

The second phase concems functional specifications of a specific DSS (i.e., system 

capabilities). Design activities include "functional modeling." Gerrity postulates that 

the problem defined in the first phase can be alleviated by a DSS. Through functional 

modeling the designer specifies the desired system capabilities that alleviate the 

problem. The third phase concems hardware and software design for the DSS. Design 

activities include translating the desired system capabilities specified in the second phase 

into a design for hardware, programs, data stmctures, and operating procedures. The 

final phase concems development and evolution of the DSS. Design activities include 

implementation and "control-adaptation." Implementation is defined in a narrow sense. 

It involves installation of the hardware and software and user training. Through control 

and adaptation the designer monitors the user's decision process and changes systems 

capabihties. 
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Gerrity built a specific DSS that was based on his evolutionary design methodology 

in the domain of portfoUo management. The specific DSS, Portfolio Management 

Systems, produced littie or no change in the existing decision process (Stabell 1975). 

Stabell attributes the lack of expected change to three problems of the evolutionary 

design methodology: (1) managerial limited capacity for change, (2) a lack of 

operational definition of the desired change, and (3) designer centered methodology. 

First Stabell argues that the evolutionary design methodology fails to recognize the 

problem of the manager's hmited capacity for change. Portfolio managers fail to use 

new system capabilities that support a portfolio-oriented decision process drawn from 

the normative theory of portfoUo selection, because they have difficulty integrating a 

wide variety of information provided by new system capabihties. Stabell impUes that 

the existing security-oriented decision process offers cognitive economy, because it 

requires a limited amount of information to be evaluated. Second, Stabell argues that 

the evolutionary design methodology does not offer an operational definition of what 

constitutes the desired change. The normative decision process was defined simply as a 

more portfoUo-oriented decision process. Finally, StabeU argues that the evolutionary 

design methodology represents a "designer-centered methodology," because user 

involvement in the DSS development is limited to the final phase of the DSS 

development (i.e., approval of the system capabihties and user training). 

StabeU (1975) proposes two extensions to Gerrity's design methodology. First, a 

design methodology should provide users with a clear understanding of what 

constitutes a normative decision process. It should describe how this normative 

decision process differs from the existing decision process. It should also describe 

how the desired change can be effected. Second, users should be involved in problem 
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finding and problem definition activities in the onset of DSS implementation. Stabell 

postulates that this early user involvement facUitates users to understand the rationale 

for DSS implementation. 

Prototyping Methodology 

Prototyping has evolved from a design approach caUed middle-out (Ness 1975). 

Middle-out design effectively bypasses the information requirements determination 

phase of the traditional systems life cycle, as well as detaUed system design and 

docunientation (Henderson and Ingraham 1982). Middle-out design focuses on quickly 

buUding a working prototype. It emphasizes designing systems in an iterative fashion. 

Users coUaborate with the designer in the design of a working prototype. The designer 

buUds a prototype. Users evaluate the prototype and determine necessary 

enhancements. The designer updates the prototype. This process iterates untU users are 

satisfied with the final system. 

Though user involvement is high and systems development cost is low, middle-out 

design suffers from one possible shortcoming. The final system "may be propagating a 

status-quo which is sub-optimal (Henderson and Ingraham 1982, p. 86)". It is very 

possible that the relevant set of information or a more appropriate decision process is 

not incorporated for the sake of quickly buUding a working prototype. 

Keen's Adaptive Design Methodology 

The major premise of the adaptive design methodology proposed by Keen (1980) 

and Keen and Gambino (1983) is that functional specifications of DSS (i.e., the desired 

system capabihties) are not feasible at the onset of DSS development. Therefore, the 
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adaptive design metiiodology postulates that DSS with tiie desired system capabUities 

evolve only through an adaptive process of development and use. 

Figure 2.2 depicts Keen's adaptive design methodology. The adaptive design 

methodology identifies three adaptive links: the cognitive loop, the evolution loop, and 

the implementation loop. The arrows in the figure indicate the direction of influence. 

First, the cognitive loop primarily concems user leaming about system capabihties. 

The arrows in the cognitive loop are two-directional, implying that user leaming 

involves both the user (U) and the system (S). The link S—>U postulates that system 

UtiUzation stimulates user leaming. The link U—> S postulates that the user explores 

the system capabihties to improve his decision process. 

Second, the implementation loop primarily concems implementation. The arrows in 

the implementation are two-directional, implying that implementation involves both the 

user and the designer (D). Keen (1980) points out that the hnk U—>D constitutes a 

key link in the adaptive design methodology. The Unk U—>D postulates that the user 

drives the evolution of the system capabihties by providing feedback on the evolving 

DSS. Prototyping through the middle-out approach enables the quick dehvery of DSS 

that initiaUy support the status quo. The Unk D—>U postulates that the designer 

implements additional functional capabihties that may be required by the user's evolving 

needs. 

Finally, the evolution loop primarUy concems design of the evolving DSS. The 

arrows in the evolution loop are two-directional, implying that design of the evolving 

DSS involves both the designer and the sysem. The Unk D—>S postulates that the 

designer is responsible for designing the system commands. The link S—>D 

postulates that the evolving DSS exert influence on the designer. 
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Figure 2.2 Adaptive Metiiodology (Keen 1980) 
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An adaptive design methodology differs from Gerrity's methodology by its explicit 

focus on user involvement. While the designer is the major driving force in Gerrity's 

methodology, the user provides the major driving force for the evolution of system 

capabihties in an adaptive design methodology. 

The U—>S hnk of the adaptive design methodology assumes that the user is 

motivated and ready to change the existing decision process. Keen and Gambino 

(1983, p. 152) state "the key to stimulate leaming is to find a really good user." Thus, 

the adaptive design methodology does not provide any means to resolve user resistance 

to change and to motivate DSS utiUzation. The designer in the adaptive design 

methodology is referred to as "a faciUtator for user-directed change" (Stabell 1983). 

StabeU's Decision-Oriented Design Methodology 

A decision-oriented design methodology proposed by StabeU (1983) differs from 

both Gerrity's methodology and Keen's methodology by its explicit focus on the 

user-system interface design. StabeU (1983) points out that the existing design 

methodologies faU to specify the nature of the desired change, and thereby fail to move 

the user from the existing decision process towards a normative decision process. An 

evolution of system capabihties is driven primarUy by the designer in Gerrity's 

methodology or by the user in the adaptive design methodology. The question remains 

as to how to ensure a shift from the existing decision process towards a normative 

decision process. StabeU calls our attention to the user-system interface design as a 

major driving force for effecting the shift. 

The decision-oriented design methodology is buUt on decision research. Decision 

research assumes that the manager is the dominant actor in the decision situation and 
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that effectiveness of managerial decision making can be improved only through changes 

in the individual manager and managerial behavior. It foUows that decision research 

focuses on description and diagnosis of decision making in the organization. StabeU 

(1983, p. 233) identifies the major postulates for his design methodology: 

1. The long-term goal is to improve decision-making effectiveness; 

2. Effectiveness is defined in an organizational context but 

3. The focus is on the decision process of the individual manager; 

4. The decision situation cannot be stractured; 

5. The development of a computer-based DSS is but one altemative means to improve 
decisions; and 

6. The DSS is to be used directiy by the manager as one of several (computer- and 
noncomputer-based) decision aids and information sources. 

Figure 2.3 depicts StabeU's decision-oriented methodology. BuUding on these 

postulates the decision-oriented design methodology identifies the DSS development 

process. The major focus of the methodology is on predesign analysis and design. In 

the predesign analysis phase, the decision-oriented design methodology emphasizes the 

importance of diagnosis of the decision situation and specification of die desired change 

in the existing decision process. 

Gerrity's concepts of descriptive modeling and normative modeUng are used by the 

designer to explicate the existing decision process, specify the desired decision process, 

and understand reasons for the gaps between the existing decision process and the 

desired decision process. The designer then defines what specific changes in the 

existing decision process should be made. The specific changes to be achieved define 

the objectives for the DSS development. 
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Figure 2.3 Decision-Oriented Metiiodology (StabeU 1983) 
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In the design phase, the metiiodology identifies an important design trade-off 

between system capabihties that support the existing decision process and system 

capabihties that shift the existing decision process towards the desired decision process. 

StabeU (1983, p. 248) describes tiie trade-off: "On tiie one hand tiie DSS must support 

the existing decision-making process, and on the other hand it must assist a move 

toward (and support) the more effective decision process that is implied by the 

predesign diagnosis." 

The decision-oriented design methodology proposes the concept of decision 

channeling as a design solution to the trade-off. Decision channehng concems design 

of the user-system interface that serves to both support and shift the decision process. 

Decision channeling suggests that while the system should be able to support the 

existing decision process, the user-system interface architecture and system features can 

be selected to promote the use of the DSS that moves the user towards the desired 

decision process. 

Although the more flexible user interface design provides the user with both system 

capabihties that support the current decision process and that support the normative 

decision process, the methodology does not discuss how to resolve user resistance to 

change when users select only those system capabihties that support the status quo. 

Shortcomings of Extant DSS Design Metiiodologies 

The central and recurrent issue in tiie existing DSS design metiiodologies is how to 

move the user from the existing decision process towards the normative decision 

process. Extant metiiodologies avoid die behavioral problem of resistance to change by 

initially supporting the existing decision process, even if it is suboptimal. Gerrity, 
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Keen, and StabeU impUcitiy assume that once users accepts DSS that support the 

existing decision process, they do not resist the use of DSS tiiat support tiie normative 

decision process. They differ with regard to the actual process through which the 

evolution of system capabUities should be facUitated. 

Table 2.1 summarizes extant DSS design and implementation methodologies. The 

second column identifies the actual process through which the evolution of system 

capabihties is postulated in a methodology. The third column identifies whether or not 

a methodology provides a general understanding of the behavioral problem of user 

resistance to change. The fourth column shows whether or not a methodology provides 

a set of implementation steps to resolve user resistance to change and to facihtate DSS 

utihzation so as to improve the existing decision process. The fifth column indicates 

whether or not user involvement in problem finding/diagnosis is supported. The sixth 

column identifies whether or not user-cognitive leaming is supported. 

As discussed in the previous section, user resistance to change presents a major 

barrier for DSS implementation success (Gerrity 1971; StabeU 1975; Moore and Chang 

1983; Markus 1983; Baronas and Louis 1988). The problem of user resistance to 

change is behavioral in nature. Extant DSS design metiiodologies have directed a great 

deal of thek attention toward the technical issues related to the evolution of system 

capabiUties. On the other hand, they have not provided a general understanding of the 

behavioral problem of user resistance to change. It is because they are not grounded in 

behavioral theory. Furthermore, they have not provided a set of implementation steps 

for resolving the behavioral problem of user resistance to change. Instead, tiiey 

impUcitiy assume that user resistance to change can be avoided by initiaUy supporting 

the existing decision process. 



48 

•a o 
1 
•4-» 

a 

c 

o 
> 
Q 
CO 

Q 

US
ER

 
C

O
G

N
IT

IU
E 

LE
R

R
N

IN
G

 

U
SE

R 

IN
U

O
LU

E
M

E
N

T 

IN
 P

R
O

B
LE

M
 

F
IN

D
IN

G
 

TH
E 

ST
EP

S 
TO

 
R

E
S

O
LU

E
U

S
E

R 
R

E
S

IS
TR

N
C

E 
TO

 C
H

R
N

G
E 

R
D

D
R

ES
SE

S 
TH

E 
U

SE
R 

R
ES

IS
TR

N
C

E 
TO

 C
H

R
N

G
E 

PR
O

B
LE

M
 

EU
O

LU
TI

O
N

 O
F 

SY
ST

EM
 

C
R

P
R

B
IL

IT
IE

S 

DS
S 

D
EU

EL
O

PM
EN

T 

M
ET

H
D

O
LO

G
Y 

o 
z 

o 
z 

e 
Z 

o 
z 

B
y 

th
e

 d
es

ig
n

er
 

in
it

ia
ll

y
 s

u
p

p
o

rt
s 

th
e
 

eK
is

ti
n

g
 w

a
y

, l
a

te
r 

p
ro

u
id

es
 n

e
w

 c
a

p
a

b
il


it

ie
s
 t

o
 c

h
an

g
e 

it
 

G
er

ri
ty

 (
1

9
7

1
) 

o 
z 

o 
z 

o 
z 

o 
z 

B
y 

th
e

 u
se

r 
Q

u
ic

kl
y 

p
ro

u
id

es
 t

h
e
 

u
se

r 
w

it
h

 a
 w

o
rk

in
g

 
p

ro
to

ty
p

e 
fo

r 
d

es
ig

n
 

fe
e

d
b

a
c

k 

P
ro

to
ty

p
in

g
 

(1
9

7
5

) 

o 
z 

o 
z 

e 
Z 

o 
z 

B
y 

th
e

 u
se

r 
in

it
ia

ll
y

 s
u

p
p

o
rt

s 
th

e
 

eK
is

ti
n

g
 w

a
y

, l
a

te
r 

p
ro

u
id

es
 n

e
w

 c
ap

ab
il


it

ie
s 

to
 c

h
a

n
g

e 
it

 

K
ee

n
 (

1
9

8
3

) 

o 
z 

o 
z 

o 
z 

o 
z 

B
y 

th
e

 u
s

e
r-

s
y

s
te

m
 

in
te

rf
a

c
e 

d
e

s
ig

n
 

00 

"a 
a 



49 

Cognitive Leaming 

As discussed in the second section, DSS implementation represents a process of 

planned organizational change. The previous section presented altemative DSS design 

methodologies and their common shortcomings from the perspective of resolving the 

behavioral problem of user resistance to change. This section presents a surv̂ ey of the 

hterature on plarmed organizational change research (Schein 1971) and systems 

implementation research (Churchman and Schainblatt 1965). Cognitve learning has 

been identified as a logical prescription for resolving resistance to change and 

developing a felt need for the planned change. This prescription is consistent to the 

prescription offered in planned organizational change reserch and innovations research 

(Rogers 1983; Watson 1972; Gross, Giacquinta, and Bernstein 1971; Zaltman and 

Duncan 1977; Argyris 1985). This logical prescription is readUy appUcable to the 

behavioral problem of user resistance to change in the DSS implementation context. 

Process Theory of Change 

The process theoty of change (Schein 1961) is concemed with a normative process 

for fadUtating desired change in extant managerial behavior. The theory is applicable to 

this research, because DSS implementation is also concemed witii facUitating desired 

change in extant decision process. In other words, DSS implementation directs its 

focus toward intended users of DSS technology, and is concemed with behavioral 

issues of how to motivate users to accept and use DSS technology so as to effect the 

desired change in an extant decision process. 

The process theory of change postulates a normative process of change from a 

management development perspective. The tiieoty describes a process of organizational 

mfluence tiuough which tiie manager and managerial behavior can be improved. The 
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behavioral objective of management development is to effect tiie desired change in tiie 

manager's attitudes, behefs, or values in a direction which improves his chances of 

achieving goals. The tiieory postulates tiiat tiie process of change occurs in tiiree 

phases. Figure 2.4 depicts the tiiree phases. The unfreezing phase temporaUy precedes 

the changing phase, which in tum precedes the refreezing phase. 

Unfreezing Phase 

Existing attitudes, beliefs, or values represent stable equiUbrium. Stable equiUbrium 

is maintained by the opposing forces between resistance to change and motivation and 

commitment to change. The process theoty postulates that the manager is not usuaUy 

motivated to give up stable equihbrium, and therefore is reluctant to change the status 

quo (resistance to change). It further postulates that the desired change occurs only if 

the manager is motivated to change. A coroUary is that aUeviating the manager's 

resistance to change and developing his motivation to change is critical for effecting the 

desired change in attitudes, behefs, or values. There are two prerequisites for 

developing the manager's motivation and readiness. Fu^t, the managCT must recognize 

the need to change his attitudes, beUefs, or values. This is done by facihtating the 

manager to understand any deficiencies. The recognition of extant deficiencies provides 

tiie rationale for change. The tiieoty argues tiiat tiie manager is generaUy threatened by 

tiie suggestion of deficiencies m areas of attitudes, behefs, or values, exhibiting greater 

resistance to change. A coroUary of tiiis argument is tiiat a change effort which does 

not address resistance to change in the unfreezing phase is likely to faU. Second, tiie 

change agent is capable of demonstrating desired change in a direction which improves 

his chances of achievmg his personal goals and organizational goals. After leaming 
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Figure 2.4 Process Theory of Change (Schein 1961) 
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deficiencies and the nature of desired change the manager develops a felt need for 

change. 

Changing and Refreezing Phases 

The changing phase postulates that once the manager is motivated to change the 

change agent must provide the manager with the actual support for acquiring new 

attitudes, behefs, or values. There are two mechanisms that facUitate the actual learning 

process: identification and internalization. Identification helps the manager emulate new 

attitudes, beUefs, or values of a person with whom he identifies. In contrast, 

intemalization provides a situation where the manager leams for himself the new 

attitudes, beliefs, or values. The refreezing phase fadUtates the manager to incorporate 

the change into existing cognitive and affective processes. 

Empirical Evidence 

Management Science (MS) in^lementation research has borrowed the process 

theory of change and has investigated the postulated relationship between a feh need for 

the proposed MS and implementation success in empirical research (Guthrie 1974; Zand 

and Sorensen 1975; Gmzberg 1978). Results support tiie critical importance of 

unfreezing managers before they can be motivated to use the proposed MS. It has been 

shown tiiat a felt need for tiie proposed MS is positively associated witii implementation 

success (Gutiuie 1974; Zand and Sorensen 1975). Sumlarly, Gmzberg (1978) has 

found a positive association between successful unfreezing and implementation 

success, and a negative association between a lack of unfieezing and unplementation 

success. 
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TmpUcations for DSS Implementation Metiiodology 

UtiUzation of DSS technology represents tiie changing phase. Unfreezing intended 

users is necessary before they use DSS technology. FaUure to unfreeze users results in 

unused DSS technology attributed to user resistance to change. Unfieezing is 

concemed with managerial recogrution of deficiencies vis-a-vis a direction of change 

defined by the change agent and/or the organizational role. A major impUcation drawn 

from this theory is that a new DSS implementation methodology needs to faciUtate this 

type of cogiutive leaming. Users recognize the need to change an extant decision 

process and develop an understanding of why DSS utiUzation is necessary to improve 

decision performance. 

The Theoty of Implementation 

The theory of implementation is concemed with the behavioral problem of MS 

implementation (Churchman and Schainblatt 1965). MS mqjUes a high degree of 

change in the existing decision process. Unused management science technology due 

to user resistance to change constitutes a behavioral problem of management science 

implementation. Churchman (1971) asserts tiiat resolution of resistance to change is 

one of the most important design issues when design of systems includes prescriptions 

for change. Churchman (1971, p. 14) emphasizes tiie need to include resistance to 

change in a tiieory of design: "Should the designer of systems include resistance to 

change in his design? To faU to do so seems to leave out tiie most important aspect of 

the problem." 

Though tiie tiieoty of implementation (Churchman and Schainblatt 1965) concems 

tiie behavioral problem of management science implementation, tiie tiieory of 

implementation is apphcable to DSS implementation. Botii noanagement science 
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development effort and DSS development effort are an attempt to induce changes in tiie 

existing decision process (Zand and Sorensen 1975; Ginzberg and Stohr 1981). 

Implementation As an Educational Prncp-ss 

Churchman and Schainblatt (1965) postulate tiiat tiie centtal issue in the tiieory of 

implementation concems the nature of tiie relationship between the designer and the 

manager that is conducive to effective systems implementation. More specifically, the 

behavioral problem of implementation is attributed to a dialectic relationship between the 

designer and the manager. The designer and the manager have different goals, thus 

approaching the systems development effort with different logic and assumptions. 

Figure 2.5 depicts four altemative theories of implementation: the separate-function 

position, the communication position, the persuasion position, and the mutual 

understanding position. The prime symbol in Figure 2.5 represents the negation of a 

proposition. Each position imphes a different defiiution of implementation. A set of 

two mutuaUy independent and consistent propositions state what activities are 

conducive to effective implementation: 

Proposition A. Implementation presupposes that the manager understands the 

designer. 

Proposition B. Implementation presupposes tiiat tiie designer understands the 

manager. 

Churchman and Schainblatt (p. B-72) define understanding as teleological tt-acking: 

"We might refer to understanding as 'purposive ttacking' to emphasize that the ttacker 

senses tiie intention of tiie otiier person and uses tiiis information to further his own 

goals." The manager understands tiie designer when tiie manager responds to tiie 

designer's purposive and goal-dkected behavior (e.g., what tiie designer is ttying to 
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attain in a change effort, and why) in a manner which improves the manager's chances 

of achieving tiie managerial goal. Similarly, tiie designer understands the manager 

when the designer responds to the manager's intention (i.e., what tiie manager is ttying 

to attain in his decision situation, and why) in a manner which improves tiie designer's 

chances of achieving tiie management science goal. Churchman and Schainblatt argue 

that a theory of implementation either affirms or negates each proposition in postulating 

what behaviors of the manager and the designer are conducive to effective 

implementation. 

The mutual understanding position is taken by Churchman and Schainblatt. By 

affirming both propositions the mutual understanding position postulates that successful 

implementation does not occur unless the manager understands what the designer is 

trying to achieve in a change effort and at the same time the designer understands what 

the manager is trying to achieve in his decision situation. Churchman and Schainblatt 

view implementation as an educational process of attaining mutual understanding 

between the manager and the designer. 

Altemative Theories of Implementation 

The otiier tiiree positions reflect altemative tiieories of implementation proposed in 

management science Uterature. The separate-function position negates botii 

propositions, postulating that tiie problem of in^lementation is tiie technical problem of 

adapting tiie optimal tiieoretical solution to a specific organizational sittiation. By 

affirming Proposition A alone tiie communication position posttilates tiiat tiie problem 

of implementation is tiie problem of communicating to tiie manager tiie logic of 

improvement underlymg tiie optimal tiieoretical solution. The position rnipUes tiiat the 

designer can address tiie problem of implementation witiiout understanding the 



57 

manager. The persuasion position implies tiiat tiie problem of implementation is the 

problem of individuahzmg a rational solution to accommodate tiie manager's personahty 

(i.e., cognitive style). By affuming Proposition B alone tiie position posttilates tiiat tiie 

designer must understand tiie manager primarily for the purpose of increasing tiie 

likehhood that the manager accepts the rational solution. 

Churchman and Schainblatt argue tiiat the behavioral problem of unplementation is 

not adequately solved, and emphasize the importance of attaining mutual understanding 

between the manager and the designer. 

ImpUcations for DSS Implementation Metiiodology 

In order to address the behavioral problem of user resistance to change a DSS 

implementation methodology needs to support user-cognitive leaming from which the 

user comes to understand the designer's intention in systems design. The users are not 

likely to use a DSS in the manner which improves the existing decision processes 

unless they understand the designer's intention. Similarly, a DSS implementation 

methodology needs to support an educational process for the designer to come to 

understand the user's goals and existing decision-making process. The designer needs 

to understand tiie users in order to design a DSS tiiat is organizationaUy vaUd (i.e., 

addresses the user's problem) and can improve the user's decision process. 

Components of Cognitive Leaming 

The previous subsections discussed tiie role of cognitive leaming in resolving 

resistance to change and developing a felt need for tiie proposed change. Cognitive 

leaming research identifies two components of cognitive leaming: leaming stt^tegies 

and leaming modes/media (Burris 1976). Leaming strategies refer to what the 
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individual must leam and what he must do to leam. Leaming modes/media concem 

how cognitive leammg ought to be facUitated and what educative tools are needed to 

faciUtate it. 

Leaming Sttategies 

Both the process theory of change and the theoty of implementation strongly suggest 

leaming strategies. The former suggests that the manager must leam why he is required 

to change his beUefs, values, or attitudes. The latter suggests that the manager must 

leam why MS is designed and why it is necessaty for him to change the extant decision 

process through MS utilization. Thus, learmng strategies relevant to DSS 

implementation situations can be drawn from these theories. The user must leam the 

rationale for the proposed change. The proposed change here represents utihzation of 

DSS technology. Hence, the user must leam why it is necessary for him to use DSS 

technology. As discussed in the second section of this chapter, DSS technology is 

implemented to close the performance gap. Therefore, he must recognize the extant 

performance gap diagnozed by seiuor managers and the DSS designer. In other words, 

he must be involved in problem finding and problem diagnosis to leam. 

Leaming Modes/Media 

Leaming modes/media refer to how cognitive leaming ought to be facihtated and 

what kinds of educative tools are needed to faciUtate cognitive leaming. Neither tiieory 

expUcates leaming modes/media. Research is needed to identify user-cognitive-leaming 

modes/media. This research draws from HegeUan mquiry systems research 

(Churchman 1971; Mason 1969; Boland 1978) to exphcate how user-cognitive leaming 

ought to be facUitated. The next section presents a survey of tius Uterattu-e. This 
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research also draws from knowledge-based expert systems research to identify and 

develop educative tools to support user-cognitive leaming. A survey of expert systems 

research is presented foUowing the next section. 

Dialectical Pmcp-ss 

Leaming modes/media have not been expUcated in tiie hterattire discussed in tiie 

previous section. This section briefly discusses the hterattire on HegeUan inquiry 

systems which provides a theoretical basis for defining leaming modes/media. 

Mason's Dialectical Process 

Mason (1969) has proposed a dialectical process to organizational planning and 

sttategy. His approach is built upon Churchman's (1966) interpretation of Hegehan 

inquiring systems. HegeUan inquiring systems examine a decision situation logicaUy 

from two different points of view. 

The dialectical process educates the manager to examine the planning problem from 

two different world views: the world view advocating the plan and the different world 

view advocating the counterplan. The vehicle for inducing this examination is a 

stmctured debate. In the sttiictured debate, the two different world views underlying 

the proposed plans are probed. 

The major premise, which draws from HegeUan inquiring systems, is that tiie 

manager leams about the underlying assumptions of his stt^tegic planning problem and 

comes to understand tiiem by observing tiie confUct between tiie plan and tiie 

counterplan and tiieir attendant world views. Thus, tiie dialectical approach extends the 

manager's mental model of tiie sttategic planning task environment by conttasting tiie 
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two divergent models and probmg for deficiencies in some of tiie underlying 

assumptions of each model. 

In the dialectical approach, tiie plan (tiiesis) and the counterplan (antitiiesis) are 

constmcted from the same database (the essense). They represent two conttasting 

world views or models of the situation. In the stmctured debate, the advocate of the 

plan states his model of the situation and then interprets each datum in the database to 

show as evidence for the plan and evidence against the counterplan. The advocate of 

the counterplan does the same, except showing each datum as evidence for the 

counterplan and evidence against the plan. This dialectical debate exposes hidden 

assumptions that are not supported by any data. The dialectical approach postulates that 

the manager, as a resitit of his exposure to a stmctured debate, wiU integrate the 

contrasting models and form a new and extended model of the situation (the synthesis). 

The stmcttired debate provides a mechanism for contrasting the plan and tiie 

counterplan and their attendant world views. The debate begins with the advocate of 

tiie plan stating his world view or model of the planning decision situation. Each 

dattim is interpreted as positive evidence for his plan and negative evidence for his 

opponent's counterplan. The opponent then states his world view of the situation, 

interpreting each datum as positive eveidence for his counterplan and negative evidence 

for his opponent's plan. The sttoicttired debate stops when no more data are available. 

The dialectical approach differs from tiie expert advice approach to planning, 

because the latter considers only of tiie expert's model of tiie situation. In tiie expert 

advice approach, tiie consultant analyzes tiie sittiation and submits a recommended plan 

to tiie manager. The expert advice approach does not expose tiie underlymg 

assumptions of the expert's plan. 
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The dialectical approach also differs from tiie DevU's advocate approach to planning. 

In tiie latter the manager assumes tiie role of tiie DevU's advocate, scmtinizing tiie 

advocated plan to show why tiie plan should be rejected. This approach exposes the 

underlymg hidden assumptions of the plan, hence showing what is wrong witii the 

plan. However, it can not show what a better plan ought be, because tiiere is no 

altemative plan when the initial plan is rejected. 

Mason's dialectical approach to the sttategic planning process tiius suggests that 

managerial leaming (the syntiiesis) results from identifying and conttasting different 

world views of the planning decision sittiation. In his research, the plan represented the 

planner's world view and the counterplan represented the consultant's world view of 

the planning decision situation. World views are essentiaUy mental models of tiie 

objective task environment defined by Norman (1983). 

Boland's Dialectical Process 

In his field experiment Boland (1978) has compared two distinct approaches to the 

systems analysis process: the traditional approach and an altemative educative 

approach. The two approaches differ regarding the prescribed roles of tiie designer and 

the user during the development process. The designer and the user have different 

skiUs, role perceptions and mental schemas. Experimental evidence suggests that the 

altemative approach generates more successful implementations. 

The traditional approach is characterized by leaming, analyzing, and suggesting by 

the designer. It views the designer as the primary problem solver, and information 

systems as providing a valuable solution. The designer's mental schema alone 

conttibutes to the development process, ignoring tiie user's mental schema. As the 

primary problem solver, tiie designer leams about tiie user's problem, analyzes tiie 
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problem, and suggests tiie solution. The designer leams about tiie manager and his 

problems. The ttaditional approach ignores tiie user's mental schema of tiie decision 

situation and hence user leammg is stiictiy hmited to developing skiUs for usmg tiie 

information system. The designer analyzes tiie information collected to develop a 

descriptive model of the manager's operations and decision-making activities. The 

descriptive model then serves as a basis for specifying functional requirements of an 

information system. 

In contrast, the altemative educative approach exphcitiy engages both the designer's 

and the manager's mental schemes in the systems analysis and design process. Boland 

asserts that the manager's mental scheme need to be identified and probed because the 

designer and the user have different mental schemes (world views) of the decision 

situation. The designer and the manager are viewed as a problem-solving team. Both 

the designer and the manager have different knowledge bases and viewpoints which 

must be merged to develop a solution. 

The altemative educative approach is characterized by mutual teaching, suggesting, 

and critiquing. A period of mutual teaching is foUowed by the early generation of 

suggestions from the two distinct perspectives. A mutual critique then serves as a basis 

for generating further data and suggestions. Like Mason (1969), Boland suggests that 

leaming by tiie user as weU as by the designer results from identifying and conttasting 

different mental schemas of tiie user's decision situation. Mental schemes represent 

essentiaUy the user's and tiie designer's (the consultant's) mental models of the user's 

decision situation. 
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Cognitive Stmcture 

Leaming theories assume that the human leamer brings a cognitive stmcture to 

leaming sittiations (Travers 1982; Piaget 1974; Greeno 1974). In his tiieoty on 

processes of cognitive leaming and comprehension, Greeno defines comprehension as 

primarily a process of developing a cognitive stmcture that represents logical 

relationships among concepts. Botii Piaget and Travers assert that cognitive leaming 

results in the formation or the reorganization of a "representational schema," which is a 

cognitive stmcture used to store organized knowledge in long-term memory. 

The different world views (Mason 1969) and the designer's and the manager's 

mental schemas (Boland 1978) represent what leaming theorists caU cogiutive 

stmctures. 

The major implication to be drawn fix)m Mason (1969) and Boland (1978) is that the 

reorganization of existmg cognitive stmcture ought to be facihtated by corrective 

feedback. Corrective feedback is provided by comparing the world view advocating the 

plan with the different world view advocating the counterplan (Mason 1969), by 

comparing the manager's mental schema with the designer's mental schema (Boland 

1978), and by comparing espoused theories of action with theories-in-use. Corrective 

feedback is presented as a critique in a stmctured debate (Mason 1969) and in a team 

meeting for mutual critiquing (Boland 1978). 

The different world views (Mason 1969), tiie designer's and the manager's mental 

schemas (Boland 1978) represent cognitive stinicttires. They are also referred to as 

mental models. The next section reviews research on mental models and conceptual 

models. 
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Models 

The theory of cognitive Umits on rationaUty has shown that human information 

processors have cognitive Umits (March and Simon 1958; MiUer 1954). The manager 

as a human information processor abstt^cts an objective task environment and 

represents his perception of the objective task environment in a problem space (Newell 

and Simon 1972). Simplification and abstraction in the conceptualization of the task 

environment produces a mental model of the task envttonment. The mental model 

provides cognitive economy to the manager who has cognitive hmits and work in an 

increasingly complex task environment. 

The manager's task environment is characterized by information overload (Ackoff 

1967; Wasyluka 1971; Casey 1980). For example, information overload is partiaUy 

attributed to the advent of computer-based information systems and the federal 

govemment requirements for expanded disclosure of financial and accoimting data. 

The manager's task environment is also characterized by brevity, variety, and 

fragmentation (Mintzberg 1980). In addition, managers perform different roles; for 

example, figurehead, leader, haison, monitor, disseminator, spokesman, entrepreneur, 

disturbance handler, resoiux;e aUocator, and negotiator (Mintzberg 1980). Managers are 

overburdened with workload and are under time pressure and sttess (Huber 1980). 

Hence, Mintzberg (1980, p. 170) concludes: "Thus, the popular view of the manager 

as the one who must take tiie broad view, do tiie unprogrammed work, and butttess tiie 

system where it is imperfect is only partly correct" 

Mental Model 

Norman (1983) observes tiiat people formulate intemal mental models of tiie task 

environment with which they interact. Two major reasons for mental models can be 



65 

gleaned from Norman. First, mental models are formulated to provide cognitive 

economy. Mental models allow people to ignore superfluous or irrelevant information 

available in the objective target system. Thus abstraction of the target system offers 

cognitive economy. Second, mental models guide the interaction with the task 

environment by providing prediction and explanation of target system behavior. 

Norman (1983) distmguishes the objective target system t, tiie individual's intemal 

mental model of the target system M(t), and the conceptual model of the target system 

C(t). The target system is the objective task envkonment, whether it is the computer 

system or the business firm or the extemal environment of the business firm. The 

mental model refers to the individual's conceptualization of the objective target sytem, 

thereby representing his understanding of the target system. 

Shortcomings of Mental Model 

General characteristics of mental models are incompleteness (Huber 1980; Norman 

1983; NeweU and Simon 1972), inconsistency (Norman 1983; Bowman 1963) and 

limited capabiUty for quahtative simulation (Norman 1983). Mental models represent 

an individual's mental abstraction of reaUty. Therefore, an omission of relevant aspects 

of tiie objective task environment represents a major problem of mental models. 

Since a mental model is the perception of the objective task environment by an 

individual, it is scarcely identical to the task environment. Furthermore, different 

people have different mental models because their perceptions are different. It is 

postulated that the perception of the task environment is largely a function of the 

stmcture of the task envhx)nment (NeweU and Simon 1972) and a function of an 

individual's knowledge of the task envkonment (Taylor 1975). 
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Huber (1980) defines an inadequate decision model as a model which omits critical 

aspects of the actual decision situation. He postulates that cognitive and environmental 

lunits on human rationahty promote inadequate models. Because of the complexity of 

the actual decision situation and cognitive limits on human rationality, a manager tends 

to formulate an inadequate mental model of the actual decision situation. A serious 

imphcation of the use of inadequate models is that a manager's effective decision 

making is compromised because he is unable to obtain a global perspective of the actual 

decision situation. 

Conceptual Model 

In contrast to the incomplete and often inadequate mental model, the conceptual 

model of the target system C(t) is an accurate, consistent, and complete representation 

of the target system. The conceptual model is often developed by academics for the 

purpose of formal instmction. 

Formal ttaining in many areas (i.e., finance, accounting, and medicine) incorporates 

the conceptual model of the objective task envkonment in an effort to promote the 

formulation of a complete mental model. 

Need for Educative Tools 

Sage (1981) asserts that computer-based educative tools are required to overcome 

human cognitive Umitations. These computer-based systems need to have two 

components: descriptive components and normative (prescriptive) components. 

Descriptive components are designed to capttire the manager's mformation processing 

and biases in the acquisition, analysis, and interpretation of data. They identify existing 

knowledge (cognitive) sttiicture and decision rales used by managers. Normative 
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components are intended to provide means by which the manager's information 

processing biases and poor judgmental heuristics are corrected. 

Sage (1981, p. 668) recognizes the research need to design the computer-based 

educative tools: 

There are formidable needs and issues to be resolved that are associated 
with the design of information processing and judgment aiding support 
systems They concem design of information systems that can 
effectively "train" people to adapt and use appropriate concrete operational 
hemistics in those environments in which inexperience dictates initial use 
of formal operational thought. 

Gorry and Scott Morton (1971) suggests the need to delineate a mechanism to eUcit 

an individual manager's view of the decision situation. Hammond (1974) recognizes 

the need to develop an effective commvmication interface between the user and the 

designer during the process of systems implementation. 

Knowledge-Based Expert Systems 

This research draws from knowledge-based expert systems research for the 

development of KULSS to support user-cognitive learning. This section presents a 

discussion of the Uterature on knowledge-based expert systems. It discusses AI 

programs and two paradigms of expert systems: problem-solving expert systems and 

critiquing expert systems. 

AI Programs 

Knowledge-based expert systems are AI programs that reason with symbolic data 

and use heuristic (non-algorithmic) inference procedures (Buchanan 1986). 

Knowledge-based expert systems have been buUt in many domains. Many of them are 

experimental prototypes. Yet, a number of expert systems are routinely used in fields. 
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These expert systems solve narrowly defined domain problems as well as the experts in 

those areas. 

Rl configures VAX system components for DEC (McDermott 1981; McDermott 

1984). COMPASS at GTE analyzes maintenance records for a telephone switching 

system and suggests necessary maintenance actions to be taken (Goyal, Prerau, 

Lemmon, Gunderson and Reinke (1985). DIPMETER ADVISOR interprets weU 

logging data for Schlumberger (Smith and Baker 1983). PUFF interprets pulmonary 

fimction test data at Pacific Medical Center (Kunz, FaUat, McClung, Osbom, Votteri, 

Nii, AUdns, Fagan and Feigenbaum 1978). AUTHORIZER'S ASSISTANT at 

American Express evaluates the authorization of unusaUy high credit purchases at retaU 

Stores, using information about cardholders that is stored on the computer (i.e., usual 

purchase patterns and payment records) (Newquist 1987). 

System Architecture 

Knowledge-based expert systems are characterized by understandabiUty. An expert 

system is capable of explaining its line of reasoning and the contents of its knowledge 

base. Knowledge-based expert systems include two major components: the knowledge 

base and the inference engine. 

Knowledge Base 

This section discusses the concept of domain model and the topic of knowledge 

representation formaUsm. 
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Domain Model 

The knowledge base often includes a domain model, which is a representation of 

what the expert system knows about the pertinent characteristics of its appUcation 

domain (Swartout 1981). For example, the knowledge base of Digitalis Advisor 

contains the domain model of the physiological actions of digitaUs. Thus, Digitalis 

Advisor knows what an increased level of digitaUs may be expected to cause and what 

variables may increase sensitivity to digitaUs. 

The domain model is often acquired from a private source and/or a pubhc source. 

The private source includes the human expert's experiential knowledge, which must be 

extracted by the knowledge engineer in the time-consuming knowledge engineering 

process. The pubUc source includes pubUshed conceptual models that are known to the 

research community. Koton (1985) identifies two types of reasoning used in expert 

systems: empirical reasoning and model-based reasonmg. Empirical reasoning uses 

experiential (or empirical) knowledge extracted from the human expert. In contrast, 

model-based reasoning uses knowledge drawn from the conceptual model. 

Knowledge Representation Formalism 

Rule-based and fi"ame-based knowledge representations are used in expert systems. 

The term frame is derived fixsm Minsky's frame tiieory (1975). Altiiough tiie concept 

of fr-ame is not new, many expert systems have used mle-based representations. Many 

knowledge-based software development tools, such as 0PS5, EMYCIN, and S.l, 

support only rule-based representation formaUsm. 

A mle-based knowledge representation consists of a set of production mles. 

Production rules are concepttiaUy represented witii tiie logical form of if <predicate> 

tiien <consequent>. For example, if tiie cUent's cash-flow level is high and tiie client's 



70 

risk preference is high, then investment m high-growth stocks is sttongly 

recommended. 

A frame-based knowledge representation is used to represent taxonomies or 

sttiictured objects (Reboh 1981). Conceptually, a frame represents an item (i.e., a 

physical object) or a concept (i.e., an idea). Frames are individuaUy named. The 

contents of the named frame then describes that item or idea in some way (i.e., its 

characteristics, its property, its behaviors). The contents of the frame are stored in a set 

of named slots. 

The hierarchical inheritance of properties, which is derived from QuiUian's research 

on semantic memoty (1968), provides a major characteristic of frame-based 

representations. In its simplest form, a value is defined in the most generic frame to 

which it appUes. For example, the concept that aU animals have legs can be represented 

by defining a slot, "leg" in the most generic frame, "animal." The leg slot declares that 

legs are part of an animal. Specific frames such as "horse," "bird," "human," and 

"dog" are created as instances of the generic frame, "animal." Because of the 

hierarchical inheritance of properties, these specific frames inherit information stored in 

the leg slot. 

Frames aUow a concept of relevance or viewpoint to be implemented (Hayes 1977). 

Depending on the viewpoint that accesses the knowledge base, only some of the frames 

in the knowledge base are considered relevant, ignoring the others. The viewpoint 

concept enables tiie representation of conttadictory hypotheses, different levels of 

details, and of different aspects of the same object. 
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Inference Engine 

The inference engine refers to reasoning procedures tiiat work on tiie knowledge 

base. There are two reasoning procedures: forward chaining and backward chainmg. 

Both reasoning procedures cause changes in the contents of the knowledge base. 

In forward chaining, the inference engine reasons forward from predicates to 

consequents. Forward chaining detects the tmth of a given predicate in the knowledge 

base, and takes an action because of that predicate by adding its consequent to the 

knowledge base. 

In backward chaining, the reasoning process begins by taking a unproven 

hypothesis (consequent) backwards in search of the predicates that would prove it 

Backward chaining locates aU mles having the hypothesis as a consequent It then 

moves backward from the consequent to the predicate in each of those rales and tests 

the tmth of the predicate. If any predicate tests trae, the consequent is estabUshed. The 

inference engine then adds its predicate to the knowledge base. 

Paradigms of Expert Systems 

Power-Based and Knowledge-Based Paradigms 

Early artificial inteUigence (AI) research focused on domain-independent, general 

reasoning methods for solving problems. General Problem Solver (GPS) (Emst and 

NeweU 1969) formaUzed tiie concept of problem solving. GPS successively 

decomposes a goal into subgoals, and estabUshes new goals by finding differences 

between the current and desired states. But, it was concluded tiiat general reasoning 

metiiods alone were not capable of solving real-world, complex problems. 

One major finding of early AI research is tiiat mteUigence predicates knowledge, 

tiius tiie expUcit representation of large stores of domain-specific knowledge is requked 
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by the program to solve these problems (Barr and Feigenbaum 1981; Duda and 

Shortiiffe 1983). A shift in AI research from a "power-based" approach for 

constracting intelUgent systems to a "knowledge-based" approach represents a 

significant paradigmatic shift in AI research (Goldstein and Papert 1977). The 

paradigmatic shift increased research interests in knowledge-based expert systems 

(Duda and Shortiiffe 1983). There are at least two distinct models of knowledge-based 

expert systems: problem-solving model and critiquing model. 

Problem-Solving Model 

Knowledge-based expert systems have been constmcted as problem solvers 

(Szolovits 1982). A problem-solving expert system typicaUy asks its user to provide 

task-specific data such as information about a patient The problem-solving expert 

system then solves a particular problem for tiie user. It attempts to reach the same 

conclusions that the human expert would reach if faced with a comparable problem. It 

solves problems by emulating a domain expert's reasoning process. Once it completes 

problem solving the problem-solving expert system displays its conclusions such as 

medical diagnosis or therapy recommendation, and upon user demand presents a 

justification (e.g., lines of reasoning) for its conclusion. 

The problem-solving model of expert systems has been designed using either a 

rule-based approach as in MYCESf (Shortiiffe 1976), TEIRESL^S (Davis 1979), DART 

(Bennett and HoUander 1981) and Rl (McDermott 1982) or a model-based approach as 

in CASNET (Weiss, KuUkowski, Amarel and Safir 1978), PIP (Patil, Szolovits and 

Schwartz 1981) and INTERNIST (MUler, Pople and Myers 1982). 
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Critiquing Model 

The critiquing model differs from the problem-solving model, because the end goal 

of the critiquing expert system is not to solve problems for the user, but to help its user 

extend and refine knowledge and understanding of a particular problem. This 

educational role distinguishes the critiquing model from the problem-solving model. 

A critiquing expert system asks its user to solve a particular problem either alone or 

with aids avaUable from the system. Once the user solution is completed the critiquing 

expert system critiques the solution. A critique is defined as an explanation of the 

significant differences between the solution formulated by the user and the "optimal" 

solution formulated by the system. 

The critiquing expert system formulates the optimal solution using a knowledge base 

that includes knowledge about a problem domain and knowledge about solving a 

particular problem. Domain specific knowledge and problem-solvmg knowledge is 

acqiuied fixjm a human expert(s) and/or a body of knowledge pubUcly known in a 

domain (e.g., knowledge pubUshed in research joumals and textbooks). The solution 

formulated by the system is optimal within the consttaint of knowledge being provided 

to the system. The system's optimal solution approximates an expert solution, if a 

human expert's knowledge and reasoning is truly captured and appropriately 

represented in a knowledge base. 

The critiquing model includes expert systems such as NEOMYCIN (Clancy and 

Letsinger 1981), ATTENDING (MUler 1982), ONCOCIN (Langlotz and Shortiiffe 

1983) and MINDPAD (Coombs and Alty 1984). Because tiie critiquing model is 

thought to provide theoretical support for delineating desired capabihties of a KULSS, 

three systems wUl be discussed in more detaU. 
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The Critiquing Model of Expert Systems 

ATTENDING System 

The ATTENDING system (MiUer 1982) has its physician user provide information 

about a patient's underlying problems and formulate a tentative preoperative anesthetic 

plan for the patient. The system then critiques this plan using knowledge of anesthesia 

in a decision network of anesthetic procedittes and tiieir associated risks. If the user's 

plan presents significant risks to the patient, the ATTENDING system's critique 

includes a discussion of the basic principles that underUe the patient's preoperative 

anesthetic management, a summary analysis on particular risks associated with the 

user's plan, and altemative plans with less risks. The physician user can opt to 

override the system's critique if he disagrees. MiUer (1982) argues that even when the 

user does not change his anesthetic plan he is at least informed of associated risks and 

altemative plans. 

ONCOCIN Svstem 

The ONCOCIN system (Langlotz and Shortiiffe 1983) asks the physician user to 

provide a cancer patient's test results and formulate a therapy plan for this patient. The 

system has specific knowledge of chemotherapy protocols and general sttategies of 

cancer treatment in a knowledge base. The system also formulates a therapy plan using 

patient data and knowledge stored in a knowledge base. The system then critiques the 

user's plan by systematically comparing the user's plan to the one formulated by itself, 

using the hierarchy of tiierapy planning knowledge. 
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The C!ritiquing Process 

ONCOCIN's hierarchy of therapy planning knowledge is shown in Figure 2.6. 

This hierarchical knowledge is the hub of the hierarchical plan analysis technique. The 

technique supports the critiqiung process. 

A critique is an explanation of the significant differences between the user's plan and 

the optimal plan determined by the system. A comparison begins at the most general 

component in the hierarchy. The most general component is the Chemotherapy root 

node. Thus a critique begins by comparing the chemotherapies being named in the 

user's plan and ONCOCIN's plan, ff they are in agreement, the Radiation Therapy 

node and the Circumstance node, the offsprings of the Chemotherapy node, are each 

evaluated. If no sigruficant difference is foimd between the Radiation Therapy 

component of the two plans, the critique continues with Circumstance. Suppose the 

user recommends that chemotherapy for the patient should be delayed, whUe 

ONCOCIN recommends that the patient should receive chemotherapy on this visit 

ONCOCIN finds a significant difference. The critique stops and ONCOCIN explains 

the difference in Orcumstance. 

The critique does not continue witii The Drags to be given node, which is the 

offspring of the Circumstance node, because it does not make sense to compare the 

drags to be given when the two plans disagree regarding whetiier chemotherapy should 

be delayed or given on this visit. 

The generaUzabiUty of the critiquing process has not been tested in other problem 

domains where one finds multiple differences, because tiie offspring nodes in tiie 

hierarchical plan analysis technique are independent of one another. 
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Chemotherapy 

Radiation therapy Circumstance 

Laboratory tests 

Time of noKt uisit 

Druys to be yiuen 

Omission of druy 

Dose adjustment of druy 

Figure 2.6 Oncocin's Hierarchy of Therapy Planning Knowledge 
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MINDPAD Svstem 

MINDPAD (Coombs and Alty 1984) plays an educational role to extend and refine 

the programmer user's knowledge and understanding of PROLOG. MlNDPAD's 

knowledge base contains domain knowledge (PROLOG stractures, execution processes 

and error patterns), problem-solving knowledge (heuristics of identiifying the user's 

solution errors, making decisions about user imderstanding, and advising a corrective 

action) and acquisition knowledge (heuristics of developing an understanding of 

PROLOG concepts). 

The user begins a consititation by presenting his problem to MINDPAD and 

formulating his solution, which is expressed as a simple database PROLOG program 

code. The user's solution is stored in initial declaration frames. A declaration frame 

contains the PROLOG code, and another declaration frame contains an explanation of 

the code in terms of its execution and the expected output of the code. The user then 

may either run the program or ask the system to critique his solution. 

If the user runs the program, the actual output of the code wiU be stored together 

with the expected output of the code in the declaration frame. MINDPAD decides the 

user's solution is a faUed solution, if the system finds differences between the user's 

expected output of the code and the actual output of the code. The system asks the user 

to understand tiie differences. The user may ask the system to critique his solution, 

show domain knowledge, or show a corrective action sttategy. Once the user 

understands his solution errors, he modifies his solution to reflect his new 

understanding. His new solution is tested by execution of his new PROLOG program 

code. 
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The Critiquing Process 

In order to critique the user's solution tiie system tests the validity of each PROLOG 

assertion individually with reference to the user's problem and the user's explanation of 

the code, using domain knowledge, such as PROLOG sttxictures and execution. As the 

system tests the validity of each assertion, the system stores the test findings in a 

task-specific data base as current evidence conceming the user's understanding of the 

problem. The system then attempts to match the current evidence to one of the error 

patterns stored in tiie knowledge base. If an error pattem is found, the system explains 

the nature of the user's faulty knowledge or understanding and suggests a corrective 

action. 

Cgnglysipns 

The literature review in this chapter suggests several conclusions. First, the 

recognition by senior managers of the subordinates' performance gap provides a 

motivation for DSS implementation. DSS implementation is considered a process of 

planned organizational change, because DSS are implemented to close the performance 

gap and hence to effect change in decision performance. Second, user resistance to 

change is a major culprit of DSS implementation faUure. The subordinates, for whom 

DSS technology has been designed, frequentiy resist DSS utUization. Third, extant 

altemative DSS design methodologies faU to provide a conceptual understanding of the 

behavioral problem of user resistance to change, and also fail to identify a means for 

resolving the behavioral problem. This conclusion provides the rationale for this 

research. Fourth, user-cognitive leaming is imperative to resolve resistance to change 

and develop the motivation to improve the status quo. The cognitive leaming 

prescription drawn from behavioral tiieoty provides a dkection for tiie development of a 
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user-leammg-based DSS implementation methodology in this research. Fifth, the 

dialectical process expUcated in HegeUan inquiry systems research provides an effective 

means for facihtating cognitive leaming. The dialectical process enables one to evaluate 

two contrasting world views (models) of the decision situation. This conclusion >< 

provides a theoretical base for how a user-leaming-based DSS implementation 

methodology ought to support user-cognitive learning. 

Finally, the dialectical process can be supported by knowledge-based expert systems 

technology. The last three conclusions provide the foundation upon which this research 

developes a generic architectural model of knowledge-based user-leaming support 

systems (KULSS), which supports a user-leaming-based DSS implementation 

methodology. 



CHAPTER m 

RESEARCH METHODOLOGY 

Inttoduction 

The Uterature review in the preceding chapter suggests several conclusions. Fkst, 

user resistance to change is a significant reason for DSS implementation failure. 

Second, the problem of DSS implementation is primarily behavioral in nature. Third, 

extant altemative DSS design methodologies provide neither an understanding nor a 

method for resolving resistance to change during the DSS implementation process. 

FinaUy, research is needed to identify and develop a DSS implementation methodology 

that addresses the behavioral problem of DSS implementation. 

The primary objective of this research was to develop a user-leaming-based DSS 

implementation methodology for successfuUy managing DSS implementation. The new 

DSS implementation methodology needs to (1) provide an understanding for the 

behavioral problem of resistance to change in the DSS implementation context, and (2) 

identify and develop a means for resolving user resistance to change during the DSS 

implementation process. 

Figure 3.1 depicts a stmcture of the user-leaming-based DSS implementation 

metiiodology. It consists of a user-leaming model of DSS implementation (theory), a 

user-leaming approach to behavioral aspects of DSS implementation (practical 

impUcations), a set of steps for resolving resistance to change and facUitating 

user-cognitive leaming (method), and a generic architectural model of KULSS (tool). 

80 



81 

Theory 

R User-Learning Model of DSS Implementation 

Practical Implications 

R User-Learning Rpproach to Behauioral 
Aspects of DSS Implementation 

Method 

R Set of DSS Implementation Steps 

Tool 

R Generic Architectural Model of 
Knouiledge-Based User-Learning 

Support Systems (KULSS) 

A User-Learning-Based DSS 
Implementation Methodology 

Figure 3.1 Stt^cttire of a User-Leammg-Based DSS Implementation Metiiodology 
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A user-learning model of DSS implementation is built upon behavioral theory and its 

empirical evidence borrowed from related disciplines. It identifies a set of the 

implementation process variables that affect DSS utiUzation and provides an 

understanding for the behavioral problem of resistance to change. A user-leaming 

approach is derived from major imphcations drawn from the user-leaming model and is 

apphcable to DSS implementation situations. It provides a conceptual framework that 

explains the need to manage the implementation process variables identified in the 

model for successful DSS implementation. A set of steps provides a method for 

accommodating the user-leaming approach. A generic architectural model of KULSS 

helps the development of knowledge-based tools, KULSS, which support the method. 

The objectives of the research may be stated as foUows: 

1. To identify a set of implementation process variables that affect DSS utUization and 

deUneate a set of propositions that explain the DSS implementation phenomenon. 

The objective produces a user-learning model of DSS implementation. 

2. To identify a user-leaming approach to DSS implementation, which sttesses the 

importance of managing the key process variables, such as controling resistance to 

change and facihtating uger-cognitive leaming during the DSS implementation 

process. 

3. To identify a set of steps to guide tiie management of the DSS implementation 

process. 

4. To develop a generic architectural model of knowledge-based user-leaming support 

systems (KULSS) tiiat provides a means of facilitating user-cognitive leaming. 

5. To vaUdate tiie generic architecttiral model of KULSS. 

The remainder of this chapter is divided into five sections. The second section 

presents a discussion of tiie research questions. The research was conducted in two 
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phases. The third section discusses the theory-building phase of the research. The 

fourth section describes the computer-experimentation phase of the research. 

Research Ouesrions 

The research questions of this research were concemed with the development of a 

new DSS implementation methodology. The foUowing questions were put forth to 

direct the research toward the methodology development 

1. What are the shortcomings of extant DSS methodologies that consequentiy lead 

to the implementation problems? 

Research in DSS implementation (StabeU 1975; Keen and Scott Morton 1978; Lucas 

1981; Ginzberg 1981; Sage 1981; Baronas and Louis 1988) suggests tiiat there are 

behavioral implementation problems remaining. Extant altemative DSS design 

methodologies postulate that DSS utihzation is imperative to improve existing 

decision-making process. However, resistance to change often results in unused DSS 

technology (StabeU 1975; Lucas 1975; Keen and Scott Morton 1978; Sage 1981; Moore 

and Chang 1983; Baronas and Louis 1988). 

User resistance to change as a primary reason for systems implementation faUure has 

been recognized as a significant research problem requiring more attention (Churchman 

and Schainblatt 1965; Churchman and Schainblatt 1967; Mittoff 1975; Schultz and 

Slevin 1975; Bean and Radnor 1979; Duncan 1974; Hammond 1974; Lucas 1975; 

Lucas 1981; Ginzberg 1981; Nichols 1981). 

It was concluded in Chapter n that extant DSS design metiiodologies do not provide 

an imderstanding for tiie behavioral problem of DSS unplementation resulting from user 
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resistance to change. Furthermore, they do not provide methods for resolving 

resistance to change so as to facUitate DSS utilization. It was argued that there are two 

reasons for these shortcomings. First, DSS methodologies are developed from 

technical perspectives. The emphasis is on technical issues related to systems design 

rather than on behavioral issues related to systems implementation. In other words, a 

great deal of attention has been directed toward DSS technology development, but not 

enough attention toward tiie user of DSS technology. Second, they are not grounded in 

behavioral theory. Thus, they neither explain the DSS implementation phenomenon nor 

provide methods for managing the DSS implementation process. The nature of the 

shortcomings provides the rationale for a new DSS implementation methodology 

development in DSS design research ttadition. 

2. How can a DSS implementation methodology help realize DSS implementation 

success? 

This research question is decomposed into two subquestions. The first subquestion 

is needed to develop an understanding of the DSS implementation phenomenon. What 

are the implementation process variables that affect DSS utilization? An answer to the 

first subquestion is seen as a user-leaming model of DSS implementation. The model 

is discussed in detail in Chapter IV. 

The model provides a theoretical basis for deriving a conceptual approach that 

underlies the new DSS implementation methodology. The second subquestion is 

needed to identify a set of steps taken during the DSS implementation process to 

accommodate the conceptual approach. What steps are required to either control or 

faciUtate the process variables that affect utilization? An answer to the second 
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subquestion is seen as a user-leaming-based DSS implementation metiiodology. The 

new implementation methodology is also discussed in Chapter IV. 

3. How can a new DSS implementation methodology support user-cognitive leaming? 

The user-leaming model of DSS implementation is biult on behavioral theory 

(Churchman and Schainblatt 1965; Schein 1961). It postulates that user resistance to 

change is effectively resolved by facihtating user-cognitive leaming. 

The research question is needed to identify and develop knowledge-based 

user-learning support systems (KULSS). KULSS are knowledge-based tools that 

support the role of user-cognitive learning emphasized in the user-leaming-based DSS 

implementation methodology. 

The research question is further decomposed into two subquestions. The first 

subquestion is concemed with the operationalization of user-cognitive leaming. How 

should user-cognitive leaming be operationahzed? User-cognitive leaming is a special 

case of cognitive leaming. Research in cognitive leaming identifies two major 

components: leaming sttategies and learning modes/media (Burris 1976). Thus, 

user-cognitive leaming is operationahzed through these two components. Leaming 

strategies are operationalized through the concept of the performance gap defined in 

research (Down 1967; March and Simon 1958) and sttongly impUed m behavioral 

theory. 

Once the concept is operationahzed, how should it be facihtated? Leaming 

modes/media are operationalized through the concept of Hegehan dialectical systems 

(Mason 1969; Boland 1978) and tiie technology of knowledge-based expert systems 

(MUler 1982; Langlotz and Shortiiffe 1983; Coombs and Alty 1984). An answer to 
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these two subquestions is seen as a generic architectural model of KULSS. The model 

is discussed in detaU in Chapter V. 

4. Is it technicaUy feasible to buUd KULSS based on the generic architectural model 

derived in the research? 

A discussion of the prototype KULSS implemented in the research and analysis of 

its performance provides information necessary to answer this research question. An 

answer to the research question provides an empkical vaUdation of the generic 

architectural model of KULSS. The implementation of the prototype KULSS in the 

financial ratio analysis domain and its performance analysis are discussed in Chapter 

VI. 

Theorv Building 

The research was conducted in two distinct phases: (1) theory-bmlding phase and 

(2) computer-experimentation phase. This section presents a discussion of the first 

phase, whUe the next section describes the second phase. 

The development of a user-leaming-based DSS implementation methodology is 

theory buUding in nature. It uses logical deductive reasonmg, a generally accepted 

approach for theory buUding (Zalttnan, LeMasters, and Heffring 1982; Dubin 1976). 

Logical deductive reasoning begins with a set of concepts, CI, C2,...., Cm. The 

CI, C2,...., Cm represent buUding blocks of tiieory. Logical deductive reasoning 

forms propositions, PI, P2,..., Pn by specifymg logical relationships between or 

among concepts, CI, C2,...., Cm. It tiien deduces tiiat, if tiiese propositions are tme, 
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certain specific and observable events, which describe the phenomenon to be explained, 

E, can be expected to occur. 

The CI, C2,...., Cm and PI, P2,..., Pn joindy make up the proposed model's 

explanatory stmcture. To the extent that the phenomenon, E, is verified by empirical 

observation, evidence is provided that the proposed model is isomorphic with the 

phenomenon in the real world. Thus, theory constmcted through logical deductive 

reasoning provides scientific understanding of the phenomenon. 

This research has borrowed concepts and empirical evidence from systems 

implementation research (Churchman and Schamblatt 1965) and planned organizational 

change research (Schein 1961; Rogers 1983; Zaltman and Duncan 1977; Argyris 1985). 

These concepts and evidence in the relevant reference disciplines were discussed in 

Chapter H. The research has integrated them into the user-leaming model of DSS 

implementation that is internally consistent and empuicaUy verifiable. A user-leaming 

approach, which underUes the user-leaming-based DSS implementation methodology, 

is built on major imphcations drawn fix)m the user-learning model. 

The research has also borrowed concepts and empkical evidence from MIS research 

in HegeUan dialectical systems (Mason 1969; Boland 1978) and AI research in the 

critiquing model of knowledge-based expert systems (MiUer 1982; Langlotz and 

Shortiiffe 1983; Coombs and Alty 1984). They were also discussed in Chapter n. The 

research has integrated into the generic architectural model of KULSS. 

Chapter IV presents a discussion of the user-leaming model of DSS implementation, 

the user-leaming approach to the behavioral problem of DSS implementation, and a set 

of steps for managing the behavioral problem of DSS implementation. Thus, Chapter 

rV describe the three components of the user-leaming-based DSS implementation 
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metiiodology. Chapter V presents a discussion of the generic architectural model of 

KULSS, the last component of the methodology. 

Computer Experimentation 

The second phase of the research investigated the technical feasibihty of buUding 

KULSS that support the user leaming based DSS implementation methodology. The 

research conducted a computer experiment to investigate whether or not the generic 

architectural model of KULSS sufficientiy provides a design basis for building a 

working prototype KULSS. 

Building a reasonable working prototype (artifact) constitutes a type of scientific 

experiment to generate empirical data about the artifact (NeweU and Simon 1976). 

Computer experimentation is a generaUy accepted research method in both MIS and AI 

fields. It is used to investigate whether or not the basic design concept works on the 

computer (Janson and Smith 1985; Naumann and Jenkins 1982; Weiss and KuUkowski 

1984; Buchanan 1986; CarroU and McKendree 1987). 

CarroU and McKendree (1987, p. 28) state: 

One approach to experimental computer science is to build a reasonable 
working system through which to explore, discover, and understand the 
principles of tiie system's operation. This is an important research method. 
and it has become important as rapid prototyping tools have become more 
powerful, flexible, and widely avaUable. 

SimUarly, NeweU and Simon (1976, p. 114) argue that a new computer program 

constitutes an empirical experiment, though it does not fit a narrow definition of the 

experimental method. A computer experiment enables the researcher to generate 

empirical data that reveal how the artifact behaves on the computer. These data are used 

to evaluate tiie conceptual sttnicttue of the designed artifact Thus, it is empirical inquiry 
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that provides a way of developing new basic understanding of the conceptual stmcture 

of the designed artifact. 

Each new program that is buUt is an experiment. It poses a question to 
nature, and its behavior offers clues to an answer. Neither machines nor 
programs are black boxes; they are artifacts that have been designed, both 
hardware and software, and we can open them up and look inside. We can 
relate theu: stracture to thek behavior and draw many lessons from a single 
experiment. ... But as basic scientists we buUd machines and programs as 
a way of discovering new phenomena and analyzing phenomena we akeady 
know about. 

The purpose of the computer experiment was to evaluate the generic architectural 

model of KULSS. This was done by buUding a KULSS prototype in the financial ratio 

analysis domain. The procedure for this computer experiment consisted of three stages: 

initial knowledge base design, prototype implementation and testing, and refinement 

and generahzation of the knowledge base. The procedure was developed and vaUdated 

in expert systems research (Weiss and KuUkowski 1984). The procedure is readily 

appUcable here because KULSS in essence consist of two expert systems that perform 

different functions: a problem-solving expert system and a critiquing expert system. 

Initial Knowledge Base Design Stage 

Expert systems are AI programs that reason with declarative knowledge (i.e., facts 

and assumptions) and procedural knowledge (i.e., rales and strategies) contained in the 

knowlege base. Expert systems reason with compUed knowledge or with model-based 

knowledge. The former is acquired from the primary domain expert through the 

knowledge engineering process. In contrast, the latter is logicaUy derived from analysis 

of the conceptual model of the task domain. 
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The initial knowledge base design stage was completed in three distinct steps: (1) 

problem definition, (2) conceptuaUzation, and (3) computer representation of the 

problem. 

Problem Definition 

The prototype KULSS was developed in the finanical ratio analysis domain. A 

detaU description of this domain is presented in Chapter VI. The financial ratio analysis 

domain was selected for three reasons. First, financial ratio analysis represents a 

subtask of intemal analysis (Lev 1974). It is performed as a preliminary analysis to 

flag the problems that require further analysis. Selecting a manageable subtask is 

critical in expert systems research (Weiss and KuUkowski 1984). 

Second, financial ratio analysis represents model-based knowledge rather than 

compUed knowledge. The underlying knowledge stmcture and strategies can be 

identified from pubUc sources (e.g., textbooks and joumals). This reduces the 

otherwise time-consuming knowledge engineering process associated with compiled 

knowledge. 

FinaUy, financial ratio analysis involves genmc tasks of interpretation and 

diagnosis. Computer experiments in expert systems research strongly demonstrate the 

technical feasibiUty of buUding expert systems to perform generic tasks of interpretation 

and diagnosis (Stefik, Aikins, Balzer, Benoit, Bimbaum, Hayes-Roth, and Sacerdoti 

1982). Evidence for expert systems that perform the interpretation and diagnosis task is 

found m medicine (Hom, Compton, Lazaras, and Quinlan 1985; Kunz, FaUat, 

McClung, Osbom, Votteri, Nu, AUdns, Fagan, and Feigenbaum 1978; Weiss, 

KulUcowski, and Galen 1981) and in engineering (Dourson and Joyce 1985; Hakami 

and Newbom 1983; Sweet 1985). 
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Concepmalization 

After selecting the problem domain in which the prototype KULSS was to be 

developed, knowledge required for the problem-solvmg expert system component was 

determined by investigating known cases (Moyer, McGuigan, and Kretiow 1984) and 

by querying a domain expert. 

Known cases are presented in finance textbooks to explain financial ratio analysis. 

In each case a set of financial data describes a hypothetical firm. It is expertly 

interpreted using financial ratio analysis to diagnose the financial health of the firm and 

its plausible underlying causes. This research was capable of logicaUy deriving the 

knowledge stracture and sttategies underlying financial ratio analysis fix)m the 

investigation of these known cases. 

A finance faculty served as the domain expert He taught financial ratio analysis to 

managers and professionals in a number of professional development seminars. As the 

domain expert he contributed to the clarification about the known cases and assisted 

financial ratio analysis of twenty-seven cases used to vahdate the problem-solving 

expert system component. 

A critique is defined as a significant difference between the user's and the system's 

diagnosis of a firm's financial state and its plausible underlying causes. A KULSS 

critiques the user's existing judgment and decision-making process, by systematicaUy 

comparing the user's diagnoses and justifications of diagnoses against those of the 

system. 

For a given case, case specific information is in the working memory. In order to 

critique the user the system must be able to perform financial ratio analysis. The system 

needs knowledge such as heuristic rales of selecting relevant financial ratios and 
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interpreting thek meanings, as well as heuristic rules of inferring a firm's financial state 

and plausible underlying causes. 

These heuristic rales are represented as production rules in the knowledge base. The 

knowledge stracture of a DuPont model is represented as frames in the knowledge 

base. For example, an overaU frame represents the knowledge stracture of the DuPont 

model, showing Unks among the model's components. Each component such as total 

asset tumover is in ttim represented in a separate fiiame with slots that indicate the 

mathematical definition of the ratio and the corresponding industty average ratio value. 

In order to critique the user the system must ask appropriate questions to faciUtate 

the user in performing financial diagnosis and explaining his diagnosis. Guided by the 

overaU frame, the system compares two analogous components of its own and the 

user's diagnoses and explanations of diagnoses. 

Computer Representation of the Problem 

The conceptuaUzation of knowledge requirements at the previous stage was followed 

by the representation of knowledge in the knowledge base. Frames and production 

rales were used to represent declarative and procedural knowledge. Knowledge 

representation was supported by Automated Reasoning Tool (ART). 

Prototype Implementation and Testing Stage 

This stage begins with implementation of a representative sample of the knowledge 

needed to perform essential subtasks and reasoning. Once the prototype is implemented 

its performance is analyzed using a standard test set 
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Standard Tg$t Set 

A standard test set consists of twenty-seven cases of firms whose financial data are 

used to analyze the prototype performance. The prototype KULSS uses these data to 

perform intemal analysis of a given firm. Financial data used for performance analysis 

represent a total of thirty firms drawn from a number of industry categories. The firms 

are selected from the COMPUSTAT compact disk using a criterion of asset size. Firms 

with asset size of over one miUion but less than five milUon are selected because there 

are a wide variety of firms within this size classification. 

The prototype KULSS in its problem-solving mode uses case data as its input in 

performing intemal analysis of a firm. It then produces its output, such as a hst of 

financial diagnoses, thek underlying causes, and some prognosis. The prototype 

KULSS stores its intemal analysis results. The prototype KULSS in its critiquing 

mode presents case data to the user who uses the case data in performing intemal 

analysis. The prototype KULSS keeps track of data selection, data interpretation, and 

financial diagnoses made by the user. It then produces a critique as its output by 

comparing the user's financial diagnoses and his intemal analysis process with its own 

diagnoses and the process used. 

Validation 

A majority of extant knowledge-based expert systems solves a problem in the 

manner which emulates a human domain expert. Thus, the vaUdation of the 

problem-solving model of knowledge-based expert systems is based upon how weU the 

system emulates the human expert in solving a domain problem. The most frequentiy 

used vaUdation method is to compare the system's performance against that of the 

human domain expert. 
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In this research, the problem-solving expert system component of the prototype 

KULSS makes diagnosis of twenty-seven firms. Interpretive analysis of cases, 

including financial diagnosis and justifications of diagnosis, is worked out by the 

domain expert. Financial diagnoses made by the problem-solving expert system 

component are compared to interpretive analysis of cases performed by the human 

expert. 

The critiquing expert system component of the prototype KULSS offers a critque of 

the user's process and output of performing intemal analysis. Therefore, a reasonable 

vaUdation is to evaluate the face validity of critiques generated by the system. 

Refinement and Generalization of the Knowledge Base 

As the result of testing performed at the previous stage the irutial knowledge base 

design wiU be refined or revised. This stage can take a considerable length of time if a 

prototype system is expected to perform very expertly. Therefore, the working 

prototype is considered as acceptable when its diagnoses and justifications agree with 

those of a human expert in at least fifteen or more cases and when its critiques have face 

vaUdity. Plausible outcomes of prototyping may be either vaUdation of the basic design 

concepts of a KULSS or a conclusion to revise some design concepts, suggesting an 

altemative. 



CHAPTER IV 

A USER-LEARNING-BASED 

DSS IMPLEMENTATION METHODOLCXJY 

Inttoduction 

The basic premise of this research is that DSS technology is developed to close the 

performance gap of the intended users. This basic postulate is derived from MIS 

literature which has viewed systems implementation as planned organizational change 

(Lucas 1974; Zmud and Cox 1979; Ginzberg 1981; Sknon 1985; Huber 1983; 

Churchman 1971; King and Rodriguez 1981). Assuming that DSS technology is the 

best course of action for the performance gap, unused DSS technology substantiaUy 

reduces the organization's payoff from its DSS investment, the potential improvement 

in decision performance. 

DSS implementation faUure is defined as faUure to use DSS functions by the 

intended users in the manner designed to improve decision performance. As a 

consequence of this conceptuaUzation, successful DSS implementation requkes the 

DSS designer to facUitate intended users to overcome thek resistance to the proposed 

change. DSS implementation faUure occitts when technicaUy vaUd DSS are not utUized 

by intended users to its fiiUest capacity or in proper ways. DSS implementation faUure 

is ubiquious and unresolved. One of reasons is that the behavioral problem of 

resistance to change is not explicitiy addressed in extant design methodologies. Despite 

the recognition that resistance to change greatiy impacts DSS implementation (Baronas 

and Louis 1988; Markus 1983; Lucas 1974; StabeU 1975; Keen and Scott Morton 

95 
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1978), extant DSS design methodologies primarily reflect a technological perspective 

(i.e., how to design systems). 

This research developed a user-leaming-based DSS implementation methodology 

grounded in behavioral theory and supported by expert systems technology. The 

stmcture of this user-leaming-based DSS implementation methodology was depicted in 

Figure 3.1 in the previous chapter. This chapter describes the fkst three components of 

the user-leaming-based DSS implementation methodology. The last component, the 

generic architectural model of KULSS is described in the next chapter. 

The remainder of this chapter is divided into six sections. Section 2 presents a 

discussion of assumptions useful to derive a user-leaming model of DSS 

implementation (theory). Section 3 discusses its model components. Here the process 

variables that influence DSS utiUzation are defined and discussed. Section 4 discusses 

a user-leaming approach to the behavioral problem of DSS implementation (practical 

impUcations). Section 5 describes the user-leaming-based DSS implementation 

methodology (method). The user-leaming approach suggests the need for a new 

methodology (a set of steps) for managing the process variables. The methodology is 

supported by KULSS (knowledge-based tool). Section 6 describes boundaries of the 

new methodology. Section 7 presents a discussion of conclusions derived in this 

chapter. 

A User-Leaming Model of DSS Implementation 

Figure 4.1 depicts the user-leaming model of DSS implementation. It is derived 

partly from research on planned organizational change (Schein 1961; Zalttnan and 

Duncan 1977; Argyris and Schon 1978) and partly from research on information 
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systems implementation (Churchman and Schainblatt 1965; Stabell 1975; Lucas 1981; 

Ives and Olson 1984). 

The user-leaming model of DSS implementation explains the phenomenon of DSS 

implementation success. It identifies the process variables that influence an 

implementation outcome variable. DSS implementation success is operationalized 

through utihzation of DSS fimctions by the intended DSS users to close thek 

performance gap. The concept of the performance gap was discussed in Chapter n. 

The process variables included in the user-learning model of DSS implementation 

are as foUows: 

1. The implementation process variables dkectiy influencing DSS utiUzation: 

(a) Resistance to change 

(b) User-cognitive learning 

2. The implementation process variables affecting resistance to change: 

(a) Authority innovation decisions 

(b) Degree of heterophUy between designer and user 

(c) Knowledge stracture 

(d) Selective perceptions 

(e) User-cognitive leaming 

3. The implementation process variable influencing user-cognitive leaming: 

User involvement in problem finding and diagnosis 

The model in Figure 4.1 iUustrates relationships among the process variables and 

DSS utiUzation postulated in this research. Arrows in the model indicates the dkection 

of influence. For example, the arrow from resistance to change to DSS implementation 

success suggests that the former exerts an influence on tiie latter. A plus (+) or minus 

(-) sign on tiie arrow indicates tiie positive or negative nature of influence. For 
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example, the minus sign on the arrow from resistance to change to DSS implementation 

success suggests that as resistance to change increases, DSS utihzation decreases. 

Assumptions 

This section presents the eight assumptions used to derive the model. A discussion 

of the model components is presented in the next section. These assumptions are 

derived from the prior research. WhUe the assumptions are not tested in this research, 

they are subject to empirical testing. 

Assumption 1: DSS utilization is negatively affected by resistance to change that is 

observable at the onset of the DSS unplementation process. This assumption implies 

that resistance to change, if it is not managed at the onset of the DSS implementation 

process, may result in unused DSS technology and hence DSS implementation failure. 

A coroUary is that resistance to change must be effectively managed in order to reaUze 

DSS implementation success. 

The assumption focuses on initial resistance to change that is observable at the onset 

of DSS development projects. It is nol the intended users' legitimate reaction to 

technical problems of DSS (i.e., poorly designed DSS, freqent system failures, or lack 

of documentation). It is the intended users' resistance to the proposed DSS utUization, 

which represents the planned organizational change designed to improve thek decision 

performance. 

Assumption 2: DSS utilization is positively affected by user-cognitive leaming. A 

coroUary is that user-cognitive leaming plays a critical role in reaUzing DSS 

implementation success and tiierefore must be effectively facihtated at the onset of the 
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DSS implementation process. Major outcomes of user-cognitive leaming are the 

unfreezing (overcoming the resistance to change) of the intended user and DSS 

utiUzation to extend or improve the existing information processing and decision

making process. 

Assumption 3: Resistance to change occurs among the intended DSS users who do not 

recognize the performance gap and hence fail to recognize the need for change. A 

coroUary of assumption 3 is that the intended DSS users who do not recognize the 

performance gap need cognitive leaming. Assumptions 3 and 4 suggest cognitive 

factors influencing resistance to change: 

Assumption 4: Resistance to change is positively affected by knowledge stracture and 

selective perceptions and memory that reinforces the status quo. 

Assumption 5: Resistance to change is positively affected by authority innovation 

decisions. Assumptions 5 and 6 focus on organizational factors impacting resistance to 

change. 

Assumption 6: Resistance to change is positively affected by tiie degree of heterophUy 

between designer and intended user. 

Assumption 7: Resistance to change is negatively affected by user-cognitive leammg 

occuring at the onset of the DSS implementation process. 
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Assumption 8: User-cognitive leammg is facihtated by user involvement m problem 

finding and diagnosis at the onset of the DSS implementation process. A coroUary of 

the assumption 8 is that user involvement in problem finding and diagnosis must be 

facihtated by the user-leaming-based DSS implementation methodology. 

Components of the User-Leaming Model 

This section discusses the major components of the user-learning model of DSS 

implementation. 

DSS UtiUzation 

DSS UtiUzation is widely used as a behavioral measure of DSS implementation 

success (Trice and Treacy 1988). DSS implementation is considered successful when 

the intended DSS users utihze DSS technology in the manner that closes the existmg 

performance gap and improves thek decision performance. In contrast, DSS 

implementation faUure occurs when technicaUy vaUd DSS technology is not utUized by 

its intended users to its fuUest capacity or in proper ways. 

The major process variables are postulated to dkectiy or indkectiy influence the 

outcome variable: resistance to change, antecedents of resistance to change, 

user-cognitive leaming, and user involvement in problem finding and diagnosis. 

Resistance to Change 

Making avaUable technological innovations such as DSS does not guarantee that 

they are utiUzed. Resistance to change presents a major barrier for DSS utiUzation. 

When DSS are designed to close the intended users' existing performance gap, DSS 

represent planned organizational change. Resistance to change is ubiquitous m planned 



102 

organizational change. It is a major cause of faUed planned organizational change and 

the rejection of technological innovations (Scheki 1961; Argyris 1976; Zaltman and 

Duncan 1977; Zander 1961; Kelman and Warwick 1973; Zalttnan, Duncan, and Holbek 

1973; Greiner 1967; Rogers 1983). Altiiough empkical research is limited in our field, 

resistance to change is linked to failed MS/OR implementation (Zand and Sorensen 

1975) andfaUedDSS implementation (Gerrity 1971; StabeU 1975; Lucas 1975; 

Ginzberg 1981; Sage 1981). In the latter case, resistance to change among the intended 

DSS users resulted in thek faUure to utiUze a DSS to its fuUest capabUities or in its 

proper ways (Gerrity 1971; StabeU 1975). Consequentiy, the desked change was not 

realized among the intended DSS users. 

Planned organizational change research defines resistance to change as "any conduct 

that serves to maintain the status quo in the face of pressure to alter the status quo" (p. 

63) (Zaltman and Duncan 1977). This general definition suggests three important 

points. Fkst, resistance to change is observable behavior of orgaiuzation members who 

intend to maintain the status quo. Second, there is recognition and pressure by top 

management to change the status quo. Thkd, resistance to change is dysfunctional if 

the the advocated planned change is conducive to improve the status quo. 

In failed DSS implementation, the intended DSS users maintain the extant decision

making process in the face of top management's recognition that thek performance 

needs knprovement (Gerrity 1971; StabeU 1975; Keen and Scott Morton 1981; Sage 

1981; Moore and Chang 1983). DSS technology designed to improve tiiier 

performance does not get used, when they adhere to existing decision-making process. 

DSS implementation failure is explamed by tiie process theory of change (Schein 

1961). Its proposition asserts tiiat tiie desked change m tiie manager's attittides. 
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behefs, or values is unlikely unless resistance to change is resolved. DSS utUization is 

not likely unless resistance to change is resolved. 

Resistance to change exists when tiie intended users do not initially accept the 

rationale for developing the proposed DSS despite objective evidence that indicates thek 

performance gap. It is observable at the onset of the DSS implementation process. 

Case studies on DSS implementation faUure (Gerrity 1971; StabeU 1975; Keen and 

Scott Morton 1978) show that initial resistance results in imused DSS functions. 

Resistance to change may develop later when users experience frusttations with DSS 

technology that is difficult to use. The traditional educational techniques such as user 

ttaining are important for increasing usabiUty and reducing this kind of resistance 

(Sanders and Courtney 1985; Furst and Chaney 1982). However, the traditional 

educational techniques are not effective for resolving initial resistance to change (MUler 

1984). 

Cognitive Antecedents of Resistance to Change 

Two classes of factors (Figure 4.1) affect resistance to change: cognitive factors and 

organizational factors. Cogtutive factors include the intended users' knowledge 

stracture and selective perceptions. They preclude the intended users from perceiving 

the performance gap and recognizing the need for change. The intended users often 

perceive the status quo as justifiable and do not have the felt need for the advocated 

change realizable tittough DSS utihzation (Gerrity 1971; StabeU 1975; Sage 1981). In 

contrast, top management has a different perception of the intended user's performance 

when tiiey decide to develop DSS. The major impetus to the development of a specific 

DSS arises when senior managers perceive the need to change tiie subordinates' 
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information processing and decision-making process (Moore and Chang 1983). Each 

of the cognitive factors needs to be discussed more in detail. 

Knowledge Stracture 

A positive association between a stable knowledge stracture and resistance to change 

is suggested (Schein 1961). Intended users bring to thek organizational roles thek 

"knowledge stracture" (Libby 1985; Anderson 1982). It enables them to perform 

information processing and decision-making tasks with increasing efficiency. 

However, it represents a stable equiUbrium condition and is very resUient in the face of 

pressure to change (Schein 1961). 

Existing resiUent knowledge stracture partly explains why the intended users are 

initially resistant to the proposed DSS. DSS are developed when senior managers 

recognize the need to improve the intended users' performance. To the outside 

observer, such as top management or the DSS designer, it may often appear evident that 

the intended users' performance needs change in the face of contradictory evidence. 

But the need for change may not be as readUy apparent to the intended users because of 

thek existing knowledge stracture. Consequentiy, they do not perceive the need for 

using DSS to improve thek decision-making process. 

An improvement in decision performance requkes a change in the manner of 

information processing and decision making. DSS are designed to provide a means for 

realizing change. Thus, in order for the intended users to accept DSS utihzation, they 

must lower resistance to change by modifying thek existing knowledge stracture. The 

modification of knowledge sttucture requires cognitive leaming. The relevant 

behavioral theories suggest tiiat resistance to change ought to be lowered by facihtating 

cognitive leaming (modifying existing knowledge stracture) (Schein 1961; Churchman 
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and Schainblatt 1965). This prescription is consistent with evidence in cognitive 

leaming research that generaUy supports the associated Unk between cognitive leaming 

and a change in knowledge stracture (Travers 1982). 

Selective Perception 

Besides knowledge stracture discussed above, selective perception positively and 

directiy affects resistance to change (Kelman and Warwick 1973; Zaltman and Duncan 

1977). Human information processors are more lUcely to perceive and assimilate 

information that is consistent to thek existing knowledge stracture (Sage 1981; Zalttnan 

and Duncan 1977; Remus and Kottemann 1986). Selective perception precludes the 

intended user from considering evidence for the performance gap, and provides 

propensity to maintam the status quo. 

Organizational Antecedents of Resistance to Change 

Organizational factors include authority innovation decisions made by top 

management without the participation of subordinates and the degree of heterophily 

between the designer and the user in some coginitve dimensions. 

Authority Decisions 

Senior managers' decisions to develop DSS are technological innovation decisions. 

There are two classes of technological innovation decisions made in the organization: 

(1) authority decisions and (2) collective decisions (Zalttnan, Duncan and Holbek 

1973). The two decisions are classified on tiie basis of tiie degree to which 

subordinates are involved in tiie decision making for initiating tiie technological 

innovation. 
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Collective decisions are made by all or a majority of the adoption unit's members. 

In contrast, authority decisions are made by an individual or by a small group that is 

often caUed the "dominant coaUtion." Authority decisions are similar to Argyris's 

(1976) cocept of unUateral decisions by top management to implement planned 

organizational change. 

There is a broad consensus in planned organizational change research on a positive 

association between authority decisions and resistance to change (Rogers and 

Shoemaker 1971; Zalttnan, Duncan, and Holbek 1973; Argyris 1970; Argyris 1976; 

Gross, Giacquinta and Bemstein 1971). Authority decisions made unilaterally without 

the participation of subordinates increase resistance to change among the subordinates 

who are made to adopt the technological innovation or planned organizational change. 

Senior managers' decisions to develop a DSS are an instance of authority mnovation 

decisions. Altiiough Moore and Chang (1983) have not exphcitiy hnked authority 

decisions with resistance to change, they note that the intended DSS users are not 

always motivated to adopt the proposed change by senior managers and hence are 

resistant to DSS utiUzation. 

One reason why authority decisions increase resistance to change is that the 

advocated change may be perceived as the mistrast and condemnation of the 

subordinates and the unUateral authority may generate the perception of reduced 

autonomy (Argyris 1970; Argyris 1976). User-cognitive leaming tiiat develops tiie 

understanding of the rationale for tiie proposed DSS technology provides a means for 

removing tiie mistrast and condemnation that may be felt by the intended users. 
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HeterophUy 

HeterophUy is defined as the degree to which paks of individuals who engage in 

communication are dissimUar in some attributes, such as cognitive behefs and 

assumptions stored in knowledge stractures, education, social status, and tiie lUce 

(Rogers 1983). 

The designer and the intended users tend to be different in certain cognitive and 

organizational traits (Powers and Dickson 1973; Churchman and Schainblatt 1965; 

Hammond 1974). They have different aptitudes and professional trainings (managerial 

vs. technical). They have different knowledge stractures, information preferences, and 

perceptions of a problem and its solutions (goal orientation, time horizon, comparative 

expertise, interpersonal style, cognitive style, problem definition, vahdation of analysis, 

and degree of sttiicturedness required). They have different organizational orientations. 

The intended users are organization members who are motivated to maintain the status 

quo, whereas the designer is likely to be an outsider who is hked by senior managers to 

change the status quo. 

A technological innovation such as DSS technology implementation must be 

communicated to its intended users before they can decide to adopt or reject it Rogers 

(1983, p. 5) in his technological diffusion research, defines communication as "a 

process in which participants create and share information with one another in order to 

reach a mutual imderstanding." 

More effective communication occurs when two individuals are homophilous than 

if they are heterophUous. The communication of ideas is likely to have greater impacts 

in terms of cognitive leaming (knowledge stracture change), affective leaming (attittide 

formation and change), and overt behavioral change. Empkical evidence shows a 

negative association between heterophUy and adoption of technological innovations 
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(Rogers 1983). The communication in heterophUous paks of individuals is not so 

effective, because they do not share simUar cognitive and organizational characteristics. 

Drawkig primarUy from tiie tiieoretical work of Rogers the model postulates that 

ineffective communication between the designa- and the intended users may reinforce 

resistance to change. There is evidence that provides some support for the proposition. 

Resistance to change increases when the change agent (the designer) and the 

organizaiton members (the users) agree on a problem but do not share common 

perceptions about its nature and imderlying causes and hence have different perceptions 

of how to solve the problem (Zaltman and Duncan 1977). 

KULSS developed in the research provide knowledge-based tools for modeling 

different views of the decision situation by the designer and the users. Thus, they 

provide a means for facUitating commurucation between the heterophUous pak. 

User-Cognitive Leaming 

The model draws from research in cognitive leaming to operationaUze user-cognitive 

leaming. Effective cognitive leaming is faciUtated by carefiiUy designing (1) learning 

strategies and (2) leaming modes/media (Burris 1976). Leaming strategies refer to 

what the leamer must leam and what he must do to leam. Leaming modes/media refer 

to how cognitive leaming ought to be faciUtated and what educative tools are needed to 

faciUtate it 

The research derives leaming sU:ategies primarily from synthesis of the process 

theory of change (Schein 1961) and the theory of implementation (Churchman and 

Schainblatt 1965). Neitiier theory suggests leaming modes/media. The research 

operationahzes leaming modes/media by integrating research that is based on Hegelian 

dialectical systems (Mason 1969; Bolandl978). The latter is discussed m Chapter V. 
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Thus, user-cognitive leaming is defined as leaming about the existing performance 

gap and its underlying causes and leaming about the nature of change requked to close 

the gap. 

User Recognition of the Performance Gap 

The impetus to DSS implementation arises when senior managers perceive that thek 

subordinates' role performance is unsatisfactory. When a discrepancy exists between 

what the subordinates are actuaUy doing and what thek senior managers beheve they 

ought to be doing, there is a performance gap (Downs 1966). The performance gap 

increases the organization's search for altemative courses of action (March and Simon 

1958; Downs 1966). Thus, senior managers' perception of the performance gap 

provides a major impetus to searching for new ways of performing the decision tasks. 

The development of a DSS is an altemative course of action taken by senior managers 

to improve the subordinates' decision performance. 

The concept of the performance gap is impUed in the process theory of change 

(Schein 1961) and the theory of implementation (Churchman and Schainblatt 1965). 

The basic premise of the theories is that organization members are resistant to change. 

Both theories posttilate the role of user-cognitive leaming in resolving resistance and 

enabling the user to reahze the advocated change. Drawing from the behavioral theories 

the model postulates that user-cognitive learning is negatively associated witii resistance 

to change. 

The process theory of change postulates that an important impetus to successful 

implementation of tiie advocated change is tiie recognition on tiie part of tiie individual 

organization member that tiiere is, in fact, a performance gap. 
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The theory of implementation postulates that the designer and the users have 

different perceptions of the problem and its solutions, therefore successful systems 

implementation in terms of system acceptance and use requkes the development of 

mutual understanding between the designer and the users. The concept of mutual 

understanding imphes that designer leaming, which has been traditionally prescribed, is 

necessary, but not sufficient for the users to accept and use MS. 

The designer leams about the user's extant performance gap as a result of 

performing the problem diagnosis. The designer needs to commimicate with the users 

about what he has leamed. The users need to understand that there is the performance 

gap, MS is designed to close the performance gap, and MS utilization brings about a 

desirable change. 

Both theories consider user recognition of the performance gap as an important 

aspect of user leaming. It must be noted, however, that neither theory specifies how to 

faciUtate the user's recognition of the performance gap. 

User recognition of the performance gap is not currentiy facihtated in extant DSS 

design and implementation methodologies. They prescribe designer learning, such as 

the designer's understanding of the user's performance gap. Designer leaming occurs 

as a resuh of problem diagnosis performed by the designer. The design of a specific 

DSS is predicated on this designer leaming. For example, in Gerrity's evolutionary 

methodology (1971), the designer leams about the intended DSS users' performance 

gap, by comparing thek actual information processing and decision-making processes 

vis-a-vis a normative model. 

Designer leaming is not readUy ttansferable to the users, unless the users are also 

given an opportunity to participate in the problem diagnosis. Thus, user learning about 

the performance gap must be facihtated by a DSS design and implementation 
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methodology. In order to leam, the user must actively participate in problem 

finding/diagnosis at the early phases of DSS development 

Perceived Need for Change 

A perceived need for change results from user-cognitive leaming. Evidence 

supports the proposition that resistance to change is greater when the felt need for 

change is low (Zaltman and Duncan 1977; Greiner 1967). The model postulates that 

the perceived need for change positively impacts DSS utihzation. There must be on the 

part of the user the perceived need for the advocated change before resistance to change 

is overcome and a DSS is utihzed to its fiiUest capacity or in proper ways. Empirical 

results from technological innovation research have supported the positive association 

between the perceived need for change and the adoption of certain types of the 

technological innovation (Rogers and Shoemaker 1971). 

A felt need for change represents a state of dissatisfaction or fiiisttation (Rogers and 

Shoemaker 1971). The model postulates that a felt need for change develops when the 

user leams that his present performance is discrepant from what he ought to do. User 

recognition of the performance gap generates dissatisfaction and increased search for 

altemative behaviors (Downs 1966). 

Empkical evidence supports that resistance to change during planned change is 

associated with a lack of the perceived need for change on the part of organization 

members, and that the lack of the perceived need for change is often a result of failing to 

involve organization members in the problem diagnosis (Greiner 1967; Watson 1971). 

A major imphcation to be drawn from these studies is that an important requkement for 

the DSS design and implementation metiiodology is to faciUtate user recognition of tiie 

performance gap by providing the necessary tools to diagnose a problem. 
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User Involvement in Problem Finding/Diagnosis 

A great deal of the Uterature on planned organizational change has sttessed the 

importance of participation of subordinates in problem finding and diagnosis activities. 

It asserts that participation leads to greater clarity about the rationale for planned 

organizational change, and clarity is necessaty for successful implementation of planned 

organizational change (Anderson 1964; Gale 1967; Zaltman and Duncan 1977). 

SimUarly, research on technological innovation argues that understanding the rationale 

for adopting technological innovation results from participation, which reduces initial 

resistance and faciUtates adoption (Argyle 1967; OUver 1965; Peterson 1966; Zaltman 

and Duncan 1977). 

Research in planned organizational change and technological innovations link a 

positive association between subordinate participation in problem finding/diagnosis and 

resultant cognitive leaming. In conttast, DSS research has precribed user involvement 

in the design to reduce resistance to change and increase system acceptance during the 

DSS implementation process (Lucas 1974; Powers and Dickson 1973; Baronas and 

Louis 1988; Ives and Olson 1984). 

Despite the wide consensus on the postulated link, a variety of propositions have 

been offered to explain the mediating role of user involvement in reducing the problem 

of implementation faUiue. A review of user involvement research (Ives and Olson 

1984) finds only mixed empirical results for the postulated link. Ives and Olson (1984) 

have noted two major problems with user involvement research. Fkst, the widely 

postiUated relationships between user involvement and system utiUzation have not been 

grounded in theories. Second, cognitive and motivational factors underlying the 

relationships have been ignored as intervening variables. 
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A major impUcation drawn from planned change research and technological 

innovation research is that user participation in the problem diagnosis is a necessary 

condition for user-cognitive leaming to occur especiaUy when the user does not 

perceive a problem with his role performance, hence nol recognizing the need for 

change (Susman 1981; Rogers 1983; Zalttnan and Duncan 1977; Schein 1961; Greiner 

1967). The problem diagnosis produces the rationale for developing a DSS. It 

precedes temporaUy the design of DSS features in the DSS design and implementation 

methodology. It was noted in Chapter n that problem diagnosis has been performed 

exclusively by the DSS designer in extant DSS design and implementation 

methodologies. 

In research in DSS implementation, StabeU (1975) sttongly asserts that the user 

must participate in problem finding and diagnosis activities at the beginning of DSS 

development He does not suggest user involvement in the design. Stabell argues that 

user involvement in problem finding/diagnosis facihtates the user in understanding the 

rationale for the proposed change. Thus, the model postulates that user-cognitive 

leaming is positively affected by user involvement in problem finding/diagnosis rather 

than in the design. It is plausible that user-cognitive leaming may influence the degree 

of user involvement in the design. 

User-Leaming Approach to DSS Implementation 

The user-leaming approach is based on practical imphcations derived from the 

user-leaming model of DSS unplementation. It emphasizes the role of user-cognitive 

leaming during the DSS implementation process in resolving resistance to change and 

in motivating DSS utihzation. 
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1. Successful DSS implementation requkes the designer to dkect his focus toward 

identifying and resolving resistance to change during the DSS unplementation process. 

Resistance to change is an observable user behavior to maintain the status quo (i.e., the 

existing decision-making process) in the face of the pressure to change it (i.e., authority 

decisions to implement DSS technology). This behavioral attention to resistance to 

change is important because it dkectiy and negatively impacts DSS utUization. The 

greater resistance to change intended users display at the onset of the implementation 

process, the less likely they accept and use the proposed DSS technology when it is 

installed. 

2. In order to resolve resistance to change observed among the intended users, the 

designer must faciUtate user-cognitive leaming during the implementation process. It is 

because user-cognitive learning directiy and positively affects DSS utUization. The 

greater user-cognitive leaming intended users attain, the more lUcely they 

3. The management of resistance to change requkes educative tools that faciUtate 

user-cognitive leaming; As was discussed in Chapter n, extant DSS design and 

implementation methodologies Q-aditionaUy support designer leaming but neglect 

user-cognitive leaming. The user-leaming-based DSS implementation methodology 

supports user leaming because it is important for systems implementation success 

(Churchman and Schainblatt 1965) and planned change success (Schem 1961). 

4. The educative tools support user participation in problem finding and problem 

diagnosis; 

5. The greater the discrepancy between tiie heterophUous pak's perceptions conceming 

the existence of performance gap, ks underlying causes, and the need for and nature of 

change, the greater resistance to change and hence tiie more desirable to facUitate 

user-cognitive leaming; 
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6. The greater the discrepancy between the existing information processing and 

decision making process and the proposed change implied by DSS, the greater 

resistance to change and hence the more deskable to facihtate user-cognitive leaming; 

7. The user-leaming-based DSS implementation methodology is needed to facihtate 

user-cognitive leaming. 

The concept of the performance gap was defined by Downs (1966) and March and 

Simon (1958) and strongly implied in behavioral theoty (Churchman and Schainblatt 

1965; Schein 1961). Figure 4.2 depicts the recognition of the performance gap by 

senior managers as a major thmst for DSS implementation. Senior managers perceive 

the performance gap of thek subordinates. The perceived performance gap by senior 

managers generates an increased search for altematives. The search often ends with the 

decision to develop a specific DSS to close the performance gap. The DSS designer is 

often contracted by the senior noanagers to lead the DSS project 

DSS technology is buUt to improve the subordinates' decision-making process. 

Thus, its utihzation impUes a substantial degree of change required of the subordinates. 

If they are motivated to change the decision-making process, they are likely to use DSS. 

However, a major chaUenge to the DSS designer is resistance to change by the intended 

users who do not recognize the performance gap and who do not recognize the need to 

use DSS. As discussed in Section 3, resistance to change is associated with failure to 

use DSS (DSS implementation faUure). 

It suggests the need to manage or conttol the process variables in order to reahze 

DSS implementation success. It imderscores tiie importance of adequately managing 

resistance to change and effectively facihtating user cogitive leaming during the DSS 

implementation process. 
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Recognition by Senior Manayers of the 
Performance Gap of Subordinates 

Search RIternatiues 

Decision by Senior Manayers to Deuelop 
a Specific DSS to Close the Gap 

Figure 4.2 A Major Impetus for DSS Implementation 



117 

The user-leaming approach suggests that the process variables identified in the 

model must be managed or controUed in order to reahze DSS implementation success. 

Therefore, it is necessaty to provide the DSS designer with a methodology for 

managing the DSS implementation process. 

DSS Implementation Steps 

Figure 4.3 depicts a set of DSS implementation steps. These nine steps are 

necessaty to manage behavioral aspects of DSS implementation. The fkst three steps 

are geared toward designer leaming. Analysis of user performance gap, analysis of 

user receptivity to change, and development of a specific KULSS constitute the fkst 

three general activities. These activities are performed by the DSS designer to facUitate 

designer leaming. 

The fourth step, user leaming with KULSS, faciUtates user-cognitive leaming. 

User-cognitive leaming is supported by a knowledge-based educative tool. It guides 

the intended DSS users who are resistant to the proposed DSS in evaluating thek 

performance vis-a-vis a normative model. User-learning sessions with a specific 

KULSS help them perform problem finding/diagnosis. DSS utUization and user 

performance improvement are outcome measures that arc widely recognized as 

measures of DSS implementation success. They are observed and measured in the last 

two steps of the methodology. User performance improvement is predicated on DSS 

utiUization. In tum, DSS utUization is predicated on successful user-cognitive leaming 

at the fourth step, because user-cognitive leaming reduces resistance to change 

observed at the second step. User-cognitive leaming also promotes intended DSS users 

to actively participate in the design activities at the fiftii step. 
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Rnalysis of User Performance Gap 

I Chanye Specification 

Rnalysis of User Receptiuity to Chanye 

I Resistance to Chanye 

Deuelopment of a Specific KULSS 

I 
User Coynitiue Learning luith KULSS 

User Inuoluement in DSS Functional Specifications 

I Perceiued Need for Chanye 

Desiyniny and Buildiny DSS 

DSS Implementation and UserTraininy 

I 
DSS Utilization 

I 
Eualuation of User Performance 

Figure 4.3 A Set of DSS Implementation Steps 
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The designmg and building DSS step and tiie unplementation of DSS step are 

conducive to increasing DSS usabUity. In tiie foUowing section, each step is defined 

and explained. 

Analysis of User Performance Gap 

The designer is conttacted by senior managers to improve how the intended users' 

decisions are made by buUding a specific DSS. The fkst step is to investigate if the 

intended users' decision-making process shows the performance gap. If the 

performance gap is found, the designer needs to specify the planned change. The major 

objective of the analysis of user performance gap step is problem finding and change 

specifications. 

The problem finding and change specifications objective is consistent with extant 

DSS methodologies. The anaysis of user performance gap step is analogus to the 

decision system analysis and problem finding step (Gerrity 1971) and the diagnosis and 

specification of changes in decision-making step (Stabell 1983). Gerrity's and StabeU's 

methodologies were discussed in detaU in Chapter n. 

Analysis of User Receptivity to Change 

At the previous step the designer specifies the proposed planned change that is 

required to close the performance gap. The major objective of this step is to investigate 

the intended users' readiness to the the proposed change. The designer employs 

interviews and questionnaires to determine if they recognize the need to improve thek 

decision-making process and if they are likely to resist the proposed DSS. 
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If the intended users are receptive to the proposed DSS as a means for improving 

thek decision-making process, the designer may proceed to the fifth step, user 

involvement in functional specifications for DSS. 

Development of a Specific KULSS 

If the intended users do not recognize the need for change and are resistant to the 

proposed DSS, the designer needs to buUd a specific knowledge-based user-leaming 

support system (KULSS). 

A generic architectural model of KULSS is described in detaU in Chapter V. It 

provides the designer with a conceptual basis for buUding a specific KULSS. The 

major puipose of KULSS is to help the intended users recognize the existing 

performance gap and help them develop a felt need for change by showing a better 

method of performing the decision task. Thus, target users are these intended DSS 

users who are judged by the DSS designer as having httie or no perceived need for the 

proposed DSS (change) at the analysis of user receptivity to change step. They are not 

likely to use DSS to change the status quo without cognitive leaming. 

Costs of building the specific KULSS must be weighed against costs of DSS 

implementation faUure that occurs when the intended users are resistant to the proposed 

change and consequentiy faU to use DSS fimctions. A major cost reduction is achieved 

by selecting a DSS designer who has knowledge of tiie decision domain and by using 

expert systems sheUs and programming tools that reduce development costs. 

User Leaming Witii KULSS 

Once tiie specific KULSS is buUt, tiie intended DSS user can participate in a smgle 

or a series of cognitive leaming sessions with tiie specific KULSS. A primaty 
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objective is to help tiie individual DSS user to make a diagnosis of his decision-making 

process vis-a-vis the normative decision-making process that underhes the proposed 

DSS. Expected outcomes of user-cognitive leaming are the intended DSS users' 

recognition for change and motivation to use the proposed DSS functions for improvmg 

thek decisions. 

The intended DSS users leam thek performance gap and consequently develop a felt 

need for improving thek decision-making process. They also develop an imderstanding 

of the normative model that underUes the proposed DSS. In other words, they 

understand the rationale for building the proposed DSS and the normative model of 

decision-making process that is selected by the designer as an underlying design model 

for the proposed DSS. User-cognitive leaming of this nature is imperative for realizing 

systems implementation success (Churchman and Schainblatt 1965) and for reahzing 

planned change (Schein 1961). 

The intended user's felt need for change and motivation to use the proposed DSS 

functions has a negative effect on resistance to change and a positive effect on DSS 

utilization. DSS implementation success is not realized without DSS utihzation by the 

intended DSS users. 

This step distinguishes the user-leaming-based DSS implementation methodology 

from extant DSS design and implementation methodologies. The former provides a 

theoretical basis and an educational tool for supporting user-cognitive leammg. 

User Involvement in DSS Functional Specifications 

In tills step tiie mtended DSS users actively engage in dialogue witii tiie designer in 

specifying functional requirements of the proposed DSS. Active user involvement in 

tiie design of a specific DSS is reahzed only if tiie designer successfuUy facUitates 
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user-cognitive leaming at the previous step. The mtended DSS users cannot 

substantiaUy contribute to functional specifications witiiout tiiek felt need for change 

and understanding the nature of the proposed change. 

As discussed in Chapter H, user involvement m the design of DSS has been widely 

prescribed as a most effective remedy for DSS implementation faUure, but tiiat k has 

mixed results. Cognitive and motivational factors that were ignored in user 

involvement research are recentiy postulated to mediate between user involvement in the 

design and DSS implementation success (Ives and Olson 1984; Baronas and Louis 

1988). 

The user-leaming-based DSS implementation methodology incorporates the above 

major finding from user involvement research. It faciUtates user-cognitive leaming, a 

cognitive and motivational factor that mediates user active involvement in the design and 

DSS utihzation, a measure of DSS implementation success. 

Designing and BuUding DSS 

This step involves the designer as a primaty actor m developing the conceptual 

design of the DSS and in writing and debugging programs. 

User involvement is limited to providing feedback on the software being developed. 

User feedback may require the designer and the users to iterate to the previous step for 

changing the functional requirements specification. 

Implementation of DSS 

The specific DSS is now instaUed in tiie organization. The designer is responsible 

for providing tiie organization witii a complete documentation of tiie instaUed system 
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(i.e., user manuals and tutorials). He also provides user ttaining (i.e., how to use the 

DSS functions) to increase usabUity of the DSS. 

DSS Utihzation 

At the previous step the intended users become famiUar with the DSS functions. 

The designer encourages them to acmally use the DSS functions in thek decision 

situation. If new users come on board they should be encouraged to use the KULSS 

for learning the rationale for using the DSS functions and leaming the normative 

decision-making process that the DSS supports in thek decision situation. 

SuccessfiU utihzation of the designed DSS functions provides the designer with a 

measure of DSS implementation success. Iteration back to the user learning with 

KULSS step is required for those users who are reluctant to use the DSS functions in 

thek decision situation if the designer rales out usabiUty (or lack thereof) as the major 

reason. 

Evaluation of User Performance 

DSS UtUization is widely adopted as a measure of DSS implementation success 

because of difficulty of evaluating user decision performance. However, it is 

imperative to evaluate if the DSS users have improved thek decision-making process 

because the DSS is developed to close the performance gap in a specific decision 

situation. The designer needs to involve the senior managers and the user 

representatives in analyzing indicators of user performance. 
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Boundaries of the Implementation Metiiodology 

Extant DSS design and implementation methodologies are developed from a 

technological perspective and consequentiy dkect thek focus on the technical design 

issues. As a result, they do not address the behavioral problem of DSS 

implementation. The user-leaming-based DSS implementation methodology is 

developed from cognitive and motivational perspectives to address the behavioral 

problem of DSS implementation. 

There are three major premises that are unportant to the user-leaming-based DSS 

implementation methodology: (1) DSS are developed to close the performance gap that 

exists among the intended DSS users; (2) The senior managers recognize the need to 

improve the performance of the intended DSS users; but (3) The intended DSS users 

do not have a felt need for change and hence do not recognize the need to use the 

proposed DSS. 

The first premise suggests that DSS inttoduce substantial change in order to improve 

the performance. The second premise indicates top management support for the DSS 

project. The thkd premise suggests the potential of user resistance to change. The 

user-leaming-based DSS implementation methodology is not appropriate if these 

premises are not held. 

Fkst, as discussed ki Chapter H, DSS are developed primarUy from one of the two 

design perspectives: cognitive style perspective and change perspective. The former 

supports existing cogrutive styles, thus extant information processing and decision

making process. Because DSS remforce existing cognitive styles, substantial change is 

not requked. Consequentiy, DSS users' resistance to change is limited to resistance 

that is expected when manual procedures are computerized. The designer can overcome 

resistance by increasing the usabUity of the proposed DSS and demonsttating its 
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efficiency. Here user-cognitive leammg does not play a critical role m DSS 

implementation, because the intended users are not expected to change thek decision

making process. 

In contrast, the latter intends to change or extend extant information processing and 

decision-making process. As was discussed in Chapter II, the proposed DSS often 

generates resistance to use the DSS functions that are designed to improve the 

information processing and decision-making process. Because people are resistant to 

change until they recognize the need for change, user-cognitive learning plays a critical 

role in DSS implementation. 

Second, without the senior managers' insight of and commitment to improve the 

performance gap among the intended users, there is not strong top mangement support. 

Without top mangement support the planned organizational change cannot succeed. 

Third, if the intended DSS users recognize thek performance gap and are motivated 

to use the proposed DSS the user-leaming-based DSS implementation methodology is 

not needed. 

The user-leaming-based DSS implementation methodology is preferred if the 

proposed DSS imply a substantial degree of change, and the proposed DSS is 

sanctioned by senior managers as a means to close the performance gap, and the 

intended users are resistant (or apprehensive) to use the proposed DSS. 

Conclusions 

This chapter has described tiie user-leaming-based DSS implementation 

methodology. It consists of a user-leaming model of DSS implementation (theoty), a 

user-leaming approach to the behavioral problem of DSS implementation (practical 
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impUcations), a set of steps for managing tiie behavioral problem (method), and a 

generic architectural model of KULSS (knowledge-based tool). 

The user-leaming-based DSS unplementation methodology underscores the 

importance of supportmg ussr-cognitive leammg in conttiast to designer leaming of tiie 

user's performance gap. User cogitive leaming occurs as a result of user participation 

in problem diagnosis at the beginning of DSS development process. The model 

emphasizes user participation in problem diagnosis in contrast to user involvement in 

the design of a DSS. 

User-cogrutive leaming refers to cognitive learning about the existing performance 

gap and its underlying reasons and about the rationale for change by members of the 

intended user group. User recognition of the need for change is a necessaty condition 

for developing a felt need for the proposed DSS and leading to DSS utihzation. 

User-cognitive leaming is distinguished from what is coined as "user ttaining" 

(Fuerst and Cheney 1982; Gmzberg 1978; Markus 1984; Sanders and Courtney 1985) 

in MIS Uterature. User training, such as operations training and task context training 

(Ginzberg 1978), increases usabUity of DSS, but does not reduce resistance to change 

or develop a felt need for tiie proposed DSS (MiUer 1984). 

The major knplication drawn from the user-leaming model is that user leaming must 

be faciUtated to manage resistance to change, which is a major cause of DSS 

unplementation failure. The user-leaming-based DSS unplementation metiiodology is 

then developed to provide the designer witii steps for eidier conttolmg or managing tiie 

process variables during the course of DSS implementation. 

The user-leaming-based DSS implementation metiiodology differs from extant DSS 

design and implementation metiiodologies in two major aspects. Fkst, k exphcitiy 

supports user-cognitive leaming of tiie performance gap and of tiie need for change. 
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User leaming thus enables tiie mtended users to understand the need for knprovmg thek 

decision-making process and tiie role of the proposed DSS in closing the performance 

gap. Second, tiie methodology is aided by KULSS, a knowledge-based educative tool 

tiiat draws from AI research. A generic architectural model of KULSS wUl be 

described in Chapter V. 

The basic premise of the model is that resistance to change presents a major barrier 

for DSS unplementation success. Resistance to change negatively affects DSS 

utihzation, which is a behavioral measure of DSS implementation success. The greater 

resistance to change the intended DSS user displays at the beginning of DSS 

development, the less propensity he has toward DSS utihzation after DSS 

implementation. 

User-cognitive learning, defined as the recognition of the performance gap and the 

development of a perceived need for change, is negatively correlated with resistance to 

change and positively affects DSS utilization. The greater user-cognitive leaming at the 

beginning of DSS development, the less resistance to the proposed change and the 

greater propensity toward DSS utilization after DSS implementation. 

A major impUcation to be drawn from the theoretical model is that the propensity for 

DSS UtUization can be increased by supporting user-cognitive-leaming strategies. A 

user-leaming approach to manage the DSS implementation process is based upon this 

major knplication. It dkects its focus at tiie critical role of user-cognitive leaming at the 

begmning of DSS development The otiier imphcation to be drawn from the theoretical 

model is tiiat research is needed to identify and develop educative tools that support tiie 

leaming strategies. 

As discussed in Chapter IV, tiie intended DSS users often faU to recognize tiie 

existing performance gap. Consequentiy, tiiey do not have tiie felt need to use DSS tiiat 
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are built to close the performance gap. Thus, DSS technology is imused because they 

maintain the existmg decision-making process. This resistance to change gives rise to 

DSS implementation failure. The user-leaming-based DSS implementation 

methodology suggests that KULSS are used by those intended DSS users to overcome 

resistance to change and leam the rationale for the proposed DSS. 



CHAPTER V 

A GENERIC ARCHITECTURAL MODEL OF KULSS 

Inttoduction 

The previous chapter described the three components of tiie user-leammg-based 

DSS unplementation methodology. The methodology is buUt upon the premise tiiat the 

implementation process variables, especially resistance to change and 

user-cognitive-leaming affect DSS utihzation. It emphasizes the importance of the 

user-cognitive-leaming step for intended DSS users who do not have a felt need for 

change. 

Knowledge-based user-leaming support systems (KULSS) are tools identified in the 

research for supporting the user-cognitive-leaming step. KULSS are used at the onset 

of the DSS implementation process by intended DSS users who do not recognize the 

need for change and hence are resistant to the proposed DSS technology. 

The user-leaming-based DSS implementation methodology caUs for building 

specific KULSS for supporting the user-cognitive-leaming step. The methodology 

includes a generic architectural model of KULSS that provides the designer with a 

conceptual guide to buUding specific KULSS. 

This chapter describes the generic architectural model of KULSS. Figure 5.1 

depicts major sources of influence on the derivation of the KULSS generic architectural 

model. The model is derived by specifying a set of KULSS requkements. A set of 

functional requkements needs be determined to effectively design computer-based 

systems. Research in tiie critiquing model of knowledge-based expert systems (MUler 

1982; Langlotz and Shortiiffe 1983; Coombs and Alty 1984) suggests tiiat 
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knowledge-based expert systems technology ttansfer may be feasible for supporting the 

KULSS requkements. 

KULSS requkements are logicaUy derived to support the concept of user-cognitive 

leaming identified in Chapter IV. User-cognitive leaming has two major components: 

leaming strategies and learning modes/media, which draw from research in cognitive 

leaming (Burris 1976). The operationahzation of leaming strategies and leaming 

modes/media provides goals of leammg and means for facihtating leaming respectively. 

The remainder of this chapter is divided into five sections. Section 2 describes the 

user-cognitive-leaming goals and means operationalized in the research. Section 3 

discusses the requirements for KULSS. Section 4 describes the generic architectural 

model of KULSS to support the requirements discussed in Section 3. Section 5 

discusses conclusions of this chapter. 

User-Cognitive-Leaming Concept 

KULSS requirements were derived in this research to support the concept of 

user-cognitive leaming discussed in Chapter IV. The concept was operationahzed to 

identify both the goals of user-cognitive leaming and a means by which these goals are 

attained. This section presents a discussion of user-cognitive-leammg goals and a 

means for attaining these goals. 

Goals of User-Cognitive Leaming 

Cognitive leaming sttategies suggest goals of cognitive leaming (Burris 1976). 

User-cognitive-leaming sttategies are operationahzed tiu-ough tiie concept of tiie 

performance gap. It was formaUy defined by March and Simon (1958) and Downs 
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(1966) and was sttongly implied in tiie tiieoty of implementation (Churchman and 

Schainblatt 1965) and tiie process theoty of change (Schem 1961). The existmg 

performance gap is defined as a significant discrepancy between tiie actual role 

performance and a desked role performance (Downs 1966). Previous research has 

suggested that because of his information processmg limitations, the manager 

constracts a model that is a simplified representation of his task enviomment (March 

and Simon 1958; Norman 1983). 

The three goals were identified in Chapter FV by operationahzing user-cognitive-

leaming sttategies through the concept of the user performance gap. Figure 5.2 depicts 

these goals and expected outputs. The three goals are by no means mutuaUy 

independent 

The first goal of user-cognitive leaming is to determine whether or not the user 

performance gap exists and is problem finding in nature. The user decision 

performance (product) and underlying decision process are evaluated vis-a-vis criteria 

selected by significant others (i.e., senior managers and/or an expert). The 

performance gap exists if user decision performance significantiy deviates from 

expectations of significant others. The identification of differences is a major output of 

user-cognitive leaming. 

The second goal is to develop an understanding of underlying reasons for the 

existmg gap. The differences presented by tiie fkst goal force tiie user to reexamine 

extant decision process. The recognition of tiie performance gap is a major output of 

user-cognitive leaming. 

The tiikd goal is to develop an understanding of tiie nattire of tiie change requked to 

close tiie gap. The performance gap recognized by tiie user presents tiie rationale for 
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leammg about tiie nature of the desked change. The perceived need for change tiiat 

results from user-cognitive leaming represents a state of dissatisfaction or frasttation 

(Rogers 1983). The user develops the perceived need for change as a result of leaming 

about the differences (the fkst goal), tiie underlying reasons (the second goal), and a 

better metiiod tiiat exists for performing tiie decision task (the tiikd goal) (Rogers and 

Shoemaker 1971). 

The user-leaming-based DSS implementation methodology postulates that 

user-cognitive leaming is effective in resolving resistance to change and facihtating DSS 

utilization. The perceived need for change resulting from user-cognitive leaming 

provides a driving force for understanding tiie rationale for die proposed DSS 

technology and developmg user readiness to use DSS fimctions that are designed to 

close the performance gap. 

Means for Attaining User-Cognitive Leaming 

Leaming modes/media suggest means for attaining cognitive leaming (Burris 1976). 

The operationalization of user-cognitive-leaming modes/media is not independent from 

the operationalized user-cognitive-leaming strategies. The operationalized user-

cognitive-leaming modes/media must suggest a means for facihtating the resistant user 

to develop the perceived need for change. The three goals of user-cognitive leaming 

discussed above require cognitive restracturing on the part of the user who is resistant 

to the proposed DSS technology. 

The dialectical process of Hegelian inquity systems is an effective means for 

facUitatmg cognitive resttncttmng (Churchman 1966). Empkical evidence shows tiiat 

the dialectical process was conducive to have tiie manager recognize his narrow view of 
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the decision sittiation and hence improve tiie iU-stracttu-ed decision-making process in 

plannmg (Mason 1969) and systems analysis (Boland 1978). 

In this research, tiierefore, user-cognitive-leaming modes/media were 

operationahzed through the dialectical process. The major elements involved in the 

dialectical process are identified by integrating the two independent studies that are buUt 

on HegeUan inquity systems (Mason 1969; Boland 1978). 

Figure 5.3 depicts a means for accommodating tiie goals of user-cognitive leammg. 

The foUowing elements are saUent to facihtate the user-cognitive-leaming goals: two 

dialectical world views (models) of a decision task, objective data in the decision task 

envkonment, and a stractured debate between the two world views. 

Dialectical World Views 

A world view is a way to look at reaUty in HegeUan dialectical inquity 

systeins(Churchman 1971). It represents the individual's assumptions about the 

decision situation. It is simUar to the concept of mental models (Norman 1983) because 

it simplifies and guides otherwise the compUcated and iU-sttiictured decision task in the 

organization, and hence provides the individual with cognitive economy. 

The user and the designer hold different world views of the decision task when the 

user is resistant to the proposed DSS at the onset of DSS implementation. Resistance to 

change is an attempt to maintain the status quo in the face of the organizational pressure 

to change. DSS are designed to close the users' performance gap. However, as 

discussed in Chapter IV, tiie user's knowledge sttiicttu-e and selective perception and 

memoty contribute to user resistance to change. The user is resistant to the proposed 

DSS technology because he is not convinced diat he has the performance gap. 
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In other words, tiie user has a stattis quo poUcy (the thesis) in which the existing 

decision-making process is considered satisficing and hence DSS utihzation is not 

perceived necessaty. A world view of the user and the objective data mterpreted under 

his world view provide the evidence for the status quo poUcy. A world view of tiie 

user is an actual way he looks at the decision task. It is often a narrow view, because it 

is derived from his ideosyncratic experiences with the decision task. 

In contrast, the designer, an expert, is hired for his abUity to solve the performance 

gap problem. DSS are designed to close the users' performance gap. As discussed in 

Chapter n, he plays the change agent role when systems are designed to effect changes 

to the stams quo (Huber 1983; Simon 1985; Churchman 1968). Thus, the designer 

holds a different world view that supports a change pohcy (the antithesis) in which DSS 

technology is considered necessaty to support an altemative decision-making process 

and to close the performance gap. The world view of the designer and objective data 

interpreted under his world view provide the evidence for the change poUcy. 

The world view of the designer is a normative (prescriptive) way to look at the 

decision task. It is generaUy derived from the designer's knowledge of an extant 

conceptual model of the decision task. The conceptual model (i.e., the portfoUo theoty) 

is often developed by academics to demonstrate a better method for performing the 

decision task (Norman 1983). In DSS design research, tiie concepttial model selected 

by the designer provides tiie underlying logic for designing DSS functions (Keen and 

Gambino 1983; Gerrity 1971). 
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Objective Data 

Objective data are generated in tiie decision task envkonment. Botii tiie stattis quo 

pohcy and the change policy are constucted from the same data base. Objective data are 

interpreted by the two world views to support either the status quo pohcy or the change 

pohcy described above. 

As discussed, a world view is a way each individual looks at the decision task. In 

other words, it consists of assumptions made by the individual about the decision task. 

The dialectical process enables an examination of each world view (i.e., is it sound and 

complete?) in a stractured debate. 

Sttnchired Debate 

At the onset of the DSS implementation process, the designer wants to convince the 

users who arc resistant to the proposed DSS technology that they have a performance 

gap and need to use DSS to close the gap. In contrast, the users believe they do not 

have a performance gap and hence have no need for change. In such DSS 

implementation situations, user-cognitive learrung is imperative to resolve resistance to 

change, which leads to unused DSS technology unless the behavioral problem is 

resolved. 

DeUberate cognitive leaming (cognitive restt^icturing) on the part of the manager is 

necessaty to improve managerial decision performance, and the dialectical process was 

found effective for cognitive leaming (Mason 1969; Boland 1978). The dialectical 

process consists of a sttucttired debate between two conttasting world views. It 

exposes invalid assumptions about tiie decision task and hence facUitates cognitive 
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leammg (a synthesis) ki which a narrow view of the decision task is expanded into a 

more global perspective. 

The sttnictured debate proceeds in two steps. First, two conttasting world views 

(models) must be identified. The designer states his conceptual model of the decision 

situation and then interprets each objective datum to show supporting evidence for the 

change policy and evidence against the status quo policy. The user does the same, 

except showing each datum as evidence for the stams quo policy and evidence against 

the change poUcy. 

Second, the two world views must be contrasted to expose invahd or hidden 

assumptions that are not supported by any data. The user, as a result of his exposure to 

a stmctured debate, leams about differences between the two models, and recognizes 

the deficiency in his model as an underlying reason for the performance gap. The user 

may be able to integrate the two conttrasting models and form a new and extended model 

of the situation (the synthesis). 

KULSS Requkements 

The previous section discussed the operationalization of the user-cognitive-leaming 

modes/media through tiie dialectical process underlying HegeUan inquity systems. The 

operationalization was necessaty to support the user-cognitive-leaming goals. The 

user-cognitive-leaming goals were operationahzed by primarily drawing from 

behavioral tiieories (Schein 1961; Churchman and Schainblatt 1965). This section 

describes a set of KULSS requkements derived to support tiie user-cognitive-leaming 

modes/media operationahzed in tiie previous section. The section shows tiiat tiie 
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requkements rest on firm grounds and are sound and vahd. This is done by showing 

that the requkements are consistent witii research in the related fields. 

Data Base Requirement 

KULSS must have an abiUty to provide the same set of objective data necessary to 

support the dialectical process. This requkement is derived to support the objective daa 

component discussed in the previous section. 

User Model Requirement 

KULSS must have an abUity to support the first phase of the stractured debate 

component discussed in the previous section. The user model requkement and tibie 

designer model requirement together support the stractured debate conapcfoeDL T:s 

dialectical process begins with the identification of contrasting models of a dmacxn 

situation. Two contrasting models of the user and the designer are relevant in DSS 

implementation situations in which user resistance to change is obser% ed by the 

designer and/or senior managers at the onset of the DSS implementation paxjcess. 

KULSS must have an abiUty to identify and model the individual users world vk ^ oc 

the decision task. It is because the user model of the decision task guides llie selecirc 

and the interpretation of objective data in the decision task (Norman 1983; Ycj-ig 

1981). A narrow world view or a deficient user model thus leads to subqptimal 

decisions. 

Suppose the designer has identified N mtended DSS users who are noi recepioivc to 

the proposed DSS technology. This results from the analysis of userrecepmiEy to 

change step of tiie user-leaming-based DSS implementtition metiiodolog;. TItie 
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research asserts that each of tiiese users must be given an opportunity to reexamine his 

model of tiie decision task. Let Uj designates a descriptive model of tiie decision task 

held by the user j , where i ranges from 1 to n. For N users tiien KULSS need to 

identify and model a set of U ,̂ U2, U3,...., U^, U .̂ 

Designer Model Requkement 

KULSS must have an abUity to identify and demonsttate the designer model of the 

decision task. This requirement is derived to support the fkst phase of the stractured 

debate component discussed in the previous section. As discussed, the designer model 

is vety often a conceptual model of the decision task in existence. This assertion is 

supported by research ki the MIS field (Keen and Gambmo 1983; Gerrity 1971; Sage 

1981). The conceptual model represents an altemative decision-making process 

postulated to close the performance gap. It provides the underlying logic of the 

proposed DSS technology design. Thus, whether DSS implementation is led by a 

single designer or a team of designers, a single designer model is in existence. Let D 

designates the concepmal model of the designer. KULSS need to identify and 

demonstrate D. 

Critique Requirement 

KULSS must have an abUity to critique tiie user model. This requkement is derived 

to support tiie second phase of tiie stmcttired debate discussed in tiie previous section. 

User-cognitive leaming such as recognition of tiie performance gap requkes tiie user to 

understand tiie deficiency of his model of tiie decision task and resttiicttire his 



142 

knowledge sttiicture. User-cognitive leaming is facUitated in the dialectical process. 

As discussed the dialectical process proceeds in two steps. The user requkement and 

the designer requkement are related in the first step by identifying contrasting models of 

the decision task. The second step involves comparing these models to highhght 

differences. The critique requkement is related to the second step of the dialectical 

process. 

KULSS must have an abUity to contrast the user model and the designer model. For 

each of N resistant users, KULSS generate a critique by conttasting these models. For 

the user j KULSS generates a critique that identifies significant differences in decision 

products (outputs) of Uj and D. The critique also identifies significant differences in 

the underlying decision processes of Uj and D. 

A critique provides corrective feedback to show the divergence of the user model 

from the conceptual model. A deficient model is mcomplete and hence provides a 

narrow or biased view of the decision task (Norman 1983). In conttast, a conceptual 

model is often grounded in theoty and hence provides a global view. A critique enables 

the user to reexamine his model and expose the underlying hidden assumptions. This 

self reflection in the dialectical process facihtates user recognition of the performance 

gap. The user's recognition of his performance deficiency provides a major motivating 

force for developing a feU need for the proposed DSS. 

A critique also enables tiie user to scratinize tiie designer model for leammg a global 

and exanded view. The designer model shows what a better decision-makkig process 

ought to be. An understandmg of tiie designer model in tiie dialectical process provides 

an impettis for developing tiie perceived need for change. As discussed, tiie perceived 
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need for change (user-cognitive leaming) is knperative for DSS utUization to occur at a 

later point in tune during tiie implementation process. 

Theoretical Justifications 

The previous section described a set of KULSS requkements derived to support the 

concept of user-cogrutive leaming. This section presents a discussion of theoretical 

justifications for the derived requkements. The derivation of KULSS requkements 

rests on sound grounds for two reasons. Fkst, the operationahzation of the user-

cognitive-leaming concept was buUt on prior research and the requkements were 

logicaUy derived to support the concept Second, the derived requkements are logicaUy 

consistent with the desked systems capabihties that were identified in prior research, 

which are not currentiy available m the computCT-based systems pubhshed in the MIS 

field. 

As discussed, user-cognitive leaming has two major components: (1) user-

cognitive-leaming strategies (goals) and (2) user-cognitive-leammg modes/media 

(means). The user-cognitive-leaming concept was operationalized in two steps. Fkst, 

user-cognitive-leaming strategies (goals) were operationalized through the performance 

gap concept. It was defined by March and Simon (1958) and expanded by Downs 

(1966). Second, user-cognitive-leaming modes/media (means) were operationahzed 

through the concept of the dialectical process. It was explained in an exposition of 

Hegehan inquky systems (Churchman 1971) and apphed and empiricaUy tested m tiie 

planning decision sittiation (Mason 1969) and the systems analysis decision simation 

(Boland 1978). 
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Thus, the KULSS requkements derived draw from research in related fields. Figure 

5.4 depicts a mapping of KULSS requkements to the sahent components of tiie 

dialectical process discussed in the previous section. The data base requkement at left 

is necessaty to support the objective data component at right. The user model 

requkement and the designer model requkement at left are needed to support the 

contrastmg world views component and tiie sttuctured debate component at right 

FinaUy, the critique requirement at left is requked to support tiie sttncttired debate. 

Prior research in MIS field has suggested that research is needed to develop systems 

capabiUties. KULSS requirements derived are logicaUy consistent with these 

capabiUties identified by MIS researchers. 

Theoretical support exists for the user model requkement and the designer model 

requirement Sage (1981, p. 668) recognizes the research need to identify and develop 

the computer-based educative tools: 

There are formidable needs and issues to be resolved that are associated 
with the design of information processing and judgment aiding support 
systems They concem design of information systems that can 
effectively "train" people to adapt and use appropriate concrete operational 
heuristics in those environments in which inexperience dictates initial use 
of formal operational thought. 

He asserts that computer-based educative tools are required to overcome human 

cognitive hmitations. He identifies two sahent components: descriptive component and 

normative (prescriptive) component Descriptive components are necessaty to capture 

the manager's information processing and biases in the acquisition, analysis, and 

interpretation of data. They identify knowledge (cognitive) sttxicttu-e and decision rales 

actually used by managers. The user model requkement is consistent with the proposed 

descriptive component On tiie otiier hand, normative components are necessaty to 

provide means by which tiie manager's information processmg biases and poor 
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judgmental heuristics are corrected. The designer model requkement is consistent witii 

the proposed normative component SimUarly, Hammond (1974) recognizes tiie need 

to develop an effective communication interface between the user and the designer 

during the process of systems unplementation. EssentiaUy, all KULSS requkements 

are necessaty to provide a communication interface between the user and the designer. 

The user model requirement finds further theoretical support. Gony and Scott 

Morton (1971) suggests the research need to delineate a mechanism for eliciting an 

individual manager's view of the decision situation. There is further theoretical support 

for the user model requkement (Gony and Scott Morton 1971). The user model 

requkement provides such a mechanism. 

The designer model requirement and the critique requirement finds further tiieoretical 

support (Huber 1983; Libby 1981; StabeU 1975). StabeU in particular proposes tiiat a 

DSS methodology must show how the user's actual decision process differs from a 

normative decision process. Essentially, the designer model requkement and the 

critique requkement are consistent with StabeU's suggestion. 

Furthermore, the critique requkement finds empirical support. Empirical evidence in 

cognitive learning research and problem finding research also provide some justification 

for the critique requirement. In a multiple-cue probabUity leaming task envkonment, 

Hoffman and Earle (1981) found tiiat presentation of differences between tiie user's 

performance and that of the formal model improves leammg. In his model of the 

problem finding process. Pounds (1969) has proposed tiiat the identification of 

variances between tiie actual organization performance and a desked performance 

suggested by a normative model plays tiie critical role m organizational problem 

finding. 
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Despite the research needs recognized by MIS researchers above, to our best 

knowledge, generic architecttiral models have not been pubUshed m tiie MIS field to 

delineate these proposed capabihties. 

A Generic Architectural Model 

KULSS support the user-leaming-based DSS implementation methodology 

specifically at its user-cognitive-leaming step. User-cognitive leaming is necessaty 

when user resistance to change is observed at the onset of the DSS implementation 

process. 

The previous section presented a discussion of a set of KULSS requkements and its 

theoretical justifications. This section describes a generic architectural model of 

KULSS derived in the research to satisfy the requirements discussed above. This 

section first presents a set of generic functional commands requked of KULSS. It then 

describes system architecture necessaty to support the commands. 

Generic Functional Commands 

The set of KULSS functional commands derived is generic in nature. It supports 

user-cognitive leaming regardless of the specific decision simation in which DSS 

implementation takes place. The generic architecttiral model of KULSS is apphcable to 

different DSS implementation simations, because k is independent of tiie decision 

domain in which a specific DSS implementation takes place. 

Figure 5.5 depicts a mapping of KULSS requkements and a set of functional 

commands. KULSS provide a Present command supporting the objective data 

requkement KULSS provide a Model command corresponding to tiie user model 
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requkement. KULSS provide a Solve command satisfying the designer requkement. 

KULSS provide a CIritique command supporting the critique requkement 

Present 

The Present command supports the data base requkement discussed above. Case 

data are coUected from the user's decision task envkonment and stored in the data base. 

The Present command enables the user to retrieve a set of case data from the data base 

and display it on the screen. In case of the financial ratio analysis task, a set of case 

data includes tiie firm's accounting and financial data and computed ratios. The Present 

command thus supports the objective data requkement. 

This command enables the KULSS user to focus on his decision task. After the 

user examines the set of case data, he has two options to determine whether or not he 

has a performance gap. First, he can perform the decision task himself and receive a 

critique on his decisions and the model of the decision task that guides his decisions. 

Second, he can just observe the expert system perform the same decision task. The 

first option is accommodated by the Model command and the Critique command. The 

second option is accommodated by the Solve command. 

Model 

The Model command supports the user model requkement discussed above. The 

Model command enables tiie user to have an educational opportunity for examining his 

actual decision performance and his model of tiie decision task that guides actual 

performance. The Model command automaticaUy executes the Present command. 

Thus, tiie user is presented witii a set of case data displayed on the screen. The 
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problem-solving expert system component of KULSS is also provided witii the same 

set of case data. The Model command next prompts the user to perform the decision 

task using the case data presented. The Model command records the user's acmal 

decision performance, such as financial diagnosis of the firm, in the knowledge base. 

The Model command then attempts to identify the underlying user model of the decision 

task by quetying the user. The user model captured is recorded in the knowledge base. 

Once the user's actual decision performance and its underlying user model are captured 

and represented in the knowledge base, the Model command provides the user with two 

options to continue the leaming session. The fkst option is provided by the Solve 

command. The second option is supported by the Critique command. 

SQlvg 

The Solve command supports the designer model requkement discussed in the 

previous section. The Solve command is supported by the problem-solving expert 

system component of KULSS. The problem-solving expert system component 

performs the decision task using the case data presented. The problem-solving expert 

system component reasons empkicaUy with experiential knowledge extracted from the 

domam expert or reasons witii model-based knowledge derived from a conceptual 

model of tiie decision task. Hence, tiie Solve command demonstt^tes an expert 

reasoning or a model-based reasoning that can be assimUated by tiie user to knprove his 

acmal decision performance. 

The user can execute the Solve command witiiout executing the Model command. 

The Model command supports user leammg by doing, while tiie Solve command 

supports user leaming by observing. 
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Critique 

The Critique command supports the critique requkement derived in tiie previous 

section. The user can execute the critique command to receive a critique on his actual 

decision performance and its underlying user model. The critique command is 

supported by tiie critiquing expert system component of KULSS. The critiquing expert 

system component evaluates the user decision performance (decision outcome) vis-a-vis 

the expert decision performance or the model-based decision performance. It also 

evaluates the user reasoning (decision process) by comparing the user model of the 

decision task vis-a-vis the expert model or the normative model. 

The Critique command faciUtates the user to recognize the performance gap. The 

Model command captures acmal decision performance. The Solve command 

demonsttates desired decision performance. 

Systems Architecture 

A set of generic functional commands was discussed above. This section presents a 

generic system architecture necessaty to support the set of KULSS commands. Figure 

5.6 depicts the system architecture. It consists of user interface, problem-solving 

expert system, critiquing expert system, knowledge bases, and data base. 

User Interface 

The user mterface presents a menu of KULSS functional commands to the user and 

displays a set of objective data, a critique, and hues of reasoning taken by the problem 

solvmg expert system. There are unportant research issues on design of the user 
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interface (Shneiderman 1987), but the research was not concemed with effective design 

of the user interface. 

DataBase 

The data base stores objective data from the user's decision task envkonment. The 

Present command is executed against the data base, and enables the user to retrieve a set 

of objective data from the data base. 

The set of objective data constimtes a set of case data. The same set of case data is 

presented to the user as weU as to the problem-solving expert system. Case data are 

used in the KULSS envkonment to acquke and represent the user model of the decision 

task within the knowledge base. Decision tasks are performed for the purpose of 

strategic planning, management control, or operational control (Anthony 1965). An 

example of stt:ategic planning decisions is capitial budgeting analysis. An example of 

management control decisions is financial diagnosis. An example of operational conttol 

decisions is bond ttading decisions. In capital budgeting decision tasks, a set of case 

data includes requked rate of retum and various projections of future revenues and 

costs. In financial diagnostic decision tasks, financial data need to be interpreted to 

assess tiie financial state of the firm. In bond ttading decision tasks, a set of case data 

includes requked rates of retum and cash flow characteristics for each bond. 

The same set of case data is used by tiie problem-solving expert system to "solve" a 

specific decision task using tiie knowledge base tiiat mcludes tiie concepmal model of 

the decision task. 
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Problem-Solving Expert Svstem 

The Solve command is executed by the problem-solving expert system component 

of KULSS. The system uses case data as its input and produces the expert (or 

concepmal model-based) decision, using knowledge (i.e., facts, assertions, decision 

sttategies) stored in the knowledge base. 

The problem-solving expert system component of KULSS is concepmaUy sknUar to 

the problem-solving model of expert systems that represents a majority of expert 

systems developed to date (Coombs and Alty 1984). It is capable of simulating 

symboUcaUy and quaUtatively how an expert would perform the decision task using 

compUed knowledge (i.e., rales) acquired from the human expert Alternatively, it is 

capable of demonstrating how a decision task ought to be performed using model-based 

knowledge, such as an extant concepmal model of the decision task in the domain. The 

problem-solving expert system can be designed to provide explanations and 

justifications of the expert decision (Swartout 1981). 

The technical feasibUity of the problem-solving model of knowledge-based expert 

systems has been demonstrated in a variety of task domains in AI research (Buchanan 

1986). 

Critiquing Expert System 

The Model command and tiie Critique command are executed by tiie critiquing expert 

system component of KULSS. In tiie execution of tiie Model command the critiquing 

expert system automatically executes tiie Present command to present case data to the 

user. The user performs tiie decision task using tiie case data presented. The critiquing 

expert system tiien models tiie user model of tiie decision task. It initiates a dialog witii 
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tiie user to acquke tiie user decision and his underlying assumptions about tiie decision 

task (user model). The user decision and ks underlying user model of the decision task 

are represented m the knowledge base. 

In tiie execution of tiie Critique command tiie critiqumg expert system uses as ks 

inputs tiie user decision and the user model represented m the knowledge base. It also 

uses as its inputs the expert decision and its underlying concepmal model of the 

decision task, which are also represented in the knowledge base. 

The critiquing expert system produces a critique as ks output A critique is 

generated by comparing the user decision vis-a-vis the expert decision and comparing 

the user model vis-a-vis the concepmal model of the decision task. Thus, a critique 

provides the user with corrective feedback regarding sigruficant differences in the 

decision performance (product) and in the underlying model of the decision task 

(process). 

The critiquing expert system of KULSS is concepmaUy sunUar to the critiqumg 

model of knowledge-based expert systems. The critiquing model has been recognized 

as an altemative paradigm for expert systems (Coombs and Alty 1984). Its educative 

role conttasts sharply fit>m the problem-solving role of the problem-solving model of 

expert systems. The critiquing model of expert systems intends to either modify or 

extend the user's knowledge stracture and reasoning skiUs. The technical feasibility of 

the critiquing model of expert systems was demonstrated in different decision domains 

in AI research (MUler 1982; Langlotz and Shortiiffe 1983; Coombs and Alty 1984). 
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Knowledge Base 

As discussed in Chapter n, expert systems are AI programs that reason witii 

knowledge represented in the knowledge base and use heuristic inference procedures 

(i.e., forward chaining and backward chaining). This section presents a discussion of 

knowledge requked by expert systems components of KULSS for the problem-solving 

purpose and for the critiquing purpose. 

Knowledge Requked for Problem Solving 

The problem-solving expert system of KULSS solves the specific decision task in 

the appUcation domain (i.e., finance). It needs the appUcation domain knowledge. The 

apphcation domain knowledge is acquked in the knowledge engineering process either 

from the human expert who is recognized for decision task expertise (the private 

source) or from academic joumals and textbooks (the pubUc source). 

In the DSS implementation context, the concepmal model of the decision task is 

often selected by the designer from the pubhc source. The concepmal model is salient 

application domain knowledge for the problem-solving expert system component of 

KULSS. It identifies the essential features of the decision task (declarative knowledge) 

and suggests the essential strategies of how the decision task ought be performed 

(procedural knowledge). Botii types of knowledge can be symboUcaUy represented m 

the knowledge base for tiie problem-solving expert system. 

When the problem-solving expert system is expected to produce explanations and 

justifications of its solution, k needs additional knowledge such as explanation 

sttategies. 
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Knowledge Requked for Critiquing 

The critiqumg expert system needs to know how the user acmally processes 

information and makes decisions in his task situation. This knowledge must be 

acquked tiirough modeUing tiie user's mental model. It must be able to access tiie 

decision output and the decision process of the problem-solving expert system. It also 

needs critiquing sttategies. 

Conclusions 

Tait and Vessey (1988) have asserted that research is needed to identify and develop 

tools and techniques that faciUtate successful DSS implementation. In conclusion, the 

recognition of the performance gap by the user requkes on the part of the user at least 

the perception of significant differences between the output of the concepmal model and 

his performance output and an understanding that these differences are related to 

differences between the knowledge stracture underlying the concepmal model selected 

by the designer and his knowledge stracture utUized in performing the tasks. 

The perceived need for change represents a state of dissatisfaction or frasttation. 

The user reaches a state of dissatisfaction as a result of leaming about the discrepancy 

between his mental model and the formal model (Schein 1961) and as a result of 

leaming about a better method tiiat exists for performing the same task (Rogers and 

Shoemaker 1971). 

Previous research has proposed a framework for cognitive skiU acquisition 

(Anderson 1982). Examples of cognitive skUls are tiie knowledge and reasoning 

involved in developmg computer programs and tiie knowledge and reasonmg used in 

generatmg matiiematical proofs. Since user leaming, such as the recognition of tiie 
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performance gap, is concemed witii the acquisition of new knowledge and reasoning 

skiUs, Anderson's framework is relevant to the development of a concepmal design of 

KULSS. The basic premise of the framework is that human cognition is hierarchicaUy 

stractured. Thus it imphes that knowledge acquisition is enhanced by hierarchicaUy 

organizing knowledge in a particular domain. 



CHAPTER VI 

IMPLEMENTATION OF A PROTOTYPE KULSS 

Inttoduction 

The concept of KULSS was developed in the research as a knowledge-based tool to 

support tiie user-leaming-based DSS unplementation metiiodology. The previous 

chapter presented a discussion of tiie generic architecttu^ model of KULSS. 

This chapter presents a discussion of a prototype KULSS implemented in the 

financial intemal analysis domain. The prototype KULSS was buUt on tiie generic 

architectural model and the design guidelines discussed in Chapter V. As discussed in 

Chapter HI, the development of the prototype KULSS was a computer experiment to 

investigate whether or not it is technicaUy feasible to buUd a working prototype KULSS 

in a specific business decision domain. 

A business firm generates an enormous array of financial information about its 

operations. A division of labor exists in the organization, which functionaUy separates 

producers of financial information and users of financial mformation (March and Simon 

1958). MIS implementation has accelerated the firm's propensity to information 

overload (Ackoff 1967; Clasey 1980), which partly explains the phenomenon of 

"drowning in data whUe starving for information" (Wasyluka 1971, p. 52). 

Financial ratio analysis in the intemal analysis domain was selected as the decision 

task for a KULSS, because it is important in business firms (Lev 1974; Moyer, 

McGuigan and Kretiow 1984; Mason and Swanson 1979) and its semi-sttoictured task 

atttacts attention for AI researchers (Hart, BarzUay, Duda 1986). 

159 
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The remakider of this chapter is divided into six sections. Section 2 discusses 

financial ratio analysis used m tiie financial intemal analysis domam. Section 3 

describes the prototype tiiat was implemented in tiie domain described in Section 2. 

Section 4 presents a description of a sample user-leaming session witii the prototype 

KULSS. Section 5 discusses analysis of tiie prototype KULSS performance. Section 

6 describes minor revisions to the design guidelmes. Section 7 discusses conclusions 

of this chapter. 

The Financial Intemal Analvsis Domain 

Intemal analysis refers to financial analysis of a firm by its management for the 

purpose of evaluatuig the organization's performance (Lev 1974). It conttasts sharply 

from extemal analysis. Extemal analysis is performed by individuals outside the 

organization for investment and credit analysis. 

Intemal analysis has four characteristics: (1) it serves the management conttol 

puipose, (2) it involves generic tasks of interpretation and diagnosis, and (3) it has the 

imderlying human judgment as an essential element, and (4) human judgment produces 

substantial variances in diagnostic decision tasks. 

First, intemal analysis serves the management control purpose. The most important 

objective of the management control process is to assure effective and efficient 

organizational performance. The management control process encompasses the totahty 

of organizational performance. However, its underlying stracture is financial (Anthony 

1965). Therefore, intemal analysis of the firm's financial performance is critical to the 

management control process. 

Second, it mvolves generic tasks of interpretation and diagnosis. Knowledge-based 

expert systems are effective for tiiese tasks (StefUc, AUdns, Balzer, Benok, Bknbaum, 



161 

Hayes-Rotii, and Sacerdoti 1982). Intemal analysis is concemed with botii the 

interpretation of a large set of financial data and tiie diagnosis of the firm's financial 

health based upon its symptoms and thek plausible causes. 

Interpretation and diagnosis are two important generic tasks performed by experts in 

disciplines, such as finance, accounting, medicine, and engineering. These generic 

tasks are defined in expert systems research (Stefik, AUdns, Balzer, Benoit, Bknbaum, 

Hayes-Roth, and Sacerdoti 1982, pp. 136-137): "Interpretation is the analysis of data 

to determine thek meaning. Diagnosis is the process of fault-finding in a system (or 

detennination of a disease state in a Uving system) based on interpretation of potentiaUy 

noisy data." 

Thkd, intemal analysis requires human diagnostic judgment as an essential element 

(Mason and Swanson 1979; NeweU, Shaw, and Simon 1959). The manager must 

derive the meaning of objective data and converts objective data to diagnostic 

information that guides the behavior of the manager and of organization. In the 

process, the manager as an information processor reUes on his judgment. 

Three features of human judgment must be understood (Dewey 1933). The first 

feature is a condition for human judgment Judgment is called for if altemative claims 

are plausible regarding the same decision situation. The second feature is a process of 

human judgment Judgment defines the issue in the decision simation by selecting 

relevant facts and principles. Two operations are sahent: (a) tiie selection of data that 

are relevant to tiie issue, and (b) tiie dehneation of meanmgs suggested by tiie data. The 

tiurd feattue is a product of human judgment. Human judgment resuUs m a final 

decision, which serves as a precedent rule or principle for deciding future cases. The 

decision brings a closure to tiie issue. The simation tiiat gives rise to altemative 



interpretations is decided. ¥wiiKano»K,^:^dedwm^mi!ss3i'j!tt&S9SmS.^(SssMm$ 

similar issues in tiie future. 

Fourth, human judgment produces «nih«ia!niitialTgamimt»«im 

p^oamance. SubstanlMvariaiiiciesemtf amfmgitJhŵ wBeiT̂ ^ 
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stockholders' investment. ROA stands for retum on total assets and is used to measure 

a fkm's net mcome generated relative to its total asset mvestment EMP stands for 

equity multiplier and dkectiy measures tiie use of equity financmg and indkectiy tiie use 

of debt to finance a firm's assets. 

TAT stands for total asset tumover and provides a measure of how effectively a firm 

uses total assets to generate sales. The management of total assets is evaluated by the 

following three asset ratios. ACP stands for average coUection period and indicates 

how effectively a firm collects account receivables. INV stands for inventoty tumover 

and measures how effectively a firm conttols its inventoty level. FAT stands for fixed 

asset tumover and indicates how effectively a firm generates sales using existing fixed 

assets. 

NPM stands for net profit margin and indicates how profitable a firm's sales are 

after deducting aU expenses. The management of expenses is assessed by the following 

five expense ratios. CGS is the cost of goods sold as a proportion of sales revenue. 

SGA is sales, general and administrative expense as a proportion of sales revenue. 

DEP is depreciation expense as a proportion of sales revenue. INT is interest expense 

as a proportion of sales revenue. TAX is tax expense as a proportion of sales revenue. 

The fkm's profitabihty is assessed by examinmg ROE and ROA, two summaty 

financial ratios tiiat kidicate profitabUity of tiie firm, ff tiie firm's profitabUity ratios are 

high relative to industty averages, the firm's general financial healtii is good. If tiie 

firm's general financial healtii is considered below average, tiie DuPont model suggests 

its underlying causes can be examined. 

A low ROE can be explained by a low ROA or a low EQM or botii. A low EQM is 

caused by a high level of equity financing and tiie resulting low level of debt financing 

(high financial leverage). A low ROA can be explained by a low NPM or a low TAT or 
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botii. A low NPM can be explained by a high expense ratio or a combination of high 

expense ratios. A low TAT can be explained by a high level of a particular asset or a 

high level of a number of assets. For instance a high average coUection period, a low 

inventoty tumover and a low fixed asset tumover indicate a high level of accounts 

receivable, inventoty and fixed assets, respectively. 

The DuPont model provides a normative guide for the underlymg human judgment 

process in financial ratio analysis. It provides strategies for selecting a set of relevant 

financial ratios from arrays of financial ratios. A selection strategy is to select ratios for 

determining the effectiveness management of the fkm's assets and expenses. The 

model also provides strategies for interpreting the selected ratios. An interpretation 

strategy is to evaluate the firm's ratios vis-a-vis its industty averages. The model 

further provides diagnostic strategies for finding a problem and identifying the 

underlying cause-effect relationships. A diagnostic strategy is to search for a high 

expense ratio or a combination of high expense ratios whenever a low NPM is in 

existence. 

These normative sttategies enable managers to analyze the firm's operations from a 

global perspective. A global view of the firm's operations is necessaty to find a 

significant problem and discover the underlying sttengtiis and weaknesses of the 

operations. A flagged problem may stiU requke further analysis beyond the financial 

ratio analysis. 

A Prototvne KULSS 

The genaic architecttiral model of KULSS in Chapter V specified a set of generic 

functional commands as weU as KULSS systems architecttire. A workkig prototype 

KULSS was buUt based on tiiis model. This section describes tiie prototype KULSS 
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implemented at tiie computer experiment phase of tiie research. The prototype KULSS, 

which was developed in the financial ratio analysis domain, is discribed by discussing 

the commands implemented and also by waUdng through an acmal terminal session. 

Commands Implemented 

A set of generic functional commands were unplemented in the financial ratio 

analysis domain: Present, Model, Critique, and Solve. As discussed in Chapter V, 

functions performed by these commands are independent of the decision domain. 

Present 

The Present command enables the intended DSS user to view financial case data on 

the screen. Each set of financial case data represents a firm drawn from the 

COMPUSTAT data base. Figure 6.2 depicts a set of financial case data displayed on 

the screen. On the left side of the screen are thirteen financial ratios of a firm. The 

thirteen ratios are selected based on the DuPont model of financial ratio analysis. On 

the right side of the screen are corresponding industty averages. 

The intended DSS user can request a limited number of additional financial data, 

such as the debt ratio, to be presented. The request of additional data is recorded by the 

critiquing expert system component and is used by the Model command in its modehng 

function. 

Model 

The Model command enables tiie intended DSS user to perform financial analysis 

using tiie case data. The Model command is concemed witii deriving his overall 

financial diagnosis. The overall financial diagnosis is a decision pnpdugt tiiat is 
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produced by the intended DSS user whose mental model guides his decision process. 

Thus, the Model command is concemed with modeling his decision process. The 

command queries the intended DSS USCT about his selection, analysis, and interpretation 

of financial case data. 

The intended DSS user's decision process is modeled and represented as frames in 

the knowledge base. These frames constimte the user's mental model of the financial 

diagnositic task. Each fi-ame represents a case damm that is considered by the intended 

DSS user as relevant to his mental model. His analysis and interpretation of that datum 

are represented as slots within the frame. 

The operations defined by Dewey provide a theoretical justification for the manner in 

which the prototype KULSS queries the user to capture his model of the decision task. 

The first operation is concemed with the question, "What portions or aspects of the 

simation are significant in conttoUing the formation of the interpretation?" (p. 122). 

Evety decision simation presents an overwhelming number of data which are not 

equaUy significant as signs or evidences. Judgment is requked to determine if a given 

datum is relevant Data considered irrelevant to the decision task are tentatively rejected 

in the fkst operation, and are no longer brought into focus in the second operation. 

Judgment is also required to weigh the relative importance of data. 

The second operation is concemed with tiie question, "Just what is the fuU meanmg 

and bearing of the idea used as a method of interpretation?" (p. 122). Dewey suggests 

tiie meanings of some data are possibly stored m memoty as experiential knowledge. 

However, Dewey cautions that storage of experiential knowledge does not 

automatically guarantee good judgment If tiiere are no hard and fast rules for 

interpreting data, judgment is requked to select the appropriate meanmg. 
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Critiqwg 

The critique command compares tiie mtended DSS user's decision product vis-a-vis 

the decision product of tiie problem-solving expert system component m order to find if 

tiiere is a performance gap. ff a performance gap is found, the critiquing expert system 

component must be able to understand how tiie mtended DSS user has arrived at his 

decision. 

For example, it must determine which data are considered relevant m support of his 

decision and which data are ignored. It must also determine how the the data are 

interpreted. Thus, the Oitique command further compares the intended DSS user's 

decision process that is based on his mental model vis-a-vis the normative decision 

process that is based on the domain model in order to provide corrective feedback on 

biases or deficiencies of the user's mental model. 

The Critique command is used to provide the intended DSS user with a critique. 

The critique indicates whether or not he has a performance gap and explains how he 

differs fix)m the expert or the normative model in his metiiod of processing information 

and making decisions. If he recognizes the performance gap, he can select the Show 

command to show him a better metiiod of performing the diagnostic task. 

The KULSS prototype with its implemented commands provides the intended DSS 

user with a mechanism by which he participates in problem finding and diagnosis 

conceming his decision situation. It also provides cognitive leaming tools by which he 

discovers the existing performance gap, its underlying causes, and the nature of the 

proposed change. 
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Solve 

The Show command is supported by the problem-solving expert system component. 

The problem-solving expert system component performs financial ratio analysis using 

the DuPont model, a domain model. It uses the same case data that are displayed by the 

Present command. Knowledge stracture and decision rales underlying the DuPont 

model are represented as frames and production rales in the knowledge base. The 

model-based knowledge representation used in this research is particularly useful for 

reasoning about the connection paths between model components. It is also useful to 

communicate the knowledge stracture to the user. Model-based knowledge 

representations have been successfuUy used particularly in diagnostic domains 

(Hamscher 1983; Fkik, Lustii and Duran 1985). 

Figure 6.1 depicts this domain model. The DuPont model suggests that the firm's 

general financial health is evaluated by comparing its financial ratios against the mdustty 

average ratios. The firm's profitabihty is assessed by examining ROE and ROA, two 

summaty financial ratios that indicate profitabihty of the firm. If the firm's profitabihty 

ratios are high relative to industty averages, the firm's general financial health is good. 

If the firm's general financial health is considered below average, the DuPont model 

suggests its underlying causes can be examined. 

A low ROE can be explained by a low ROA or a low EQM or both. A low EQM is 

caused by a high level of equity financmg and tiie resulting low level of debt financing 

(high financial leverage). A low ROA can be explained by a low NPM or a low TAT or 

botii. A low NPV can be explamed by a high expense ratio or a combination of high 

expense ratios. A low TAT can be explained by a high level of a particular asset or a 

high level of a number of assets. For instance a high average coUection period, a low 
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inventoty tumover and a low fixed asset tumover indicate a high level of accounts 

receivable, inventoty and fixed assets, respectively. 

Each of the DuPont model components is represented as a frame in the knowledge 

base. The ROE frame is Unked to ks lower branch fi-ames, tiie ROA frame and the 

EMP frame. A low ROE is attributed to eitiier a low ROA or a low EMP or botii. The 

ROA frame is Unked to tiie TAT frame and tiie NPM frame. A low ROA is attributed to 

eitiier a low TAT or a low NPM or botii. The TAT frame is hnked to tiie ACP frame, 

tiie FAT frame and tiie INV frame. The NPM frame is Imked to tiie CGS frame, SGA 

frame, DEP firame, INT frame and the TAX firame. 

The KULSS prototype knows the definitions of each financial ratio included in the 

normative model. It knows a limited number of additional financial ratios that are found 

in finance textbooks and joumals. It knows that TAT has the sales as its numerator and 

the total assets as its denominator. It also knows that the sales number is found in a slot 

of the income statement firame and the total assets number is stored in a slot of the 

balance sheet frame. The KULSS prototype knows interpretations of financial ratios. 

For example, a firm's low TAT (TAT = .64) relative to tiie industty average is a general 

indicator of the firm's poor asset management, because for each doUar of the existing 

assets the firm generates only 64 cents in sales revenue. It knows that total assets are 

high relative to tiie current level of sales. Because total assetes are high, the KULSS 

prototype is going to pinpoint which of the asset categories is the cause. 

The problem-solving expert system component is capable of emulatmg tiie human 

expert who employs tiie DuPont model as its concepmal guide. Thus, the Show 

command can display the normative decision process and ks decision product It is the 

normative decision process because tiie DuPont model tiieoretically shows how tiie 

financial ratio analysis (decision task) ought to be performed. Where tiiere is no 
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domain model, the problem-solving expert system component can be built by selecting 

a domain expert whose performance is recognized. In such a case, the Show command 

would show how the domain leader acmally performs the decision task. 

A Sample Terminal Session 

The foUowing terminal session is to ilUustrate the prototype KULSS capabUities. At 

the beginning of a user-leaming session, KULSS shows a menu of commands that are 

implemented. Figure 6.3 depicts a screen displaying the menu. The foUowmg dialog 

begins by the user selecting the Present command from the menu: 

USER: present 

KULS S: Presenting case data on a firm in the telecommunication industty 

SIC = 3661 

See Figure 6.2 for case data presented. 

USER: model 

KULSS: Which ratios do you normaUy consider when you perform an intemal 

analysis of the firm in order to determine the overaU financial health of the 

firm? 

USER: roe, roa, npm 

KULSS: Anytiimgelse? 

USER: no 

The Model command activates tiie user modehng fimction of tiie critiquing expert 

system component. The KULSS prototype identifies tiie user's mental model of tiie 

financial diagnostic task by querymg hun. It identifies ROE, ROA, and NPM as tiu-ee 
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The purpose of the KULSS prototype is to help you oKamine 
your method of performiny financial ratio analysis. 
Financial ratio analysis is used as a preliminary analysis 
to assess the financial state and eKplain its underlying 
causes. 

The KULSS prototype has the followiny commands: 

1. Present 
2. Model 
3. Critique 
4. Shouj 

Menu Selection: 

Figure 6.3 Conunands 
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major components of the user's mental model. The user-model frame has three model 

component frames as ks dependents. It consults the DuPont model in tiie knowledge 

base and knows tiiat ROE, ROA, and NPM are components of tiie normative model. 

The user is next asked to mterpret the three financial ratios in order to assess the 

overaU financial state of the firm (decision product). 

KULSS: How do you categorize the overall financial state of this firm? Good? 

Poor? 

USER: poor 

The user's diagnosis is recorded in a slot named as overaU in the user-model frame. 

The same named slot exists in the DuPont-model frame. The KULSS prototype asks 

the user to explain his diagnostic decision. 

KULS S: What accounts for the poor overaU financial state of the firm? How about 

ROE? 

USER: low 

KULSS: How about ROA? 

USER: low 

KULSS: How about NPM? 

USER: low 

KULSS: Is tiiere any otiier ratio tiiat has conttibuted to your diagnostic decision? 

USER: no 
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This dialog shows that the user considers the firm's financial state as poor and its 

underlying cause is impUed as low profitabihty. But the user's diagnostic decision 

process does not indicate if financial leverage, asset management or expense 

management conttibutes to tiie overaU financial problem. 

The Model command triggers the problem-solving expert system component. It 

uses the same case data presented to the user as input data. It uses the DuPont model 

and sttategic decision rules represented in the knowledge base. As a result, the 

problem-solving expert system component produces as its output the diagnosis of the 

firm in terms of its overaU financial health, its financial leverage, its asset management, 

and its cost management. 

When the user selects the Critique command, the KULSS prototype compares the 

user-model frame vis-a-vis the DuPont-model frame to see if the user's diagnosis of the 

firm significantiy differs firom that of the expert If the performance gap is found, the 

KULSS prototype tries to examine the knowledge stracture and decision rules 

underlying the user's mental model. If the user's knowledge stracture and decision 

rules significantiy differ from those of the expert system component, then the KULSS 

prototype generates a critique (corrective feedback). 

USER: critique 

KULS S: The firm's financial state is poor as you indicated. Its underiying cause is 

primarily the management of expenses as a low NPM indicates. You have 

ignored two problems. You should have analyzed COGS, SGA, DEP, INT 

and TAX. You should have considered possible problems witii asset 

management. For example, ACP is vety high and FAT is vety low. 
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Figure 6.4 depicts tiie user's mental model (highhghted) in conttast to tiie normative 

DuPont model. It shows that the user's mental model is incomplete in guiding the 

user's diagnostic decision task. 

If the critique is conducive to user-cognitive leaming, tiie intended DSS user who is 

initiaUy resistant to the proposed DSS on tiie grounds that his task performance is 

adequate may recognize the need to extend his knowledge stracture and decision rules 

underlying his mental model of the financial diagnostic task. 

The user may opt to perform financial intemal analysis using new case data and have 

the KULSS prototype critique his diagnostic decisions under a new extended mental 

model. The user may opt to select the Show command and have the KULSS prototype 

show the expert's diagnostic decisions and the normative decision process. 

USER: show 

KULSS: SIC=3661 The firm's financial healtii is poor, as ks ROE and ROA are 

vety low relative to the industty averages. This financial state is explained 

by a low NPM. Skice NPM is a profitabUity ratio (remaining residual after 

expenses), at least one of the individual expense ratios must be accountable. 

CGS, SGA, and DEP are high. Thus, a low NPM is atttibuted to high 

costs of goods sold, high seUing, general and administtative expense and 

high depreciation. Altiiough TAT is high, ACP is vety high and FAT is 

vety low. A vety high ACP means tiiat tiie firm is vety slow m collecting 

ks accounts receivables. A vety low FAT means tiiat tiie firm's fixed assets 

are vety high relative to sales revenue. These areas of tiie asset management 

are offset by the high INV. High INV means that tiie firm currentiy holds a 

low level of inventoty relative to cost of goods sold. 
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Figure 6.4 The User's Mental Model (SIC = 3661) 
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A user-leaming approach to DSS development posmlates tiiat as a resuh of leaming 

experiences witii a KULSS tiie user is more hkely to be actively mvolved in the design 

of a DSS tiiat supports normatively prescribed financial analysis functions, as weU as in 

user ttraining during the subsequent phases of DSS development. As a result of user 

leaming at the analysis phase and user involvement at the subsequent phases, the user 

wUl be likely to use a DSS in the way which unproves the existmg judgment and 

decision-making process. 

Performance Analysis 

As discussed in Chapter EI, the research at tiie second phase conducted the 

computer experiment in which the prototype KULSS discussed above was 

implemented. The experiment was necessaty to determine whether or not it is 

technicaUy feasible to buUd KULSS that support the user-leaming-based DSS 

implementation methodology discussed in Chapter IV. Since the prototype KULSS 

was buUt on the generic architectural model of KULSS discussed in Chapter V, 

information generated by the experiment can be used to answer the research question on 

the technical feasibUity. 

This section presents analysis of the prototype KULSS performance. Analysis was 

performed in two steps. Fkst, the problem-solving expert system component was 

evaluated. Second, the critiqumg expert system component was analyzed. 

Validation of Problem-Solving Expert System 

In tiie known cases, experts in tiie finance field use financial ratio analysis to 

interpret a set of case data (Moyer, McGuigan, and Kretiow 1984; ReUly 1982). They 
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judge the firm's overall financial health and identify the underlying relative sttengtiis 

and weaknesses. The problem-solving expert system component was developed to 

emulate these experts' financial diagnostic decisions. As discussed in Section 3, 

experts' knowledge of financial ratio analysis such as assumptions, facts, and decision 

rules were identified and represented in the knowledge base. 

The problem-solving expert system interpreted the same case data, reasoning with 

knowledge contained in the knowledge base. It produced its financial diagnosis per 

case data. The refinement of the knowledge base was iterated by evaluating the 

diagnosis of the problem-solving expert system against that of the experts documented 

in these known cases. When the problem-solving expert system was capable of 

producing the same output as the known cases, its performance was evaluated using 

case data sampled from tiie COMPUSTAT data base. 

Sample Ca.se Data 

A set of sample case data include the firm's financial ratios and thek corresponding 

industty average ratios. A total of twenty-seven firms were selected from the the 1986 

COMPUSTAT data base usmg asset size as tiie selection criterion. These firms are 

smaU in asset size and represent a wide variety of different industties. The industty 

averages were computed for each of the different industries. 

Botii tiie problem-solving expert system and the primaty domain expert discussed m 

Chapter HI interpreted tiiese case data and made diagnosis of tiie twenty seven firms. 

Sixteen fkms out of twenty seven firms selected in tiie sample data suffered losses. 

These firms had negative values in tiie foUowing ratios: ROE, ROA, and NPM. 

http://Ca.se
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Results 

The problem-solving expert system performance was assessed using predictive 

vaUdation (O'Keefe, Balci and Smith 1987). It was validated against the domain expert 

performance. Both the system and the domain expert used the case data representing 

the twenty-seven firms. 

In general, the problem-solving expert system produced conect financial ratio 

analyses in twenty two cases out of the total twenty seven cases analyzed (81%). 

There was a high degree of agreement (10 out of 11 cases or 91%) between the 

problem-solving expert system component and the primaty domain expert conceming 

the diagnosis of the general health of the firm and its underlying causes when the firm's 

financial ratios are positive, whether the industty average ratios are positive or negative. 

There was also a high degree of agreement (8 out of 9 cases or 89%) between the 

two when the firm's financial ratios are negative but the industty average ratios are 

positive. 

However, the two did not agree (4 out of 7 cases or 57%) when both the firm's and 

the industty average ratios are negative but the firm's loss is not as bad as the 

industty's. It was found that the problem-solvmg expert system component could not 

recognize tiie firm's general financial healtii as poor when the firm's profitability ratios 

such as ROE, ROA, and NPM are negative if tiiese negative ratios indicate tiiat the firm 

is better off than tiie industty m general which posted bigger losses. 

A low agreement in tiie above was because tiie knowledge base did not contain a 

piece of knowledge tiiat negative values ki tiie profitabUity ratios indicate a loss 

regardless of tiie industty performance. The known case data did not include any 

negative ratio values. This deficiency is conectable by adding tiie knowledge to the 

knowledge base. 
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Vahdation of Critiquing Expert System 

The critiquing expert system performance was assessed usmg face vahdation 

(O'Keefe, Balci and Smith 1987). Face validation is a useful preUminaty method to 

vaUdation. Both this researcher and the domain expert subjectively assessed at face 

value the critiques generated by tiie critiquing expert system. 

In general, the critiquing expert system component is capable of generating a critique 

(corrective feedback) that is kiformative about the deficiency of the hypothetical user's 

diagnostic process vis-a-vis the normative (expert) diagnostic process. The 

performance of the critiquing expert system component was analyzed with the 

following assumptions that bounded the hypothetical user's diagnostic decisions and 

thek underlying decision processes using the Model command: 

1. The hypothetical user's diagnostic decision and its underlying decision process (i.e., 

which ratios were considered relevant, how the ratios were interpreted, what thek 

imphcations were, and which ratios were ignored) represents cognitve processes that 

are not directiy observable. But these cognitive processes can be accurately recaUed 

and communicated to the KULSS prototype through the keyboard by the 

hypothetical user, 

2. The hypotiietical user uses tiie terminology used by the KULSS prototype; 

3. The hypothetical user's mental model represents a subset of the normative (expert) 

domain model. 

These resttictive assumptions are necessaty to make the prototype developing task 

managable. The fkst assumption is sunUar to tiie assumption made in research using 

tiie verbal protocol metiiod. In an acmal experknent, tius assumption may be violated if 

the user is unfamihar witii the computer keyboard, if tiie user is not motivated, or if tiie 
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user is distracted from the task on hand. In this research, tiie assumption did not pose 

any problem. 

The second assumption is not user friendly. A command was not implemented, but 

the KULSS prototype is cunentiy capable of explaining the definition of each 

terminology stored in its knowledge base. For example, the KULSS prototype knows 

that the total asset tumover ratio is found in the TAT frame and is defined as sales 

divided by total assets. It also knows that the numerator (sales) comes from the income 

statement, whUe the denominator (total assets) comes fix)m the balance sheet In an 

acmal experiment, it is necessaty to develop a data dictionaty that is used by the 

KULSS prototype to understand reasonable synonyms used by the user. 

The thkd assumption is restrictive but justifiable. The critiquing model of expert 

systems concept represents a vety recent progress in artificial inteUigence research. The 

three critiquing models developed by AI researchers (MiUer 1982; Langlotz and 

Shortiiffe 1983; Coombs and Alty 1984) aU make tius restrictive assumption in order to 

make the knowledge base development manageable within a reasonable research time 

fiame. Futtue research is needed to extend the knowledge base by removing this 

restrictive assumption. 

Verification of the User-Leaming-Based 
DSS Implementation Metiiodology 

The previous two sections discussed the vahdation of the KULSS prototype. They 

demonsttated tiie face validity of tiie generic architecttural model of KULSS. This 

section discusses verification of tiie user-leammg-based DSS knplementation 

metiiodology. A useful approach to verification is to show tiiat a logical relationship 

exists between tiie user-leaming model of DSS implementation and tiie generic 
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architecttu-al model of KULSS, botii of which are tiie components of the 

user-leammg-based DSS knplementation methodology (Figure 3.1). This logical 

relationship is explained by a KULSS prototype development patii and a user-leaming 

model verification path m Figure 6.5. 

Figure 6.5 depicts the KULSS prototype development path and the user-leaming 

model verification patii. The KULSS prototype development patii (top down) kidicates 

that the derivation of the generic architectural model stems from the user-leaming model 

and the development of tiie KULSS prototype is based on the generic architectural 

model. In contrast, the user-learning model verification path (bottom up) shows that 

verification of the user-leaming model of DSS implementation draws from the process 

of vaUdating the KULSS prototype. 

In Figure 6.5 the KULSS prototype development path shows that KULSS 

requirements (the data base requkement, the user model requkement, the designer 

model requkement, and the critique requkement) were derived to support the user-

cognitive-leaming concept and the problem finding/diagnosis concept (Figure 5.4). 

The user-leaming model of DSS implementation provided the explanation for the need 

to provide resistant DSS users at the onset of DSS implementation with the problem 

finding/diagnosis oppormnity to facihtate user-cognitive learning. 

The generic architectural model, which consists of a set of generic functional 

commands and systems architecture (Chapter V), was developed to support the KULSS 

requkements. The generic architectural model was used to develop tiie KULSS 

prototype in tiie financial ratio analysis domain (Chapter VI). The KULSS prototype 

provides tiie KULSS user witii tiie problem fmding/diagnosis opporttmity. The 

Present, Model, Solve and Critique commands enables tiie KULSS user to discover tiie 

existing performance gap in tiie financial ratio analysis task. 
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Figure 6.5 Verification of tiie User-Leammg-Based 
DSS Implementation Metiiodology 
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The vahdation of tiie prototype KULSS at tiie computer experknent phase of tiiis 

research demonsttated tiie face vaUdity of tiie generic architectural model. The 

computer experiment phase also provided anecdotal information on problem 

finding/diagnosis and user-cognitive leammg, the key components of the user-leaming 

model. As part of the vahdation, this researcher played the role of a hypothetical user. 

As a result of using the prototype KULSS the user diagnosed the existing performance 

gap. As the user continued to use the prototype KULSS the user's knowledge and 

reasoning process was restmctured and refined. Though this observation is made by a 

single user, the vaUdity of the KULSS prototype to provide the problem 

finding/diagnosis oppormnity and hence to support user-cognitive leaming was 

demonsttated. 

Face vaUdation of the generic architectural model in tum indicated tiie face vahdity of 

the KULSS requkements derived at the theoty-buUding phase of the research. Because 

the KULSS requkements were logicaUy derived from the user-leaming model of DSS 

implementation to support the user-cognitive-leaming concept, the face vahdity of the 

KULSS requkements provided a demonsttation that user-cognitive leaming, the key 

component of the user-leamkig model of DSS implementation was vahd. 

A Suggested KULSS Development Process 

In hght of tiie performance of tiie KULSS prototype, tiie concepmal design model of 

KULSS does not requke a major revision. The current knowledge base can be 

extended to reflect what is leamed m tiiis research. For example, tiie knowledge base 

must contaki knowledge tiiat a negative profit means a loss to tiie firm, even when tiie 

firm's loss is less relative to tiie mdustty in general. This common sense knowledge is 
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sometiung one takes for granted. But it must be explicitiy coded and represented in tiie 

knowledge base. 

One minor change is needed ki tiie development process. This research has adopted 

tiie tiu-ee-stage model of expert systems development (Weiss and Kuhkowski 1984). 

The three stages of expert systems development consists of the initial knowledge base 

design stage, the prototype development and testing stage, and tiie refinement and 

generahzation of tiie knowledge base. The three stages were described in detaU in 

Chapter EI as part of the research methodology. This particular model was considered 

relevant to this research, because the concepmal design model of KULSS partly draws 

from the critiquing model of expert systems in AI field. 

The knowledge base of the KULSS prototype is accessed by the problem-solving 

expert system component and the critiquing expert system component. Thus, the 

research first attempted to constmct the knowledge base for the two components. It 

became clear that the three-stage model must be used first to complete the problem-

solving expCTt system component, and then the three-stage model must be repeated for 

the critiquing expert system component. Thus, the development process for KULSS 

should be: 

1. Initial knowledge base design stage for the problem-solving component; 

2. Problem-solving component development and testing stage; 

3. Refinement and generalization of tiie knowledge base for tiie problem-solving 

component; 

4. Initial knowledge base design stage for tiie critiquing component; 

5. Critiquing component development and testing stage; 

6. Refinement and generahzation of tiie knowledge base for tiie critiquing component. 
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Conclusions 

A prototype KULSS was unplemented in tiie financial ratio analysis domain. Its 

implementation embodied the generic architectural model discussed in the previous 

chapter. Analysis of the prototype KULSS performance provides an empirical 

validation of the generic architectural model. The model is sufficient to guide the 

implementation in a domam. This is concemed witii tiie model's mtemal vahdity. The 

computer experimentation conducted in this research does not enable the model's 

extemal validity to be tested. Future research is needed to state how generahzable the 

generic architectural model is by implementing prototype KULSS in different decision 

domains. 

A working prototype KULSS m the financial ratio anlaysis domain provides an 

indication that KULSS development is technicaUy feasible. Implementation results in 

expert systems research also indicates this technical feasibiUty. 



CHAPTER v n 

RESEARCH CONTRIBUTIONS 

Inttoduction 

The behavioral issue of user resistance to change and its role in systems 

implementation faUure previously has been raised m MIS and related fields (Churchman 

and Schainblatt 1965; Lucas 1975; StabeU 1975; Sage 1981; Moore and Chang 1983). 

Despite this wide recognition, extant DSS design methodologies have dkected thek 

major focuses on the technical issues related to systems analysis and design. 

This research investigated the behavioral issue of user resistance to change from a 

DSS design research perspective. DSS design research is one of three major DSS 

research traditions in the MIS field (Henderson 1987). The purpose of this research 

was to provide an understanding and a solution for the behavioral issue. The major 

objective was the development of a user-leaming-based DSS implementation 

methodology, which is weU-grounded in behavioral theoty to resolve user resistance to 

change. Theoretical contributions of the research are related to the development of this 

DSS implementation methodology. This chapter presents a discussion of theoretical 

contributions of this research. 

The remainder of this final chapter is divided into three sections. Section 2 presents 

a recapitulation of the research problem to underscore the significance of this research. 

Section 3 presents a discussion of theoretical conttibutions. Section 4 discusses the 

research hmitations and offers some dkection for future research. 
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Sigmficance of the Research 

This section discusses the significance of tiie research by presentmg a recapitulation 

of the research problem. DSS implementation represents planned organizational change 

(Lucas 1975; Ginzberg 1981). DSS technology is designed to close tiie performance 

gap and to knprove decision performance (Gerrity 1971; StabeU 1975; Keen and 

Gambmo 1983; Huber 1983). A major tiunist for DSS implementation is tiie 

recognition by senior managers for the need to close the performance gap of 

subordinates (intended DSS users) (Moore and Chang 1983). 

Despite recognition by senior managers, intended DSS users do not always 

recognize the performance gap, tiie need to close tiie gap, or the need for DSS 

utilization (Gerrity 1971; StabeU 1975; Moore and Chang 1983). GeneraUy, a lack of 

knowledge or understanding of the existing performance gap precipitates resistance to 

change, which is observable at the onset of planned organizational change (Schein 

1961; Rogers 1983; Zalttnan and Duncan 1977). 

Resistance to change is a propensity to maintain the stams quo in the face of pressure 

to change (Zaltman and Duncan 1977). In the DSS implementation context where DSS 

implementation represents planned organizational change, resistance to change often 

results in unused DSS technology. User resistance to change as a major culprit of 

systems implementation faUure has been recognized as a significant research problem 

requiring more attention (Churchman and Schainblatt 1965; Churchman and Schainblatt 

1967; Mittoff 1975; Schultz and Slevki 1975; Bean and Radnor 1979; Duncan 1974; 

Hammond 1974; Lucas 1975; Lucas 1981; Ginzberg 1981; Nichols 1981). 

DSS knplementation faUure atttibuted to resistance to change is behavioral m nature. 

As discussed m Chapter n, a number of altemative DSS design metiiodologies have 

been proposed in DSS design reseach. However, a great deal of tiie research focus has 
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been dkected toward tiie technical objective of buildkig DSS. Extant metiiodologies 

developed from technical perspectives, are not grounded in behavioral tiieoty, and do 

not address salient behavioral issues of DSS implementation. As a resuh, they provide 

neither an understandmg or a solution for the behavioral problem of DSS 

implementation. Research is needed to understand why so many systems faU and to 

identify and develop tools tiiat facUitate successful DSS implementation (Tait and 

Vessey 1988). 

Theoretical Conttibutions 

This research has developed a new user-leaming-based DSS implementation 

methodology. This methodology development was necessaty to provide a concepmal 

understanding of the behavioral problem of DSS implementation, and to provide a 

means for resolving user resistance to change and hence facUitating DSS utiUzation. 

This user-leaming-based DSS implementation methodology differs sharply from 

extant DSS design methodologies in three areas. First, this methodology is 

weU-grounded in behavioral theoty (Churchman and Schainblatt 1965; Schein 1961). 

It is important because the most important implementation problems are behavioral, 

rather than technical (Churchman and Schainblatt 1965; Lucas 1981). Second, drawing 

from behavioral theoty, it dkected its focus toward the user of DSS technology rather 

than the design of DSS technology, and toward user leaming rather than designer 

leaming that is generaUy well-supported in extant DSS metiiodologies. Finally, this 

methodology identified and developed KULSS to facihtate user-cognitive leammg (i.e., 

perceived need for change) that is necessaty for DSS utiUzation (a DSS implementation 

outcome). Prior research generaUy does not identify or develop tools and techniques 
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tiiat facUkate successful DSS unplementation. For example, Baronas and Louis (1988) 

have offered thek prescription to knprove implementation outcomes: 

Efforts here focus specificaUy on motivational and cognitive factors 
accounting for potential effects of user involvement on knplementation 
outcomes. ... We propose that user acceptance of new systems wUl be 
faciUtated as changes are reahsticaUy anticipated (e.g., through input from 
knowledgeable sources), as conttasts are given free expression (e.g., 
through discussion among coworkers and between implementors and 
users), as surprises are minimized (e.g., through active previewing and 
reahty testing) and assistance is provided in coping with them as they arise. 

Theoretical contributions of tiie research are related to the development of 

components (Figure 3.1) of the user-leaming-based DSS implementation methodology: 

(1) tiie development of a user-leaming model of DSS implementation (Figure 4.1), (2) 

the identification of a user-leaming approach to behavioral aspects of DSS 

implementation, (3) the identification of a set of DSS implementation steps (Figure 

4.3), (4) the derivation of a generic architectural model of KULSS (Figure 5.5 and 

Figure 5.6), and (5) the vaUdation of the generic architectural model m the financial 

ratio analysis domain. 

The Development of A User-Leaming Model 
of DSS Implementation 

The development of a user-leaming model of DSS implementation was necessaty to 

provide a concepmal basis for investigatmg behavioral aspects of DSS implementation. 

This model development is weU-grounded in behavioral tiieoty, specificaUy buUt on 

research ki systems implementation (Churchman and Schainblatt 1965) and plarmed 

organizational change (Schein 1961; Zalttnan and Duncan 1977; Zalttnan, Duncan, and 

Hobek 1973; Rogers 1983; Argyris 1985). 

The model identifies a set of saUent implementation process variables (mdependent 

variables) tiiat affect utilization (a dependent variable). The process variables mcluded 
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in tiie model are: (1) Antecedents of resistance to change: (a) a lack of feU need for tiie 

proposed change, attributed to the user's knowledge stt̂ icture and selective perception; 

(b) unUateral autiiority decisions by top management to knplement DSS technology and 

degree of heterophUy between the designer and tiie intended user; (2) Resistance to 

change; (3) User involvement in problem finding/diagnosis; and (4) User-cognitive 

leaming. 

The model is used to explain that certain behavioral aspects of the DSS 

implementation process directiy affect DSS utilization. User resistance to change 

negatively affects utUization. In conttast, user-cognitive leaming negatively affects user 

resistance to change and positively affects utihzation. The user-cognitive-leaming 

concept was defined for the research, by operationahzing two major components 

identified in cognitive leaming research: leaming sttategies (goals) and leaming 

modes/media (means) (Burris 1976). 

Leaming strategies were operationahzed for the research through the concept of 

performance gap (March and Simon 1958; Downs 1966). The user needs to leam 

about the performance gap, the reason for the gap, and the nature of the requked 

change. As a result of cognitive leaming the user develops a perceived need for 

change, which represents a state of dissatisfaction (Rogers and Shoemaker 1971; 

Rogers 1983; Argyris 1985). A perceived need for change is necessaty for DSS 

utilization. Leaming modes/media were operationalized for the research through the 

underlying dialectical process of Hegehan inquky systems (Churchman 1971; Mason 

1969; Boland 1978). 

This research made a theoretical conttibution by providing a concepmal 

understandmg for behavioral aspects of DSS implementation tiiat dkectiy knpact DSS 
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utihzation. This understanding was lacking and research was needed (Tait and Vessey 

1988). 

The Identification of A User-Leaming Approach 

Practical implications drawn from the user-leaming model were identified as a user-

leaming approach to behavioral aspects of DSS implementation. This user-leaming 

approach was necessaty to provide a new dkection to DSS implementation process 

management. It asserts that user-cognitive leammg must be faciUtated to resolve 

resistance to change, and to develop a felt need for DSS utilization. Thus, the major 

focus of the user-learning approach is the user of DSS technology, which conttasts 

sharply with the DSS technology focus of extant DSS methodologies. 

This user-leaming approach provides a base for the managing DSS implementation. 

It provides the rationale fOT changes in DSS implementation practice. In discussing the 

cost of not applying the body of knowledge accumulated in the academic discipline as 

the basis for practice in its related field, Argyris (1970, p. 15) has stated: 

Not making theoty and systematic research the basis for action brings an 
unintended cost in that the scope of the field may remain hmited to the 
behavior of the practitioner. The early years of medicine are fiiU of 
examples showing that changes in practice were inhibited because 
practitioners could see no reason to change thek methods. Failures were 
blamed on causes beyond the control of the practitioner. Once medical 
research became based on knowledge about the body (anatomy, 
physiology, etc.), practice was evaluated in terms of its congraence with 
what was known about the body's inner workings. 

This research made a tiieoretical conttibution with regard to "makmg tiieoty and 

systematic research the basis for action." 
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The Identification of DSS Implementation Steps 

The identification of a set of distinct steps was necessaty to provide a method for the 

DSS designer and IS professionals to manage sahent behavioral aspects of the DSS 

implementation process. These steps are apphcable to most DSS implementation 

simations where resistance to change is observable at the onset of DSS implementation 

and is likely to jeopardize DSS implementation success. 

The user-cognitive-leaming step is particularly important, because user-cognitive 

leaming negatively affects resistance to change and positively and directiy affects the 

use of DSS technology. User-cognitive learning aimed at this step is different from 

"user training" (Fuerst and Cheney 1982; Ginzberg 1978; Markus 1984; Sanders and 

Courtney 1985). User training, such as operations ttaining and task context training 

(Ginzberg 1978), increases usabiUty of DSS, but does not resolve resistance to change 

or develop a felt need for the proposed DSS (MiUer 1984). 

Research was needed to identify and develop tools and techniques that facihtate 

successful DSS implementation (Ginzberg 1981; Tait and Vessey 1988). This research 

provided a set of steps that is used to resolve resistance to change and facUitate user-

cognitive leaming, and hence to successfuUy manage DSS implementation. 

The Derivation of A Generic Architectural Model of KULSS 

A generic architectural model of KULSS provided a concepmal design basis for 

knowledge-based user-leammg support systems (KULSS). It specifies a set of 

functional commands and systems architecture to support the user-cognitive-leaming 

concept defined m tiie research. KULSS systems architecttue includes a problem-

solving expert system and a critiquing expert system. 
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The problem-solving expert system provides a demonsttation that there is a better 

method of performing tiie decision task. It produces an optimal decision by reasoning 

with a concepmal model of tiie decision task or an expert model (a set of compiled rales 

acquked from tiie human), which is stored m tiie knowledge base. The problem-

solving expert system enables the user to leam how he ought to perform the decision 

task. This capabihty is necessaty to extend the user model and consequentiy to unprove 

decision performance. SttibeU (1975), Huber (1983), and Sage (1981) consider this 

capabihty as deskable but currentiy lacking. 

In conttast, the critiquing expert system provides a demonstration of evidence for the 

performance gap and an explanation for the performance gap. The critiquing expert 

system generates a critique (corrective feedback) on the user's decision quaUty and on 

the vaUdity of the user model of the decision task vis-a-vis the concepmal model of the 

expert model. 

Mitt-off (1971, p. B-634) asserts: 

Most systems do not quety the user m great enough detaU as to the 
underlying nature of his problem so that they could determine whether what 
the user considers as information is reaUy "relevant information" to his 
problem. In short, most systems do not inspect the user's underlying 
images of the world. 

These components are logically consistent with the normative (prescriptive) and the 

descriptive components that are identified as necessaty to correct human information 

processing and decision-making biases (Sage 1981). The descriptive component 

capmres biases in the acquisition, analysis, and interpretation of information underlying 

human information processmg and decision making. The normative component 

supports the correction of information processing biases and poor judgmental 

heuristics. 



196 

The knowledge-based critiquing expert system component of KULSS provides 

capabihties of both the descriptive component and the normative component proposed 

by Sage. It captures the intended DSS user's mformation processing and decision

making biases and provides corrective feedback in terms of a critique. 

KULSS provides the capabiUties suggested by Stabell. The problem-solving expert 

system component is capable of explaining what constimtes the normative decision 

process. The normative decision process is explained by probing the knowledge 

stracture and decision rales extracted from the domian model or the human expert The 

prototype KULSS currentiy explains the normative decision process by probmg the 

knowledge stracture and decision rales underlying the DuPont model of financial ratio 

analysis. The critiquing expert system component is capable of discovering how the 

intended DSS user's existing decision process differs from the normative decision 

process. 

StabeU (1975), Huber (1983), and Sage (1981) have suggested tiie deskable 

capabUities for future information systems that are not currentiy avaUable. They, 

however, did not offer any concepmal design model of these capabhties. This research 

has made a theoretical conttibution by the derivation of tiie generic architectural model 

of KULSS . 

The generic architectural model was derived from the KULSS requkements 

specification, as weU as from knowledge-based expert systems technology (MiUer 

1982; Langlotz and Shortiiffe 1983; Coombs and Alty 1984). The determination of 

KULSS requkements was based on tiie operationahzation of user-cognitive leaming. 

Research in systems implementation and planned organizational change underscores 

the importance of supporting cognitive leaming to resolve resistance to change and 

facihtatmg successful change implementation (Schem 1961; Churchman and Schainblatt 
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1965). However, research does not dehneate a means for supporting cognitive 

leammg. This research provided a concepmal basis to build KULSS that support 

user-cognitive leammg. This was done by deriving tiie generic architectural model for 

the research. 

The VaUdation of tiie Generic Architectural Model 
of KULSS 

A working prototype KULSS was buUt using the generic architectural model as a 

design basis in the financial ratio analysis domain. This prototype KULSS 

implementation was necessaty to determine the technical feasibUity (Kanter 1984) of 

buUding KULSS. Performance analysis of the prototype KULSS indicates that it is 

technicaUy feasible to buUd KULSS that embody the generic architectural model. 

Predictive vahdation of the problem-solving expert system component and face 

vaUdation of the critiquing expert system component provide a demonstration that the 

generic architectural model is sufficient as a design basis for buUding this prototype 

KULSS. 

Limitations and Future Research 

This research was conducted from a DSS design research perspective (Henderson 

1987). DSS implementation success is a multidimensional consttiict that is difficult to 

quantify, but in this research DSS implementation success was operationahzed through 

DSS UtUization. This is consistent witii utUization research (Trice and Treacy 1988). 

Although four types of mdependent variables are postulated to influence utUization 

(Trice and Treacy 1988), tius research dkected its focus on implementation process 
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variables alone. It did not consider tiie remainmg three types: information systems 

characteristics, individual differences, and task characteristics. 

The user-leammg model of DSS knplementation makes exphck the relationships 

among tiie variables mcluded in the model, and hence is empkicaUy verifiable. It was 

not, however, subjected to empkical investigation. Although the model was not 

verified, it was built on prior research and has merit as a first step toward a 

comprehensive tiieoty of DSS implementation. Future research is needed to test the 

relationships postulated in the model. 

The computer experimentation provided a demonsttation that the generic architectural 

model of KULSS was sufficient to build a prototype KULSS in the financial ratio 

analysis domain, which is characterized by generic tasks of interpretation and 

diagnosis. The extemal vahdity (generalizabiUty) of the generic architectural model in 

different task domains need to be assessed in future research. 
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