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ABSTRACT 

Many of the problems faced by managers generally fall 

in the ill-defined, ill-structured category. This is 

especially true of problems handled by strategic decision 

makers. Decision makers perform various activities that help 

them understand such ill-structured problems. These 

activities are tightly coupled to an individual manager's 

cognitive orientation. This research explores, from a 

cognitive perspective, the nature of information systems 

(IS) support that might facilitate a decision maker's 

understanding of ISPs. Four research questions are 

investigated: (1) Can a conceptual model be developed that 

incorporates a cognitive perspective of IS support for ISPs? 

(2) What cognitive activities could help a decision maker's 

understanding of ISPs? (3) What type of IS support might 

promote understanding? (4) Can a prototype be built to 

provide this IS support? The answers to these questions are 

based, in part, on the argument that IS support for 

promoting understanding of ISPs should be provided "through" 

the cognitive orientations of decision makers. 

This research has developed a new notion called the 

"cognitive lens," and has designed, constructed and tested a 

prototype "cognitive lens support system" (CLSS) to support 

various types of inquiry modes in understanding problems— 

especially ill-structured problems (ISPs). A cognitive lens 

vi 



captures a decision maker's encapsulation of information in 

the form of constructs and relationships that are in reality 

an unabridged representation of the decision maker's 

viewpoint (i.e., all a priori perceptions, values, 

knowledge, experience, and beliefs) of a problem domain. 

The CLSS demonstrates how decision makers can receive 

support for understanding ISPs through their cognitive 

orientations, as described by their cognitive lens. This is 

achieved by not only providing an ability to construct and 

refine the cognitive lens, but also providing introspective, 

dialectic, and eclectic "inquiry modes" on cognitive lenses 

stored and maintained in the system. In doing this, the 

dissertation research argues for an alternative approach to 

providing IS support to decision makers for the subjective 

understanding of ill-structured problems (ISPs). In 

consequence, it contributes to the information systems field 

in that it develops new concepts and demonstrates this 

alternative approach to providing IS support through the 

construction and testing of the prototype CLSS. This is 

especially significant, since past research has primarily 

focused on providing objective support to decision makers to 

the exclusion of the cognitive aspects relevant to the 

subjective understanding of ill-structured problems. 
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CHAPTER I 

INTRODUCTION 

Background 

The ability of an executive to have a subjective 

understanding of his or her own decision process for a given 

problem domain has often been emphasized, but rarely 

practiced, in developing information systems. When an 

executive faces an ill-structured problem situation, he or 

she generally makes an intuitive or "seat of the pants" 

decision. For example, it is argued that actual planning in 

the manager's workday world may become planning via 

intuition. Such planning is highly dependent on the person 

or persons involved. "Hunch," "judgment," "synthesis," and 

"intuition" are the key words involved in determining 

success or failure of the planning effort [Mintzberg, 1976; 

Das, 1986; Schermerhorn, 1986]. These concepts relate to the 

individual's belief system and that of the other members of 

the organization. In fact, some researchers have reported 

that: 

. . . beliefs are . . . a powerful constraint on 
the options the executives will consider and the 
decisions they make . . . these beliefs can be so 
powerful a constraint that top management may miss 
opportunities presented by actual or potential 
changes in the objective constraints. [Donaldson 
and Lorsch, 1983, p. 10] 

Thus, at the outset, it seems reasonable to believe 

that an attempt to aid such decision makers in a form that 



facilitates understanding of problems should be included as 

one of the primary objectives of providing information 

systems support. This achievement of understanding, 

especially with regard to ill-structured problems, should 

result in higher decision quality, and a greater degree of 

decision confidence. 

A Paradigm Shift? 

The field of information systems is presently 

undergoing a "paradigm shift." According to Kuhn [1962], a 

paradigm shift is a radical change in a field's approach to 

its subject matter, its methods and its interpretation of 

findings. (The term paradigm shift is used in the literal 

sense of this definition, and should not be imputed to 

relativism.) This change seems to be a movement from a 

behavioral perspective to a cognitive perspective 

[Ramaprasad, 1987]. In other words, the emphasis on 

information systems (IS) support for the behavioral aspects 

of decision making is shifting towards providing support for 

the cognitive orientations of decision makers. This is 

especially true for ill-structured tasks. Researchers seem 

to look for ways to provide IS support for the subjective 

understanding of ill-structured problems such as strategic 

decision making. The move towards supporting cognitive 

orientations is a result of the fact that there now exists 

some ability to capture a decision maker's a priori 



experiences, knowledge, perceptions, values, and beliefs and 

represent them in a form that can be readily manipulated and 

refined [Axelrod, 1976; Eden, Jones, and Sims, 1979; 

Grudnitski, 1984; Montazemi, 1986]. This representation may 

be in a form that is amenable to a computer system that 

allows the explicit specification of decision makers' 

cognitive orientations. Such a system would be an aid for 

enhancing the decision makers' understanding of their own 

decision processes and cognitive structures [Carbonell, 

1981; Wegman, 1981; Montazemi, 1987]. 

An Alternative to Tradition 

The previous section argued that the field of 

information systems is going through a paradigm shift. This 

shift in emphasis is reflected in the view of IS support 

illustrated in Figure 1.1. The traditional realm has 

considered IS support for problem solving efforts (including 

formulation and understanding) to be as depicted in the left 

half of this figure. In this realm, the activities that 

assist in promoting understanding for a given problem domain 

are objectively aided by a system that incorporates 

requisite IS functions. No real emphasis is placed on the 

importance of the cognitive realm of the decision maker. 

This process is adequate for well-structured problems. 

However, in the case of an ill-structured problem, the 

cognitive orientations of decision makers play an important 
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role in gaining understanding. These orientations form the 

basis for the understanding of ill-structured problems. 

Therefore, the activities useful for promoting understanding 

must be performed "through" the cognitive orientations of 

the decision makers. In other words, the activities to be 

supported in an information system should accommodate these 

subjective aspects of the individual's perspective regarding 

the ISP under consideration. 

Problem Statement 

The solution to ill-structured problems rests mainly on 

the cognitive efforts of decision makers [Gorry and Scott 

Morton, 1971; Keen and Scott Morton, 1978; Lucas, 1986]. A 

manager makes decisions based upon his or her "view" of the 

world. Thus, for example, the process of strategy making, as 

with any other organizational process, is highly dependent 

on individual cognition about the world by the 

organizational members [Anthony, 1965; Mintzberg, 

Raisinghani and Theoret, 1976; Simon, I960]. Managers make 

decisions such as whether to react to, ignore, try to 

influence, or anticipate the opportunities or threats in the 

environment. Thus, managers' perceptions may be different 

from the environment's objective condition. In effect, 

diagnosis is an opinion [Glueck and Jauch, 1984; Mintzberg, 

1976]. This opinion of the environment is based on the 

decision maker's implicit cognitive orientation. 



Although the issues of understanding and representing 

this subjective aspect of decision making have been 

addressed in a number of referent IS disciplines such as 

artificial intelligence, cognitive science, strategic 

management, education, and political science (international 

policy making), MIS literature seems to have largely ignored 

this problem. There appears to be a lacuna in the MIS 

literature regarding some formal basis of systematically 

investigating the nature and type of information system 

support that can be provided to decision makers involved in 

making such subjective decisions. (This point is further 

reinforced in the review of relevant literature in Chapter 

II.) Consequently, this research is an investigation into 

the cognitive aspects of providing IS support for the 

subjective understanding of ill-structured problems. In 

other words, this research attempts to resolve issues that 

impinge upon the design of a system which can provide the 

requisite capabilities to support understanding of ill-

structured problems "through" the cognitive orientations of 

decision makers. Thus, the dissertation addresses two 

general research issues: 

1. What kinds of support can information systems provide 

to decision makers for understanding ISPs? 

2. How can a support system be designed to draw on the 

cognitive strengths of decision makers and possibly 

compensate for their weaknesses? 



In the process of designing a system and providing 

support in the fashion described above, this research 

explores certain critical aspects of these general issues. 

Specifically, the dissertation research addresses the 

following questions. 

* Can a conceptual model be developed that incorporates a 

cognitive perspective of information systems support 

for understanding of ill-structured problems? 

* What cognitive activities might aid a decision maker's 

understanding of ill-structured problems? 

* What type of IS support might promote understanding? 

* Can a prototype be built to provide this support? 

Objectives of the Research 

In order to answer the aforementioned questions, the 

primary objective of this research is to conceptually 

develop and validate a cognitive perspective of information 

systems support for ill-structured problem domains. In 

particular, this dissertation research addresses the 

following objectives: 

1. To develop and detail a new notion called the 

"cognitive lens," and illustrate its use in ill-

structured problem domains. 

2a. To derive a set of activities that are likely to 

facilitate understanding of ill-structured problems. 
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Henceforth, these activities are referred to as 

"understanding-activities." 

2b. To develop a set of IS functions, using the notion of 

cognitive lens, that can support the understanding-

activities. These functions are proposed as an integral 

part of a general classification of information system 

support for the cognitive lens. 

2c. To propose a supporting architecture for a "cognitive 

lens support system" based on the understanding-

activities and the classification of IS support. 

3. To provide initial validation for the conceptual 

development in this dissertation research. The 

validation of the concepts is achieved through the 

means of both illustrative and tautological evidence. 

4. To provide final validation for the conceptual 

development in this research through the designing, 

building and testing of a prototype "cognitive lens 

support system." 

Outcomes of the Research 

The outcomes of this research are best described in 

terms of the objectives stated in the previous section. The 

culmination of this research provides some support for the 

tenability of the basic argument for an alternative approach 

to providing IS support for decision makers involved with 

understanding and formulating ill-structured problems. In 



order to facilitate the activities intended to promote 

understanding, this approach provides IS support "through" 

the cognitive orientations of decision makers. A 

classification of IS support involving introspective, 

dialectic, and eclectic inquiry modes is another outcome of 

this research. Finally, a fully functional prototype system 

provides pragmatic evidence of the type and nature of 

support that can be provided to decision makers. 

In summary, the outputs of this research are: 

1. An alternative approach to the traditional form of IS 

support for problem understanding, with special 

relevance to ill-structured problems; 

2. A new concept called the cognitive lens; 

3. A set of activities that can aid decision makers in the 

understanding of ill-structured problems; 

4. A set of IS functions that support such understanding-

activities through the cognitive lens; 

5. A classification of IS support for the cognitive lens 

incorporating the IS functions within the umbrella of 

three generic inquiry modes—introspective, dialectic 

and eclectic; 

6. A system architecture for a "cognitive lens support 

system (CLSS)" that utilizes the IS functions and the 

classification of IS support; 

7. Illustrations for the various modes of inquiry 

supported by the "cognitive lens support system"; and 
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8. A prototype "cognitive lens support system" designed 

and built using the object-oriented progreunming 

paradigm. 

Significance of the Research 

The primary significance of this dissertation research 

is that it develops concepts that are useful for providing 

IS support to decision makers through their cognitive 

orientations, as described by their cognitive lenses. The 

importance of this research can be gauged by the fact that 

it attempts to integrate ideas from cognitive science, 

information systems, strategic decision making, political 

science (international policy making), mathematics, 

management and organizational behavior. The importance of 

providing IS support to decision makers for understanding 

and/or formulating ill-structured problems in such a fashion 

(i.e., through their cognitive orientations) has often been 

discussed in the literature [e.g.. Mason and Mitroff, 1971]. 

The importance of understanding problems, in general, 

and ill-structured problems in particular, is another aspect 

that has been discussed in the literature, but little work 

has been done in terms of developing a systematic cognitive 

approach. Ashby [1960] argues that the ability to generate a 

solution is conjoint with the understanding of the problem. 

This dissertation research develops concepts and 

describes the IS support requirements necessary to 
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facilitate the understanding of ill-structured problems. The 

understanding of a problem is closely coupled with the 

ability to define it precisely. Consequently, this IS 

support is provided through different inquiry modes— 

introspective, dialectic and eclectic. These inquiry modes 

are distilled from some of the ideas put forward by various 

authors [Churchman, 1971; Lyles, 1987; Mason, 1969]. By 

providing this ability to operate in different inquiry 

modes, one provides a decision maker a facility for 

clarifying the problem and therefore understanding it. 

Finally, this research deals with the thought world of 

managers, i.e., one aspect of their cognitive side 

[Laukkanen, 1989]. At the most general level, it attempts to 

develop concepts that allow the incorporation of the 

decision maker's a priori knowledge, beliefs, perceptions, 

values, and past experiences in an IS support perspective in 

order to allow managers to know, understand and evaluate 

their own (and those of their peers) cognitive structures 

and processes. 

Managers routinely confront ill-structured, complex 

problems that challenge their cognitive capacities 

[Mintzberg, 1976; Schwenk, 1988b; Soelberg, 1967]. In 

developing the idea of providing IS support through a 

decision maker's cognitive orientations, this research 

attempts to mitigate the challenges posed by his or her 

limited information-processing capabilities [Miller, 1956; 
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Simon, 1960; Walsh, 1988]. The various inquiry modes 

proposed in the classification of IS support in this 

research are an avenue for ameliorating this limitation. In 

providing support in this fashion, it is not only possible 

to highlight the deficiencies of a decision maker's view of 

a problem, but also to design a system that is capable of 

drawing on the cognitive strengths of decision makers and 

possibly compensate for their weaknesses [Chakravarti, 

Mitchell and Staelin, 1979; Walsh, 1988]. 

Structure of the Dissertation 

The structure of this dissertation follows the stages 

and objectives of the scientific approach. This chapter has 

provided a description of the research problem(s) being 

investigated, the objectives of the research, the potential 

outcomes, and the significance of the research undertaken. 

The next chapter (II) presents a brief review of the prior 

research that has general relevance to this dissertation, 

and also supplies a motivational basis for it. 

In Chapter III some methodological issues are 

addressed. The research methodology used in this 

dissertation is presented and discussed. It is suggested 

that prototyping is a suitable research design for 

sxibstantiating the conceptual development of this research. 

Numerous instances of past research and references from 

authorities in the methodological arena are provided as 
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support. The fourth chapter (IV) presents a detailed 

formulation of the knowledge-level concepts that are 

necessary to address the research (juestions raised in this 

chapter. Some illustrative evidence is provided for each 

aspect of the conceptual development. In the next chapter 

(V), a supporting architecture for a prototype system is 

developed on the basis of the conceptual development in 

Chapter IV. This is utilized to derive some operational 

support functions within the system. These functions form 

the basis for the symbol-level specifications used to 

implement the prototype. Based upon the knowledge-level 

concepts developed in Chapters IV and V, the next chapter 

(VI) develops the symbol-level design for the cognitive lens 

support system. Chapter VII discusses the implementation 

aspects of the prototype system and tests its capability for 

two problem scenarios. 

The next chapter (VIII) discusses aspects of validation 

applicable to the research methodology in use. A discussion 

on the validation of the prototype system and the concepts 

developed in this dissertation is included. The final 

chapter (IX) reiterates the significance of this research 

and enumerates its contributions to the IS field. A 

discussion of the key assumptions and limitations is also 

provided. 



CHAPTER II 

REVIEW OF RELEVANT LITERATURE 

Introduction 

This research inquiry approaches the various aspects of 

providing IS support for the subjective understanding of 

ill-structured problems from a cognitive perspective. There 

is a large body of interdisciplinary literature that forms 

the foundational tenets of this research idea. Because this 

body of literature relates to more than one field (e.g., 

cognitive science, political science, information systems), 

it is useful to constrain the review to some important works 

of relevance to this dissertation. 

Therefore, the review of relevant prior literature is 

approached from three angles. The first section provides a 

perspective on cognition and the modeling of cognition. 

Since the concept of "cognitive style" is of little 

consequence to this dissertation research, this section 

excludes a discussion about cognitive styles [Huber, 1983; 

Ramaprasad, 1987]. The second section reviews the nature of 

ill-structured problems from a cognitive perspective. The 

third section investigates the literature on IS support for 

cognition. Finally, a summary section integrates these ideas 

to form the motivational basis for this dissertation 

research effort. 

14 
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Modeling Cognition 

Cognition is the act or process of knowing including 

awareness and judgment [Webster's Dictionary]. Neisser 

[1967] has provided a comprehensive definition for the 

concept of cognition: 

Cognition refers to all the processes by which the 
sensory input is transformed, reduced, elaborated, 
recovered, and used. It is concerned with these 
processes even when they operate in the absence of 
relevant stimulation, as in images and 
hallucination. Such terms as "sensation," 
"perception," "retention," "imagery," "recall," 
"problem-solving," and "thinking," among many 
others, refer to hypothetical stages or aspects of 
cognition. [Neisser, 1967, p. 4] 

This concept of cognition can be traced to Kant, and 

even to ancient philosophers such as Plato and Aristotle 

[Eysenck, 1984; Laukkanen, 1989; Scott, Osgood and Peterson, 

1979]. Aristotle believed that the mind can be divided into 

three facilities: cognition or knowing, affect or feeling, 

and conation or willingness [Scott, Osgood and Peterson, 

1979]. 

In a similar vein. Cherry [1978] believed in the 

existence of two distinct worlds (of reality): an external 

world or "real" world, and an internal world or "mental" 

world. This mental world is the internal representation of 

reality that is formed from the individual's knowledge of 

reality. In other words, cognition is one's subjective 

Icnowledge (rather than objective) about self and the world 

[Scott, Osgood and Peterson, 1979]. One is cognizant or 

Icnowledgeable about things because of the ideas or beliefs 
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one holds. Therefore, "cognition is the representation of 

(the) reality that the person experiences a reality itself" 

[Scott, Osgood, and Peterson, 1979, p. 7]. These 

representations of reality have been given many mutually 

substitutable names—mental model, belief structure, belief 

system, or cognitive structure [Walsh and Fahey, 1986; 

Johnson-Laird, 1980]. 

Centner and Stevens [1983, p. 1] suggest that "mental 

model research is fundamentally concerned with understanding 

human knowledge about the world." The underlying consensus 

about all of these concepts (e.g., mental model, belief 

structure or system, cognitive structure) is that they can 

be used to represent organized knowledge about a given 

concept or problem domain containing both the attributes of 

the concept and the relationships among the attributes 

[Walsh and Fahey, 1986; Walsh, Henderson, and Deighton, 

1988]. In an attempt to explain or understand managerial 

decision making in ill-structured situations, these 

"cognitive structures" or "mental models" have been used by 

researchers to describe the managerial realities from a new 

perspective [Laukkanen, 1989]. In fact, it was Lewin [1948] 

who first used the phrase "cognitive structure," describing 

it as "the way (the person) sees the physical and social 

worlds, including his or her facts, concepts, beliefs, and 

experiences" [Lewin, 1948, p. 59]. 
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There appears to be growing agreement about the fact 

that "beliefs," "past experiences," "values," "perceptions" 

—the driving forces behind cognitive structures (not 

necessarily consciously held)—may determine the set of 

"cognitive resources" that decision makers (or humans 

beings) have at their disposal as they solve problems 

[Schoenfield, 1983; Walsh, 1988]. This argument is also put 

forward in the following statements: 

Individuals behave in relation to their personal 
universes and world pictures that they construct. 
[Harrison, 1985 quoted in Das, 1985, p. 19] 

If the organism carries a "small-scale model" of 
external reality and of its possible actions 
within its head, it is able to try out various 
alternatives, conclude which is the best of them, 
react to future situations before they arise, 
utilize the Icnowledge of past events in dealing 
with the present and the future, and in every way 
to react in a much fuller, safer, and more 
complete manner to the emergencies which face it. 
[Craik, 1943 quoted in Johnson-Laird, 1980, p. 73] 

And, 

. . . managers become aware of significant 
problems through sensing techniques. This . . . 
implies that managers need to become aware of 
explicitly presenting their view of the problems. 
[Lyles and Mitroff, 1980, p. 116; emphasis added] 

Donaldson and Lorsch [1983], in a study of top 

executive decision making in a dozen leading corporations, 

concluded that among the corporate managers in each of the 

companies investigated, there existed a distinctive system 

of "beliefs." They reported that: 
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These (systems of) interrelated beliefs act as a 
filter, through which management perceives the 
realities facing the firm. Thus they (beliefs) 
serve two essential and significant functions. One 
is to simplify: to translate a world that can be 
overwhelmingly complex and ambiguous into 
comprehensible and familiar terms. The other is to 
provide continuity and stability when change 
threatens to undermine the lessons of experience. 
[Donaldson and Lorsch, 1983, p. 79-80; parenthesis 
added] 

In a similar context. Ford and Hegarty [1984], in an 

exploratory study of decision maker's beliefs, concluded 

that: 

. . . contemporary organizations face turbulent 
environments that require frequent adaptive 
decisions in order to survive. These decisions 
must be made, in part, on the cause/effect maps 
that the decision makers use as a basis for 
evaluating various options they have available. A 
better understanding of what these maps are, how 
they are developed, and how they are used will 
further the understanding of both individual and 
organizational behavior, [p. 290] 

Finally, in an interesting example of the importance of 

"beliefs," Weick [1979] asserts: 

The importance of beliefs is dramatically apparent 
in the case of placebos. Placebos are any inactive 
substance or procedure that is used with a medical 
patient under guise of an effective treatment. 
Repeatedly it has been demonstrated that because 
the patients believe in these inactive substances 
or procedures, they actually work. And the amount 
of symptom relief has been dramatic. How placebos 
work isn't understood, but that they work is 
evident and supports the argument that beliefs do 
play a major role in seeing (understanding?). . . 
[p. 46-47, emphasis and parenthesis added] 

Consequently, it appears that decision makers (and for 

that matter people in general) tend to rely heavily on 

support from their view of the world around them in handling 
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ill-Structured problems. "People aren't simply presented 

with their own simplifications of the world" [Weick, 1979, 

p. 48]. (Of course, the decision maker does not approach 

reality as a tabula rasa. He or she must have some 

perspective that will help him or her diagnose, formulate, 

and/or understand problems from his or her scrutiny of the 

environment.) This argument can also be gleaned from the 

following assertion made by Mintzberg: 

In effect, managers (like everyone else) use their 
information to build mental "models" of their 
world, which are implicit synthesized 
apprehensions of how their organizations and 
environments function. Then, whenever an action is 
contemplated, the manager can simulate the outcome 
using his implicit models. There can be little 
doubt that this kind of activity goes on all the 
time in the world of management. [1976, p. 54] 

Finally, in his classical paper on the "Management of 

Misinformation Systems," Ackoff [1967] appears to be arguing 

for the need of building such "subjective" models. He 

asserts that: 

(A category of managerial decisions exists) . . . 
for which adequate models cannot be constructed. 
Research is required here to determine what 
information is relevant. If decision making cannot 
be delayed for the completion of such research or 
the decision's effect is not large enough to 
justify the cost f the research, then judgment 
must be used to "guess" what information is 
relevant. It may be possible to make explicit the 
implicit model used by the decision maker. . . . 
[Ackoff, 1967, p. B-154, emphasis added] 
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Cognitive Mapping 

Various tools have been utilized to represent these 

"views" of decision makers. One such graphical tool is 

cognitive mapping. This term is attributed to Tolman [1948], 

who first used it to mean the representation of spatial maps 

of rats navigating a maze. These cognitive maps represented 

the learning process by which rats and people form maps of 

their environment. The important aspect of Tolman's 

experiment was the fact that these "maps" were built 

latently, and that the rats learned through their experience 

to interact with the maze environment. 

Formally, Axelrod [1976, p. 5] defined cognitive maps 

as a graphical representation of a person's stated 

assertions about some limited problem domain, such as a 

policy problem. He proposed a "general framework of 

cognition and choice," wherein he put forward a formal 

language to capture the structure of a person's beliefs in 

the form of cause maps represented by digraphs [Axelrod, 

1976]. Axelrod and his colleagues used cognitive mapping in 

numerous empirical studies in the field of foreign policy 

making. They found that cognitive maps of politicians and 

policy makers tended to be very stable over time and could 

be used as a predictive tool (e.g., for forecasting 

consetjuences of changes in policy) . Another striking finding 

was that high-level decision makers have more beliefs than 

they can integrate successfully. Various other researchers 
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have since used the cognitive mapping technique in 

experimental situations for different types of problem 

domains. The next two paragraphs briefly review some of 

these studies. 

In a study of decision maker beliefs about the causes 

and effects of organizational structure. Ford and Hegarty 

[1984] found a high level of agreement between the cognitive 

maps of a group of MBAs and a group of full-time practicing 

managers concerning the overall causality of context (e.g., 

technology, environmental uncertainty), structure, and 

performance variables. Bougon, Weick, and Binkhorst [1977] 

describe a theoretical and empirical investigation of the 

"cause maps" of the members of the Utrecht Jazz Orchestra. 

Their principal finding was that in a content-free analysis 

a social system can be analyzed globally and correlated with 

other global measures. The empirical results of their study 

provided a first positive test of the proposition that, in a 

social structure, it is not the objective content of 

variables, but the structure of causality among them that 

determines the fate of the system. Another conclusion of 

this study was that members of the organizations stored in 

their minds beliefs about the organizational environment. 

Eden, Jones, and Sims [1979] used cognitive maps with 

bi-polar constructs based on Kelly's [1955] ideas, to 

investigate the subjective world of policy and decision 

making in organizations. Laulckanen [1989] studied the 
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formation of cognitive maps in an attempt to develop an 

understanding of their shaping in broad outline. He used 

comparative ease analysis to understand how cognitive 

structures are formed. 

In the information systems field, Montazemi and Conrath 

[1986] applied the cognitive mapping technique for analyzing 

information requirements to develop and empirically test an 

individualized information system for an exception reporting 

system for ill-structured decision problems [Montazemi, 

Conrath and Higgins, 1987]. In both of these cases, the 

authors used a Canadian insurance company for their study, 

and found that cognitive mapping offered significant 

advantages in terms of information requirement analysis and 

the reporting of exceptions in the performance of 

subordinates. Lastly, Grudnitski [1984] also used cognitive 

mapping to develop decision makers maps for eliciting 

information requirements. He concluded that decision makers 

who have relatively complex cognitive structures and rely 

more heavily on external information outperform, in a 

planning sense, decision makers whose cognitive structures 

and information requirements are otherwise. 

In summary, it can be asserted that every decision 

maker—whether it be a person making decisions about his or 

her own life or an executive making corporate decisions— 

uses this ability of cognition to capture information to 

understand and produce alternative solutions about a problem 
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domain. These cognitions are the agglomeration of the 

individual's experiences, beliefs, values, knowledge, and 

perceptions about the problem domain. 

The Nature of Ill-Structured Problems 

The importance of understanding ill-structured problems 

(ISPs) is clearly underscored by the finding of Lyles and 

Mitroff [1980, p. 108] that ninety percent of the problems 

reported by managers were ill-structured in nature. That 

ISPs are more prevalent in strategic decisions is also a 

very well established fact [see for example, Lyles, 1987; 

Mintzberg, 1976; Schwenk, 1988b]. The nature and character 

of ill-structured problems have been investigated by 

numerous researchers, and some insight into the significant 

aspects of ISPs can be gleaned from reviewing their 

assertions. 

Consider, for example: 

How do organizations go about making 
"unstructured," "strategic" decisions? Researchers 
of administrative processes have paid little 
attention to such decisions, . . . it is at the 
top levels of organizations where better decision 
making methods are most needed. [Mintzberg, 1976, 
p. 246] 

Problems in the real world are more frequently 
ill-defined than well-defined . . . . In addition, 
problems in real life depend far more for their 
solution on specific experience and Icnowledge. 
[Eysenck, 1984, p. 280] 
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. . . when we ask how executives in organizations 
make nonprogrammed decisions, we are generally 
told that they "exercise judgment," and that this 
judgment depends, in some undefined way on 
experience, insight, and intuition. [Simon, 1960, 
p. 11] 

Just what can we say about . . . ill-defined 
problems? What are their characteristics and what 
are the kinds of judgments and decisions we make 
to solve them? Just what, indeed, does it mean to 
speak of having solved such a problem at all? We 
lack systematic bases for dealing with ill-defined 
problems . . . We must continually fall back on ad 
hoc schemes in organizing our work and in 
analyzing and communicating particular instances. 
[Reitman, 1965, p. 148; emphasis in original] 

(For sake of illustration) . . . what might we 
take as an ill-structured task? Deciding on a 
carrier. Discovering a scientific theory. 
Evaluating a new ballet. Planning what to do with 
a free day . . . [Newell, 1973, p. 55] 

Decisions are nonprogrammed to the extent that 
they are novel, unstructured, and consequential. 
There is no cut-and-dried method for handling the 
problem because it has not been seen before, or 
because its precise nature or structure are 
elusive or complex. [Simon, 1960, p. 6] 

Unstructured refers to decision processes that 
have not been encountered in quite the same form 
and for which no predetermined and explicit set of 
ordered responses exist in the organization. 
[Mintzberg, 1976, p. 246] 

The above assertions leave little doubt that ISPs are 

complex, novel, rarely recur in the same form, lack a 

systematic basis for dealing with them, have open 

constraints, require formulation or definition or 

specification, and require the use of ad hoc schemes, 

judgment or some form of informal sensing or intuition 

[Lyles and Mitroff, 1980; Newell, 1973; Reitman, 1965; 

Soelberg, 1967]. 
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The solution of ISPs, however, is obviously not merely 

dependent on the conscious presence of necessary experiences 

or data [Blumenthal, 1977]. In order for a person to achieve 

understanding of an ISP it is necessary that some other 

factors are also considered. Simon [1981, p. Ill] asserts 

that the "efforts to solve a problem must be preceded by 

efforts to understand it." In fact, it is argued that a 

solution to an ISP is very much influenced by the 

individual's ability to understand the problem on the basis 

of his or her cognitive structures and processes [Schwenk, 

1988b]. This argiiment is also put forward by Ashby [1960], 

when he asserts that: 

. . . (once we) examine closely the nature of the 
problem . . . (and) develop more accurate concepts 
. . . and when we can state the problem with 
precision we shall not be far from its solution, 
[p. 1; parentheses added] 

Thus, understanding of the problem—and therefore a 

convergence to a solution—occurs as soon as one can clearly 

conceptualize the problem and be in a position to formulate 

it precisely. Decision makers confronted with ISPs (e.g., 

strategic decision making) in organizations usually begin 

with "little understanding of the decision they face or the 

route to its solution" [Mintzberg, 1976]. Carbonell [1981] 

has shown that this "understanding" is a subjective process 

and that the beliefs of the "understander" affect the way in 

which he or she interprets events. Thus, it appears that 

understanding of ISPs, such as those experienced at the 
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Strategic level of organizations, is critical to the 

generation of solutions for the problem. In discussing 

strategic decision making, Schwenk [1988b] also makes this 

argument: 

A better understanding of strategists' cognitive 
structures and processes will . . . provide a 
basis for better recommendations improving 
strategic decision making. Strategic decision aids 
can be developed that are more consistent with the 
ways decision makers represent strategic problems, 
[p. 33; emphasis added] 

To summarize, it is sufficient to assert that the 

solution to ill-structured problems rests to a large extent 

with the cognitive orientations of the decision maker. The 

understanding of an ISP is largely a subjective process, and 

the beliefs of the understander affect the way in which he 

or she interprets the problem or its components. 

IS Support for Cognition 

It is apparent that decision makers interact with their 

environment and select or use information that is relevant 

to them and reinforces their views of the world. Designers 

of information systems have been preoccupied, to a large 

extent, with building user-friendly system interfaces. Very 

little progress has been made in terms of providing IS 

support for the decision maker's cognition or view of the 

problem domain being supported. Keen and Scott Morton [1978] 

assert that such information is not an objective commodity, 

but a personalized response to one's environment. It is 
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argued that the implications for decision support systems 

are obvious: the system should mesh with the cognitive 

structures of its users [Keen and Scott Morton, 1978; Cats-

Baril, 1987; Lucas, 1986]. 

Furthermore, since managerial decision making is 

fundamentally a cognitive task, and therefore subject to 

cognitive limitations, decision aids should be designed so 

that they draw upon the strengths of managers and compensate 

for their weaknesses [Simon, 1957; Chakravarti, Mitchell and 

Staelin, 1979; Walsh, 1988]. 

In the past, IS researchers and practitioners have 

attempted to understand the support requirements for ill-

structured problem solving. It is with some trepidation and 

reluctance, however, that they have attempted to embrace the 

idea that such IS support may have to be solidly grounded in 

the cognitions of the decision makers being supported. This 

deficiency is very succinctly expressed by Mason and Mitroff 

[1973] in their seminal paper: 

The current design of MIS has been preoccupied 
almost entirely with providing information for 
well-defined and well-structured problems. 
Relatively little has been done on information 
systems for improving appreciation and for dealing 
with unstructured wicked problems, [p. 480; 
emphasis added] 

This improvement of appreciation requires that IS designers 

provide some ability for the system to support the cognitive 

orientations of decision makers involved with ill-structured 

problem situations. 
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Gorry and Scott Morton [1971], in discussing their 

framework for information systems, indicate that the missing 

ingredient (associated with IS activities in most 

organizations), apart from basic awareness of the problem, 

is the skill to elicit from the management its view of the 

organization and its environment, and to formalize models of 

this view. 

Many researchers in the areas of strategy and foreign 

policy making, artificial intelligence, and cognitive 

science have analyzed and modelled belief systems on the 

computer. The major emphasis of most of these computer 

models has been on elicitation, simulation, graphical 

representation and evaluation of stated subjective 

beliefs/belief systems. It is useful to briefly consider the 

objectives and scope of the computer models of a sampling of 

this research stream. 

Abelson and Carroll [1965] and Abelson [1973] used 

Senator Barry Goldwater's right-wing belief system about 

foreign policy to build an ideology machine. This computer 

program referred to as the "Goldwater machine" was based on 

the concept of "master scripts" [Abelson, 1973]. The program 

reasoned decisions on the basis of Goldwater's ideology. 

Following up on Abelson's work, Carbonell [1978, 1981] 

built a computer simulation model called POLITICS to 

simulate political ideologies. The simulation was based on a 

process model for subjective understanding of political 
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events. He incorporated AI techniques such as goal trees, 

inferencing, and counterplanning strategies. Carbonell's 

program could be used for question-and-answer sessions, in 

which the program generated statements on the basis of the 

ideology it embodied. 

In the same vein, Wegman [1981] developed a computer 

program (BUS or Belief Understanding System) that builds a 

conceptual representation of a respondent's belief system, 

using interview text as input. Unlike the other two computer 

models discussed earlier, BUS did not simulate the ideology 

of the belief system it embodied. 

Eden [1980] and his associates (Eden, Jones, and Sims 

[1979]) have built an intensive program of research with the 

use of a computer program called COPE. COPE was originally 

designed as an aid for cognitive mapping. In recent years, 

this program has been used for applications in GDSS (Group 

Decision Support Systems) and Strategic Options Decision 

Analysis [Eden, 1988]. This computer program bases its 

concepts on ideas from the theory of personal constructs 

[Kelly, 1955]. The program allows an individual to input his 

or her values, beliefs and ideas about some policy 

(strategic) problem in the organization. This model can then 

be utilized to predict and test strategies. The cognitive 

maps are analyzed using the theory of digraphs. 

The exception reporting system built by Montazemi, 

Conrath, and Higgins [1987] was used to analyze the 
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performance of subordinates and generate reports on 

exceptions on various elements of their work. The computer 

program, in effect, depicts the exception filter and uses 

the cognitive map of the claims manager along with some 

other fixed inputs. The authors reported that 97% of the 

"exceptions" were detected by this computer program. 

Baldwin [1988] developed a Multiple Viewpoint System 

(M.V.S.) to support the problem formulation process. This 

prototype program builds different views for analyzing 

financial data of an organization. These views could be 

built as a data view or a causal model of the numerical data 

or as abstracted causal models. The system also provided 

explanations of the view that was created. 

If IS support is provided in such a way as to either 

strengthen or weaken the decision maker's view of the 

problem, one would have succeeded in designing an inquiring 

system that is a reliable evidence generator. In the words 

of Mason and Mitroff [1973]: 

For the manager, information is the evidence upon 
which his decisions will be based. A manager will 
tend to place his reliance on some methods of 
generating evidence to the exclusion of others 
because for him the 'guarantees' that the evidence 
is true are much stronger. Consequently an 
important factor in MIS design is the type of 
evidence generating system used and the type of 
guarantees behind it. [p. 180] 

Mason [1969], Churchman [1971], Mason and Mitroff 

[1973], and Lyles [1987] have suggested that the ultimate 

method of inquiry for complex and ill-structured decision 



31 

problems is one in which the inquirers are made conscious of 

their own views and those of others in the organization 

operating in the same problem domain. In order to further 

explicate this idea, it is useful to look at the different 

inquirers theorized by Churchman [1971]. The support system 

to be developed for the present research utilizes as its 

foundation some aspects of Churchman's inquiring systems. 

The fundamental ideas embodied in the Hegelian 

(dialectical), Kantian, and Singerian-Churchmanian inquirers 

are germane to the present effort. The ideas incorporated in 

the "classification of IS support" developed within this 

research are based, in part, on these Churchmanian 

inquirers. 

Incruiring Svstems 

This brief analysis of Churchman's "systems of inquiry" 

will freely draw upon the insights of various authors 

[Baldwin, 1988; Mason, 1969; Mason and Mitroff, 1973; 

Mitroff, 1971; Mitroff and Betz, 1972; Paradice, 1986]. The 

fundamental premise of Churchman's design for inquiring 

systems is that the field of Management Information Systems 

should be concerned with the design and creation of systems 

that facilitate inquiry—an activity that produces knowledge 

[Churchman, 1971, p. 8]. Furthermore, the Icnowledge 

generated should have certain guarantees in order for it to 

be acceptable to the inquirer. Churchman [1971] identified 
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five basic types of inquiring systems parallelling the 

beliefs of five great philosophers: Gottfried Wilhelm Von 

Lebniz (also written as Leibnitz; 1646-1716), a 17th century 

German philosopher, writer, and mathematician; John Locke 

(1632-1704), a 17th century English philosopher; Immanuel 

Kant (1724-1804), a British philosopher; Georg Wilhelm 

Friedrich Hegel (1770-1831), an 18th century German 

philosopher; and Edgar Arthur Singer, Jr. (1873-1954), a 

20th century American philosopher. 

Leibnitzian Incruiring Svstems 

The Leibnitzian inquirers are the archetype of formal, 

symbolic, mathematical systems. They depend on the "innate" 

generation of ideas and do not use external inputs. They 

begin with some a priori axioms, or "formal truths," and 

build a network of ever-expanding, increasingly general, 

formal prepositional truths. The emphasis is on elaborate 

mechanisms of formal proofs. The facts are guaranteed by the 

precise specification of the inference rules (the proofs) 

and other notions like internal consistency, completeness, 

comprehensiveness, etc. One good example of a Leibnitzian 

inquiring system is a proof in Euclidean geometry. 

Leibnitzian inquirers are best suited for precisely defined 

or well structured problems. Such systems are capable of 

developing a single best or "optimum" model. In summary, 

Leibnitzian inquirers use a rational, logical approach— 
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which is based on fundamental axioms—for generating 

knowledge. 

Lockean Inquiring Systems 

Lockean inquirers are archetypical of experimental, 

consensual systems. Evidence or Icnowledge in this system is 

generated empirically. They are inductive in philosophy, 

depending on external sense-experiences or observations to 

generate premises. These observations are then used to build 

a network of ever-expanding and increasingly more general 

set of facts called "fact nets." (Contrast this inductive 

approach to Leibnitzian inquirers, where networks are 

theoretically, deductively derived.) An example of a Lockean 

inquiring system is the Delphi method. The final consensus 

on a decision is purely based on the empirical evidence. 

These systems are also (like Leibnitzian inquirers) best 

suited for working on well-structured problems for which 

there is a strong consensus on the nature of the problem 

situation. In summary, Lockean inquiring systems rely on 

observation, and the inductively generated facts (knowledge) 

are guaranteed by the consensus achieved among the members 

of a group of experts. 

Kantian Incruiring Svstems 

Given any problem situation, a Kantian inquiring system 

constructs at least two alternate representations or models 
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or views of the problem, and efforts are made to combine 

these views. This inquiring system is the archetype of 

multi-model, synthetic systems. Unlike the previous two 

inquirers, this system recognizes the influence of a priori 

knowledge on the generation of new Icnowledge. Although no 

functional Kantian IS system presently exists, examples can 

be found in a manual setting. (Baldwin [1988] did build a 

simplified prototype for a Multiple Viewpoint Problem 

Formulation Support System, that accepted multiple views 

about a problem in the domain of financial analysis.) A 

common example of a Kantian system is a decision maker using 

statistical software to test a series of hypotheses. The 

guarantor of Kantian inquirers is the degree of fit between 

the underlying theory and the data collected under the 

presumption of the theory. Kantian systems are suitable for 

handling problems that are moderately ill-structured. In 

summary, Kantian inquiring systems combine the advantageous 

features of Leibnitzian and Lockean inquiring systems. Using 

Leibnitzian fact bases (a priori theories), the Kantian 

system builds at least two alternate Lockean fact nets. 

Hegelian Incruiring Svstems 

This system is the antithesis of the Kantian inquiring 

system. A Hegelian inquiring system is the archetype of 

dialectical systems. They are based on the premise that 

taking a totally opposing world view about a problem 
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situation can result in a better solution. Unlike Lockean 

systems, where the two alternate views are complementary, 

this inquiring system uses two radically different positions 

about the same problem. Debate is the guarantor for the 

judgment or decision that is arrived at. A good example of a 

Hegelian inquiring system is the American judicial system. 

In recent years, there has been some progress in building 

systems that are Hegelian in nature. For example, a computer 

program called PERSUADER has been implemented for the 

problem domain of labor negotiations [Sycara, 1987; Sycara, 

1988]. This program uses three agents: the company, the 

union, and a mediator. The mediator engages in parallel 

negotiations with the union and company agents. The 

PERSUADER'S input is the set of conflicting goals of a 

company and union, and the dispute context. It uses a theory 

of persuasive argumentation as its basis [Sycara, 1988]. 

Hegelian systems are best suited for handling ill-

structured, "wicked" problems, but may not be appropriate 

for handling well-structured problems. In summary, a 

Hegelian inquiring system allows the use of a priori 

knowledge of certain things; but these assumptions may be 

challenged. It is a conflictual system and thus attempts to 

expose the assumptions and build Icnowledge through a debate 

between the inquirers. 
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Singer ian-Churchmanian Incruiring Systems 

Singerian-Churchmanian inquiring systems are the 

archetype of multi-disciplinary systems. Not only does this 

system use multiple views, but it also requires that these 

views range over many disciplines. Churchman illustrates 

this type of inquiring system by using the problem of 

measuring the length of a rod at two points in time. A 

resolution to this problem depends on knowledge from 

metrology (the science of measurement), physics (for 

determining the effects of temperature on the rod), and 

perhaps statistics to estimate any variability in case of 

multiple measurements. There is no known extant system of 

this type. Singerian inquirers involve continual learning 

and adaptation through feedback. These systems convert ill-

structured problems into structured ones and structured 

problems into wicked. In summary, Singerian-Churchmanian 

inquiring systems create multiple representations from 

multiple disciplines and can to a large extent synthesize 

these representations to create a better, more abstract 

representation of the problem. They are best suited for 

studying other inquiring systems. 

Summary 

The above discussion reinforces the assertion in the 

introductory chapter (I) about the need for a cognitive 

perspective of providing IS support to decision makers. In 
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other words, an approach is needed that is grounded in the 

cognitions of the decision makers. Furthermore, as Neisser 

[1967, p. 8] has pointed out, ". . . programs have much in 

common with theories of cognition. Both are descriptions of 

the vicissitudes of input information." IS support that 

facilitates these vicissitudes or transformations of input 

information could aid decision makers in comprehending their 

own cognitions (and that of others), and in consequence 

result in a better understanding of the problem. 

Due to the nature of ill-structured problems, such as 

those faced by strategy makers, it is a challenge for MIS to 

provide the necessary support to enable them to reduce the 

entropy and uncertainty involved with the process of 

understanding and formulating such problems. There is little 

doubt that the decision maker's past experiences, belief 

structures, etc., play a large role in the ability to 

achieve this understanding. Rephrasing an assertion made by 

Walsh and Fahey [1986] in terms of the field of MIS, it can 

be said that: the challenge for MIS, then, is not to 

eliminate these "cognitive structures" possessed by decision 

makers, but rather to learn to circumvent their hazards and 

employ them effectively. This requires providing IS support 

through these "cognitive orientations." In addition, such a 

support needs to allow the ability to see, analyze, and 

possibly refine their own view and those of others. This is 

because people's mental models are "apt to be deficient in a 
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number of ways, perhaps including contradictory, erroneous, 

and unnecessary concepts" [Norman, 1983, p. 14]. Thus, any 

support system for understanding and formulating ill-

structured problems should incorporate some ability to have 

different means of inquiry, such as analytical or 

introspective, dialectical, or synthetic—akin to 

Churchman's inquiring systems [Churchman, 1971]. 

Finally, it can be argued that IS support for the 

cognitive orientations of decision makers would be most 

useful for the initial stages of decision making—problem 

comprehension or problem understanding, and problem 

formulation (decision recognition and diagnosis routines of 

Mintzberg [1976] or the intelligence phase of Simon [I960]). 



CHAPTER III 

RESEARCH METHODOLOGY 

Introduction 

The presumptions that determine one's research 

perspective are intricately linked with the research 

methodology being used for the scientific endeavor. 

"Methodologies are neither appropriate nor inappropriate 

until they are applied to a scientific research problem. 

Methodologies are tools of inquiry: . . . each inquiry 

requires careful selection of the proper tools" [Downey and 

Ireland, 1983]. This advice forms the fundamental tenet for 

the selection of the proposed methodological approach to 

this dissertation research. Newell and Simon argue that: 

Computer Science is an empirical discipline. We 
would have called it an empirical science, but 
like astronomy, economics, and geology, some of 
its unique forms of observation and experience do 
not fit into the narrow stereotype of the 
experimental method. Nonetheless they are 
experiments. Each new machine that is built is an 
experiment. . . Each new program that is built is 
an experiment. It poses a question to nature, and 
its behavior offers clues to an answer. . . . We 
build computers and programs for many reasons. We 
build them to serve society and as tools for 
carrying out the economic tasks of society. But as 
basic scientists we build machines and programs as 
a way of discovering new phenomenon and analyzing 
phenomena we already know about. . . It (society) 
needs to understand that, as in any science, the 
gains that accrue from such experimentation and 
understanding pay off in the permanent acquisition 
of techniques, and that it is these techniques 
that will create the instrximents to help society 
in achieving its goal. [Newell and Simon, 1976, p. 
114; parenthesis added] 

39 
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Although the above statement was directed to computer 

scientists, it can easily be applied to the field of 

Management Information Systems (MIS) [Simon, 1990]. 

Furthermore, the process of designing and implementing a 

system is, within itself, an inquiry that generates 

knowledge [Churchman, 1971]. From a philosophical 

perspective, the prototype computer system is a way of 

confirming (or substantiating) that our model of reality— 

whatever that may be—is tenable. The prototype system is a 

tool—akin to the experimental design in empirical research 

—that provides a means for validating theories or 

conceptual models. Rigby [1965, p.122] agrees, stating that: 

The computer itself does not improve the 
mathematics or theory underlying the models but 
serves as a very useful tool of analysis and in 
this fashion contributes to both. 

In the same vein, Kelly [1963, p. 226] argues that: 

. . . the fact that one gets out of a computer 
model in some sense just what one puts in is not a 
disadvantage but an advantage. There can be no 
doubt that the behavior generated by the program 
necessarily follows from the system of constructs 
as realized in the program. To the extent that we 
are willing to regard this behavior as similar to 
certain aspects of human behavior, we can consider 
the system of constructs sufficient to account for 
those aspects [Paraphrased in Reitman, 1965, p. 
15; emphasis in original]. 

One of the major tasks of this dissertation is to 

design a prototype system for assisting decision makers 

involved with understanding ill-structured problems, such as 

those (problems) confronted by strategic decision makers. 

The construction of a prototype system to validate the 
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conceptual development of this dissertation research can be 

considered as a part of the whole theoretical or conceptual 

"net." The concepts developed in any MIS research (and for 

that matter, most pragmatic social sciences) cannot be 

separated from the elements (e.g., the prototype) that 

provide substantiation for a model, theory, or principle. 

This view is supported by many contemporary philosophers of 

science. For example, consider the following assertion: 

A scientific theory (or model) is a whole, it is 
an entity made up of interconnected parts, and as 
a whole it is testable. . . . Evidence does not 
impinge on any particular individual item or 
theoretical element in science, it impinges the 
whole net. [Phillips, 1987, p. 13] 

In this dissertation research, the evidence for the 

concepts is obtained from illustrations and the design, 

construction, and testing of a prototype system that 

incorporates the concepts theorized. 

The use of a prototype to substantiate a conceptual 

model is a well-established tradition in many applied 

sciences; for example, software engineering [O'Leary, 

1988a]. Indeed, this view is concisely expressed by O'Leary 

[1988a, p. 26; 1988b, p. 32]: 

. . . prototyping often is used to demonstrate a 
"proof of concept." Researcher claims for various 
problem solving approaches must be substantiated 
by developing a prototype of the system . . . . 
prototyping can be used to both test theories and 
generate theories. The inability of prototypes to 
explain anomalies can lead to the generation of 
theories. 
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The above theme is also emphasized in the following 

assertion made in the context of developing systems to model 

cognition: 

. . . the single most important virtue of 
programming should come not from a finished 
program itself, or what it does, but rather from 
the business of developing it. Indeed, the aim 
should be neither to simulate human behavior— 
often a species of dissimulation—nor to exercise 
artificial intelligence, but to force the theorist 
to think again. . . . The development of small-
scale programs (prototypes!) that explore part of 
a general theory can be a genuinely dialectical 
process leading to new ideas both about the theory 
and even about how to test it experimentally. 
[Johnson-Laird, 1990, p. 110; parenthesis added] 

In view of the above discussion, this dissertation 

research proposes to follow a "unified research methodology" 

proposed for the field of Artificial Intelligence (AI) by 

Yadav and Baldwin [1990]. This methodology is based on the 

classical scientific method and the general research method 

developed by Ackoff, Gupta, and Minas [1962]. It is 

especially suitable for any research that involves the 

development and/or use of a prototype as its research 

design. The unified research method is comprised of the 

following steps: 

1. Formulate the problem. 
2. Construct Icnowledge-level principles, concepts, models 

or theories. 
3. Construct symbol-level principles, concepts or 

theories. 
4. Operationalize knowledge-level concepts or theories. 
5. Identify or construct symbol-level design. 
6. Identify or develop prototype system. 
7. Test the system. 
8. Evaluate and validate the results. 
9. Refine the model. 
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The first step is akin to observation, the second and 

third steps provide generalization, and the next five steps 

(4-8) are equivalent to experimentation. The last step (9) 

uses the feedback from all the previous steps (1-8) to 

refine the underlying concepts. 

Formulate the Problem 

Introspection, and a review of prior literature, guides 

the formulation of the research problem [Hall and Kibler, 

1985]. In accordance with this, the introductory chapter (I) 

has provided a general statement of the problem accompanied 

with specific issues that this research addresses. The 

definition of the research problem is then used to develop a 

statement of research objectives. 

Construct Knowledge-Level Concepts 

The problem forms the basis for the construction of 

concepts (e.g., cognitive lens) at the knowledge-level. 

Knowledge-level concepts are description of facts [Rich and 

Knight, 1991, p. 106]. These concepts are based on 

introspection, analysis of the prior research, and the 

analysis of managerial activities that promote problem 

understanding. In an interesting discussion on the 

conceptual foundations of business research, Rigby [1965, p. 

16] argues that: 
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The possibility of inventing concepts provides the 
opportunity for developing different ways for 
thinking about the same phenomenon. . . The 
phenomenon does not differ—only the way of 
thinking about it differs. . . . The process of 
inventing concepts is an integral part in the 
growth and development of a discipline. 

At this stage, the conceptual development is compared 

with the formulated research problem and its constituent 

issues. That is, the concepts are checked for consistency 

and validity with respect to the proposed research problem 

and its constituent issues. 

Construct Svmbol-Level Concepts 

Symbol-level concepts are representations of objects at 

the knowledge-level in terms of symbols that can be 

manipulated by programs [Rich and Knight, 1991, p. 106]. The 

Icnowledge-level concepts are used to develop symbol-level 

concepts, which in turn drive the development of the 

prototype system. This involves developing the cognitive 

lens support system architecture and the requisite IS 

support capabilities. The symbol-level concepts in this 

research are the constructs and symbols that comprise the 

prototype design specifications. These specifications 

include the classification of IS support for the cognitive 

lens and the IS functions derived from the "understanding 

activities." Once again, the consistency and validity of 

these symbol-level concepts are checked against the 
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knowledge-level concepts and with respect to the research 

problem. 

Prototvpe Development 

The next four steps (4-8) of the research methodology 

involve the development of operational Icnowledge-level 

constructs for the cognitive lens (implemented as frame-

based objects) and the cognitive lens support system. The 

objects are made operational and their relationships and 

internal organization in terms of functions, operations, 

etc., are made explicit. The stages of operationalizing 

knowledge-level concepts and the construction of the symbol-

level design are akin to the production of design 

specifications for constructing the prototype. It is 

relevant to note that this dissertation research utilizes 

the object-oriented development paradigm for programming 

[Booch, 1986] in developing the prototype system. This 

process involves some basic developmental steps. These 

include identifying the objects and detailing their 

attributes, identifying the functions (operations) to be 

performed on the object and by each object on other objects, 

establishing the visibility of objects in relation to other 

objects, establishing the interface of each object, and 

implementing the object(s) in a suitable programming 

language [Booch, 1986; Shlaer and Mellor, 1988; Stroustrup, 

1988]. 
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In this phase of the research, the prototype is 

constructed and tested. The construction of the prototype 

serves as an objective demonstration of every concept that 

was proposed at the knowledge-level [Ashby, I960]. The 

development of the prototype and its evaluation follow the 

prototype development life cycle [Boar, 1984, p. 8; Yadav 

and Baldwin, 1990]. The prototype development life cycle is 

bounded by the SDLC (system development life cycle). The 

prototype development in this research involved four basic 

steps. (These steps complement the overall framework of the 

unified research methodology, stages 4-8.) The first step 

involves the selection of an appropriate tool for developing 

the prototype cognitive lens support system (CLSS). On the 

basis of the design specification, the next step involves 

the construction of the prototype. As the prototype CLSS is 

constructed, additional insights obtained during the process 

are used to further refine the prototype. It should be 

emphasized that the construction of the prototype involves 

iterating among the various steps of the development 

process. 

Testing the Prototype 

The testing of the prototype provides the opportunity 

to determine the prototype's veracity vis-a-vis the 

conceptual development. The testing of the prototype 

(cognitive lens support system) for some specific problem 
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domains provides an ability to reevaluate and refine the 

concepts (step 9) both at the symbol and knowledge levels. 

In terms of this dissertation research, the validation of 

the prototype provides corroboration that the understanding-

activities supported "through" the decision maker's 

cognitive lens promote understanding, and are consistent 

with the needs of the ill-structured problem under 

consideration. In essence, the testing of the prototype 

system is a means of determining the viability of all the 

concepts developed, thus paving the way for evaluating the 

effectiveness of the theorized concepts and the prototype 

system. To the extent that implementation difficulties 

arise, the conceptual basis of the prototype at all levels 

of the design could be reconsidered [Hall and Kibler, 1985]. 

The fact that the prototype is constructed using a sound 

methodology provides the luxury of bi-directional results— 

analogous to two-way hypothesis testing in empirical 

research. In either case, it adds to knowledge and our 

understanding. This is in congruence with the arguments 

provided in the introductory part of this chapter regarding 

the use of prototype development for substantiating 

conceptual development. 

Validation Strategy 

A comprehensive discussion about the validation of the 

prototype design, and of the concepts developed in this 
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research, is postponed to a separate chapter (VI) of the 

document. For this discussion of the dissertation's research 

methodology to be complete, however, it is important to 

paraphrase the strategy adopted to validate the prototype 

system and the concepts developed. 

The validation strategy utilizes a two-pronged 

approach. The first component of the validation strategy is 

the prototype design validation. The second component is the 

validation of the conceptual development (e.g., the notion 

of the cognitive lens and the classification of IS support). 

The validation of the prototype design involves 

answering two questions: (1) Does the prototype perform as 

specified by its architecture and constituent 

functionalities? (or does the system do what it was supposed 

to do?); and (2) Does the prototype provide authentic 

results? (or is there some verification of the results 

obtained from testing of the prototype?) 

Second, validation of the concepts is approached in a 

bottom-up fashion. That is, in contrast to the top-down 

approach utilized for the conceptual development and 

prototype design/construction, the validation of the 

concepts is logically and deductively approached bottom-up. 

Therefore, a valid design implies support for the IS 

functions, which implies potential valid support for 

understanding. Valid support for understanding of ISPs, 

achieved through the decision maker's cognitive lens, in 
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turn implies a valid concept at the Icnowledge-level (e.g., 

the cognitive lens and the classification of IS support). 

Summary 

Numerous MIS, AI, and CS doctoral dissertations have 

built prototypes to substantiate their conceptual work. (In 

some cases, the crux of the research effort has been the 

prototype development.) For example, the works of Raphael 

[1964], Carbonell [1981], Minch [1982], Raghavan [1984], Ata 

Mohamed [1985], Paradice [1986], Baldwin [1989], and 

Chatfield [1990] included prototyping as a key component of 

their research methods. 

This proposed research breaks new ground, in that it 

attempts to describe an alternative way of providing IS 

support to decision makers involved with understanding 

and/or formulating ill-structured problems. Since this 

approach involves a decision maker's cognitive orientation— 

described by his or her cognitive lens—the agreement of 

this orientation with "reality" is the ultimate "guarantor" 

[Churchman, 1971] of the cognitive lens support system. 



CHAPTER IV 

COGNITIVE LENS—A CONCEPTUAL BASIS FOR 

THE SUBJECTIVE UNDERSTANDING OF 

ILL-STRUCTURED PROBLEMS 

Introduction 

Most researchers agree that while there is a best way 

to carry out structured tasks, ill-structured tasks require 

each decision maker to make a situational value judgment 

from his or her personal frame of reference [Gorry and Scott 

Morton, 1971]. A common example of a structured task is the 

inventory control problem. This problem has a definite 

structure, is not too complex, and the problem of estimating 

the inventory reorder level is easily understood in terms of 

its various constituent constructs (variables such as 

demand, order costs, etc.) and their functional 

relationships. On the other hand, consider the strategic 

planning problem of capital structure financing (debt versus 

equity) for an organization. This problem is complex, ill-

structured, occurs infrequently, and is not very well 

understood by decision makers [Pinegar and Wilbrecht, 1989], 

The capital structure problem has been mathematically 

modeled and analyzed by numerous researchers, and it appears 

that the solution lies in understanding why capital 

structure decisions matter rather than whether they matter 

[Modigliani and Miller, 1958; Pinegar and Wilbricht, 1989]. 

50 
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Managers making capital structure decisions tend to bring 

into the decision a number of external constructs and 

relationships that may have little similarity with a 

normative perspective of the problem [Scott and Johnson, 

1982]. This ill-structuredness, and the accompanying lack of 

understanding on the part of the decision maker, seems to be 

symptomatic of most strategic problems [Ford and Hegarty, 

1984; Mintzberg, 1976; Pounds, 1969]. 

Understanding Ill-structured Problems 

As discussed in the previous chapters and illustrated 

by the capital structure example, decision makers tend to 

understand ill-structured problems on the basis of their 

cognitive orientations. In confirming this conclusion. 

Pounds [1969, p. 5] argues that: 

The word "problem" is associated with the 
difference between some existing situation and 
some desired situation. . . . (Because a manager's 
world is complex) . . . . the problem of 
understanding problem finding is 
. . . eventually reduced to the problem of 
understanding the models which managers use to 
define differences. 

He further adds that: 

. . . problem definition cannot precede model 
construction. It is impossible to know, for 
example, that a cost is too high unless one's own 
experience has some basis which suggests it might 
be lower. This basis might be one's own 
experience, the experience of the competitor, or 
the output of a scientific model. [Pounds, 1969, 
p. 17] 



52 

Thus, it appears that a decision maker develops an 

understanding of an ill-structured problem in two 

fundamental ways: first, from the quantitative data that he 

or she can objectively analyze (For example, in the capital 

structure problem, though the level of debt may have been 

directly available as a quantified entity, the decision 

maker implicitly represents it as the belief about the level 

of debt rather than the dollar value of the debt itself); 

and second, the decision maker uses his "judgment" to make 

the final diagnosis and/or analysis about the problem based 

on his or her view of the world (problem domain) . 

Decision makers have complex belief systems about a 

problem domain, but rarely analyze the whole system when 

formulating ill-structured problems [Axelrod, 1976; 

Donaldson and Lorsch, 1983]. This phenomenon is attributed 

to "bounded rationality" because of limited information 

processing capabilities of decision makers [Simon, 1957]. It 

results in the utilization of only a condensed portion (a 

system of simplified higher level constructs) of their 

implicit cognitive orientations. 

The above discussion provides some insight into the 

nature of ill-structured problems and the process of 

understanding and formulating them. It appears that there 

are numerous information needs that should be embodied in 

any computer system that provides support to decision makers 

for understanding and formulating ill-structured problems. 
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In discussing system support for problem solving. Coombs and 

Alty [1984] assert that: 

. . . the system would be explicitly concerned 
with supporting the conceptual aspects of a 
decision maker's effort at problem solving; 
providing an environment in which the user may 
achieve a better understanding of his problem, and 
in so doing be equipped to solve it. [p. 23] 

This assertion reinforces the arguments detailed in the 

previous discussions about the nature of support needed for 

understanding ill-structured problems. The promotion of 

problem understanding is achieved by activities that [Coombs 

and Alty, 1984; Donaldson and Lorsch, 1983; Keen and Scott 

Morton, 1978]: 

1. provide some degree of structure to the contextual 

information based on the decision maker's cognitive 

orientation; in other words providing an opportunity to 

obtain an insight into his or her own thinking; 

2. focus attention on the important aspects (for example, 

the centrality of constructs) of the structure of their 

cognitive orientations; and 

3. help to analyze their view of the problem, compare with 

others' views, study a synthesized view, and predict 

the outcomes of given processing circumstances on the 

whole cognitive structure and/or its constituent 

components. 

These needs dictate the type of activities that would 

have to be supported by an information system designed to 

aid decision makers in the understanding and formulation of 
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ill-structured problems. The first need suggests 

understanding-activities such as modeling, simplification, 

and comprehension that provide decision makers the ability 

to look at their own cognitive orientation and allow them to 

understand its inherent organization. Evaluation, inquiry, 

and testing are examples of the activities that derive from 

the second need described in the previous paragraph. The 

third set of activities involves analysis, comparison, and 

synthesis. Henceforth, all these activities will be referred 

to as understanding-activities. 

These understanding-activities, when provided in a 

support system, will help decision makers to understand ill-

structured problems. These activities are further explicated 

in the following paragraphs. 

1. Modeling and Simplification 

Involves answering the question, 'can the system help 

organize the ill-structured problem in terms of constructs 

and relationships derived from my (the decision maker's) 

view'? In other words, this is an attempt to translate the 

overwhelming complexity of the problem into familiar and 

comprehensible terms. 

2. Comprehension and Clarity 

The decision maker is able to look at his or her own 

view of the problem in terms that are familiar to him or 

her. The decision maker uses the system to look at the 

inherent structure of his or her own belief system. 
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3. Analysis 

Involves the ability to examine critically the 

structure of the decision maker's belief system. For 

example, in the capital structure problem the decision maker 

is able to examine the impact and importance of individual 

constructs such as "level of debt" compared to others like 

"fear of bankruptcy." Analysis provides an opportunity to 

simplify complex belief systems into a manageable and 

critical set of constructs and relationships among 

constructs. 

4. Inquiry 

An ability to systematically investigate one's own 

thinking about the problem. This implies an ability to query 

and understand one's own cognitive structure, and that of 

one's organizational peers (or experts), competitors, and 

others working in the same environment. 

5. Comparison 

This is achieved through inquiry and direct 

comparisons. It involves answering questions such as: does 

my view of the problem differ from my peers, competitors, or 

from other normative models? Coupled with inquiry and 

analysis, this becomes a powerful activity. It provides an 

opportunity to confirm (or invalidate) often entrenched 

beliefs, perceptions and values about a problem. By being 

able to look at one's own view, and those of others, an 

opportunity is provided for checking the feasibility and 
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validity of some of the constructs and their linkages. In 

this way the very foundations of the decision maker's system 

of beliefs can be tested. 

6. Evaluation 

Involves an ability to measure the worth of one's own 

belief system through querying and analysis. This implies an 

ability to test and evaluate alternative cognitive 

structures by modifying, deleting, adding constructs and/or 

relationships, and then determining the impact of these 

changes. 

7. Synthesis and Condensation 

These understanding-activities in combination with 

analysis, inquiry and testing allow the decision maker to 

synthesize and/or aggregate two or more views of the same 

problem. Particularly, condensation allows the opportunity 

to group or combine constructs/relationships into meta-level 

views, and consequently increases problem understanding. 

8. Projection and Prediction 

These activities imply an ability to predict and 

project the possible decision impact of an individual's or a 

group's view of the problem. This is achieved through seeing 

the problem from others' frames of reference. In addition, 

this allows the possibility of temporal projection of 

individual or group views and the enhancement of knowledge— 

which itself usually refers to well-grounded, "true" beliefs 

[ Laulckanen, 1989]. 
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The above activities aid in the subjective 

understanding of ill-structured problems. An information 

(support) system needs to have the requisite functional 

capabilities to help perform these activities. Furthermore, 

the understanding-activities need to be performed "through" 

the cognitive orientations of the decision makers. This 

suggests that a support system must be capable of 

representing and manipulating the cognitive orientations of 

decision makers. This point will be further elaborated in 

subsequent sections. 

Cognitive Lens 

A decision maker perceives only that information 

relevant to him or her in order to achieve a specific goal 

within the problem space under consideration. A number of 

researchers have shown [Axelrod, 1976; Donaldson and Lorsch, 

1983; Eden, Jones, and Sims, 1979; Ford and Hegarty, 1984] 

that the determination of this relevant information appears 

to depend upon the maps or models (cognitive orientations) 

that decision makers carry in their minds. These models 

serve as "interpretive lenses" that help decision makers 

select certain aspects of an issue as important for 

diagnosis [Schwenk, 1988a; Glueck and Jauch, 1984]. 

A model is a simplified representation of reality. It 

is created for a specific point of view. This "viewpoint" or 

"cognitive orientation" or "thinking" assists the decision 
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maker to understand and formulate an ill-structured problem. 

The fundamental theme here seems to be that every decision 

maker looks at the environment, both internal and external 

to the company, through his or her tinted glass; i.e., some 

type of an "innate model" or a cognitive lens. Once the 

information is received by the decision maker, it is 

interpreted on the basis of this cognitive lens (see Figure 

4.1), which represents all a priori knowledge, beliefs, 

values, and perceptions about the problem domain. This 

information is then used to understand, formulate and/or 

make a diagnosis of the problem. In other words, the 

decision maker's cognitive orientation—made explicit by the 

cognitive lens—is used to achieve a semblance of 

understanding (and order) of an ill-structured problem. 

Thus, the notion of cognitive lens attempts to capture 

a decision maker's encapsulation of information in the form 

of constructs and relationships that are in reality an 

unabridged representation of the decision maker's viewpoint 

(see Figure 4.1). The cognitive lens is an attempt to model 

reality, but from a cognitive (or "individual's") frame of 

reference. A cognitive lens converts filtered information 

into a set of constructs (and their interrelationships) of 

the real world. The cognitive lens is at a level beyond the 

idea of filtration—that is, it is at a higher level of 

abstraction. It is not static like a filter. A cognitive 

lens is dynamic and adaptive in the sense that it is 
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modifiable and can be refined based upon new environmental 

information perceived by a decision maker. It is relevant to 

note here that the term "cognitive lens" as described here 

and the "lens model" of Brunswik [1956] have very little 

similarity except the word "lens." Brunswik [1956] proposed 

the "lens model" to study perception in terms of the 

properties of distal objects and proximal cues. 

A cognitive lens casts perspective on information. The 

same information may be looked at from different 

perspectives (due to the cognitive lens). It should be noted 

that the cognitive lens presupposes the possibility of an 

objective cognitive orientation. The linkages between 

constructs are not taken to be causal in any precise way 

[Eden, 1988]. In fact, these interrelationships between the 

constructs could be causal, correlational, or based on 

judgmental probabilities. These linkages can be described as 

causal positive, causal negative, correlational positive, 

and correlational negative relationships. Each of these can 

be further assigned judgmental probabilities. 

In order for understanding to occur, the decision 

maker must interact with the environment affecting the 

problem. (In most cases this environment is the problem 

domain.) This interaction of the decision maker's cognition 

—as described by his or her cognitive lens—with the 

problem domain, must be assisted for understanding to be 

effective. There is no single cognitive lens that can be 
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applied to every problem domain. A decision maker will use 

different cognitive lenses for different problem domains. 

Although the issues of formation and stimulation of the 

cognitive lens are not the subject of this research, there 

are two important points that need to be emphasized. First, 

an external stimulus (or cue) would be needed to initiate 

the use of a latent (or an active) cognitive lens. This 

stimulus may be a desired goal or policy or utility. These 

would exist as inherent constructs in the decision maker's 

cognitive lens. Second, the formation and the level of 

sophistication of a cognitive lens would be greatly 

dependent (in a temporal sense) on an individual's a priori 

experiences, beliefs, values, knowledge, and perceptions 

relating to the problem domain. 

Illustrating the Cognitive Lens— 
The Strategic Planning Process 

To further illustrate the notion of cognitive lens, 

consider the various aspects of the strategic planning 

process (see Figure 4.2). The strategic planning process 

consists of a set of ill-structured situations [Anthony, 

1965; Glueck and Jauch, 1984]. The strategic planner's 

actions are driven by his or her cognitive lens and its 

interaction with the ill-structured problems associated with 

the strategic planning process. Figure 4.2 shows in the 

outer ring all the higher level concepts, called 

enperconstructs. that are concerned with strategic planning. 
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Figure 4.2 
Cognitive Perspective Of The Strategic Planning Process 

From The Viewpoint Of The Strategic Planner 
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These superconstructs consist of a number of lower-level (in 

terms of abstraction) constructs and relationships. For 

example, corporate mission and long-range plan could both be 

superconstructs. Furthermore, corporate mission and long 

range planning subsume a number of lower-level constructs, 

which are developed by the strategic manager depending on 

his or her cognitive lens. 

Consider the statement of an executive who takes the 

available information about his or her company's strategic 

plan, and molds it according to his or her view [Donaldson 

and Lorsch, 1983]: "Our shareholders are looking for income 

and staying whole with inflation. We've got to keep them 

happy by diversifying the portfolio." The executive's 

constructs based on his or her cognitive lens are: 

"shareholders want a stable income," "effect of inflation," 

"we (the company) should keep the shareholders happy," and 

"the company should diversify its portfolio." Each of these 

constructs is linked together by relationships deducible 

from the executive's statement. 

The capturing of the structure of the cognitive lens of 

a decision maker, and the encompassing interaction with the 

problem domain, can allow him or her to see how he or she 

understands problems and makes decisions. This also allows 

the decision maker to have a conversation with his or her 

own thinking [Axelrod, 1976; Schwenk, 1988a]. In addition, 

the ability to introspect, discuss and query their own 
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cognitive lenses should allow decision makers to map large 

and complex information. This will not only increase the 

efficiency and effectiveness of the strategic planning 

process, but also allow the decision maker to be more 

creative in finding solutions [Jones and Sims, 1985]. 

A system that provides decision makers (such as 

strategic planners) an ability to inquire in various modes 

would furnish them with a basis to understand, evaluate and 

analyze their environment effectively and continuously 

[Jones and Sims, 1985; Mason, 1980; Mitroff, 1971]. Not only 

could this be done in terms of their own cognitive lens, but 

also in terms of the cognitive lenses of their peers, and 

those of competitive decision makers. Thus, in order to 

provide IS support to a decision maker involved with ill-

structured problems, an information system must provide the 

capabilities to assist the understanding-activities 

(discussed in an earlier section) "through" the cognitive 

lens. This notion is further explicated in subsequent 

discussions. 

IS Support for the Cognitive Lens 

The review of previous research and the discussions in 

earlier sections indicate that understanding, being a 

subjective process, requires the incorporation of the 

cognitive orientations of decision makers in the provision 

of IS support for promoting understanding of ISPs. 



65 

Therefore, the understanding-activities must be performed 

"through" the cognitive orientations—described by a 

decision maker's cognitive lens—of the decision makers. In 

other words, the activities to be supported should 

accommodate the influence of the cognitive lens of the 

individual. In order for such a support to be tenable, it is 

useful to treat the cognitive lens as an "object." (This 

will be further elaborated in the discussion on Icnowledge-

level/symbol-level design.) The support of the required 

understanding-activities "through" the cognitive lens can 

then be realized in terms of the interaction between the 

problem domain and the cognitive lens of the individual. IS 

functions to be supported by a system help manipulate the 

cognitive lens and in turn also perform these activities. 

When support is provided in this fashion, the IS functions 

allow the decision maker to operate on his or her cognitive 

lens for that problem domain. Figure 4.3 illustrates this 

discussion. The interaction takes place in the form of 

different incruirv modes. Using different inquiry modes and a 

set of IS supporting functions, decision makers can perform 

the various understanding-activities "through" their (or 

others') cognitive lenses. As pointed out earlier, this 

leads to the promotion of understanding of the ISP under 

consideration. 

An executive's use of the cognitive lens thus depends 

on the type of inquiry he or she wants to make. For a given 
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problem domain, executives may want to look at their own 

cognitive lenses, converse with others' cognitive lenses, or 

develop a consensual lens for the problem. Any one of these 

modes of inquiry will promote problem understanding and 

consequently lead to a clearer problem definition. (This 

does not imply that there would be equal contribution to 

understanding of all inquiry modes. The applicability of 

these inquiry modes will depend on the nature of the problem 

and the usage of the support system.) In turn, a better 

understanding of the problem would lead to a greater 

decision confidence and facilitate decision quality. 

A system adopting the idea of a cognitive lens does not 

provide the manager with a final solution for the problem. 

The use of the cognitive lens support system (CLSS) allows 

the manager to inquire, in a Churchmanian sense, not only of 

his or her own "Weltanschauung," but that of the world. The 

idea of a system with support for the cognitive lens is well 

grounded in the ideas of inquiring systems discussed by 

Churchman [1971]. The notion of cognitive lens provides a 

vehicle to facilitate different inquiry modes. These modes 

allow one to get a better insight into the kind of IS 

support that is appropriate for improving problem 

understanding. The "IS support perspective of the cognitive 

lens" in terms of a classification based upon different 

inquiring modes is further detailed in Figure 4.4. A list of 

IS support functions that can be utilized within the 
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INQUIRY MODE IS SUPPORT 
(in terms of functionality) 

RESULT 

Introspective 
To reflect or examine tiie t}ellef 
system for a problem domain. 
View of decision-mailer's 
perceptions in terms of tiieir 
belief systems. Deduce tiie 
impact on specific or all strategic 
constructs tlirough what-if, goal 
seeking, etc. analysis. This 
leads to not only an 
understanding of the problem-
solving process, but also 
provides an ability to predict 
using pre-existing constructs. 

Dialectic 
Discussion & reasoning as a 
method of intellectual 
investigation. An l-legelian inquiry 
plus a predictive ability. 
Understand how "others" view the 
environment through their stated 
values & beliefs; an 
argumentative (l-legelian) 
approach by conversing 
with/analyzing others' belief 
systems. Other's here may be 
"experts", "competitors", or 
"peers". Predicting using others' 
constructs rather than the 
concepts of the person who is 
doing the predicting. 

Eclectic 
Composed of elements drawn 
from vartous sources. To some 
extent, provides a synergistic 
view. Similar to the dialectic 
mode, except that this mode 
involves synthesizing or 
aggregating belief systems of 
one or more decision-maker, 
competitive policy maker, 
expert, group, etc.. f^ay involve 
devebpment of collective views 
n the form of group's cognitive 
lens. Useful for diagnosis & 
evaluation of environment and/or 
strategy alternatives. This leads 
to a cognitive lens that might 
include the most valuable or 
important constructs and 
relationships of the group 
members for that problem 
domain. 

Introspective Inquiry 

- Examine Cognitive Lens 
- Analyze Cognitive Lens 
- Project Cognitive Lens 
- Query Cognitive Lens 
- Condense Cognitive Lens 

Dialectic Inquiry 

- Compare Cognitive Lenses 
- Examine Cognitive Lenses 
- Query Cognitive Lenses 
- Project Cognitive Lenses 
- Analyze Cognitive Lenses 
- Condense Cognitive Lenses 

Eclectic Inquiry 

- Describe Consensus Lens 
- Compare Cognitive Lenses 
- Synthesize Cognitive Lenses 
- Query Cognitive Lens 
- Project Cognitive Lens 
- Condense Cognitive Lens 

increased problem 
understanding, clarity and 
concretization of own belief 
system, increased self-
assurance, and improved 
decisbn confidence. 

Highly increased problem clarity, 
understanding and 
concretization of own belief 
system. Highly increased 
decision confidence & decision 
quality. Leads to more efficient 
and effective decisions both in 
the long and short run. This also 
provides flexibility in terms of 
decision choices and could be 
considered as a contingent 
outcome. 

Leads to a consensus decision. 
Should result in a group decision 
that is most acceptable and 
clearly optimum in the group's 
perception. Also, results in all the 
outcomes of the above two 
inquiry modes. This mode assists 
in concretizing and crisply 
defining the conceptualization of 
a problem. 

Figure 4.4 
Classification of IS Support For Cognitive Lens 
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different modes of an inquiry continuum are also listed and 

will be further explained in the next section. The inquiring 

modes are introspective, dialectic, and eclectic, and are 

defined in Figure 4.4. 

Since the IS support for the understanding-activities 

needs to accommodate the cognitive lens of a decision maker, 

it is necessary to have functions that not only allow a 

decision maker to manipulate the cognitive lens, but also 

allow the construction, modification, deletion, retrieval, 

and refinement of cognitive lenses stored and maintained in 

the information system. 

Therefore, in order to further develop, at the 

implementation level, the functional requirements for IS 

support, it is useful to classify them into four general 

functional categories [Keen and Scott Morton, 1978; Young, 

1983]—Building. Retrieving, Inferencing. and Evaluating 

functions. Building functions incorporate construction, 

modification, and deletion. This includes the ability to 

change a relationship, drop a construct, or to delete 

(remove) a cognitive lens from the database. Retrieval 

functions allow the user to access information from the 

system database. This involves retrieving and saving 

cognitive lenses in the database. Inferencing functions 

incorporate the ability to query, synthesize, and condense 

or simplify* This involves changing the nature of a 

relationship and/or understanding an unlcnown relationship 



70 

between constructs. Evaluating functions incorporate 

analysis, comparison, and projection or prediction. This 

involves comparing two cognitive lenses, analyzing the 

direct and indirect effects between constructs, forecasting 

the possible consequences of changing the level of a 

construct (i.e., increasing and/or decreasing), and/or 

changing the sign of a relationship. 

These functional categories are utilized to generate a 

set of implementation modules along with an accompanying 

architecture for the cognitive lens support system. The four 

functional categories briefly explicated above will be 

further elaborated and illustrated in the next section and 

in subsequent chapters (VI & VII). 

Illustration of IS Support— 
A Hypothetical Problem 

Some aspects of the notion of cognitive lens and the 

accompanying cognitive lens support system with its 

different inquiry modes are illustrated with the help of a 

hypothetical problem shown in Figure 4.5. Because this 

illustration is being used to validate some of the concepts 

developed in the previous chapters (IV & V), prosaic 

explanations are used in lieu of mathematical rigor. To 

provide some corroboration for the framework of inquiry 

modes and the related concepts, it is sufficient to show 

that many sophisticated conclusions can be deductively 

drawn. It is important to reiterate that the constructs and 
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their associated relationships represented in the CL system 

are beliefs and should not be construed as variables with 

functional relationships. 

Consequently when a construct is labeled "profit" for 

example, it implies the belief of "profit" in the mind of 

the decision maker, rather than the quantity of profit in 

the balance sheet. The construct cannot be quantified—it is 

the persuasion or conviction about the notion of "profit" in 

the decision maker's thinking. Signed digraphs [Axelrod, 

1976; Harary, Norman, and Cartwright, 1965; Sage, 1977; 

War field, 1976] are used to display and represent the 

cognitive lens in visual form. As observed earlier, these 

visual representations of cognitive structures are not 

limited to this technique. The following paragraph presents 

a brief discussion of the notations and their meaning as 

utilized in the signed digraphs [Harary, Norman and 

Cartwright, 1965; Roberts, 1971; Axelrod, 1976; Sage, 1977; 

Hage and Harary, 1983]. 

A Brief Digression; notations 
and their meanings 

The digraphs in Figure 4.5 show the cognitive lens as a 

set of constructs and their relationships. Relationships, or 

associations between constructs, are represented by straight 

lines with an arrow indicating the direction of the 

association. A positive (+) sign on a path implies that the 

constructs on each end of the path have a direct 
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association. In other words an increase in one construct, 

for example, "A," will result in an increase in the 

construct "B" available to the company. Similarly a decrease 

in "A" will result in a reduction in "B." Thus a positive 

association means that changes occur in the same direction, 

but not necessarily positively [Axelrod, 1976]. Similarly, a 

negative association means that changes occur in the 

opposite direction, but not necessarily negatively. 

Relationships between constructs can be negative (-), 

implying that any change in one construct will result in an 

opposite change in the other construct (the construct at the 

end of the arrow-head) . For example, in the view of the 

first manager (see Figure 4.5a) a change in construct "A" 

results in a change in construct "B" in the same direction. 

Analysis Through Inouirv 

Some of the major conclusions that can be gleaned from 

each mode of inquiry in the cognitive lens support system 

can now be detailed. 

Introspective Inouirv Mode 

In this mode, the managers are able to externalize and 

analyze their own thinking about the problem. Figure 4.5a 

shows the cognitive lens of three managers for a 

hypothetical ill-structured problem. At the outset it is 

easy to recognize the effect of a construct, and the effect 
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on any given construct. Some important construct (or 

constructs) that have "cognitive centrality" [Axelrod, 1976] 

in the cognitive lenses can be identified by simply looking 

at the number of constructs directly "affecting" any given 

construct and at the number of constructs "affected by" the 

construct under consideration. The following table 

summarizes this result and indicates that construct B is the 

most "central" in the first manager's cognitive lens. 

Construct Affected Effects Total 
by construct construct effect 

B A C 2 
A none B 1 
C B none 1 

This table also suggests that the first manager 

believes that "A" and "C" are of equal importance. The 

figure (manager 1, Figure 4.5a) also shows that an increase 

in "A" causes an increase in "B," which in turn results in 

an increase in "C." The net positive effect of "A" on "C" 

can be shown by an equivalent relationship as follows. 

A similar analysis of the cognitive lenses of the other 

two managers (manager 2 and 3 in Figure 4.5a) indicates that 

the central or important construct for manager 2 is "C" and 

for manager 3 is "A." Also, the construct "B" has a net 

positive effect on "A" for manager 2, and "C" has a net 
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positive effect on "B." It can also be deduced from all the 

three lenses introspectively that each manager considers a 

different construct to be his or her utility and policy 

constructs [Axelrod, 1976; Bougon, 1977]—a utility 

construct has no arrows going out from it, and a policy or 

goal construct has no arrows coming into it. 

Dialectic Inquiry Mode 

In this mode the manager can compare his or her own 

cognitive lens with an opposing view. This opposing view 

could be a normative or expert view, or could be the views 

of other managers. This dialectic inquiry can be the result 

of differences in the relationships between one or more 

constructs. For this illustration, consider a dialectic of 

the first manager's cognitive lens with the other two 

lenses. It appears that manager 1 has the same constructs as 

the other managers. A deeper analysis of the cognitive 

lenses of manager 1 and manager 2 suggests that there is a 

different set of relationships among the three constructs. 

Since this is a simplistic example, this distinction can be 

made easily. In most realistic ill-structured problems, the 

belief systems of the managers are very complex [Axelrod, 

1976], and it would be the cognitive lens system that would 

provide this comparative analysis. This dialectic also 

indicates whether some constructs and/or relationships are 

absent (or present) in the cognitive lens of the first 
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manager. Furthermore, for manager 1, it appears that the 

effect of a change in construct "A" results in a 

corresponding change in "C" in the same direction. This is 

not true in the case of manager 2. This comparison could 

provide the first manager with insight into the possible 

intricacy of the problem under consideration. 

Eclectic Inquiry Mode 

This inquiry mode is useful for problem understanding 

in that it provides an eclectic insight into the problem 

(Figure 4.5b). This notion draws from research in the area 

of group problem solving. There is qualified empirical 

support for the assumption that interacting groups tend to 

perform better (i.e., are more effective) in problem solving 

activities, compared to the designated "best" and "average" 

member's contribution to the effort [Cooke and Kernaghan, 

1987; Kernaghan, 1990]. These results suggest that team 

performance in problem solving tasks provides synergistic 

advantages. Drawing on this evidence, an eclectic inquiry on 

the cognitive lenses of the managers is used to analyze some 

combination of the cognitive lenses. Such an inquiry 

generally uses cognitive lenses in combinations of three or 

more—since a pairwise comparison can be obtained easily 

from the dialectic inquiry mode. This combination could be 

an average (median, mean, mode), condensation, or some other 

form of aggregation [Bougon, 1977; Harary, Norman and 
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Cartwright, 1965]. In the example being analyzed here, the 

consensus lens (shown in Figure 4.5b) has been obtained by 

combining (mean effects) the cognitive lenses of the three 

managers. It can be seen that the "consensual lens" provides 

some additional information about the problem. 

First, it suggests that each manager's 

conceptualization is only a part of the whole problem. 

Second, it also appears that all the constructs are in fact 

connected to each other by relationships that are 

positive.^ Finally, the consensual lens also suggests that 

the nature of the relationships between the three constructs 

is really cyclic in nature. Thus, a change in "A" results in 

a change in "B" in the same direction, and produces a change 

in "C" in the same direction, which in consequence changes 

"A," and so on. This conclusion is important to the 

understanding of the problem, and also provides each manager 

with some additional insight. 

Summary 

In summary, it is useful to recapitulate and highlight 

the points that form the basis of the concepts developed in 

this chapter. These points are derived in part from the 

^This conclusion could have been drawn from the 
pairwise comparison of cognitive lenses in the dialectic 
inquiry mode, but the resulting interpretation is not as 
dramatic. 



78 

review of past research (Chapter II) and through 

introspection. It can be asserted that: 

1. problem understanding and problem definition 

(conceptualization) facilitate ill-structured problem 

solving; 

2. precise representation of a problem solver's "cognitive 

orientations" contributes to the precise definition 

(conceptualization) and understanding of a ill-

structured problem; 

3. cognitive orientations are driven by the problem 

solver's a priori knowledge, experiences, beliefs, 

values, and perceptions about the problem domain; by 

merely making explicit these "cognitive orientations" 

and allowing the ability to inquire "through" these 

orientations, it might be possible to assist the 

problem solver to understand (and consequently, 

precisely define) the ill-structured problem; 

4. a cognitive lens is (by definition) an unabridged 

description of these cognitive orientations; 

5. simplification/understanding/definition of the 

cognitive lens might lead to the simplification/ 

understanding/definition of the ISP; 

6. there are certain cognitive activities (understanding-

activities)—derived from prior literature—that might 

promote understanding of ISPs; and 
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7. when IS support—with requisite functional capabilities 

needed to support the understanding-activities—is 

provided for an ISP "through" a decision maker's 

cognitive lens, problem understanding should be 

facilitated. 

In concluding this chapter, it is also important to 

note the distinguishing characteristics of the concepts 

developed here as compared to those available in extant 

literature. There are a number of characteristics that 

differentiate the notion of cognitive lens and the 

associated cognitive lens support system (CLSS) from other 

concepts and systems in this area of research. The ideas 

developed in this dissertation differ both in terms of their 

scope (of applicability) and objectives (goals) as compared 

with notions such as cognitive mapping or mental models or 

views. These differences are enumerated below. 

1. The most basic difference is in the applicability of 

the concept of cognitive lens. It is useful for problem 

understanding, with specific emphasis on ill-structured 

problems. Also, it is a means for providing IS support 

to decision makers to enhance their subjective 

understanding of ISPs through their cognitive 

orientations, as described by their cognitive lens for 

a given problem domain. It has implications beyond 

being just a concept. It is the basis for an 
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alternative way of providing IS support for problem 

understanding. 

2. The notion of the cognitive lens is developed in 

conjunction with a set of understanding-activities and 

IS support functions incorporated in a system (CLSS) 

that allow decision makers to interact with their 

cognitive lens in different inquiry modes. This helps 

promote their understanding of ISPs—by performing the 

relevant understanding-activities more effectively. 

3. The CLSS allows more functionality and an ability to 

manipulate and/or refine the cognitive lens as an 

"object." This functionality is not dependent on any 

specific tool such as cognitive maps, views, or mental 

models. 

4. It (CLSS) provides a greater level of functionality to 

look at individual's subjective conceptualization of a 

problem, which are in essence closer to the natural 

cognitive processes and decision structures of 

managers. 

5. It (CLSS) allows decision makers to inquire in 

dialectic and eclectic inquiry modes in addition to an 

introspective mode. This allows them to mitigate the 

problems relating to their cognitive limitations and in 

effect extending their bounded rationality. 

6. In contrast with the concept of cognitive lens, mental 

models [see e.g., Johnson-Laird, 1990] are used for 
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syllogistic reasoning and attempt to represent the 

meaning of linguistic expressions rather than the 

inherent structure of an individual's subjective 

cognition. 

7. The cognitive lens is a Icnowledge-level concept, and 

therefore can use any form of visual presentation 

(user-interface), of which cognitive mapping is one 

excunple. 

8. Cognitive maps are fundamentally "graphical 

representations" that capture a policy maker's stated 

beliefs about a particular policy problem—in a causal 

form [see e.g., Axelrod, 1976]. In contrast, the notion 

of a cognitive lens embodies all a priori beliefs, 

experience, knowledge, and values about a problem 

domain—not necessarily in a causal form and not 

necessarily consciously held—and attempts to, in a 

dynamic sense, include the interactions with the 

problem environment. It is important to note that the 

terms "beliefs," "experience," "knowledge," and 

"values" have distinct meanings and are not being 

equated in their use in the development of concepts 

described in this dissertation. They are simply the 

driving forces behind the formation and refinement of 

cognitive lenses in the mind of the decision makers for 

a given problem domain. 
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9. The term "view" has been used in this dissertation to 

mean cognitive orientation or perspective. Some 

researchers ascribe different meanings to this word. It 

is equated to the term "theory"—which literally 

implies an individuals's beliefs about a problem 

situation! The concept of multiple views has to do with 

different levels of abstraction—thus, a problem 

(generally a well-structured problem) can be 

represented at the data, model, or conceptual level of 

abstraction [see e.g., Baldwin, 1989]. On the other 

hand, the cognitive lens is a concept that embodies the 

information generated from the cognitive orientations 

of individuals about a problem domain—this is a 

totally subjective side of the problem solving effort. 

Furthermore, it is more useful and relevant for ill-

structured problem domains and pertains to the initial 

stages of the problem solving effort—problem 

understanding, formulation, and/or definition. 

10. The cognitive lens, from an IS perspective, is a means 

of representing a Weltanschauung or "world picture" 

(the phrase "world picture" is ascribed to Harrison, 

[1985])—a unique configuration of "how things ought to 

be," that is peculiar to one person for a given problem 

domain. 

11. Cognitive lenses cast perspective on information, 

allowing people to understand information from 
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different perspectives. It is worth noting that this 

does not imply that cognitive lenses preclude 

"objective" perspectives. A cognitive lens is in fact a 

means of representing an "objective" or "unbiased" 

cognitive orientation for a problem domain. This can be 

done with the help of the different inquiry modes and 

the IS functions incorporated in the CLSS. 

12. The CLSS is probably the only system of its kind—in 

that it is developed using the object-oriented paradigm 

for programming. Its uniqueness lies in the fact that 

the user-interface and all other internal 

representations use "objects" as their fundamental data 

structure. Thus, the user-interface has pull-down, 

dialog, and text window menu objects. The internal 

structure has the cognitive lens object, a matrix 

object and so on. (These will be further elaborated in 

the discussion on symbol-level design for the CLSS.) 



CHAPTER V 

KNOWLEDGE-LEVEL DESIGN 

Introduction 

Based upon a synthesis of the existing literature on 

problem understanding and problem formulation, and the 

previous discussions, this chapter proposes a set of 

implementable functions for each type of inquiry mode. It 

also develops knowledge-level specifications for each of the 

functions. In addition, a generic system architecture for a 

"cognitive lens support system (CLSS)" is also described. 

This cognitive lens support system allows the manager to use 

all of the inquiring modes detailed earlier in the 

classification of IS support for the cognitive lens. 

Functional Support 

The functions specific to each inquiry mode are listed 

in Figure 4.4. This figure also describes the probable 

outcomes of each inquiry mode in terms of problem 

understanding, decision quality, and decision confidence. 

The functions are at the highest level of abstraction. Two 

modules that are common to all the inquiry modes are the 

"retrieving functions" module and the "build domain-specific 

cognitive lens" module. 

0. Retrieving Functions Module 
0.1 Retrieve Cognitive Lens 
0.2 Save Cognitive Lens 
0.3 Exit Cognitive Lens Support System 

84 
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This module is not listed in the is support function column 

in Figure 4.4, because this function is applicable to all 

inquiry modes. It provides the user an interface with the 

cognitive lens database. The user can retrieve a domain-

specific cognitive lens from the database, and can store the 

currently active cognitive lens in the database. 

1. Build Domain-Specific Cognitive Lens 
1.1 Construct Cognitive Lens 
1.2 Modify Cognitive Lens 

1.2.1 Modify a relationship 
1.2.2 Drop a construct 

1.3 Delete Cognitive Lens 

This module is also not listed in the IS support function 

column in Figure 4.4. All functions in this category fall 

into the category of building functions. The module allows 

the creation of cognitive lenses by eliciting the constructs 

and relationships relevant to a problem domain. These are 

stored in the form of frame-based objects [see e.g., Luger 

and Stubblefield, 1989] in a cognitive lens database. After 

eliciting constructs and related linkages (relationships), 

this function allows the creation of one or more cognitive 

lenses. Furthermore, it allows the manager to modify the 

cognitive lens by changing a relationship(s) and/or dropping 

a construct(s). It also allows the deletion or removal of a 

cognitive lens from the database. Finally, it should be 

noted that a consensual cognitive lens can easily be 

described by using the "construct cognitive lens" function. 
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The three inquiry modes—introspective, dialectic, and 

eclectic (see Figure 4.4)—utilize modules that belong to 

one or more of the functional categories described in the 

previous chapter (building, retrieval, evaluation, and 

inferencing). Thus, "describe consensus lens" or "construct 

cognitive lens" or "modify cognitive lens" fall into the 

category of a building function; "examine cognitive lens," 

"analyze cognitive lens," and "compare cognitive lens" are 

all modules belonging to the evaluating functions category; 

emd "query cognitive lens," "synthesize cognitive lenses," 

"project cognitive lens" are inferencing functions. Each of 

these functions corresponds to one or more of the different 

understanding-activities derived in the previous chapter 

(IV). The individual inquiry modes and their constituent 

functions are described in the following paragraphs. 

2. Introspective Inquiry 
2.1 Examine Cognitive Lens 
2.2 Analyze Cognitive Lens 

2.2.1 Direct Effects 
2.2.2 Indirect Effects 

2.3 Project Cognitive Lens 
2.3.1 Project Increase 
2.3.2 Project Decrease 

2.4 Query Cognitive Lens 
2.4.1 Explain Increase 
2.4.2 Explain Decrease 

2.5 Condense Cognitive Lens 

This module provides the user an opportunity to perform the 

gamut of operations from sensitivity analysis of utility 

constructs, study the centrality of constructs, etc., to an 

ability to project/predict the possible consequences of 
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alternative strategies for the cognitive lens of the 

manager. Thus the manager can visually inspect (examine) his 

or her cognitive lens, analyze the direct and indirect 

effects of one construct on another—within a cognitive 

lens—predict or forecast (project) the consequences or 

impact of a change in the level of a construct, and query 

the cognitive lens in order to obtain explanations that are 

consistent with certain observed changes (observations 

gleaned from the problem environment) in the level of a 

construct. These changes can be either an increase or a 

decrease in the level of a construct. Thus an introspective 

approach to inquiry allows the manager to reflect or examine 

his or her cognitive lens for a specific problem domain. 

Also, this mode, in essence, allows the manager to have a 

conversation with his or her own thinking. 

3. Dialectic Inquiry 
3.1 Compare Cognitive Lenses 
3.2 Excunine Cognitive Lens 
3.3 Project Cognitive Lens 

3.3.1 Project Increase 
3.3.2 Project Decrease 

3.4 Query Cognitive Lens 
3.4.1 Explain Increase 
3.4.2 Explain Decrease 

3.5 Condense Cognitive Lens 

This module provides the user an opportunity to perform a 

dialectic inquiry by allowing comparisons between his or her 

cognitive lens and that of others. The manager can examine 

his or her and others' cognitive lenses. A visual comparison 

of two cognitive lenses allows the manager to obtain an 
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insight into the "commonality" and the "differences" between 

two cognitive lenses. It also allows the manager an 

opportunity to converse with the positions that are possibly 

counter to his or her own thinking about a specific problem 

domain. In other words, it allows a dialectic examination of 

the problem. An ability to project the impact of a change in 

the relationship between one or more constructs is provided 

through the combination of the "modify cognitive lens" and 

"project cognitive lens" functions. 

4. Eclectic Inquiry 
4.1 Describe Consensus Lens 
4.2 Compare Cognitive Lenses 
4.3 Synthesize Cognitive Lenses 

4.3.1 Synthesize Two Cognitive Lenses 
4.3.2 Synthesize Three Cognitive Lenses 

4.4 Query Cognitive Lens 
4.4.1 Explain Increase 
4.4.2 Explain Decrease 

4.5 Project Cognitive Lens 
4.5.1 Project Increase 

4.5.2 Project Decrease 

The eclectic inquiry module provides the manager a means of 

drawing on the a priori experiences of more than one person. 

This mode can also be used in group decision support 

situations. It provides the option of developing different 

Weltanschauung's by the aggregation or synthesis of 

cognitive lenses—optimum or otherwise—for specific problem 

domains. The underlying notion for the functions in this 

inquiry mode is that individual cognitive lenses are mere 

fuzzy images of the actual problem [adapted from the 

stochastic etiograph concept—called the Gauss-Quetelet 



89 

analysis; referenced in Bougon, Weick, and Binkhorst, 1971, 

p. 635, footnotes]. Therefore, when more than one cognitive 

lens is combined (synthesized), "the fuzziness disappears, 

and a relatively clear" visualization of the problem 

emerges. In consequence, an analysis of this synthesized 

cognitive lens with the help of the query, analysis, and 

project functions should lead to a better understanding of 

the problem. The synthesized cognitive lens can also be 

viewed as a system-derived consensual cognitive lens. 

System Architecture 

The cognitive lens support system architecture is 

detailed in Figure 5.1. The system consists of a "user 

interface," a "cognitive lens (CL) control system," which in 

turn communicates with the "cognitive lens (CL) inquiry 

system," and the "cognitive lens (CL) maintenance system." 

It also includes a "cognitive lens (CL) database," which 

stores cognitive lenses (in the form of constructs and 

relationships). These structures are stored and maintained 

in the system as objects. Each component of the cognitive 

lens support system architecture is discussed in detail in 

the following paragraphs. 

TTgp.r Interface 

This system provides a user-friendly interface for the 

decision maker. For the novice user, the system provides an 
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Figure 5.1 
Cognitive Lens Support System Architecture 
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interactive mode for developing and analyzing cognitive 

lenses. The system uses pull-down windows, dialog boxes, 

graphic viewports, and text windows for all aspects of its 

interaction with the user. Thus, for example, the primary 

access to the CLSS is through a pull-down menu system. Each 

pull-down menu uses hot keys for keyboard access, or 

alternatively, the menus can be accessed with the help of a 

"mouse." The different user interface components are 

implemented as objects. (Further details on the user-

interface are provided in the following chapters.) All 

inquiries are guided through a system-based query and reply 

operation. The system supports the manager in a form that is 

intuitive and easy to utilize. The user-interface is the 

only part of the system transparent to the user. The inputs 

for building a cognitive lens are elicited interactively in 

the form of a list of constructs and their 

interrelationships. Operational commands are intuitive and 

are based on the classification of IS support discussed 

earlier. The system allows the user to display the cognitive 

lens in the form of a signed digraph. Relationships that are 

positive are displayed as firm lines, and negative 

relationships are displayed with dotted/dashed lines. Non

existent or zero (null) relationships are indicated by the 

absence of a line. The direction of the relationship between 

two constructs is indicated by an arrow. 
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CL Control System 

The CL control system accepts information from the user 

interface module and transfers control to the next module to 

be executed. For example, if the user is interested in 

building a cognitive lens, the control system module will 

direct the query to the maintenance system. This module is 

the hub of the system. 

CL Maintenance System 

The CL maintenance system takes commands that deal with 

building and maintenance of the cognitive lenses. This 

module is used to elicit constructs, relationships, and the 

signs of the relationships. After elicitation, the 

information is stored in the CL database as cognitive lens 

objects. All files in this database have the same extension 

".cl," and are automatically named on the basis of the name 

elicited for the cognitive lens during the building process. 

The CL maintenance system connects to the module handling 

the cognitive lens database. 

CL Inguirv System 

The CL inquiry system makes operational all the inquiry 

modes discussed in previous sections of this dociunent. It 

provides the user the opportunity to infer and to evaluate 

his or her cognitive lens and those of others, using the 

various IS functions constituting the introspective. 
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dialectic, or eclectic inquiry mode. These inquiries are 

transmitted to the cognitive lens database. 

Cognitive Lens Database 

The cognitive lens database consists of cognitive 

structures stored and represented in the form of frame-based 

objects (see Figure 5.2). These frame-based objects are of 

standard form containing attribute slots and sub-frame slots 

[see e.g., Luger and Stubblefield, 1989; Booch, 1986]. The 

attribute slots do not point to other frame-based objects. 

The sub-frames are slots that point to other frames. These 

frame structures are dynamic in nature. The representation 

of the cognitive lens involves the use of four basic frames-

based objects. The root-frame has slots for name, problem 

domain and sub-frame slots. The sub-frame slots— 

superconstruct-slots, construct-slots and relationship-

slots—in turn point to three frame-based objects. The 

superconstruct frame defines a subset of the cognitive lens. 

It may subs\ime constructs and relationships, and therefore 

in reality is a miniature version of the cognitive lens. A 

cognitive lens with no possibility of abstraction is a 

superconstruct itself. A construct frame stores information 

about the concepts or constructs in the cognitive lens 

structure. The relationship frame is used to store 

information about the relationships among constructs. The 

cognitive lens database stores cognitive lens frame-based 
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ROOT 

cognitive lens (cl) 

name of: 

problem domain: 

superconstruct-slot1: 
superconstruct-slot2: 

construct-sloti: 
construct-slot2: 

relationship-slot1: 
relationship-slot2: 

relationship (r) 

name of: 

belongs to: 

start-construct-slot: 
end-construct-slot: 

strength-of-relation-slot: 
type-of-relation-slot: 

sign-of-relation-slot: 

superconstruct (sc) 

name of: 

belongs to: 

embedded-sc-slot1: 
embedded-sc-slot2: 

construct-sloti: 
construct-slot2: 

relationsfiip-slot1: 
relationship-slot2: 

construct (c) 

name of: 

belongs to: 

type-of-construct-slot: 
unlversallty-slot: 

Figure 5.2 
Frame Representation Of Cognitive Lens 
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based objects in terms of superconstruct, construct, and 

relationship frames, and is normally built or modified by 

operations performed from the maintenance system. The CL 

database also provides access to this information through 

calls from the CL inquiry system. 

Summary 

This chapter uses the concepts developed in the 

previous chapter—including the analysis of the cognitive 

aspects of understanding problems—to develop the knowledge-

level concepts for a cognitive lens support system (CLSS). 

This involved detailing the IS functions that are associated 

with each of the three inquiry modes developed as a part of 

the classification of IS support for the cognitive lens in 

the previous chapter. Finally, a generic system architecture 

for the CLSS is described. 

The knowledge-level concepts of the last chapter in 

conjunction with those developed in this chapter form the 

basis for the symbol-level design, implementation 

specifications, and the consequent evaluating and testing of 

the cognitive lens support system. 



CHAPTER VI 

SYMBOL-LEVEL DESIGN 

Introduction 

This chapter uses the knowledge-level concepts 

developed in the previous chapters (iv & V) to produce a 

symbol-level design for the cognitive lens support system 

(CLSS). As explained in the research methodology chapter, 

this is achieved by using the principles of object-oriented 

programming. The objective is to develop a design that is 

independent of the implementation language. Symbol-level 

design for the CLSS involves the identification of objects 

and their attributes, identification of the operations 

"suffered" by the objects and required of objects, and 

establishing the visibility of each object in relation to 

other objects [Booch, 1986; Shlaer and Mellor, 1988; 

Stroustrup, 1988]. The remaining steps of the object-

oriented development process are part of the implementation 

aspects of the CLSS and are described in the next chapter. 

Identifying Objects and their Attributes 

This step involves identifying the various objects that 

are relevant to the problem space being addressed by the 

CLSS. There are several objects that can be identified on 

the basis of the knowledge-level concepts developed for the 

CLSS. The objects that can be identified as being relevant 
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to the CLSS are listed below. In addition to identifying the 

objects, the following paragraphs provide a description of 

their attributes. The list is divided into two categories. 

The first category describes the major object/object classes 

in the CLSS [Pinson and Wiener, 1990]. The second category 

consists of objects used in the development of the CLSS user 

interface system. Figure 6.1 illustrates the typical form of 

the main user interface objects used in the development of 

CLSS. It should be noted that some of the user interface 

objects are adapted from Goodwin [1989], and the matrix 

object class is adapted from Hu [1989], Eckel [1990] and 

Pohl [1991]. 

Major Objects 

1. COGNITIVE__LENS: This object is an abstract data type 

that represents the unabridged representation of a 

person's a priori belief system. It is an instance of a 

new class of objects (cognitive lens superclass). A 

superconstruct object is a specialized instance of this 

object class and is dynamically created and destroyed 

during processing. Its private data attributes include: 

name of the cognitive lens, number of constructs and/or 

superconstructs that belong to it, all attributes 

regarding constructs that belong to it, and all 

attributes regarding relationships that belong to it. 
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•> Hot Key 
.So9[J]fiMy<ŝ .l̂ ^ 1 Pull-down Menu Headings-

•— Highlight Menu Bar 

Menu Items 

Menu Item Hot Key 

Pull-down Menu Object 

Highlighted 
Menu Item 

Menu 
Titles 

Menu item and 
its Hot Key 

Dialog Box Menu Object 

Text Window Object (Double Line Border) 

Figure 6.1 
Typical Examples of User Interface Objects* 

*Adapted from Goodwin [1989] 
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2. ADJACENCy_MATRIX: This object is an abstract object 

that represents the cognitive lens mathematically. This 

object is an instance of a superclass (MATRIX) of 

objects. Its private data attributes include: the 

number of rows and columns in the matrix and the values 

associated with each row and column. 

3. CONSTRUCT: This object is an abstract object that 

represents the real-world constructs or concepts 

regarding a problem domain. This object is a 

specialized object—a user-defined data type, and has 

no private data items. It is a new class of abstract 

objects. Many of these objects are private data items 

of the cognitive lens object. Its public data 

attributes include: name of the construct, the name of 

the cognitive lens it belongs to, the type of the 

construct, and its universality. The last two 

attributes are attributes that are included for this 

object only for future expansion. They are not 

implemented in the current version of the CLSS. 

4. RELATIONSHIP: This abstract object represents the 

relationships between constructs. It is similar to the 

CONSTRUCT object in terms of its specialized nature. It 

is also a new class of objects. Its public data 

attributes include: the name of the relationship (if 

any), the cognitive lens it belongs to, the start 

construct identifier, the end construct identifier, and 
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the sign of the relationships. It also provides for two 

additional attributes: the strength of the relationship 

(if any) and the type of relationship. These are not 

implemented in the current version of the CLSS. 

User Interface Objects 

5. WINDOW: This abstract object represents a superclass 

of text window objects [see Figure 6.1]. Its instances 

could be a help window, a command window, and so on. 

This object represents different modes of user 

interfacing and is used to define dynamic text windows. 

Its private data attributes include: the left, top, 

right, and bottom coordinates relative to the text 

screen, as well as a border attribute—single line or 

double line, and a storage buffer. 

6. DIALOG: This abstract object is a text window that 

displays a statement, asks a question, or both. It also 

represents a class of user interface objects that are 

used as box style menus with a relatively short list of 

menu items (see Figure 6.1). Its private data 

attributes include: the row and column location on a 

text screen, and an escape flag. 

7. PULL-DOWN: This object represents the user pull-down 

style menus in the system. Pull-down menu objects 

consist of two basic components: the pull-down menu bar 

and its associated pull-down menus (see Figure 6.1). 
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Its private data attributes include: the row location 

on the screen, the nuiaber of pull-down menus, the 

attributes of the menus, the associated help functions 

(optional), the tab positions, and the hot keys for 

each pull-down menu item. 

8. POINTER: This abstract object represents the display 

screen pointing devices—controlled by a mouse 

or the keyboard. It uses calls to the Microsoft mouse 

driver routines for implementing various aspects of the 

pointer activities, such as reading the screen 

coordinates at the current mouse location, resetting 

the mouse, turning the pointer on and off (showing or 

hiding the pointer), and defining the shape of the 

pointer. The mouse is itself treated as an instance of 

the edDstract pointer object class. That is, it is a 

pre-defined pointer object. 

9. MENU: This is a specialized object with only public 

data attributes—a user-defined data type. It has no 

private data items. It is used to represent the 

structure of the menus used within the various window 

menu objects including the pull-down, window, and 

dialog objects. Its public data attributes include: the 

definition of the menu item, tOie menu hot key, an 

optional help function, and a pointer to the function 

that is executed if this menu is selected. 
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10. MENU_HEAD: This is also a specialized abstract data 

object akin to the MENU object. It represents the 

structure used to define menus for pull-down menu 

objects. Its public data attributes include: the 

description of each pull-down menu heading, the hot key 

and its location for each pull-down menu heading, and 

all the attributes of the pull-down menus (i.e., the 

MENU object). 

11. BOOLEAN: This abstract object is also a user-defined 

data type that has no private components. It simply 

represents an integer that can take only two values: 

FALSE or TRUE. It is used as a flag in various 

operations and as private data of different objects. 

Identifying the Operations on or bv Objects 

This step involves identifying the various operations 

or actions that are performed on objects or are taken by 

them. These operations, usually, are part of the pxiblic 

component of the objects. This idea has to do with the 

notion of encapsulation in object-oriented programming. They 

are also referred to as the methods that manipulate the data 

within each object. Booch [1986] describes operations as 

characterizing the behavior of objects or classes of 

objects. They are also useful for understanding the 

interaction between two or more objects. There are numerous 

actions taken on or by various objects in the CLSS. In order 
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to provide some structure to the process of identifying 

operations, the operations are divided into three basic 

categories. These categories are: Constructor operations. 

Destructor operations, and Manipulation operations. The 

constructor operations are those that assist in building 

and/or initializing an object. The second category of 

operations are useful for dynamically destroying objects 

when they are out of scope. The last category of operations 

are all those methods that operate on objects in order to 

extract data from them. The latter operations can also be 

involved with extracting data and constructing other 

objects. These categories encompass all the relevant 

operations that can be meaningfully performed on the object 

or by the object [Booch, 1986]. Based on this 

classification. Figure 6.2 through Figure 6.4 provide a 

detailed list of all the operations for the objects 

described in the previous section. 

Establishing the Visibility of Objects 

This step is useful for capturing the static 

relationships between objects. The underlying idea is to 

obtain a snap-shot of the relationships between the "real" 

objects at a given instance in time. This topology of the 

objects captures the essence of what objects see and are 

"seen" by other objects, that is, their mutual visibility. 
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Constructor 
Operations 

Destructor 
Operations 

Manipulation 
Operations 

default* 

object CONSTRUCT 

default get_constructs 
modi f y_a__construct 

default 

object RELATIONSHIP 

default get__relationships 
modify_a__relationship 

object COGNITIVE_LENS 

default 
set_cognit ive_l ens 
copy__cognitive_lens 

default get__problem_domain 
get__name_of__cognitive_lens 
get__number_of_constructs 
determine_ad j acency_f rom__cl 
s a ve__cogn it i ve_l ens 
retrieve__cognitive_lens 
construct_cognitive_lens 
modify_cognitive_lens 
examine_cognitive_lens 
display_cognitive_lens 
analyze_cognitive_lens 
compare_cognitive__lens 
proj ect_cognitive_lens 
query_cognitive_lens 
condense_cognitive__lens 
synthesize_cognitive_lens 
find file name in cldatabase 

.̂  

*default constructor/destructor operations are 
generated by default within the implementation language. 

Figure 6.2 
List of Operations for Cognitive Lens, 

Construct, and Relationship Objects 
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Constructor 
Operations 

Destructor 
Operations 

Manipulation 
Operations 

set_new__matrix 

set_identity_matrix 
copy__matrix 

object MATRIX 

matrix addition destroy_ 
matrix 

matrix_subtraction 
matrix__multiplication 
matrix_equality 
matrix_scalar_addition 
matrix_scalar_subtraction 
matrix_scalar__multiplication 
matrix_transpose 
get_rows_in__matrix 
get_columns_in__matrix 
select_a_matrix_element 
print__matrix 

object ADJACENCy__MATRIX* 

build_adj acency NA indegree_adj acency_matrix 
outdegree_adj acency_matrix 
totaldegree_adj acency_matrix 
order_adj acency_matrix 
unf old__ad j acency__matrix 
draw__graph__unf oldedad j acency 
reachability_adj acencymatrix 
average__2_ad j acency_matr ix 
average__3__ad j acency_matr ix 
boolean_product__ad j acency 
boolean_sum_adj acency_matrix 
elementwiseproduct_adj acency 
strong__component_ad j acency 
superconstruct_adj acency_mat 
antecedent_adj acency_matrix 
consequent_adj acency_matrix 

*This object is a specialized instance of the object 
superclass MATRIX. It inherits all the basic functions 
listed within MATRIX. 

Figure 6.3 
List of Operations for Matrix Objects 
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Constructor 
Operations 

Destructor 
Operations 

Manipulation 
Operations 

set_new__window 

copy_window 

s e t__new_d i a 1 og_box 
copy_d i a1og_box 

set_new__pul l_down 
copy_pull_down 

set_pointer 

object WINDOW 

destroy__ 
window 

open_window 

close_window 
draw_window 
set_cursor__position_window 
get_cursor_row_in_window 
get_cursor__col_in__window 
clear__to_end_of_1 ine_window 
clear__window 
print_string_in_window 
print_string_at__a_location 
save initial video as window 

object DIALOG 

default get__dialog_box_menu 

object PULL-DOWN 

default display_pull_down__menu__bars 
get__pul l_down_menu 

object POINTER 

destroy_ 
pointer 

show_j)o inter 

hide_pointer 
read__pointer__status_location 
get_j)ointer_row_position 
get__pointer_column__pos i t ion 
get_ le ft_button_status 
get_right_button__status 

Figure 6.4 
Lis t of Operations for User Interface objects 
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Figure 6.5 establishes the visibility of the different 

objects identified for the CLSS. The user interface menu 

objects—pull-down and dialog—can see the text window 

object. The pointer object is visible to the window, pull

down, and dialog objects. The user interface objects in turn 

can see the cognitive lens object. Finally, the construct, 

relationship, and matrix objects are visible to the 

cognitive lens object. The menu, menu__head, and boolean 

objects are visible to all the different objects depending 

on whether a switch-type flag is needed. 

Summary 

This chapter has developed the symbol-level design for 

the cognitive lens support system (CLSS). The outcome of the 

design is the identification of a list of objects and their 

attributes, identification of the actions on and by each 

object, and the establishment of the hierarchical visibility 

between the major objects in the CLSS. The next chapter uses 

these outputs from the symbol-level design to generate the 

implementation level aspects for the CLSS. 
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Figure 6.5 
Visibility of Objects 



CHAPTER VII 

CLSS DEVELOPMENT AND TESTING 

Introductior^ 

The symbol-level design developed in the previous 

chapter is used in this chapter to develop the 

implementation specifications for the prototype CLSS. The 

steps of the object-oriented development process relevant to 

this task involve establishing the interface of each object, 

and implementing each object after choosing a suitable 

representation language. Furthermore, this chapter provides 

a detailed evaluation of the system based on the results of 

testing the CLSS with two problem scenarios. 

Establishing the Interface of Each Object 

The visibility of objects established in the previous 

chapter forms the basis for the interface between objects in 

the CLSS. Figure 7.1 establishes these interfaces between 

the different objects identified earlier. Due to the lack of 

a language-independent notation to describe these interfaces 

between the objects, it is useful to look closely at the 

different symbols in this figure. The rectangular cubes 

indicate the object with its data component (private, 

public, or both) and member operations described by 

functions. The links between the objects establish the 

interfaces between the different objects. These links or 
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class pulldown 

/* member functions 
* constructor(...) 
* get(...) 
* dsiaplay(...) 
} 

/^lass COGNITIVELENS ^ 
{ 
nam»_ot_cl 
CONSTRUCT 'constructs 
RELATIONSHIP Telatlons 

/* member functions */ 
* constructor(...) 
• get(...) 
• retrleve(...) 
* save(...) 
* change_relationshlp(...) 
• clrop_construct(...) 

} 

typedef struct 

V \ relatronshfp 

Figure 7.1 
Interface of Major Objects* 

*Note: Pointer & Matrix Objects have not been included 
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relationships between objects, represented by the number of 

arrow-heads at the termination of a link, are of four basic 

types [Shlaer and Mellor, 1988]: (i:i) or one-to-one; (M:M) 

or many-to-many; (1:M) or one-to-many; and, (M:l) or many-

to-one. This notion is used in Figure 7.1 to describe 

whether an object or object class accesses multiple 

instances of another object or object class. 

Implementing Each Object 

As elaborated in the research methodology chapter 

(III), the last stage of the object-oriented development 

process involves finding a suitable language and 

representing each object or object class identified for the 

prototype system. This representation is implemented based 

on the previously established visibility and interface of 

each of the objects for the CLSS. The language chosen for 

the implementation of the prototype CLSS is Turbo C++. Prior 

to describing the implementation specifications of each 

object, it is useful to point out the reasoning behind 

selecting this programming language. 

Why Turbo C++? 

C++ was originally developed by Stroustrup [1988] at 

AT&T for modeling telephone switching systems. Turbo C++ is 

a product based on C++ and is sold by Borland International, 

Inc., Scotts Valley, California. It was introduced in late 
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1990 eind marketed as an object-oriented programming 

language. Since it is a relatively new product there are not 

many software products based on this language. There was no 

real evidence to support its capabilities, except the 

information that could be gleaned from consumer reports and 

the specifications of the product available from the 

manufacturer. Now that the implementation of the CLSS has 

been successfully completed, in hindsight there are many 

reasons that support the decision of adopting this language. 

Turbo C++ incorporates the many characteristics 

commonly associated with object orientation: data 

encapsulation, data abstraction, inheritance, function 

overloading and polymorphism. Turbo C++ provides an 

integrated development environment that combines a debugger, 

assembler and a project management facility, in addition to 

supporting ANSI C [Schildt, 1990; Pohl, 1991]. It also 

provides graphics capabilities that were necessary to 

implement the CLSS. 

Turbo C++ provides stronger typing, memory/storage 

management, and function prototypes that enhance security 

[Pohl, 1991]. However, it does have its problems. The 

graphics capabilities need improvement in terms of their 

flexibility and maneuverability of viewports (graphic 

windows). The documentation of the language is insufficient 

and not very easy to read, and there is the added complexity 

of a different way of thinking from the original C language. 
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Notwithstanding these drawbacks, the benefits far outweigh 

the costs of programming in a language that is portable and 

provides full support for object oriented programming 

concepts. Turbo C++ offers two basic ways to define and 

implement object classes. The classes can control access by 

using the declarations public or private or protected. 

depending on how one wants to control access to the members 

(code or data) of the object class. An object class may be 

defined using the standard C structures; i.e., the key word 

struct or union. They are used to simply represent a class 

with all its members public by default. The struct or union 

class definitions are a means of declaring user-defined data 

types. The second approach is to use key word class. This is 

closest to the actual object-oriented definition of an 

"abstract data type" and/or "object class." A class defined 

with class, has all members private by default. Access to 

class members, however, can be easily restricted by using 

the public and protected key word declarations. 

Figure 7.1 can also be viewed as a simplified Turbo C++ 

implementation level representation of the object classes 

identified for the CLSS in the previous chapter. 

Turbo C++ Implementation of Objects 

The Turbo C++ representation of each object is 

described in the following paragraphs. Once again, it is 

important to reiterate that the implementation of the 
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Objects for the CLSS follow from the outputs of the previous 

steps of the object-oriented development process. 

The implementation of the relationship and construct 

objects are shown in Figure 7.2. Since the relationship and 

construct objects are very simple structures, they are 

implemented with only public data items. 

The cognitive lens object is described in Figure 7.3. 

Most of the operations performed on or by the different 

objects established in the previous chapter end up as member 

functions of the cognitive lens object class. The data 

attributes that described the cognitive lens described are 

represented as private components of the cognitive lens 

class. It should be noted that Turbo C++ allows the 

definition specialized member operations called friend 

functions. The Turbo C++ "friend" key word is used to give 

access to the private elements of the cognitive lens class, 

thus escaping the implicit data hiding restrictions. The 

reason for escaping these restrictions is to allow some 

functions to have privileged access to the private data of a 

class. In the case of the CLSS, the file input/output 

functions are given this access. Furthermore, one additional 

function included as a friend of the cognitive class is a 

display function used to display error messages when the 

input/output functions fail. 
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typedef struct 
{ 

// public data 
char nameofconstruct[31]; 
char belongstocl[9]; 
CONSTRUCT; 

object CONSTRUCT 

typedef struct 
( 

// public data 
char rbelongstocl[9]; 
// name of cognitive lens it belongs to 
unsigned long startconstruct; 
// identifier of start construct 
unsigned long endconstruct; 
// identifier of end construct 
float signofrelationship; 
// takes values in the range (-1, 
RELATIONSHIP; 

object RELATIONSHIP 

1) 

Figure 7.2 
Implementation of the CONSTRUCT and RELATIONSHIP Objects 
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class cognitivelens 
( 

private: 
// private data 

char nameofcl[9]; 
// name of the cognitive lens used for file I/O 
char pdoma in[31]; 
// the problem domain of cognitive lens 
int counter; 
// traclcs the number of constructs 
CONSTRUCT *constructs; 
// pointer to an array of constructs 
RELATIONSHIP *relations; 
// pointer to an array of relationships 

public: 
// public member functions 
void set_cl(char *, char *, int, CONSTRUCT *, 
RELATIONSHIP * ) ; 
// sets slot values in the object (constructor) 
void set__cl(cognitivelens &) ; 
// constructor copy initializer 
char* get jpdomainO { return (pdoma in) ; } 
char* get"nameofcl() ( return (nameofcl); > 
CONSTRUCT *get__constructs () { return constructs;} 
RELATIONSHIP *get_relations() (return relations;} 
int get_counter() { return(counter); } 
void drop_construct(unsigned long); 
// used to drop a construct 
void change_relationship(unsigned long, unsigned 

long, float); 
// used to change a relationship 
void add_construct(CONSTRUCT, RELATIONSHIP * ) ; 
// used to add a construct 

// friend functions 
friend void save_cl(cognitivelens obj); 
friend void retrieve_cl(cognitivelens*, char*); 
friend void display_error(char*); 
friend int (find char *filename); 

Figure 7.3 
Implementation of the COGNITIVE LENS Object 
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Figures 7.4 through 7.6 display the implementation of 

the different user interface objects. These implementations 

are adopted from Goodwin [1989]. These objects form the 

backbone of the user interface for the CLSS. Finally, Figure 

7.7 shows the implementation of the matrix object classes. 

The implementation of the general matrix class is adopted 

from Eckel [1989]. The adjacency matrix object is an 

instance of this class with some additional operations. Each 

of the figures showing the implementation of the various 

objects also provides the specifications of both public and 

private data and operations. 

Implementing Operations on or bv Objects 

The implementation of the methods or operations on or 

by each object follows the same process as that for the 

objects. The individual operations are declared using the 

"function prototype" feature available in Turbo C++ (a new 

ANSI C standard for the C language). Figure 7.8 provides a 

list of some of the more important function prototypes in 

the CLSS system. It should be pointed out that there are 

many more operations that are not listed. Furthermore, the 

function specification of some of the member operations have 

already been shown in the figures (Figures 7.2 through 7.8) 

displaying the implementation of the various objects. 
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typedef int boolean; 

typedef struct 
( // piiblic data 

char *string; // menu item name 
int hotkey; // menu hot key 
void (*function)(void); // menu function 
void (*help)(void); // menu help function 

} MENU; 

typedef struct 
{ // public data 

char *heading; // menu heading 
int hotkey, number; 
// menu hot key and byte location 
MENU *mptr; // pointer to an array of menus 

} MENU_HEAD; 

class pointer 

public: // public members 

pointer(); // constructor 
~pointer(); // destructor 
void on(void); 
void off(void); 
void read(void); 
int row(void); 
int col(void); 
boolean Ibutton(void) ; 
boolean rbutton(void); 

Figure 7.4 
Implementation of the BOOLEAN, MENU, MENU_HEAD, 

and POINTER Objects 
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class window { 
private: // private date and inline operations 

int rowl, coll, row2, col2, watt, bflg; 
char *buffer; 
boolean oflag, sflag; 
int orow, ocol, ostart, oend; 
int crow, ccol; 
int b_adj(int cols) f return (bflg != __NO_BORDER ? 
cols : 0); } 
int urow() { return(rowl + b_adj(l)); } 
int IcolO { return (coll + b_adj(l)); ) 
int brow() ( return(row2 - b_adj(l)); } 
int rcolO { return (col2 - b__adj(l)); ) 
public: // public members 

window(int rl = 1, int cl = 1, int r2 = 25, int c2= 
80, int w=7, int b=_NO_BORDER, int s=__NO_SCROLL) ; 
// window constructor 
window(window &); 
'windowO; // window destructor 
void draw(void); 
void open(void); 
void close(void); 
void setcurpos(int, int); 
int currow(void) { return(crow); } 
int cured (void) { return (ccol) ; ) 
int p_row(int row) ( return(urow() + row - 1 ) ; ) 
int p__col(int col) { return(lcol() + col - 1 ) ; } 
void els(void); 
void clreol(void); 
void print(char * ) ; 
void println(char * ) ; 
void printlnat(int, int, char * ) ; 

Figure 7.5 
Implementation of the WINDOW Object 
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class dialog 
( 

private: // private data 
int row, col; 
boolean ESC_flag; 

public: // public members 
dialog(int, int, boolean e = FALSE); 
dialog(dialog &); 
int get(int, MENU *, int, . . . ) ; 

} 

class pulldown 
{ 

private: // private data and operations 
int row, number, *tabs; 
char *hotkeys; 
MENU_HEAD *menus; 
void (*menu__help) (void); 

public: // public members 
pulldown (int, int, MENU__HEAD*, void (*m_h) (void)=NULL) ; 
pulldown(pulldown &); 
void display(void); 
int get(int); 

' .;| 

Figure 7.6 
Implementation of the DIALOG and PULL-DOWN Objects 
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class matrix { 
struct matrep { 

float **m; // pointer to the matrix 
int r, c; // number of rows and columns 
int n; // reference count 

} *p; 
void error(char *msgl, char *msg2 = " " ) ; 
// private function for displaying errors 
public: // public members 
// constructor functions 
matrix(int mrows = 1, int columns = 1, float 
initval^O); 
matrix(int mrows, int columns, float* initvalues); 
matrix(char *flag, int dimension); 
// create an identity matrix 
matrix(matrixS x); // copy initializer 
'matrix 0; // matrix destructor 
int rows() { return p->r; ) // rows in matrix 
int cols() { return p->c; > // columns in matrix 
matrix operator=(const matrixS rval); 
matrix operator+(matrixS rval); // matrix addition 
// scalar addition 
matrix operator+(const float rval); 
matrix operator-(matrixS rval); 
// scalar subtraction 
matrix operator-(const float rval); 
matrix operator-(); // unary minus 
// matrix multiplication 
matrix operator*(matrixS rval); 
// scalar multiplication 
matrix operator*(const float rval); 
float & val(int row, int col); // element selection 
// can be used to read and write an element 
matrix transpose(); // transpose a square matrix 
// print matrix with a message 
void print(char * msg = " " ) ; 
private: 
float & mval(int row, int col) ( 
return (p->m[row][col]); 
} 

Figure 7.7 
Implementation of the MATRIX Object class 
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// functions for estimating indegree, outdegree, and 
// totaldegree of a given adjacency matrix 
matrix indegree(matrix adjacency); 
matrix outdegree(matrix adjacency); 
matrix totaldegree(matrix adjacency); 
// functions for ordering constructs in cognitive lens 
// by cognitive centrality and then unfolding it 
matrix order(matrix indegree); 
matrix unfold(matrix adjacency, matrix order); 
// boolean product of matrices a*b 
matrix booleanproduct(matrix a, matrix b) ; 
matrix reachability(matrix adjacency); 
matrix booleansum(matrix a, matrix b); 
// averages adjacency matrices for synthesis function 
matrix average(matrix, matrix); 
matrix average(matrix, matrix, matrix); 
// element-wise product of the reachability for 
// a given adjacency matrix 
matrix eproduct(matrix adjacency) 
// finding strongly weak or strongly strong components 
matrix strong_component(matrix adjacency); 
// find the adjacency matrix for the condensed lens 
matrix superconstruct_adjacency(matrix adjacency, 
matrix strong_component); 
// functions for finding explanatory and projected 
// constructs 
matrix antecedent(matrix, int); 
matrix consequent(matrix, int); 

Figure 7.8 
Prototype Function Implementation of Operations 

on the ADJACENCY MATRIX Object 
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The benefit of function prototyping is that by merely 

looking at it one can exactly tell the type of information 

the function expects, and what type it returns. For example, 

the prototype for the indegree function needs as input only 

one matrix (the adjacency matrix) and it returns a matrix 

after processing. This function is used to estimate the 

niimber of constructs that are believed to affect a given 

construct—as compared to being affected or outdegree (see 

Axelrod, [1976] and Appendix B). Another example is the 

"friend" function retrieved that is a member of the 

cognitive lens object shown in Figure 7.3. This function 

operates on the cognitive lens object and is used to 

retrieve the object from the cognitive lens database. It is 

declared as void because it does not return any value. It 

does take input information, however, in the form of the 

address of the cognitive lens in active memory, and the name 

of the file it would need to access in the CL database. 

Without detailing each operation and its algorithms, it 

is useful to provide an overview of the overall prototype 

implementation. Figure 7.9 gives an overall picture of the 

prototype development showing the different header files, 

main source program, system-defined (Turbo C++) libraries, 

and user-defined libraries. (Libraries are collections of 

closely related object codes. User-defined libraries are 

defined by the developer.) The notation used in this figure 

follows that used in Borland's Turbo C++ user manuals. 
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CLSS Header f i l e s Main Program 

cl 
/ * 

/ * 

.hpp 
declarations */ 
cognitive lens 
variables and 
prototypes */ 

grahics.hpp 
/* declarations 
/* graphics varaibl 

and prototypes* 

matrix.hpp 
/* declarations */ 
/ * adjacency 

prototypes 
variables 

matrix 
and 
*/ 

wi 
/ * 

/ * 

ndows.hpp 
declarations */ 
pull-down, 
and window 
prototypes 
variables 

dialog 

and 
* / 

Turbo C++ 
standard header 
files 

Figure 7.9 
Implementation Overview of the CLSS 
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Testing and Evaluating the Prototype 

After developing the prototype cognitive lens support 

system (CLSS) based on the ideas developed in the previous 

sections, the next step involves testing and evaluating the 

system for specific problem scenarios. This implies using 

the prototype in a controlled exercise of its various 

functional capabilities—with regard to the different 

inquiry modes—for the problem scenarios and studying the 

results produced. Two problem scenarios were used to test 

the prototype. The first problem is entitled "Problem 1: 

ACADEMIC RESEARCH SITUATION," and the second will be 

referred to as "Problem 2: COMMUTER TRANSPORTATION" problem. 

These problem scenarios are abstracted in Figure 7.10. The 

problem descriptions do not include the information 

regarding the relationships between constructs. These will 

be elaborated in the forthcoming paragraphs. In a pragmatic 

situation, using the CLSS's building function: 

Build I Construct Cognitive Lens, the decision maker would be 

able to directly enter the constructs and related 

relationships for building a cognitive lens. Furthermore, it 

would be possible to modify the cognitive lens at will. 
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Three student participants in an academic research 
team describe the situation associated with their 
activities in terms of four variables: Evaluation 
Received from Advisor (E); Grades Received in 
Course (G); Quantity of Research Done (R); and 
Quality of Course Work (Q). [Bougon, Weick and 
Binlchorst, 1977, p. 636] 

Problem 1: ACADEMIC RESEARCH SITUATION 

In a study of intra-urban commuter transportation, 
expert respondents identified nine variables as 
important and relevant to the problem: Passenger 
Miles (annually, over all commuter modes); Fuel 
Economy (miles per BTU, average over all commuter 
modes); Population Size; Cost of Car; Price of 
Commuter Ticket (average over all modes); 
Emissions (Tons of emissions per passenger mile); 
accidents; Probability of Delay; and Fuel 
Consumption (total, over all modes). [Roberts in 
Axelrod, 1976; Roberts, 1975, 1973 and 1971] 

Problem 2: COMMUTER TRANSPORTATION 

Figure 7.10 
Problem Scenarios 
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Problem 1: Academic Research Situation 

As pointed out in the previous section, the first step 

would be to construct a cognitive lens for each student 

participant. After building the cognitive lens using the 

Retrieve I Construct Cognitive Lens function, it can be stored 

in the cognitive lens database using the Retrieve|Save 

Cognitive Lens function. Once the cognitive lens is stored 

the decision maker can view the cognitive lens graphically 

using the Evaluate|Examine Cognitive Lens function. Of 

course, if the cognitive lens is already stored in the 

database, the Retrieve|Retrieve Cognitive Lens function can 

be used to make a specific cognitive lens active. The 

cognitive lens of the three participants namely: partl.cl, 

part2.cl and part3.cl were retrieved using this function. 

(The extension ".cl" is attached by CLSS when the cognitive 

lenses are constructed and saved.) After each retrieval the 

examine function was used to display the cognitive lens. 

Figure 7.11 shows the three cognitive lenses. This shows the 

different cognitive lenses along with the meaning of each of 

the construct numbers indicated at the top of the screen. Up 

(t) and down (i) arrows can be used to view the different 

constructs. This function is applicable with all the inquiry 

modes. This visual interaction allows the decision maker to 

conceptualize and crystallize the inherent aspects of the 

problem under consideration. The CLSS displays the cognitive 

lenses in a fashion so as to show the "overall" direction of 
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Construct List: ACADEMIC RESEARCH SITUATION 
[1] E: EVALUATIONS FROM ADVISOR 

Esc - Exit t l - View List 

(Participant 1: Partl.cl) 

Construct List: ACADEMIC RESEARCH SITUATION 
[2] G: GRADES RECEIVED IN COURSE 

Esc - Exit Ti - View List 

(Participant 2: Part2.cl) 

Construct List: ACADEMIC RESEARCH SITUATION 
[3] R: QUANTITY OF RESEARCH DONE 

Esc - Exit 1i - View List 

(Participant 3: Part3.cl) 

Note: [4] - Q: QUALITY OF COURSE WORK 

Figure 7.11 
Problem 1: Examining the Cognitive Lenses 



129 

flow from constructs that are within a decision maker's 

control (policy constructs) to constructs that are not in 

his or her control (utility constructs). 

The active cognitive lens can be further studied using 

the other evaluating functions through the Evaluate pull

down menu item. This group of functions also allows the 

decision maker to inquire of the cognitive lens(es) in all 

the three inquiry modes. For the forthcoming discussions 

assume that the active (in memory) cognitive lens is that of 

the first participant (partl.cl). The second menu item 

(Evaluate I Analyze Cognitive Lens) in the evaluating 

functions category allows the investigation of question such 

as: What is the direct or indirect effect of a given 

construct on another construct? A construct directly affects 

another if it is adjacent to another. Construct "i" 

indirectly affects construct "j" if the latter can be 

reached through any indirect path in the cognitive lens. The 

result of a direct effect analysis and an indirect effect 

analysis for the active cognitive lens is shown in Figure 

7.12. In this illustration, the question being addressed is: 

What is the direct effect of an increase in the "Evaluation 

from Advisor" on the "Grades Received in Course?" 

Similarly, the question: What would be the indirect effect 

of a net increase in the "Evaluation from Advisor" on the 

"Grades Received in Course?" can also be asked using the 

analysis function. Note that the examine function showed 
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Retrieve Build Evaluate Inference 

Direct Effect Analysis 

An INCREASE in 

E: EVALUATIONS FROM ADVISOR 

can have no EFFECT on 

G: GRADES RECEIVED IN COURSE 

Press any key to Continue 

PARTI.CL 

Retrieve Build Evaluate Inference 

Indirect (Net) Effect Analysis 

A net INCREASE in 

E: EVALUATIONS FROM ADVISOR 

can lead to a net INCREASE in 

G: GRADES RECEIVED IN COURSE 

Press any key to Continue 

PARTI.CL 

Figure 7.12 
Problem 1: Analyzing Cognitive Lens 
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Retrieve Build Evaluate Inference 

Direct Effect Analysis 

An DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can have no EFFECT on 

G: GRADES RECEIVED IN COURSE 

Press any key to Continue 

PARTI.CL 

Retrieve Build Evaluate Inference 

Indirect (Net) Effect Analysis 

A net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can lead to a net DECREASE in 

G: GRADES RECEIVED IN COURSE 

Press any key to Continue 

PARTI.CL 

Figure 7.12 continued, 
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(see Figure 7.11) that there is no direct path from the 

"Evaluation from Advisor" on "Grades Received in Course." 

The CLSS output shown in the top half of Figure 7.12 (from 

the viewpoint of first participant) confirms this point. The 

bottom half of the figure shows the answer to the second 

question. (Note: The figures are not drawn to scale.) It 

indicates that there would be an indirect effect. Once 

again, this can be visually confirmed, as before. A similar 

analysis can be performed on other constructs in the 

cognitive lens. An alternative way of asking the above 

question is also provided by the CLSS. Thus, it is possible 

to ask about the effect of a (net) decrease in the level of 

a construct as opposed to an (net) increase in the level of 

a construct. Figure 7.12 also illustrates the CLSS output 

from this action. 

The next function in the evaluating functions category 

is Retrieve I Compare Cognitive Lenses. This function is used 

to visually obtain a comparison of two cognitive lenses for 

the same or different problem domain. (Obviously, it would 

be relevant to compare cognitive lenses from the same 

problem domain.) Thus, for example. Figure 7.13 shows the 

output of a comparison between the cognitive lenses of the 

second and third participants. Since in this case the 

constructs are all common, the list of constructs under the 

heading "COMMON" are all of the constructs in the active 

display. There are no constructs under "DIFFERENT." In case 
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Cogni tve Lens : PART2 
P r e s s F2: Switch Esc : E x i t 

COMMON DIFFERENT 

[1] E: EVALUATIONS FROM ADVISOR 
[2] G: GRADES RECEIVED IN COURSE 
[3] R: QUANTITY OF RESEARCH DONE 
[4] O: QUALITY OF COURSE WORK 

[1] 

C o g n i t v e Lens 
P r e s s F 2 : S w i t c h 

PARTS 
E s c : E x i t 

COMMON DIFFERENT 

I1]E 
[2]G 
[3]R 
[4]Q 

EVALUATIONS FROM ADVISOR 
GRADES RECEIVED IN COURSE 
QUANTITY OF RESEARCH DONE 
QUALITY OF COURSE WORK 

Problem 1 
Figure 7.13 

Comparing Cognitive Lenses 
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there were differences in the name of the constructs, the 

CLSS would provide the names under the latter column. For an 

example where both these columns show some information, 

please see Figure A.11 in the appendix. This graphics output 

allows the decision maker to switch between the two lenses 

in use, allowing for a visual comparison of multiple 

viewpoints about the same problem (dialectic inquiry). 

The last function belonging to the evaluating functions 

category is the Evaluate|Project Cognitive Lens. This 

function allows the decision maker to investigate the 

consequences of increasing or decreasing the level of a 

construct. In essence, it provides the opportunity to 

investigate the following (juestion: Given a cognitive lens, 

if a ceratin construct increase or decreases, what will 

happen to each of the constructs that are affected by it? 

Thus for example, for participant one, the CLSS can address 

the question: What would be the consequence of increasing 

the level of the "Evaluations from Advisor?" That is, this 

is a question of forecasting or projecting the impact of a 

change in a construct that a decision maker could control. 

Figure 7.14 shows the CLSS output for this projection. The 

top half of the figure shows the first possible consequence, 

the second half the second, and so on. The decision maker 

can move up and down the list of consequences by using the 

up or down arrow keys. This allows him or her to view the 

complete set of possible consequences without changing the 
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Retrieve Build Evaluate Inference 

Projection: Possible Consequences FIRST 

A net INCREASE in 

E: EVALUATIONS FROM ADVISOR 

can LEAD to a net INCREASE in 

G: GRADES RECEIVED IN COURSE 

Press Esc: Exit 4: View Next Projection 
Press t: View Previous Projection 

PARTI.CL 

Retrieve Build Evaluate Inference 

P] 
P] 

Projection: Possible Consequences 

A net INCREASE in 

E: EVALUATIONS FROM ADVISOR 

can also LEAD to a net INCREASE in 

R: QUANTITY OF RESEARCH DONE 

:ess Esc: Exit 4̂: View Next Pro j eel 
ress t: View Previous Pre 

:ion 
ejection 

PARTI.CL 

Figure 7.14 
Problem 1: Projecting Cognitive Lens 
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Retrieve Build Evaluate Inference 

P] 
P] 

Projection: Possible Consequences LAST 

A net INCREASE in 

E: EVALUATIONS FROM ADVISOR 

can also LEAD to a net INCREASE in 

Q: QUALITY OF COURSE WORK 

ress Esc: Exit 1: View Next Project 
ress t: View Previous Pre 

:ion 
ejection 

PARTI.CL 

Figure 7.14 continued. 
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Retrieve Build Evaluate Inference 

Projection: Possible Consequences FIRST 

A net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can LEAD to a net DECREASE in 

G: GRADES RECEIVED IN COURSE 

Press Esc: Exit i: View Next Projection 
Press t: View Previous Projection 

PARTI.CL 

Retrieve Build Evaluate Inference 

P] 
Pi 

Projection: Possible Consequences 

A net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can also LEAD to a net DECREASE in 

R: QUANTITY OF RESEARCH DONE 

ress Esc: Exit i: View Next Project 
ress t: View Previous Pre 

:ion 
ejection 

PARTI.CL 

Figure 7.14 continued. 
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Retrieve Build Evaluate Inference 

P3 
Pi 

Projection: Possible Consequences LAST 

A net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can also LEAD to a net DECREASE in 

Q: QUALITY OF COURSE WORK 

ress Esc: Exit 1: View Next Project 
ress t: View Previous Pre 

:ion 
ejection 

PARTI.CL 

Figure 7.14 continued. 
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changing the screen. Furthermore, it also indicates the 

first and last consequences, by displaying the word "FIRST" 

or "LAST" at the top right corner of the output window. In a 

similar fashion, the negative question can be addressed; 

i.e., what is the impact of a net decrease in the level of a 

construct? Figure 7.14 also illustrates the output for this 

projection. The output indicates that a net decrease in 

"Evaluations from Advisor" can influence all the other 

constructs in the same fashion. 

The next pull-down menu. Inference, implements the 

"inferencing functions" category. All the functions in this 

category are also applicable to all the three inquiry modes. 

The first function in this category is Inference]Query 

Cognitive Lens. The query function is useful for providing 

explanations. Thus, one can ask the question: Given a 

cognitive lens and given some observed changes in the 

environment in certain variables, what explanations are 

consistent with these observed changes? In other words, this 

function allows the decision maker to reach beyond the 

complexities of the problem, and understand the reasons 

behind a certain change in a construct(s). For example, in 

the case of participant one (partl.cl), one might ask: What 

is the reason of the increase/decrease in the level of the 

"Quantity of Research Done" by the students? Figure 7.15 

illustrates the CLSS output for these queries. The 

explanations provided are once again accessible to the 
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Possible Explanations 

A net INCREASE in 

R: QUANTITY OF RESEARCH DONE 

can be EXPLAINED by a net INCREASE in 

E: EVALUATIONS FROM ADVISOR 
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Enter End Construct Id: 3 

FIRST 

Press Esc: Exit i: View Next Explanation 
Press t: View Previous Explanation 

PARTI.CL 

Retrieve Build Evaluate Inference 

Enter End Construct Id: 3 

Pi 
Pi 

Possible Explanations 

A net INCREASE in 

R: QUANTITY OF RESEARCH DONE 

can also be EXPLAINED by a net INCRI 

G: GRADES RECEIVED IN COURSE 

ress Esc: Exit 1: View Next Explam 
ress t: View Previous Exj 

2ASE in 

ition 
Dlanation 

PARTI.CL 

Figure 7.15 
Problem 1: Querying Cognitive Lens 
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Retrieve Build Evaluate Inference 

Enter End Construct Id: 3 

Possible Explanations 

A net INCREASE in 

R: QUANTITY OF RESEARCH DONE 

can also be EXPLAINED by a net INCRI 

Q: QUALITY OF COURSE WORK 

LAST 

SASE in 

Press Esc: Exit i: View Next Explanation 
Press t: View Previous Explanation 

PARTI.CL 

Figure 7.15 continued, 
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Retrieve Build Evaluate Inference 

Enter End Construct Id: 3 

Possible Explanations 

A net DECREASE in 

FIRST 

R: QUANTITY OF RESEARCH DONE 

can be EXPLAINED by a net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

Press 
Press 

Esc: Exit I: View Next Explanation 
t: View Previous Explanation 

PARTI.CL 

Retrieve Build Evaluate Inference 

Enter End Construct Id: 3 

Possible Explanations 

A net DECREASE in 

Q: QUANTITY OF RESEARCH DONE 

can also be EXPLAINED by a net DECREASE in 

G: GRADES RECEIVED FROM ADVISOR 

Press Esc: Exit i: View Next Explanation 
Press t: View Previous Explanation 

PARTI.CL 

Figure 7.15 continued 
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Retrieve Build Evaluate Inference 

Enter End Construct Id: 1 

Possible Explanations 

A net DECREASE in 

E: EVALUATIONS FROM ADVISOR 

can also be EXPLAINED by a net DECRI 

Q: QUALITY OF COURSE WORK 

LAST 

CASE in 

Press Esc: Exit i: View Next Explanation 
Press t: View Previous Explanation 

PARTI.CL 

Figure 7.15 continued. 
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decision maker on a single screen. It is possible to see all 

the explanations with the help of the up and down arrow 

keys. Without reiterating the possible explanations (as they 

are self-evident from the figures), it is important to note 

that the explanations consistent with the observed change in 

the level of a construct are useful to the decision maker in 

understanding the reasons associated with such a change. A 

similar inferencing process can be used for inquiries to the 

cognitive lenses of the other participants. It should also 

be pointed out that the multiple explanations for the 

observed change in the level of a construct can be 

interpreted as being a set of independent reasons for the 

occurrence. That is, changes in one or more constructs could 

be contributing to the observed change (not necessarily in 

the same amounts) . The CLSS provides all possible 

explanations. 

The next function in the inferencing functions category 

is the Inference I Condense Cognitive Lens. This function is 

especially suited to cognitive lenses that are extremely 

complex—which is the rule rather than the exception, 

depending on the problem domain being studied. This function 

analyzes the active cognitive lens for all possible strong 

components—i.e., all combinations of constructs and 

relationships that form feedback loops or cycles. These 

strong components can be formed by a net negative or a net 

positive loop. In effect, the strong components can be 
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either strongly-strong components or weakly-strong 

components. Both instances allow for abstracting or 

condensing the cognitive lens into a set of superconstructs. 

Thus, the simplest case of a superconstruct would be when 

the cognitive lens has constructs that are all mutually 

accessible or reachable. This function provides the decision 

maker an opportunity to simplify his or her cognitive lens 

and possibly rebuild with a new set of constructs. The 

function produces a graphical output, allowing the decision 

maker to switch back to the original cognitive lens. For 

example, the first student participant's cognitive lens can 

be condensed using this function to obtain the output shown 

in Figure 7.16. This function displays the new condensed 

cognitive lens in the same fashion as that shown by the 

examine function. The CLSS output indicates that the 

cognitive lens of the first participant can be condensed to 

just two superconstructs. The first superconstruct is the 

"Evaluation from Advisor" and the second consisting of the 

remaining three—Grades Received in Course, Quantity of 

Research Done, and Quality of Course Work. On the other 

hand, use of the condense function also shows that the 

cognitive lens of participant three has no lower order 

superconstructs—since the cognitive lens itself is a 

superconstruct. The fiondense function is very useful for 

simplifying complexities of individual belief systems and 

also provides indirect information about the relative 
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Construct List: ACADEMIC RESEARCH SITUATION 
[2] +G: GRADES+R: QUANTITY+Q: QUALITY 

Esc - Exit t i - View List 

[1] [2] 

(Participant 1) 

Note: [1] = +E: EVALUATION 

Figure 7.16 
Problem 1: Condensed Cognitive Lens 
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importance of constructs to the individual. The caveat in 

this function is that the resultant relationships displayed 

between the superconstructs are not indicative of the true 

nature of the connection. They are, however, indicative of 

the direction of the relationship. The condensed form of the 

cognitive lens should be used to rebuild a new cognitive 

lens with revised relationships. 

The last function in the inferencing functions category 

is the Inference I Synthesize Cognitive Lenses. This function 

is illustrative of a functionality specifically useful for 

the eclectic incjuiry mode. The basis for this function is 

straightforward. For a given problem, different individuals 

working on the same problem form their own cognitive lens. 

Each of these cognitive lenses can be considered a "fuzzy" 

image of a complete and concrete conceptualization of the 

problem. It can thus be argued that if multiple cognitive 

lenses are combined, the resulting synthesized cognitive 

lens should reduce the uncertainties associated with the 

individual cognitive lenses. In consequence, this system-

derived "consensus" cognitive lens would provide a clearer 

conceptualization/understanding of the problem. This is 

because the aggregation of the different fuzzy images would 

cause the fuzziness to disappear, and allow a relatively 

clear picture to emerge. The CLSS estimates the synthesized 

cognitive lens by using the mean values of relationships 

between constructs. Figure 7.17 illustrates the synthesized 
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Construct List: ACADEMIC RESEARCH SITUATION 
[4] Q: QUALITY OF COURSE WORK 

Esc - Exit ti - View List 

Note: Cognitive Lenses of Participant 1, 2, and 3 
have been used for this synthesis. 
[1] = E: EVALUATIONS FROM ADVISOR 
[2] = G: GRADES RECEIVED IN COURSE 
[3] = R: QUANTITY OF RESEARCH DONE 

Figure 7.17 
Problem 1: Synthesizing Cognitive Lenses 
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cognitive lens for the academic research scenario. Once the 

synthesis takes place, this is viewed using the examine 

function. The CLSS combines the cognitive lenses of the 

three participants and produces the synthesized cognitive 

lens shown Figure 7.17. This can now be renamed and saved in 

the cognitive lens database. In addition, all CLSS functions 

previously discussed can now be applied to it for obtaining 

further clarifications. One point to note about the 

synthesized cognitive lens for the illustrative problem is 

that it shows all constructs to be mutually reachable. Thus 

implying that each construct affects every other construct 

and increases in one would lead to a cyclical propagation of 

the increases to itself. This is also indicated when the 

condensation function shows that there are no 

superconstructs possible for this synthesized lens. 

At any point during the interaction with the CLSS the 

Build I Modify Cognitive Lens function can be used to either 

drop a construct or modify a relationship. In this way, the 

decision maker can test the effects of dropping a construct 

or changing a relationship on the overall structure of the 

cognitive lens. Thus, changes can be initiated and the 

revised form of the cognitive lens can be tested dynamically 

without destroying its original form. For example, using the 

Build I Modify Cognitive Lens menu command, the "Quantity of 

Research Done" can be dropped from the first participant's 

cognitive lens. Figure 7.18 illustrates the CLSS output for 
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Construct List: COMMUTER TRANSPORTATION 
[2] +Pass+Fuel+Pric+Emiss+Acci+Prob+Fuel 

Esc - Exit Ti - View List 

[2] [3] 

Note: [2] = +Pop (Population s ize) 
[3] = +Cost (Cost of car) 

Figure 7.18 
Problem 1: Dropping a Construct 
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this action with the revised and reconfigured cognitive 

lens. This can now either be saved for future use or further 

investigated by using the various CLSS functions. One 

retrieval function that has not been illustrated in the 

previous discussions is the Retrieve|Delete Cognitive Lens. 

This functions allows the decision maker to remove an old 

cognitive lens from the cognitive lens database. 

Finally, the CLSS can also be used as a means of 

describing a consensual cognitive lens. This will only 

require using the "Construct Cognitive Lens" function after 

an a priori agreement has been reached regarding an initial 

form of the cognitive lens. That is, a consensus on the 

constructs and their relationships is achieved. This can 

also be done interactively, by using the modify function to 

change a relationship or drop a construct, until a 

satisfactory (consensual) cognitive lens has been described. 

Once this cognitive lens is built and stored in the 

database, all the CLSS functions can be used to study it, in 

order to understand the problem under consideration. 

Problem 2; Commuter Transportation 

This problem scenario is used to demonstrate how the 

CLSS can be used to comprehend more complex and involved 

problems. From the problem description in Figure 7.10 it can 

be seen that the "expert" here identified nine constructs. 

This implies seventy-two possible relationships. Using the 
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CLSS Evaluate IExamine Cognitive Lens function, the cognitive 

lens for this case can be studied. Figure 7.19 illustrates 

this output and it is obvious that the cognitive lens is 

truly involved in terms of the number of constructs and 

relationships. Akin to the previous problem scenario, the 

CLSS allows the decision maker to circumvent this complexity 

by providing the Evaluate|Analyze Cognitive Lens function to 

simply understand the direct and indirect effects between 

constructs. Without elaborating all the functions described 

in the discussion of the previous problem, the next 

paragraphs will describe some of the insights that can be 

drawn for this problem using the CLSS. 

Using the Inference|Query Cognitive Lens function, 

questions such as: Why is there a decrease in level "Fuel 

Consumption?" can be investigated. The CLSS query function 

provides a complete explanation of the possible reasons 

behind this increase based on the expert's knowledge, as 

described by the cognitive lens. Figure 7.20 shows the 

output for this query. The output clearly suggests that 

decreased fuel consumption is a good thing for intra-urban 

commuter transportation. 

Another issue that can be addressed is the question of 

what would happen if the "cost of car" were increased. The 

possible consequences of this strategy can be studied using 

the Evaluate I project Cognitive Lens facility. On performing 

this action the CLSS produces a dialog box message stating 
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Construct List: COMMUTER TRANSPORTATION 
[6] EMISSIONS 

Esc - Exit ti - View List 

[4] 

Note: The CLSS output shows negative relationships as dashed lines. 
This drawing is not an exact representation of the CLSS output. 
[1] - Passenger Miles; [2] - Fuel Economy; [3] - Population Size; 
[4] = Cost of Car; [5] •= Price of Commuter Ticket; [7] = Accidents; 
[8] = Probability of Delay; and [9] -= Fuel Consximption 

Figure 7.19 
Problem 2: Examining Cognitive Lens 
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Problem 2: Querying Cognitive Lens 
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Figure 7.20 continued. 
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that "this construct has no consequents. . .," indicating 

that any increase or decrease in the "cost of car" would 

have no effect on any other construct. (This also confirms 

results of the theoretical analysis made by Roberts, in 

Axelrod [1976, p. 176].) Figure 7.21 shows the CLSS output 

display for this action. 

Akin to the forecasting of consequences in the previous 

section, if a construct does affect others, the CLSS outputs 

the possible consequences of an increase or decrease in the 

level of the construct. Thus, if one were to project the 

consequences of a policy that increases the "Price of 

commuter ticket," the CLSS outputs that this policy can lead 

to a decrease in the "Passenger miles" and can also lead to 

decreases in "Fuel economy," "Emissions," "Accidents," 

"Probability of delay," and "Fuel emissions." 

Finally, the problem can be viewed from a different 

perspective. The CLSS Condense function allows the 

possibility of simplification of the cognitive lens into a 

set of superconstructs. Figure 7.22 displays the visual 

representation of the condensed cognitive lens for the 

expert. It indicates that the expert may consider a new set 

of three constructs: the first superconstruct combines 

"Passenger miles," "Fuel economy," "Price of commuter 

ticket," "Emissions," "Accidents," "Probability of delay," 

and "Fuel consumption"; the second is the "Cost of car"; and 

the last is the "Population size." This new cognitive lens 
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Figure 7.21 
Problem 2: Projecting Cognitive Lens 
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Construct List: COMMUTER TRANSPORTATION 
[2] +Pass+Fuel+Pric+Emiss+Acci+Prob+Fuel 

Esc - Exit T i - view List 

[2] [3] 

Note: [2] - +Pop (Population s i z e ) 
[3] - +Cost (Cost of car) 

Figure 7.22 
Problem 2: Condensed Cognitive Lens 
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provides a simpler and a more manageable cognitive 

structure. 

Summary and Implications 

This chapter has developed the implementation aspects 

of the cognitive lens support system. In addition to 

providing details regarding the interface and implementation 

specifications for each of the objects, the chapter has 

provided a comprehensive test of the prototype CLSS using 

problems from two domains. 

It is demonstrated that the CLSS can be used to elicit 

and construct cognitive lenses, analyze alternative 

strategies, anticipate the consequences of a change in one 

or more constructs within the decision maker's control, 

explain the reasons for observed changes in the problem 

environment, abstract from the complex, and combine multiple 

conceptualizations of the same problem. The underlying 

presumption is that the decision maker or decision makers 

using the CLSS have valid cognitive lenses. This assumption 

is not new, as expert systems, knowledge-based systems and 

other systems using the "expertise" or "knowledge" of 

individuals in essence are presuming a priori the validity 

of the individual's theories (beliefs) about a certain field 

or problem domain. The same is true for the CLSS. In 

addition, the CLSS goes beyond just providing a facility for 

"expertise," by allowing the decision makers to dynamically 
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(in real time) test, analyze, evaluate, inference, and 

modify their own knowledge about a problem domain. This in 

itself is a useful facility for understanding ISPs. In the 

same context, it is useful to reiterate that past research 

(see Chapter II) representing many different streams of 

literature has provided significant empirical evidence to 

indicate that decision makers do analyze and evaluate 

problems, make predictions, and generate explanations that 

are consistent with their a priori cognitive orientations, 

as described by their cognitive lenses. 

The CLSS has the potential as an aid to decision makers 

who may know what they believe, but are not always able to 

make correct deductions from the full complexity of their 

cognitive orientations. Using the idea of the cognitive lens 

and its associated cognitive lens support system allows 

decision makers the capability of testing the various 

aspects of their own thinking, and in effect overcoming 

their cognitive weaknesses and reinforcing their cognitive 

strengths. In addition, the various inquiry modes, along 

with the IS functions incorporated in the CLSS, allow 

decision makers to go beyond the boundaries of their 

cognitive limitations—in essence, expanding their "bounded 

rationality." 



CHAPTER VIII 

VALIDATION 

Introduction 

The validity of the notions developed in this research 

can be deduced from the past literature, specifically the 

research done in the areas of international policy making, 

cognition, and management sciences. First, this chapter 

reiterates some of the previous work that supports the 

concepts—cognitive lens, cognitive lens support system, and 

the continuum of inquiring modes for the cognitive lens 

developed in this dissertation. Second, the chapter 

underscores the contribution to the validation effort, of 

the illustrative evidence that has been provided in 

conjunction with the development of most of the concepts. 

These illustrations not only serve as examples of the 

concepts developed, but also provide substantiation for the 

conceptual development. Finally, the chapter reiterates the 

relevance of prototype building and testing (as explicated 

in the research methodology chapter) as corroboration for 

the tenability of the proposed concepts. 

In elucidating the above ideas, a two-pronged 

"validation strategy" is utilized. The first component of 

this strategy attempts to provide validation for the 

prototype design. The second component of the strategy 

involves logically deducing the validity of the higher level 
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concepts. In order to understand the reasoning behind this 

approach to validation, it is useful to take another look at 

the figure (Figure l.l) showing the "realms of IS support." 

A "validation" perspective of these realms of IS support is 

depicted in Figure 8.1. In contrast to the "top-down 

approach" utilized to construct concepts at various 

hierarchical stages (i.e., problem definition, conceptual 

development, and so on) of the research inquiry, the overall 

validation strategy involves a reversal of this process. As 

shown in Figure 8.1, validation proceeds from the bottom 

(the implementation stage) upwards to the knowledge-level / 

concepts (the problem formulation stage). This is achieved / 

through the use of logico-deductive arguments. At each 

intermediate level one needs to ask the question: Does this 

stage or level "support" (or substantiate) the stage or 

level that immediately preceded it? 

Prototype Design Validation 

The validation of the prototype design involves 

answering two different, but intricately connected, 

questions.^First, does the system do what it is supposed to 

do? (or does the prototype perform as "specified" by the 

system architecture and support the requisite functional 

needs?—a question testing the validity of the "product.") 

Second, does the prototype system produce correct or 

authentic results? (or is the system output accurate?—a 
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question of verifying the system's performance.) Both these 

questions are addressed by constructing the prototype 

"cognitive lens support system." Since the prototype system 

was "successfully" implemented, it can be logically inferred 

that the design is valid. The term "successful" implies that 

the implementation of the system satisfies the two questions 

raised in the previous paragraph. The best way of evaluating 

"success" is to manually analyze a sample problem and then 

use the prototype to do the same. The degree to which these 

analyses are comparable can be taken as the measure for 

"success" in terms of the verification question. The ability 

of the prototype system to objectively demonstrate all (or a 

majority) of the functions specified in the classification 

of IS support for the cognitive lens, and the functional 

categories described in an earlier chapter (IV), can be 

taken as the measure of "success" in terms of the validation 

question. Both these aspects are supported by the 

discussions in the two previous chapters (Chapter VI & VII). 

Finally, the "total" validation of the prototype—like 

other research designs—needs to be looked at in terms of 

certain general "criteria for validation" [Shannon, 1975]. 

These sufficiency criteria provide some basis for checking 

the overall validity of the prototype. The criteria for 

validation are: 

1. The prototype should be goal or purpose directed. The 

prototype is built for a purpose and should meet its 
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functional specifications. This also implies that the 

system should have "representational sufficiency"—the 

concepts should be adequately represented; 

2. The prototype should be robust, in that it does not 

give absurd answers; 

3. The internal representation of the concepts should have 

"face validity" based on a priori knowledge, past 

research, and existing theory; 

4. The user interface should be appropriate. It should be 

easy for the user to control and manipulate; i.e., it 

should be easy to communicate with; 

5. The prototype should be adaptive and flexible, with an 

easy procedure to modify and update representations; 

and, 

6. The prototype must be complete on important issues. 

The prototype CLSS satisfies all the above criteria. 

The symbol-level design followed by the implementation and 

testing of the prototype described in Chapters VI and VII, 

provides positive evidence to satisfy each of the criteria 

listed above. 

The prototype CLSS is goal-directed because it has been 

built for the specific purpose of demonstrating an 

alternative approach to providing IS support to decision 

makers for the understanding of ill-structured problems. The 

cognitive lens, the various inquiry modes and their 
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supporting IS functions have been implemented on the basis 

of a systematic development of their functional and design 

specifications (Chapters VI & VII). The cognitive lens is 

represented as an object, and all the inquiry modes for the 

cognitive lens have been implemented in the form of IS 

functions that operate on or are operated by this object— 

thus satisfying the criteria of "representational 

sufficiency." In addition, this representational sufficiency 

is enhanced by implementing the functional specifications in 

a suitable object-oriented programming language. 

The robustness of the prototype CLSS is evidenced by 

the analysis of the illustrative problems and their relevant 

system outputs reported in Chapter VIII. The system 

incorporates various levels of error checking, and 

consequently verifies the validity of inputs, whenever 

feasible. Thus, for example, if the CLSS finds that a 

cognitive lens object is not in resident memory and the user 

is attempting to use one of the inquiry functions that 

require it to be active, the system informs the user of the 

error. Such aspects of the system add to its robustness. 

The internal representation of the concepts in the CLSS 

has face validity because there is extant research and 

knowledge that supports the process of developing the 

symbol-level concepts (design) used for the CLSS. This is 

evidenced by the use of the object-oriented programming 
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paradigm to develop the design and the internal 

representation for the CLSS. 

The user-interface for the CLSS allows the user to 

manipulate and operate the system with ease. This user-

friendly interface is made possible by the use of text 

windows to display reports and input information, and the 

use of pull-down menus and dialog box menus for accessing 

the various options available in the CLSS. 

The building functions implemented in the CLSS allow 

the user to construct cognitive lens representations. In 

addition, the CLSS provides the ability to modify the 

cognitive lens by allowing the user a facility for changing 

relationships or dropping constructs. 

Finally, all the knowledge-level concepts developed in 

the dissertation are fully implemented in the CLSS. In 

consequence, the CLSS is complete in terms of all the 

important aspects of the conceptual development, and serves 

as an objective demonstration of the concepts proposed. 

In view of the above, it can be asserted that the 

promotion of understanding by providing IS support for the 

various understanding-activities "through" an individual's 

cognitive orientations, as described by his cognitive lens, 

is effectively facilitated by the CLSS. 
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Conceptual Validation 

The successful implementation and testing of the 

prototype allows the ability to logically reason that the 

system design is valid, which implies that the IS functions 

are "supported," which in turn validates the idea that 

understanding of ill-structured problems may be achieved by 

supporting understanding-activities "through" the cognitive 

lens. 

The correspondence between the IS functions 

incorporated in the CLSS to support the various 

understanding-activities in different inquiry modes on a 

given cognitive lens also confirms the above conclusion. 

This correspondence is not one-to-one between activity and 

function. In fact, the promotion of understanding of ISPs is 

more effectively facilitated with the use of more than one 

IS function while performing an understanding-activity. 

Figure 8.2 illustrates this bottom-up mapping between the 

CLSS functions and the various understanding-activities 

identified. It should be noted that this mapping is not 

exhaustive, but is provided to show the reasoning behind the 

claim of conceptual validity. For example, the CLSS 

functions for building and retrieval allow the decision 

maker to construct, modify, store, and retrieve cognitive 

lenses for specific problem domains. They support certain 

aspects of the comprehension and clarity, inquiry, and 

analysis understanding-activities. On the other hand, the 
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CLSS evaluating and inferencing functions provide the 

decision maker the ability to perform understanding-

activities such as simplification, inquiry, comparison, 

synthesis, analysis, condensation, and, projection or 

prediction. Specifically, the CLSS functions Examine 

Cognitive Lens, Analyze Cognitive Lens, Condense Cognitive 

Lens, and Compare Cognitive Lenses, are the means by which 

decision makers can inquire of their own cognitive lens 

(introspective inquiry mode) and that of others 

(dialectic/eclectic inquiry modes). 

Furthermore, as pointed out in the introduction to this 

chapter, in addition to the aforementioned logico-deductive 

argument for validation of the knowledge-level concepts, 

this dissertation research uses two other means of 

substantiation—tautologous and illustrative corroboration. 

Tautologous Corroboration 

The use of tautology to corroborate concepts— 

especially when used in an epistemic context—is a well 

established, but low-key approach. It is a means of 

providing face validity for the proposed concepts and/or 

conceptual model. The reasoning behind this approach is that 

separate aspects of a conceptual model can be substantiated 

through the referencing of a priori research—the 

tautologous corroboration. The integrated "conceptual 

system" can further be validated with an appropriate 
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research design. (In the case of this dissertation research, 

illustrative and tautologous evidence in conjunction with 

prototype development is employed.) 

Many researchers such as Roberts [1971, 1973, 1975 and 

1978], Axelrod [1972, 1976], Bougon [1983], Bougon, Weick, 

and Binkhorst [1977], Eden [1988], Eden, Jones, and Sims 

[1979], Ford and Hegarty [1984], Montazemi and Conrath 

[1986], Montazemi, Conrath, and Higgins [1987], have used 

the approach of cognitive mapping (based on digraph theory) 

to provide indirect empirical evidence for the idea that the 

belief systems of decision makers could provide a basis for 

understanding and generating and/or predicting solutions for 

ill-structured problems. Most of this work has been done in 

the area of international policy making. Bougon, Weick, and 

Binlchorst [1977] have demonstrated the development of an 

aggregate view of the beliefs of the members of an 

organization. Roberts [1971], Axelrod [1972, 1976], and 

their associates have successfully documented research of 

their investigation of the individual and group belief 

systems of foreign policy makers using the idea of cognitive 

mapping. They have also shown that these representations of 

belief systems are not only stable over time, but are also 

predictive. 

The cognitive lens is a higher level device that 

subsumes the ideas of cognitive mapping and cognitive 

structures. The cognitive lens support system and the 



173 

accompanying inquiring modes proposed in this research are 

well grounded in the research discussed above. Furthermore, 

the works of Churchman [1971] on different inquiring systems 

and those of Mason [1969] and Mitroff [1971] on dialectic 

inquiring systems provide strong support for the concepts of 

dialectic, eclectic and introspective modes of inquiry 

proposed as a part of the classification of IS support for 

the cognitive lens. 

Illustrative Corroboration 

The use of concrete examples to illustrate the concepts 

developed in research is an established means of 

demonstrating conceptual validity. Illustrations not only 

elucidate the conceptual model (or concepts), but also 

reveal additional characteristics it might possess [Simon, 

1977]. The study of such illustrations further clarifies 

one's understanding of the concepts. It also stimulates new 

inquiry—this may take the form of revisions to the 

conceptual model and/or its interpretation and 

implementation into a prototype system (insofar as this 

dissertation research is concerned). 

At different stages of the conceptual development— 

including the development of the system architecture and the 

classification of IS support for the cognitive lens support 

system—illustrative examples have been provided. Without 

repeating the discussions and insights thus gathered, it can 
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be asserted that some conceptual validation was achieved 

through logico-deductive explanations of the illustrations. 

Summary 

The question of validation of concepts and conceptual 

models has always been a troublesome one for scientists in 

most disciplines. Einstein had little evidence for 

supporting his relativity theory when it was first proposed. 

The word "theory" literally means "view." In essence, 

conceptual development provides a means of crisply defining 

and elaborating ideas regarding certain phenomena. 

For the purpose of determining validity of this 

research endeavor, it is useful to frame the question of 

validation of the Icnowledge and symbol-level concepts (i.e., 

the notion of cognitive lens, the inquiry modes, etc) in 

terms of three fundamental issues. 

1. Is it (the concept) plausible? 

2. Is it feasible? 

3. Is it effective? 

This dissertation research attempts to address the 

first two issues, and reserves the effectiveness issue—to a 

large extent—for future applied research. The issue of 

plausibility of the concepts is answered by logical 

arguments, illustrations, and references to prior research 

(tautology). Feasibility is addressed by a pragmatic 

demonstration of the concepts developed in this research. 
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This demonstration is in the form of a prototype system that 

incorporates the concepts proposed. The third aspect of 

feasibility is addressed to some extent by using the 

prototype for certain problem domains and analyzing the 

results of the transformations of input information. 

It is important to emphasize here that the prototype 

implementation is no different than any other research 

design—that it is one component of a research method. The 

data generated during the prototype development process 

allow one to make statements about the tenability of the 

concepts and the alternative approach of providing IS 

support, developed in this research. This also gives an 

opportunity to further analyze the benefits that accrue from 

providing IS support to decision makers through their 

cognitive lenses and the different inquiry modes. 

In concluding the discussion on validation, it is 

relevant to note that "both philosophers and scientists have 

been unable to agree about the answers to the (following) 

questions: (1) What does it mean to validate concepts? and 

(2) What are the criteria?" [adapted from. Shannon, 1975, p. 

211]. It would be presumptuous and overly ambitious to 

attempt to answer every aspect of these questions within 

this dissertation research. These questions need to be 

addressed in a separate inquiry. Finally, regarding the 

notion of development of new concepts, it should be 

emphasized that "the process of inventing concepts is an 
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integral part in the growth and development of a discipline" 

[Rigby, 1965, p. 16]. Every new concept serves to expand the 

understanding and boundaries of a discipline, and is the 

building block for new Icnowledge. 



CHAPTER IX 

CONTRIBUTIONS AND LIMITATIONS 

Summary of the Research 

Understanding cognitive processes and structures of 

decision makers is an issue of great importance to the IS 

field. This research introduces a new concept called the 

"cognitive lens." The cognitive lens provides a means of 

systematically investigating decision makers' perspectives 

of their own views (and those of others) of an ill-

structured problem. An investigation of activities that 

promotes problem understanding suggests some functional 

capabilities for a support system. This support system 

facilitates problem understanding "through" the cognitive 

lens. A classification of inquiry modes in terms of a set of 

requisite functions allows the ability to provide "such" IS 

support to decision makers—this can facilitate the 

formulation and/or understanding of ISPs. The cognitive lens 

support system stores and maintains cognitive lenses as 

dynamic frame-based objects. The capability of visual 

representation and an ability to evaluate and generate 

inferences from cognitive lenses stored in the system are 

based in part on the mathematics of signed digraphs—which 

derive their rigor from the general theory of digraphs. The 

notion of the cognitive lens and supporting classification 

of inquiry modes for the cognitive lens support system is 
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corroborated using tautologous and illustrative evidence. In 

addition, the prototype CLSS based upon the concepts 

developed in this dissertation was built and tested to 

provide further substantiation for the conceptual 

development. 

Contributions of the Research 

The major contributions of this research can be 

described at two levels. First, this research has developed 

concepts for an alternative approach to providing IS support 

to decision makers attempting to understand and/or formulate 

ill-structured problems. (Past research efforts in this area 

have concentrated on providing traditional IS support 

without regard to the cognitive aspects of the subjective 

understanding of problems—especially ISPs.) This involves 

providing IS support through the decision maker's cognitive 

orientation, as described by his or her cognitive lens. With 

reference to this alternative approach, specifically, this 

research inquiry makes the following contributions: 

1. The development and demonstration of an alternative 

approach to providing IS support for understanding ill-

structured problems; 

2. The development and implementation of a new concept 

called the cognitive lens; 

3. The deductive enumeration of a set of activities that 

might promote understanding of ill-structured problems; 
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4. The development of a classification of is support for 

the cognitive lens using different inquiring modes 

(introspective, dialectic, and eclectic); and the 

determination of a set of functional capabilities based 

upon the derived understanding-activities; 

5. The development of a generic system architecture for 

the cognitive lens support system based upon the 

classification of IS support and the functional 

capabilities; and, 

6. The development and implementation of a prototype 

cognitive lens support system that provides 

substantiation for the conceptual development of this 

research. The implementation and evaluation of this 

prototype system provides additional insight for the 

design of other similar systems. 

Second, the cognitive lens support system provides a 

tool for decision makers associated with solving ill-

structured problems, such as the strategic planning process, 

to enhance their understanding of their own cognitive 

structure, and those of their competitors. This should 

provide executives with the opportunity to gain a 

competitive advantage not only in a business sense, but also 

in terms of the higher level of certainty and understanding 

that accrues from being able to view their cognitive lenses 

and those of their competition. There are some secondary 

contributions with regard to the development of the 
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prototype system. The development of new data structures 

such as the cognitive lens object, the "construct" object, 

the "relationship" object, etc., and the development of some 

new algorithms for condensation, analysis, and synthesis of 

digraphs. The latter is a contribution to the field of 

ematics. 

Finally, the significance of the generation of ideas, 

concepts, models, and theories cannot be overstated. This 

important aspect of this dissertation research endeavor is 

very aptly expressed in the words of Einstein and Infeld 

[1938, p. 92]: 

The formulation of a problem is often more 
essential than its solution, which may be merely a 
matter of mathematical or experimental skill. To 
raise new questions, new possibilities, to regard 
old questions from a new angle, requires creative 
imagination and marks a real advance in science. 

Limitations and Key Assumptions 

This research serves only as an initial inquiry into 

this new domain of study. Consequently, one cannot fully 

address all issues relating to the IS support for 

understanding ill-structured problems. Although, some 

aspects of tenability of the concepts developed in this 

research are assessed through the implementation of the 

prototype CLSS, it may be argued that the building and 

testing of a prototype does not indicate the efficacy and 

effectiveness of the "conceptual system." It is not the 

objective of this research to fully demonstrate the efficacy 
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Of the system in an experimental setting. As pointed out 

earlier, there is a great deal of prior research to support 

the general basis of the concepts developed in this research 

and the use of prototype building to provide demonstrative 

"proof of concept" or "corroboration." Obviously, since this 

prototype system is not a full-fledged operational system, 

there is the limitation that the prototype may not handle 

all aspects of the proposed conceptual model. (It is worth 

noting that although at the time of proposing the concepts 

this may have been true, at the present time each function 

in the prototype is fully functional. Although there is an 

inherent limitation on the number of constructs that can be 

handled by the system—twenty—it is possible to increase 

the number, provided the computer running the system has a 

math coprocessor chip and has a more sophisticated graphics 

capability.) It is not possible to analyze and evaluate all 

aspects of the concepts and the capabilities of the 

functions implemented in the cognitive lens support system. 

This implies t:hat this research was not predicated on the 

fact that the prototype development process must end with a 

successful system. The research has demonstrated that the 

process of building, testing and evaluating the system in 

itself contributes to knowledge, akin to an empirical 

inquiry [Simon, 1990; Newell and Simon, 1976; Churchman, 

1971]. 
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Because of the above reasons, various aspects of the 

effectiveness of the cognitive lens support system and the 

cognitive lens that have yet to be demonstrated can be 

enumerated as follows. These need to be investigated as the 

part of an ongoing research effort. 

1. Whether the constituent elements of the cognitive lens 

can adequately express all the a priori beliefs, 

perceptions, Icnowledge, values, and experiences 

relevant to a problem-solving decision. In other words, 

whether a complete representation of manager's 

cognitive lens can readily be built. 

2. Whether cognitive lens "use" would really facilitate 

problem solving; in particular: 

(a) whether inquiry will expose cognitive lens flaws 

in a practical setting; 

(b) whether the use of the cognitive lens support 

system will yield superior judgments in a 

practical setting; and 

(c) whether users can "truly" refine their cognitive 

lenses through inquiry. 

3. What activity pattern would be the optimal in the use 

of the cognitive lens? 

4. Whether a "direct" means of representing other types of 

relationships can be incorporated in the CLSS? For 

example, non-monotonic or functional relationships. 
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associative relationships—requiring the use of 

probabilities or weights, and temporal relationships. 

5. Whether a "direct" means of representing other types of 

constructs can be added in the CLSS? For example, bi

polar constructs, canonical constructs, and universal 

constructs? 

Finally, despite the aforementioned limitations, this 

research has developed concepts and demonstrated their 

plausibility and feasibility through the design and 

construction of a prototype system. The prototype has also 

demonstrated an alternative approach—based on cognitive 

aspects of understanding—to providing IS support for the 

subjective understanding of ill-structured problems. 



REFERENCES 

Abelson, R. p. and J. D. Carroll, "Computer Simulation of 
Individual Belief Systems," American Behavioral 
Scientist, Vol. 8, (1965), pp. 24-30. 

Abelson, R. P., "The Structure Of Belief Systems," in: R. C. 
Schank and K. M. Colby (Editors), Computer Models of 
Thought and Lancmagf̂ ,. w. H. Freeman & Co., San 
Francisco, 1973, pp. 286-339. 

Ackoff, R. L., S. L. Gupta and J. S. Minas, Scientific 
Method, John Wiley & Sons, Inc., New York, 1962. 

Anthony, R. N., Planning & Control Systems - A Framework for 
Analysis. Division of Research, Graduate School of 
Business Administration, Harvard University Press, 
Boston, 1965. 

Ashby, W. R., Design For A Brain—The origin of adaptive 
behavior, (Second edition), John Wiley & Sons, Inc., 
New York, 1960. 

Ata Mohamed, N. H., A Knowledge-based Decision Support 
System for Managerial Problem Recognition and 
Diagnosis. Unpublished DBA dissertation, Texas Tech 
University, 1985. 

Axelrod, R. M., Framework for a General Theory of Cognition 
& Choice. Research Series, No. 18, Institute of 
International Studies, University of California, 
Berkeley, 1972. 

Axelrod, R. M. (Editor), Structure of Decision - The 
Cognitive Maps of Political Elites. Princeton 
University Press, Princeton, New Jersey, 1976. 

Baldwin, D. S., Principles of Design for a Multiple 
Viewpoint Problem Formulation Support System. 
Unpublished PhD dissertation, Texas Tech University, 
1989. 

Blumenthal, A. L., The Process Of Cognition. Prentice-Hall, 
Inc., New Jersey, 1977. 

Boar, B. H., Application Prototyping. John Wiley & Sons, 
Inc., New York, 1984. 

Booch, G., "Object-Oriented Development," IEEE Transactions 
On Software Engineering. Vol. SE-12, No. 2, (February 
1986), pp. 211-221. 

184 



185 

Bougon, M. G., K. Weick and D. Binkhorst, "Cognition in 
Organizations: An Analysis of the Utrecht Jazz 
Orchestra," Administrative Science Ouarterly. Vol. 22, 
(December 1977), pp. 606-639. 

Bougon, M. G., "Uncovering Cognitive Maps," in: G. Morgan 
(Editor), Beyond Method - Strategies for Social 
Research. Sage Publishers, Beverly Hills, 1983. 

Brown, T. A., F.S. Roberts and J. Spencer, Pulse Processes 
on Signed Digraphs: A Tool for Analyzing Energy Demand. 
Rand Corporation (R-926-NSF), Santa Monica, March 1972. 

Brunswik, E., Perception and the representative design of 
psychological experiments. University of California 
Press, Berkeley, 1956. 

Carbonell, J. G., "POLITICS: Automated Ideological 
Reasoning," Cognitive Science. Vol. 2, No. 1, (1978), 
pp. 27-51. 

Carbonell, J. G., Subjective Understanding: Computer Models 
of Belief Systems. UMI Research press, Ann Arbor, 1981. 

Cats-Baril, W. L. and G. P. Huber, "Decision Support Systems 
For 111 Structured Problems: An Empirical Study," 
Decision Sciences. Vol. 18, No. 3, (Summer 1987), pp. 
350-372. 

Chakravarti, D., A. Mitchell and R. Staelin, "Judgment Based 
Marketing Decision Models: An Experimental 
Investigation of the Decision Calculus Approach," 
Management Science. Vol. 25, No. 3, (March 1979), pp. 
251-263. 

Chatfield, A. T., A User Learning Based DSS Implementation 
Methodology. Unpublished PhD dissertation, Texas Tech 
University, 1990. 

Cherry, C., On Human Communication—A Review. Survey. And A 
Criticism. (Third edition). The MIT Press, Cambridge, 
Massachusetts, 1978. 

Churchman, C. W., The Design of Inauiring Systems. Basic 
Books Inc., New York, 1971. 

Cooke, R. and J. Kernaghan, "Estimating the Difference 
Between Group Versus Individual Performance on Problem 
Solving Tasks," Group Organizational Studies. Vol. 12, 
No. 3, (1987), pp. 319-342. 



186 

Coombs, M. and J. Alty, "Expert Systems: An alternative 
paradigm," International Journal of Man-Machine 
Studies, Vol. 20, (1984), pp. 21-43. 

Craik, Kenneth, The Nature of Explanation. Cambridge 
University Press, Cambridge, London, 1943. 

Das, T. K., The Subjective Side of Strategy Making—Future 
Orientations and Perceptions of Executives. Praeger 
Publishers, New York, 1986. 

Donaldson, G. and J. W. Lorsch, Decision Making At The TOP: 
The Shaping of Strategic Direction. Basic Books, Inc., 
New York, 1983. 

Downey, H. K., "Quantitative versus Qualitative: 
Environmental Assessment on Organizational Studies," 
Oualitative Research. (1983), pp. 179-190. 

Eckel, B., Using C++. Osborne McGraw-Hill, Berkeley, 1990. 

Eden, C., S. Jones and D. Sims, Thinking in Organizations. 
The Macmillan Press, London, 1979. 

Eden, C., "Modeling Cognition In Complex Decision Problems," 
Journal of Interdisciplinary Modeling and Simulation. 
Vol. 3, No. 2, (1980), pp. 119-144. 

Eden, C., "Cognitive Mapping," European Journal of 
Operational Research. Vol. 36, (1988), pp. 1-13. 

Einstein, A. and L. Infeld, The Evolution of Phvsics. Simon 
& Schuster, New York, 1938. 

Eysenck, M. W., A Handbook of Cognitive Psychology. Lawrence 
Erlbaum Associates, London, 1984. 

Ford, J. D. and W. H. Hegarty, "Decision Maker's Beliefs 
About the Causes & Effects of Structure : An 
Exploratory Study," Academy of Management Journal. Vol. 
27, No. 3, (1984), pp. 271-291. 

Centner, D. and A. L. Stevens (Editors), Mental Models, 
Lawrence Erlbaum Associates, Publishers, New Jersey, 
1983. 

Glueck, W. F. and L. R. Jauch, Strategic Management and 
Business Policy. McGraw-Hill, New York, 1984. 

Goodwin, M., User Interfaces In C++ And Object-Oriented 
Programming. MIS Press, Inc., Portland, 1989. 



187 

Gorry, G. A. and M. S. Scott Morton, "A Framework for 
Management Information Systems," Sloan Management 
Review, Vol. 13, No. 1, (Fall 1971), pp. 55-70. 

Grudnitski, G., "Eliciting Decision-Maker's Information 
Requirements - Application of The Rep Test 
Methodology," Journal of Management Information 
Systems, Vol. 1, No.l, (Summer 1984), pp. 11-32. 

Hage, P. and F. Harary, Structural Models in Anthropology. 
Cambridge University Press, New York, 1983. 

Hall, R. p. and D. F. Kibler, "Different Methodological 
Perspectives in Artificial Intelligence Research," The 
AI Magazine, (Fall, 1985), pp. 166-178. 

Harary, F., R. z. Norman and D. Cartwright, Structural 
Models: An Introduction to the Theory of Directed 
Graphs, John Wiley & Sons, Inc., New York, 1965. 

Harrison, E., Models of the Universe. Macmillan Press, New 
York, 1985. 

Hu, D., C/C++ For Expert Systems, Management Information 
Source, Inc., Portland, 1989. 

Johnson-Laird, P. N., "Mental Models in Cognitive Science," 
Cognitive Science. Vol. 4, (1980), pp. 71-115. 

Jones, S. and D. Sims, "Mapping as an Aid to Creativity," 
Journal of Management Development. Vol. 4, No. 1, 
(1985), pp. 47-60. 

Keen, P. G. W. and M. S. Scott Morton, DSS - An 
Organizational Perspective. Addison-Wesley Publishing 
Company, Inc., Reading, Massachusetts, 1978. 

Kelly, G. A., The Psychology of Personal Constructs. Volume 
One, W. W. Norton & Company, Inc., New York, 1955. 

Kelly, G. A., "Discussion: Aldous, The Personable Computer," 
in: S. S. Tomkins and S. Messick (Editors), Computer 
Simulation of Personality: Frontier of Psychology 
Theory. John Wiley & Sons, Inc., New York, 1963. 

Kernaghan, J. A., "Group Versus "Best" Member Contributions 
To Effective Decision Making By Work Teams," Midwest 
Division Academy of Management Conference Proceedings. 
Milwaukee, Wisconsin, April 18-21, 1990, pp. 109-114. 

Kuhn, T.S., The Structure of Scientific Revolutions. 
University of Chicago Press, Chicago, 1962. 



188 

Laukkanen, M., Understanding The Formation Of Manager's 
Cognitive Maps; A Comparative Case Study of Context 
Traces in Two Business Firm Clusters. Acta Academiae 
Oeconomicae Helsingiensis (The Helsinki School Of 
Economics And Business Administration), Helsinki, 1989. 

Lewin, K., Resolving Social Conflicts. Harper, New York, 
1948. 

Lucas, H. C , Jr., Computer Based Information Systems in 
Organizations. SRA, Inc., Chicago, 1986. 

Lyles, M. A. and I. I. Mitroff, "Organizational Problem 
Formulation: An Empirical Study," Administrative 
Science Ouarterly. Vol. 25, (March 1980), pp. 102-119. 

Lyles, M. A., "Defining Strategic Problems: Subjective 
Criteria of Executives," Organizational Studies. Vol. 
8, Issue 3, (1987), pp. 263-280. 

Mason, R. O., "A Dialectical Approach To Strategic 
Planning," Management Science. Vol. 15, (1969), pp. 
B403-B414. 

Mason, R. O. and I. I. Mitroff, "A Program For Research On 
Management Information Systems," Management Science. 
Vol. 19, No. 5, (January 1973), pp. 475-487. 

Mayurama, M., "The Second Cybernetics: Deviation-Amplifying 
Mutual Causal Processes," American Scientist. Vol. 51, 
(1963), pp. 164-179. 

Miller, G. A., "The Magical Number Seven Plus or Minus Two: 
Some limits on Our Capacity for Information 
Processing," in: R. C. Anderson and D. P. Ausubel 
(Editors), Readings in the Psychology of Cognition. 
Holt, Rinehart and Winston, Inc., 1965, pp.241-267. 

Minch, R. B., Design of a Decision Support System 
Facilitating Model Management and Utilization. 
Unpublished DBA dissertation, Texas Tech University, 
1982. 

Mintzberg, H., D. Raisinghani and A. Theoret, "The Structure 
of "Unstructured" Decision Process," Administrative 
science Ouarterly. Vol. 21, No. 2, (June 1976), pp. 
746-755. 

Mintzberg, H., "Planning on the left side and managing on 
the right," Harvard Business Review. Vol. 54, (July-
August, 1976), pp. 49-58. 



189 

Mitroff, I. I., "A Communication Model of Dialectical 
inquiring Systems - A Strategy for Strategic Planning," 
Management Science, Vol. 19, No. 10, (June 1971), pp. 
B634—B648. 

Mitroff, I. I. and F. Betz, "Dialectical Decision Theory: A 
Meta-Theory of Decision Making," Management Science. 
Vol. 19, No. 2, (September 1972), pp. 11-24. 

Mitroff, I. I., "Systems, Inquiry, and the Meanings of 
Falsification," Philosophy of Science. Vol. 40, No. 2, 
(June 1973), pp. 255-276. 

Modigliani, F. and H. Miller, "The Cost of Capital, 
Corporation Finance, and the Theory of Investment," 
American Economic Review, (June 1958), pp. 261-297. 

Montazemi, A. R. and D. W. Conrath, "The Use of Cognitive 
Mapping for Information Requirements Analysis," MIS 
Quarterly, Vol. 10, (March 1986), pp. 45-55. 

Montazemi, A. R., D. W. Conrath and C. A. Higgins, "An 
Exception Reporting Information System for Ill-
Structured Decision Problems," IEEE Transactions on 
Systems. Man, and Cybernetics. Vol. SML-17, No.5, 
(September/October 1987), pp. 771-779. 

Neisser, U., Cognitive Psychology. Meredith Publishing 
Company, New York, 1967. 

Newell, A., "Artificial Intelligence and the Concept of 
Mind," in: R. C. Schank and K. M. Colby (Editors), 
Computer Models of Thought and Language. W. H. Freeman 
and Company, San Francisco, 1973. 

Newell, A. and H. A. Simon, "Computer Science as Empirical 
Inquiry: Symbols and Search," Communications of the 
ACM. Vol. 19, No. 3, (March 1976), pp. 113-126. 

Norman, D. A., "Some Observations on Mental Models," in: D. 
Centner and A. L. Stevens (Editors), Mental Models. 
Lawrence Erlbaum Associates, Publishers, New Jersey, 
1983. 

O'Leary, D., "Software Engineering and Research Issues in 
Accounting Information Systems," Journal of Information 
Systems. (Spring 1988a), pp. 24-38. 

O'Leary, D., "Expert System Prototyping As A Research Tool," 
in: E. Turban and P. Watkins (Editors), Applied Expert 
Systems. Elsevier Science Publishers, (North-Holland), 
The Netherlands, 1988b, pp. 17-31. 



Paradice, D. B., Causal Modeling as a Basis for the Design 
of an Intelligent Business Problem Formulation System. 
Unpublished PhD dissertation, Texas tech University, 
1986. 

Phillips, D. C , Philosophy. Science. And Social Inouiry. 
Pergamon Press, New York, 1987. 

Pinegar, J. M. and L. Wilbricht, "What Manager's Think of 
Capital Structure Theory: A Survey," Financial 
Management, (Winter 1989), pp. 82-91. 

Pinson, L. J. and R. s. Wiener, "Object-Oriented Design of a 
Branch Path Analyzer for C-Language Software Systems," 
in: Pinson, L. J. and Wiener, R. S. (Editors), 
Applications of Object-Oriented Programming. Chapter 6, 
pp. 164-208. 

Pohl, I., Turbo C++. The Benjamin/Cummings Publishing 
Company, Inc., Redwood City, 1991. 

Pounds, W. F., "The Process of Problem Finding," Industrial 
Management Review. Vol. 11, No. 1, (Fall 1969), pp. 1-
19. 

Raghavan, S. A., A Decision Support System Based on Generic 
Support Concepts and their Application to Decision 
Making Process. Unpublished PhD dissertation, Georgia 
State University, 1984. 

Ramaprasad, A., "Cognitive Processes As a Basis For MIS And 
DSS Design," Management Science, Vol. 33, No. 2, 
(February 1987), pp. 139-148. 

Raphael, B. S., A Computer Program for Semantic Information 
Retrieval. Unpublished doctoral dissertation, 
Massachusetts Institute of Technology, 1964. 

Reitman, W. R., Cognition and Thought: An Information 
Processing Approach. John Wiley & Sons, Inc., New York, 
1965. 

Rich, E. and K. Knight, Artificial Intelligence. (Second 
Edition), McGraw-Hill, Inc., New York, 1991. 

Rigby, P. H., Conceptual Foundations of Business Research. 
John Wiley & Sons, Inc., New York, 1965. 

Roberts, F. S., Signed Digraphs And The Growing Demand For 
Energy. Rand Corporation (R-756-NSF), Santa Monica, 
California, May 1971. 



191 

Roberts, F. S., "Building and analyzing an energy demand 
signed digraph," Environment and Planning, vol. 5, 
(1973), pp. 199-2211 

Roberts, F. S., "Energy: Mathematic And Models," Proceedings 
of the SIMS Conference on Energy. Alta, Utah, July 7-
11, 1975, pp. 84-101. 

Roberts, F. S., Graph Theory and Its Applications to 
Problems of Society, Society for Industrial and Applied 
Mathematics, Philadelphia, 1978. 

Sage, A. P., Methodology For Large-scale Svstems. McGraw-
Hill Book Company, New York, 1977. 

Schermerhorn, J., Jr., Management For Productivity. (2nd 
Edition), John Wiley & Sons, Inc., New York, 1986. 

Schildt, H., Using Turbo C++. Osborne McGraw-Hill, Berkeley, 
1990. 

Schoenfield, A. L., "Beyond the Purely Cognitive: Belief 
Systems, Social Cognitions, and Metacognitions As 
Driving Forces in Intellectual Performance," Cognitive 
Science, Vol. 7, (1983), pp. 329-363. 

Schwenk, C. R., "The Cognitive Perspective of Strategic 
Decision Making," Journal of Management Studies. Vol. 
25, No.l, (January 1988a), pp. 41-55. 

Schwenk, C. R., The Essence of Strategic Decision Making. D. 
C. Heath & Company, Lexington, Massachusetts, 1988b. 

Scott, D. F., Jr. and D. J. Johnson, "Financing Policies and 
Practices in Large Corporations," Financial Management. 
(Summer 1982), pp. 51-59. 

Scott, W. A., D. W. Osgood and C. Peterson, Cognitive 
Structure: Theory And Measurement Of Individual 
Differences. John Wiley & Sons, Inc., New York, 1979. 

Shannon, R. E., Systems Simulation—the art and science. 
Prentice-Hall, Inc., Englewood Cliffs, 1975. 

Shlaer, S. and S. J. Mellor, Object-Oriented Systems 
Analysis: Modeling the World in Data. Yourdon Press 
Computing Series, Prentice-Hall, Inc., Englewood 
Cliffs, 1988. 

Simon, H. A., Administrative Behavior (Third edition), 
MacMillan Press, New York, 1957. 



192 

Simon, H. A., The New Science of Management Decision. 
Harper, New York, 1960. 

Simon, H. A., Models Of Discovery, D. Reidel Publishing 
Company, Dordrecht-Holland, 1977, Chapter 1.4. 

Simon, H. A., The Sciences Of The Artificial. The MIT Press, 
Cambridge, Massachusetts, 1981. 

Simon, H. A., "Information Technologies and Organizations," 
Accounting Review. Vol. 65, No. 3, (July 1990), pp. 
658-667. 

Soelberg, P. O., "Unprogrammed Decision Making," Industrial 
Management Review. Vol. 8, No. 2, (Spring 1967), pp. 
19-29. 

Stroustrup, B., "What is Object-Oriented Programming?," IEEE 
Transactions On Software Engineering. (May 1988), pp. 
10-20. 

Sycara, K., Resolving Adversial Conflicts: An Approach 
Integrating Case-Based and Analytic Methods. 
Unpublished PhD thesis. School of Information and 
Computer Science, Georgia Institute of Technology, 
1987. 

Sycara, K., "Resolving Goal Conflicts via Negotiations," in: 
Proceedings of AAAI-1988. St. Paul, MN, 1988. 

Tolman, E. C , "Cognitive Mapping in Rats and Men," 
Psychological Review. Vol. 55, No. 4, (July 1948), pp. 
189-209. 

Walsh, J. P. and L. Fahey, "The Role of Negotiated Belief 
Structures in Strategy Making," Journal of Management. 
Vol. 12, No. 3, (Fall 1986), pp. 325-338. 

Walsh, J. P., C. M. Henderson and J. Deighton, "Negotiated 
Belief Structures and Decision Performance: An 
Empirical Investigation," Organizational Behavior And 
Human Decision Processes. Vol. 42, No. 2, (October 
1988), pp. 194-216. 

Walsh, J. P., "Selectivity And Selective Perception: An 
Investigation Of Managers' Belief Structures And 
Information Processing," Academy of Management Journal. 
Vol. 31, No. 4, (December 1988), pp. 873-896. 

Warfield, J. N., Societal Systems - Planning. Policy And 
Complexity. John Wiley & Sons, Inc., New York, 1976. 



193 

Wegman, C., "Conceptual Representation of Belief Systems," 
Journal for the Theory of Social Behavior. Vol. 11, No. 
3, (1981), pp. 279-305. 

Weick, K. E., "Cognitive Processes in Organizations," in: B. 
M. Staw (Editor), Research in Organizational Behavior. 
Vol. I, JAI Press Inc., Greenwich, Connecticut, 1979, 
pp. 41-74. 

Yadav, S. B. and D. Baldwin, The Process of Research 
Investigations in Artificial Intelligence—An Unified 
View. Technical Report, Area of Information Systems and 
Quantitative Sciences, College of Business 
Administration, Texas Tech University, Lubbock, TX 
79409, 1990. 

Young, L. F., "Computer Support For Creative Decision 
Making: Right Brained DSS," in: H. G. Sol (Editor), 
Processes and Tools for Decision Support. North-Hoiland 
Publishing Company, Amsterdam, 1983. 



APPENDIX A: USER'S GUIDE TO THE 

COGNITIVE LENS SUPPORT SYSTEM 

Introduction 

CLSS or Cognitive Lens Support System is a software 

package designed to assist decision makers in understanding 

ill-structured problems based on the subjective aspects of 

their cognitive orientations, as described by their 

cognitive lens. CLSS is designed based on the object-

oriented programming paradigm. The underlying programming 

language used for designing this system is Turbo^ C++. 

Hardware/Software Requirements 

The CLSS runs on the IBM PC family of computers, along 

with all IBM compatibles. It requires DOS 2.0 or higher and 

at least 64OK of active RAM. Although, it runs on any 80-

column monitor, a high-resolution color monitor such as a 

640x350 or 1024 x 768 monitor with a graphics adapter— 

VGA/EGA/SVGA provides the best performance. CLSS uses the 

standard BGI graphics driver and you should make sure that 

an EGAVGA.BGI or equivalent file is available on your hard 

disk or floppy disk. For speed considerations, the system 

should be run from a hard disk drive. It can also be run 

from a floppy drive without much loss of speed. 

^Turbo and Turbo C++ are registered trademarks of 
Borland International, Inc. 

194 



195 

CLSS also supports the use of a mouse. Although the 

mouse is not necessary, if you have one you must have a 

Microsoft Mouse version 6.1 or later, or any other 

compatible mouse. The CLSS requires the presence of a mouse 

driver program file such as Microsoft's M0USE.COM. It is 

normally supplied with the mouse. 

Starting CLSS and Exiting 

The CLSS package is initiated by typing the command 

CLSS at the DOS prompt (oCLSS) . It can also be run from a 

Microsoft Windows environment. On typing CLSS, the screen 

shown in Figure A.l is displayed. To exit the CLSS choose 

Retrieve j Exit by pressing Alt-R and then select E to exit. 

If you are using a mouse, simply click on the Retrieve|Exit 

menu to exit the program. 

The CLSS User Interface Components 

There are two visible components to the user interface: 

the main menu and the status line. The latter is only 

visible when a cognitive lens is in memory. Each of the main 

menu options have sub-menus, which are shown in pull-down 

boxes. Some of the sub-menu options further have some 

component options that are offered either in the form of 

windows or dialog boxes. Options resulting in input/output 

from or to the screen are displayed in rectangular windows 

bordered by single or double lines. 

http://M0USE.COM
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Figure A.l shows the main menu screen. Figures A.2 and 

A. 3 show some pull-down and dialog box menus with their 

constituent sub-menu options. 

Navigating the menu 

The highlight bar is your primary access to all the 

menu commands. The only time the main menu is not visible is 

when you're viewing graphic outputs. Each menu can either be 

accessed by pressing the enter key at the option currently 

highlighted by the menu bar, or by pressing the highlighted 

hot key. The hot key for each menu item is displayed in a 

color that is different from that for the rest of the menu 

heading. For example, the Retrieve menu's hot key is R. 

Here's how you can choose menu commands using just the 

keyboard: 

1. Press Alt-Hot key. This displays the pull-down menu for 

the main menu option. Thus, Alt-R will display the 

pull-down menu for the Retrieve commands, or Alt-E will 

display the Evaluate commands. You will also see the 

first menu option with the highlighted menu bar. The 

menu item that is highlighted is the currently selected 

menu. 

2. Use the arrow keys—right/left, up/down, to select the 

command you wish to execute. Then press the Enter key. 

Alternatively, you may press the hot key of the menu 

item. For example, from the Evaluate pull-down menu. 
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Figure A.l 
CLSS: Main Menu 
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Figure A.2 
CLSS: Pull-down Menus 
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you may press £ to execute the Project Cognitive Lens 

menu item. 

3. In some cases, step 2 will lead to another dialog box 

menu. For example, selecting the Project menu will 

result in the displaying of a dialog box menu with 

three more menu options. Again, you may move the menu 

bar to the option of your choice, or press the hot key 

to select the menu item of your choice. For example, 

the selection of the Construct Cognitive Lens menu 

option will ultimately result in the display of a 

dialog box menu requesting for the signs of 

relationships between constructs (see Figure A.3). 

4. In case of problems in the execution of a command a 

dialog box will be displayed explaining the probable 

cause of the error (see Figure A.4). 

You can also use a mouse to choose commands. The 

process is thus: 

1. Click the desired menu title to display the pull-down 

menu. 

2. Click the desired command in the pull-down menu. 

Figure A.5 summarizes the hot keys for all available 

menu commands. Figure A.6 summarizes some additional control 

keys for string/numeric input windows. 
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Figure A.3 
CLSS: Dialog Box Menus 



201 

Figure A.4 
Sample Dialog Boxes For Displaying Errors 
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Key(s) Menu item Function 

Main menu (Pulldown menu bar) items 
t?'^"^ Retrieve menu Takes you to the Retrieve menu 
Alt-B Build menu Takes you to the Build menu 
Alt-E Evaluate menu Takes you to the Evaluate menu 
^^^"^ Inference menu Takes you to the Inference menu 

Pull-down menu items 
Retrieve menu: 
R Retrieve Cognitive Lens Executes the Retrieve function 
S Save Cognitive Lens Executes the Save function 
E Exit the program Exits CLSS 

Build menu: 
C Construct Cognitive Lens Executes the Construct function 
M Modify Cognitive Lens Takes you to the Modify menu 
D Delete Cognitive Lens Executes the Delete function 

Evaluate menu: 
E Examine Cognitive Lens Executes the Examine function by 

switching to graphics mode 
A Analyze Cognitive Lens Takes you to the Analyze menu 
C Compare Cognitive Lenses Executes the Compare function by 

switching to graphics mode 
P Project Cognitive Lens Takes you to the Project menu 

Inference menu: 
Q Query Cognitive Lens Takes you to the Query menu 
C Condense Cognitive Lens Executes the Condense function by 

switching to graphics mode 
S Synthesize Cognitive Executes the Synthesize function 

Lenses 

Modify Cognitive Lens menu: 
D Drop a Construct Executes the Drop a Construct 

function 
M Modify a Relationship Executes the Modify a 

Relationship function 
C Cancel Cancel and return to main menu 

Query Cognitive Lens menu and Project Cognitive Lens menu: 
I Query/Project Increase Executes the Query or Project 

Increase function 
D Query/Project Decrease Executes the Query or Project 

Decrease function 
C Cancel Cancel and return to main menu 

Figure A.5 
CLSS: Menu Hot Keys 
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Control KeyCs) Action 

1. Text Input Window: Inputs left-justified alphanumeric 
strings 

HOME 

BACKSPACE 
FIG 
ESC 

Erase the data entry field's 
contents 
Erase the last character entered 
Save text input 
Quit and return to menu (if 
available) 

2. Numeric Input Window: Inputs right-justified numbers 

HOME 

BACKSPACE 
ESC 

Clear the data entry field's 
contents 
Erase the last digit entered 
Quit and return to menu (if 
available) 

Note: Some other keys such as up/down arrows are used in 
different input and output actions. Actions 
originating from such keys are explained during 
execution of specific commands. 

Figure A.6 
CLSS: Editing Keys 
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It should be noted that some menu commands are 

unavailable when it makes no sense to choose them. An error 

dialog box is displayed at the time of such actions. 

Menu Reference 

This section contains a description of each menu 

command in the CLSS. It is arranged by pull-down menus. 

Retrieve I Retrieve Cognitive Lens: 

The first command in the Retrieve menu is "Retrieve 

Cognitive Lens." When you choose this command, a text window 

appears on the screen and you are requested to type the 

eight character name of the cognitive lens to be accessed 

from the CL database. You may use the control keys listed in 

Figure A.6 to make corrections to the entered text. In case 

the CL is not in the database, the system displays a dialog 

box with an error message. Figure A.7 illustrates these 

actions. On successful retrieval the name of the cognitive 

lens file activated is displayed on the left hand corner of 

the screen. 

Retrieve I Save Cognitive Lens: 

When selected, this command will save the currently 

active cognitive lens in the database. The system 

automatically saves the cognitive lens using the cognitive 

lens's name obtained from previous interactions—construct 

or synthesize. 
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Retrieve Cognitive Lens Window 

CLSS Screen After Retrieval 

Figure A.7 
CLSS: Retrieve Cognitive Lens 
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Retrieve I Exit the program: 

This command allows you to exit CLSS and return to DOS 

or any other mode/screen from which the program was 

initiated. If the last active cognitive lens prior to 

exiting has been modified or has been newly constructed, the 

system will display a dialog box menu requesting 

confirmation. This serves as a protection against exiting 

CLSS without saving. In this dialog box menu, you may choose 

"Yes" to instruct the program to save and exit, or choose 

"No" to instruct the program to return exit CLSS without 

saving, or choose "Cancel" to instruct the program to return 

to the CLSS main menu. 

Build I Construct Cognitive Lens: 

Selecting this command will result in beginning the 

process of building a new cognitive lens. This is 

illustrated in Figures A. 8 and A. 9. The first text window 

displayed requires the entering of a unique name for the 

cognitive lens. In case the CL name is already in use in the 

CL database, a dialog box indicating this error will be 

displayed and you will be returned to the "cognitive lens 

name" window and allowed to re-enter the CL name. You may 

return to the main menu at this stage by pressing the Esc 

key. Once the CL name is entered successfully, a second text 

window requesting the "cognitive lens problem domain" 



207 

Figure A.8 
CLSS: Construct Cognitive Lens (Initial stages) 
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Building the Relationships 

Figure A.9 
CLSS: Construct Cognitive Lens (Final stages) 
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is displayed. After entering the problem domain the "List of 

Constructs" window is displayed. You can enter the names of 

constructs (at least two; <= 30 characters wide) relevant to 

the problem domain. These sets of constructs are used to 

build the cognitive lens object. Note that this window has 

some additional control keys than those listed in Figure 

A. 6. You have to use the "enter" key to save individual 

construct names, and the "FIO" key when you have finished 

entering all the constructs. 

Once the constructs are entered, two text windows are 

displayed. They display the start and end construct 

identifiers and their names. A dialog box menu also appears 

for each combination of start and end construct possible, 

allowing you to select the sign of the relationship between 

them. Figure A.9 illustrates these actions (Note: The 

illustrations are not drawn to scale.) Once all 

relationships are specified, a dialog box menu allows you to 

graphically display the cognitive lens at this time or to 

return to the main menu. The status line at the bottom of 

the screen displays the name of the cognitive lens 

constructed. 

Build I Modify Cognitive Lens: 

Selecting this command brings up a dialog box menu. 

This menu allows you to choose between the options, "Drop 

Construct," "Change Relationship," or "Cancel" and return to 

the main menu. The command to "Drop (a) Construct" brings up 
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a text window requesting the construct identifier (ID) for 

the construct to be dropped. Once the ID is entered, this 

window also displays the name of the construct, and another 

dialog box requests confirmation. If confirmation is given 

the construct is dropped from the cognitive lens object. 

Otherwise, the "construct entry" window is redisplayed. If 

the "Change Relationship" command is executed, two windows 

and a dialog box menu for the relationships, similar to the 

construct command (Figure A.9), is displayed. In addition, a 

third text window is displayed with the current value of the 

relationship. On accepting the new relationship, it is added 

and/or changed in the active cognitive lens object. 

Build I Delete Cognitive Lens: 

When this command is selected, a text window similar to 

the Retrieve menu is displayed. You enter the name of the 

cognitive lens to be deleted. If found the cognitive lens is 

removed from the CL database. A dialog box confirming the 

deletion is displayed. If the cognitive lens is not found in 

the CL database, a error message is displayed in a dialog 

box. 

Evaluate I Examine Cognitive Lens: 

This command is used to view the cognitive lens in 

graphics mode. If an active cognitive lens is available this 

command will display it in a graphics viewport. The display 

screen is divided into two parts. The top part of the screen 

displays the list of constructs in the drawing. The bottom 
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part of the display shows construct identifier's (ID's) and 

their relationships. Positive relationships are shown with 

firm lines and negative relationships are shown with dashed 

lines. Null or zero relationships are shown by the absence 

of a line. If no active CL is found, an error message is 

displayed. Figure A.10 illustrates this output. 

Evaluate I Analyze Cognitive Lens: 

The Analyze command allows you to analyze direct and 

indirect effects of a construct on another. Selecting this 

command results in two possible options. You can select 

"Direct Effects," "Indirect Effects," or "Cancel" the 

command. For both direct and indirect effects analysis, you 

are asked to enter the construct identifiers (ID's) of the 

start construct and the end construct. Once both the 

constructs are elicited an output text window displays the 

results of the analysis. 

Evaluate I Compare Cognitive Lenses: 

This command allows the you to compare two cognitive 

lenses. This command uses the retrieve command to elicit the 

two cognitive lenses for comparison. A graphics display of 

the first cognitive lens is shown along with the list of 

constructs "COMMON" to the cognitive lenses, and the list of 

constructs "DIFFERENT" between the cognitive lenses. You may 

switch between the two cognitive lenses by pressing the "F2" 

key. To exit this mode press the Esc key. Figure A.11 

illustrates the Evaluate!Compare Cognitive Lenses command 
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Construct List: AN EXAMPLE FOR CONDENSATION 
[1] VI 

Esc - Exit ti - View List 

[4] 

Note: 
[2] 
[3] 
{4] 
[5] 
[6] 

V2 
V3 
V4 
V5 
V6 

Figure A.10 
CLSS: Examine Cognitive Lens 
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C o g n i t v e Lens 
P r e s s F 2 : S w i t c h 

EX_COND 
E s c : E x i t 

COMMON 

mvi 
[21V2 
13] V3 

DIFFERENT 

[41V4 
[5] V5 
[6]V6 

COMMON 

Cogni tve Lens: TEST 
P r e s s F2: Switch Esc : E x i t 

DIFFERENT 

I1]V1 
[2] V2 
[31V3 

[1] - [3] 

Figure A.11 CLSS 
Compare Cognitive Lenses 
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for two hypothetical cognitive lenses, namely, "EX_COND" and 

"TEST." The former has six constructs, namely: VI, V2, V3, 

V4, V5 and V6, and the latter has three constructs, namely: 

VI, V2 and V3. 

Evaluate I£roject Cognitive Lens: 

The Evaluate I Project Cognitive Lens command allows you 

to investigate the consequences of increasing or decreasing 

the level of a given construct. The selection of this 

command results in another dialog box menu. This menu allows 

you to choose between projecting the consequences of an 

increase or decrease. Once you select an option, the system 

displays a text window with the possible consequences. You 

can move up or down the list of consequences using the up 

(t) and down (I) arrow keys. The top right of this window 

displays the word "FIRST" or "LAST" depending on whether you 

are looking at the first or last consequence. Figure A. 12 

illustrates this output. 

Inference I Query Cognitive Lens: 

This command allows the you to query your (or others') 

cognitive lenses for possible explanations of observed 

(observed in the environment) changes in the level of a 

construct. This command works in exactly the same fashion as 

the Evaluate I Project Cognitive Lens command. You can choose 

between explaining observed "Increase" or "Decrease" in the 

level of a construct. The output in either case is displayed 

in a text window, similar to that shown in Figure A.10. 
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Project^Possible Conseguences 

A net INCREASE in 

FIRS' 

E: EVALUATIONS RECEIVED FROM ADVISOR 

can lead to a net INCREASE in 

R: QUANTITY OF RESEARCH DONE 

iPressEsc: Exit;: View Next Projection 
IPress t: View Previous Projectioi 

Figure A.12 
CLSS: Project Cognitive Lens 
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Inference I Condense Cognitive Lens: 

The Inference I Condense Cognitive Lens command allows 

you to abstract the active cognitive lens—consisting of 

constructs and relationships, to a cognitive lens with 

superconstructs and revised relationships between 

superconstructs. The resultant output is a graphic view of a 

condensed cognitive lens. The display looks like the display 

obtained through the Evaluate|Examine Cognitive Lens 

command. The same keys are also applicable to this output. 

In case there are no superconstructs—i.e., the cognitive 

lens is itself a superconstruct—a dialog box with this 

explanation will be displayed. Finally, after viewing the 

output, when the Esc key is pressed, a dialog box message 

indicates that the original cognitive lens is back in active 

memory. This function is illustrated in Figure A. 13 for the 

"EX__COND" example shown earlier in Figure A. 11. The 

condensed cognitive lens shows that the original six 

constructs can be reduced to three constructs as shown in 

Figure A. 13. The top part of this display shows the meaning 

of the new constructs in the condensed cognitive lens. 

Inference I Synthesize Cognitive Lenses: 

On selecting this command, a dialog box menu is 

displayed. Figure A. 14 shows this menu. This menu asks you 

to choose between synthesizing two or three cognitive lenses 

or returning to the main menu. When a choice is made, the 

CLSS will ask for the two/three cognitive lens names using 
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Construct List: AN EXAMPLE FOR CONDENSATION 
[1] +V1+V6 

Esc - Exit ti - View List 

[3] 

[1] 

Note: 
[2] +V2+V3+V5 
[3] +V4 

Figure A.13 
CLSS: Condense Cognitive Lens 
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the EetrieveI Retrieve Cognitive Lens command implicitly. The 

cognitive lenses must exist in the cognitive lens database; 

otherwise this process will continue until valid names are 

entered. On successful synthesis, you will be asked to enter 

a new name for the synthesized cognitive lens. This name 

will then appear on the status line, indicating that it is 

the new cognitive lens in active memory. All the previously 

explained CLSS commands can now be applied to this 

synthesized cognitive lens. 
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^^•Retr^v] 

^̂^̂ 3̂ 

^^^HBu^^^^Hiva^at^^^Hlnferenc3 

Synthesize Cognitive Lenses 
Works for TWO/THREE Cls only 1. 

2 Lenses 3 Lenses Cancel 

1 
• 

Figure A.14 
CLSS: Synthesize Cognitive Lenses 



APPENDIX B: SOME MATHEMATICAL PROPERTIES OF 

THE COGNITIVE LENS 

Introduction 

This appendix discusses some of important mathematical 

properties of the cognitive lens. The xinderlying theory 

behind the cognitive lens support systems (CLSS) is the 

theory of digraphs. This appendix draws upon the research of 

numerous researchers: Axelrod [1972 and 1976]; Brown, 

Roberts, and Spencer [1972]; Eden, Jones, and Sims [1979]; 

Harary [1965]; Hage and Harary [1983]; Mayurama [1963]; 

Roberts [1971, 1973, 1975 and 1978]; Sage [1977]; and 

Warfield [1976]. The mathematical axioms, corollaries, and 

algorithms detailed in this section are based on proofs 

and/or interpretations developed by this author. Figures B.l 

and B.2 define some concepts and terms that are a useful 

basis for this discussion. 

Axiom 1: A cognitive lens "CL" of order "n" for a given 

problem domain "P," is a set of constructs c. e C, 

where i = 1 to n; and a set of relationships r̂  c 

R, where k = 1 to n*(n-l). Thus, CL = (For every 

cl 6 CL I p € P, there exists (c. 6 C, r̂  € R), 

s.t. i = (1, n) & k = (1, n*(n-l)) }. 
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A signed digraph "S" is a digraph with each path in it 
assigned a positive or negative sign. For every pair of 
points (i,j) in S, there can exist a path s.. that can 
take values in the range (-1.00, +1.00). This is the 
visual representation of a cognitive lens. 

A valency or adjacency or interaction matrix "A" is a 
square matrix of size n x n, where n is the number of 
constructs. Each element of this matrix takes values in 
the range (-1, +1). In essence, it is the matrix 
representation of a signed digraph. 

A relationship is the net sign of a relationship 
between any two points (i,j) in "S." This is determined 
by taking the product of all signs along the same walk. 

A strong component of a signed digraph "S" are a set of 
points in "S" that are mutually reachable, i.e., they 
form a cycle. This is possible irrespective of the 
signs of the intervening paths. 

Figure B.l 
Definitions 
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The row sum of the absolute values of the elements of 
row "i" of the adjacency matrix gives the outdegree of 
the ith construct. It is the number of constructs 
perceived to be affected by a construct. 

The columns sum of the absolute values of the elements 
of column "j " gives the indegree of the jth construct. 
It is the number of constructs perceived to affect 
construct "j " directly. 

The sum of the indegree and outdegree for the ith 
construct gives the totaldegree of the ith construct. 
It is a measure of the cognitive centrality of the 
construct in the decision maker's cognitive lens. 

Boolean sum uses the following rules: +1+1=+1, +1+0 = 
0+l=+l, and 0+0 =0. The same is true if +1 is replaced 
by -1. The sum +l+(-l) depends on the length of the 
parallel paths beings added. Note that the values need 
not necessarily be binary. They can be fractional, but 
must be in the range (-1,+1). 

Boolean product uses the following rules: positive * 
anything = that thing; zero * anything = zero; and 
negative * negative - positive. 

A reachcUsility matrix "R" is a matrix representing all 
points "i" in a signed digraph "S" that are reachable, 
i.e., there is a direct or indirect path to "i" from 
some other point "j " in "S." The reachability matrix 
"R" is estimated by the boolean product of the signed 
digraphs adjacency matrix "A." Thus, 
R = (I + A + Â  + + A") # [# => boolean product 
with boolean addition]. 

Figure B.2 
Additional Definitions 
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Axiom 2: A cognitive lens "CL" of order "n" can be 

mathematically represented by its adjacency "A," 

where A is a n x n matrix and its rows identify 

all constructs c. that directly effect constructs 

Cj identified by the columns and vice versa. 

Axiom 3: The relationship r̂  e cl describes three 

attributes of a path between two constructs. It 

represents the sign, direction, and weight of the 

relationship(s) between a construct pair (c., c) 

€ cl. 

Axiom 4: Each cognitive lens "cl" applicable to a problem 

domain "p" is the manifestation of a fuzzy image 

of the problem's structure. 

Axiom 5: Each element a,.j of "A" is representative of the 

set of relationships, R = (r,̂ }, where k = 1 to 

n*(n-l); and each row and column identifies the 

set of constructs c,., where i = 1 to n. The 

element a,- represents the value of the sign of 

the relationship and its direction (i -> j). 

Theorem 1: A construct c,. within a cognitive lens "cl" 

does not effect itself. 

Corollary la: It follows from the previous corollary that 

the diagonal elements of an adjacency matrix 

for a given cognitive lens are always zero. 
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Theorem 2: 

Corollary 2a: 

For a given cognitive lens "cl" applicable to 

a specific problem domain, the direct effect 

of a construct c,. on another construct Cj is 

determined by the sign of the direct 

relationship r,̂  between the two constructs. 

The "ijth" element (or r,̂) of an adjacency 

matrix that describes a cognitive lens "cl" 

of order "n," gives the value of the sign, 

direction and strength of the relationship 

between c. and Cj. 

Corollary 2b: The "ijth" element of the adjacency matrix 

can be 0, +1, or -1 depending on whether the 

direct relationship between two constructs is 

null, positive or negative. 

For a given cognitive lens "cl" applicable to 

a specific problem domain, the indirect 

Theorem 3: 

effect of a construct ĉ. on another 

construct c is the "net effect" of construct 

C| on Cj, and is described by the total 

product of the signs of each possible direct 

path between them. 

Corollary 3b: The elements of the reachability matrix for a 

given cognitive lens can be +1, -1, or 0. 

Corollary 3c: The total indirect effect from construct c. 

to construct Cj is +1/-1, if the net product 

of the signs of one set of relationship along 
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one path between the two constructs is 

positive/negative. 

Corollary 3d: If the indirect effect of construct ĉ  on Cj 

is positive through one path and negative 

through another parallel path, then the 

relevant element of the reachability matrix 

will take the value that represents the net 

effect of the shortest indirect path between 

the two constructs. 

Theorem 4: 

Theorem 5: 

For a given cognitive lens, the conseouents 

matrix for construct c. is the set of all 

constructs Cj (s.t. j = to n) that are 

effected directly or indirectly by it. 

For a given cognitive lens, the antecedents 

matrix for construct c. is the set of all 

preceding constructs c,- (s.t. i = 1 to n) 

that directly or indirectly effect it. 

A superconstruct in a cognitive lens can be 

described as a weakly-strong component or a 

strongly-strong component. That is, the 

strong components can have a net positive 

cyclical relationship (strongly-strong) or a 

net negative cyclical relationship (weakly-

strong) . 

Corollary 6a: For a given cognitive lens "cl," its 

adjacency matrix "A" and its reachability 

Theorem 6: 
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matrix "R," the element-wise product R x R 

given by r̂ .. provides the set of elements 

(constructs) that should belong to each 

strong component. 

The superconstruct s- of a cognitive lens is 

identified by looking in the ith row (or 

column) for the values of +1 or -1 in the 

resultant matrix of the element-wise product 

R X R (i.e., r̂.j. = i or -1) 

Corollary 6c: The new condensed cognitive lens adjacency 

matrix (or the superconstruct adjacency) will 

always have zeroes in its main diagonal. For 

example, let SO. and SCj are two 

superconstructs in a given cognitive lens. 

Then, SC, is adjacent to SCj in the condensed 

cognitive lens if and only if there are two 

constructs ĉ  in SO,, and ĉ  in SĈ  such that 

the original adjacency has a..=l, where a,., is 

an element of "A" and c,̂, c^ belong to "cl." 

Corollary 6d: The new adjacency matrix has +1 as its 

element if the kth element (construct) of the 

ith superconstruct effects the 1th element 

(construct) of the jth superconstruct. 

Corollary 6e: The rows and columns of the new adjacency 

are, of course, the strong components of the 
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Theorem 7: 

cognitive lens described by its adjacency 

matrix "A". 

Two cognitive lenses cl,, clg e CL applicable 

to the same problem domain p 6 P, have a 

common construct, if and only if c,̂  6 cl, is 

exactly equal to ĉ  e clg. All constructs 

that satisfy this criteria form the common 

constructs matrix. 

Corollary 7a: In case the condition in the above theorem is 

not satisfied, the constructs form the set 

described by the different constructs matrix. 

Axiom 5: The "average" adjacency matrix is estimated by 

taking the boolean sum of the individual adjacency 

matrices. 

Theorem 8: Given a problem "p" and multiple cognitive 

lenses cl,., where i = 1 to n, the synthesis 

of these lenses is described by the average 

of their adjacency matrices. 

Corollary 8a: The synthesized cognitive lens is a concrete 

description of a problem's structure. When 

many cognitive lenses are aggregated, the 

inherent structure of the problem becomes 

firmer, and the fuzziness of the individual 

cognitive lenses disappears producing a 

relatively clearer picture of the problem. 
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Corollary 8b: The synthesized cognitive lens is an exact 

approximation of the problem's structure. 

Theorem 9: Consider a cognitive lens "cl" of order "n" 

and its representative adjacency matrix "A" 

of size n X n. If a construct is dropped from 

"cl" the resulting effect is to drop all 

relationships that are connected to that 

construct. 

Corollary 9a: The revised cognitive lens will be of order 

"n-1" and its representative adjacency matrix 

will be of size (n-1) x (n-1). 

Corollary 9b: Consider a given construct ĉ  e cl. If it is 

dropped, all relationships r,̂  € cl will be 

changed to zero, if and only if ĉ  and 

another construct c. forming the relationship 

r,j have a non-zero value. That is, the number 

of relationships that will no longer be of 

any consequence are those that directly 

effect or are directly effected by ĉ . 

Consider a cognitive lens "cl" of order "n" 

and its representative adjacency matrix "A" 

of size n X n. If a relationship r„ e cl is 

modified, the resulting effect is to change 

the reachability between constructs. 

Thereon 10: 
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Corollary 10a: The revised cognitive lens will be of order 

"n" and its representative adjacency matrix 

will still be of size n x n. 

Corollary 10b: Consider a given relationship r̂  6 cl. If it 

is modified, it will have to be changed to 

accommodate the new sign, direction, and 

weight (if any). 




