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ABSTRACT 

This research extends the concept of collaborative 

human-computer systems by developing a conceptual model of 

the collaborative system using system-theoretic principles 

and by empirically testing important relationships derived 

from the model. The development of this preliminary model is 

based on the premise that the designer of collaborative 

human-computer systems must address two fundamental issues: 

1) how a collaborative system should behave in order to be 

effective, and 2) what characteristics of humans and 

computers will promote increased joint effectiveness. 

Accordingly, the conceptual model has two related 

dimensions: process and structure. The model integrates 

research from several areas including MIS/DSS, problem 

solving, and cognitive systems engineering. 

Cognitive coupling is developed as a holistic relation 

linking the human, the computer, and the problem. Cognitive 

fit, a critical dimension of cognitive coupling was 

investigated in the empirical phase of this research. A 

laboratory study was conducted to validate parts of the 

conceptual model. Specifically, the laboratory study 

investigated the effect of cognitive fit on the 

effectiveness of a collaborative system. Factors that were 

manipulated in the design were: human style, type of 

computer aid, and type of problem. Results of the study , 

indicate that cognitive fit has an effect on performance and 

that the cognitive characteristics of the problem influence 

this effect. The specific results have implications for the 

design of collaborative systems. No evidence was found for 

the hypothesized influence of cognitive fit on human 

satisfaction with the computer aid. 
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CHAPTER I 

INTRODUCTION 

Overview 

Advances in computing technology now provide new and 

powerful tools that make it possible to combine human 

intelligence and machine power into a holistic problem 

solving system. It was Licklider [1960] who first proposed 

the concept of man-computer symbiosis. In his words [p.4], 

The hope is that, in not too many years, human 
brains and computing machines will be coupled 
together very tightly and that the resulting 
partnership will think as no human brain has ever 
thought and process data in a way not approached 
by the information-handling machines seen today. 

Licklider's dream of the 1960s remains to be realized even 

today. With the tremendous strides that have been made by 

computing technology in the past decade, building such 

symbiotic systems may now be technologically feasible. 

The rationale for building such systems is clear. Human 

beings are superior to existing computer systems in tasks 

that call for judgment, such as resolving ambiguity and 

uncertainty, and tasks involving creativity such as goal 

formulation, identifying new issues, pattern recognition, 

and others [Eason, 1980]. However, human problem solvers 

suffer from a number of constraints imposed by their 

cognitive limitations, biases, and bounded rationality 

[Simon, 1960; Woods, 1986]. The computer is inherently 

superior to man in computational speed and processing 

accuracy. Also, intelligent computer systems are being built 

with expertise in specific domains. Due to wide differences 

in abilities among humans and computers, it is intuitively 

appealing to think of a collaborative human-computer system 

(hereafter simply called collaborative systems or CHCS) that 



seeks to maximize overall system effectiveness by combining 

individual human and computer strengths while attempting to 

minimize their respective weaknesses [Hale and Kasper, 

1989] . 

From a managerial perspective, DSS researchers have 

called for a new vision of decision support systems [vide 

Keen, 1987]; a vision that transcends the traditional DSS 

role of providing passive support to the user. Recently, 

there has been growing interdisciplinary interest in 

building such systems that provide more intelligent forms of 

decision support. Some of the disciplines that have 

addressed this issue include decision support systems (DSS), 

cognitive sciences, cognitive systems engineering, 

artificial intelligence, ergonomics, behavioral decision 

theory, and software engineering. The literature in these 

disciplines uses different approaches and a variety of 

labels to describe such systems. These include: Active 

Decision Support Systems [Keen, 1987; Manheim, 1989], 

Symbiotic Decision Support Systems [Manheim, 1989], Man-

Machine Symbiosis and Symbiotic Systems [Licklider, 1960], 

Collaborative Human-Computer Systems [Hale and Kasper, 

1989], Joint Human-Machine Cognitive Systems [Hollnagel and 

Woods, 1983], Cooperative Problem Solving Systems 

[Mostaglio, 1990], Intelligent Decision Support Systems 

[Henderson, 1987], Human-Computer Cooperative Systems [Niwa, 

1986], Expert Support Systems [Luconi et al., 1986] and 

others. 

Although differing somewhat in focus and application, 

these approaches share or imply a central tenet: system 

effectiveness is maximized when the relationship between the 

human and the intelligent computer subordinate is conceived, 

designed, analyzed, and evaluated as a joint, collaborative 

decision-making unit [Dalai and Kasper, 1990]. To 

collaborate is "to work together, especially in a joint 

intellectual effort" [American Heritage, 1981, p.260]. A 



collaborative human-computer system, then, is an integrated 

interacting assembly of human(s) and intelligent computer 

subordinate(s), designed to cooperatively reach the goal of 

solving a problem faced by the human decision-maker(s). The 

CHCS is designed with an explicit focus on the cognitive 

relationships between humans, computers, and tasks for a 

given environment. For a more detailed discussion of the 

concept of human-computer collaboration and an argument on 

the appropriateness of the term "collaborative human-

computer system," see Kasper [1990]. 

Current research in building collaborative systems has 

taken widely different directions that include architecture 

building [e.g., Manheim, 1989; Raghavan, 1990], development 

and implementation of active DSS in different domains [e.g., 

Manheim et al., 1990; Dolk and Kridel, 1989; Raghavan and 

Chand; 1989], organization of knowledge in active DSS [e.g., 

Mili, 1989], and empirical studies to uncover relationships 

[e.g., Hale and Kasper, 1989; Blattberg and Hoch, 1990]. 

This diversity of approaches is natural for a relatively new 

area drawing heavily on research in a variety of disciplines 

[Mili, 1989] and is invaluable to the growth of the area. 

However, there has been no attempt to integrate these 

approaches and related concepts from a systems perspective. 

Clearly, integration is needed in order that a systematic 

stream of research can emerge that draws upon the strengths 

of current research approaches. 

It is equally clear that such integration by itself is 

not enough. Ultimately, what is needed are well-founded 

design principles that can drive technology towards the 

desired goal of building effective collaborative human-

computer systems (hereafter simply called collaborative 

systems or CHCS). These principles can only evolve through a 

number of integrated streams of research focusing on 

different issues of the CHCS. 



Problem Statement 

Because collaboration involves a joint intellectual 

effort, it is obvious that the focus of the human-computer 

interaction must shift from a mechanistic level to a 

cognitive level. Having recognized that a major tenet of 

collaborative systems is symbiosis at a cognitive level, a 

critical issue that needs to be addressed then is: What 

constitutes an effective combination of human and artificial 

cognitive systems [Hollnagel and Woods, 1983]. Being able to 

understand this issue will provide guidelines for designing 

and building collaborative systems. However, the current 

state of knowledge on this issue is inadequate in at least 

two respects. Firstly, the knowledge is scattered in the 

literature of several disciplines and integration in 

relation to this specific issue is lacking. Secondly, there 

have been very few empirical studies that have directly 

investigated this issue. 

Research Objectives 

In order to address the issue raised in the discussions 

in the preceding two sections, two major objectives were 

identified for this research. The first objective was: to 

develop a high-level conceptual model of collaborative 

systems in the context of providing intelligent decision 

support. The model must reflect the cognitive perspective 

advocated in the previous discussion. Also, the model should 

not only integrate the relevant research in this area but 

must clarify and extend the concept of human-computer 

collaboration. Because this is a new and emerging area, such 

a model is needed as a vehicle to drive research. 

As will be shown in chapter III, a preliminary model 

for CHCS was developed at a framework level using systems 

theory principles. The model identifies the key components 

and cognitive relationships of the CHCS. Cognitive coupling 

was developed as a holistic relation linking the human, the 



computer, and the problem, at a cognitive level. This 

concept of cognitive coupling developed in the model marks a 

major shift from traditional views of human-computer 

interaction that under-emphasize the cognitive dimension of 

the relationship between the human and the computer. 

The second objective of this research relates to 

investigating the fundamental premise of the CHCS model, 

cognitive coupling. Specifically, the objective was to 

empirically investigate the effect of a critical dimension 

of cognitive coupling, cognitive fit between human and 

computer, on the effectiveness of the CHCS and to further 

investigate how the cognitive characteristics of the problem 

might influence this effect. This objective is a critical 

subset of the issue of what is an effective combination of 

human and artificial cognitive systems [Hollnagel and Woods, 

1983]. As will be described in chapter IV, a laboratory 

study was carried out to achieve this objective. 

Chapter Outline 

Chapter II presents a selected review of relevant prior 

research. The review deals with human-computer 

collaboration, cooperation among humans, and cooperation 

among computers. This review includes: 1) arguments to show 

why social and psychological theories of cooperation among 

humans are inadequate for this research, 2) descriptions of 

systems similar to CHCS, 3) literature supporting the 

conceptual basis for this research and 4) literature 

supporting the empirical direction of the research. 

Using system theoretic principles, chapter III develops 

a conceptual model of the CHCS. The chapter identifies the 

critical components, attributes, and cognitive relationships 

of the CHCS and discusses the implications of the systemic 

perspective for the design of such systems. The chapter then 

develops some of the research hypotheses that emerge from 

the conceptual model. Consistent with the second objective 
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of this research, the hypotheses relate to the effect of 

cognitive fit on the effectiveness of the CHCS and the 

influence of the cognitive characteristics of the problem on 

this effect. 

Chapter IV describes the research methodology and 

experimental design of the laboratory study used to 

investigate the hypotheses. 

Chapter V presents the results of the study. Finally, 

chapter VI discusses the significance of the results, points 

out the limitations and the contributions of this study, and 

indicates future research possibilities. 

Summary 

This introductory chapter provides the background for 

this study, describes the main problems in the area, and 

presents the objectives of this research. 

Based on the works of Licklider, Hollnagel and Woods, 

and Hale and Kasper, this chapter introduces the notion of 

collaborative or symbiotic human-computer systems that seek 

to maximize overall system effectiveness by combining 

individual human and computer strengths while attempting to 

minimize their respective weaknesses. The chapter indicates 

the interdisciplinary support for this emerging notion and 

the importance of this area of research. Taking a cognitive 

perspective, it identifies some critical issues that have 

not been adequately addressed. In relation to these issues, 

the objectives of this research are then identified. The 

chapter concludes with an outline of the chapters that 

follow. 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

Support for the notion of human-computer collaboration 

for problem solving comes from a number of sources in 

several disciplines such as MIS/DSS, management, artificial 

intelligence, cognitive systems engineering, organization 

theory, and psychology. This review deals with relevant 

literature from these disciplines. 

In order that it may do justice to the reader's time 

and respect, a review spanning several disciplines has to be 

highly selective, concise, and be limited to only directly 

relevant works. With this in mind, this review is divided 

into four sections: 1) cooperation among humans, 2) 

cooperation among machines, 3) collaboration between humans 

and computers, and 4) the theory of inquiring systems. 

The section on cooperation among humans summarizes a 

number of social and psychological theories. Although these 

theories cannot be directly applied for this research, it is 

shown how some of the conclusions that emerge from these 

studies are applicable to the development of the conceptual 

model. In particular, the concepts of goals, mental 

representations, dyadic roles, and communication are 

developed in the next chapter. 

The next section examines research involving 

cooperation among machines. The discussion is developed 

around research in distributed problem solving. Concepts and 

frameworks in distributed problem solving are described 

briefly and their relevance to CHCS research is shown. Some 

of the concepts such as task-sharing, result-sharing, 

communication, and coordination between entities are 

applicable to CHCS. 
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The third section of this chapter reviews the research 

on human-computer collaboration beginning with Licklider's 

[1960] notion of "man-computer symbiosis." The joint 

cognitive systems perspective of Hollnagel and Woods [1986] 

and research in human-computer collaboration by Hale and 

Kasper [1989] constitute the conceptual starting point for 

this research and have been described at length in the 

review. Other important issues involving human-computer 

collaboration covered are: active decision support systems, 

human-computer communication, and issues relating to the 

intersection of AI and DSS. Some of the important themes 

that emerge from this section are: 

1) Research towards studying CHCS has taken several 

directions that include actually building computer systems 

with a collaboration perspective, frameworks to develop the 

concepts, and empirical studies to uncover relationships. 

2) Building such systems represents the current frontier of 

technology for decision support. What is lacking, however, 

are suitable conceptual frameworks, theories, and empirical 

studies grounded in those concepts. 

3) The issue of CHCS needs to be studied from a cognitive 

viewpoint. This includes explicit representations or mental 

models of both partners, mental model of the task, goals, 

knowledge, and cognitive coupling. 

Implicit in all the above ideas is the central fact 

that collaboration has a goal, that of solving a given 

problem. The final section on the theory of inquiring 

systems provides a philosophic foundation for different 

approaches towards this goal. In this section, each of 

Churchman's inquiring systems is presented and discussed. 

These inquiring systems are conceptualized as joint problem 

solving approaches of the CHCS in the next chapter. 

Collectively, this literature review presents and ties 

together the current state of knowledge on issues related to 

human-computer collaboration from different disciplines. 



while emphasizing the MIS/DSS literature. The discussion 

focuses on the gaps in knowledge as well as on the relevance 

of a particular stream of research for this area. The 

motivation and direction for this research logically emerge 

from the review. 

Cooperation Among Humans 

Research in psychology, organization theory, and 

sociology has addressed the issue of cooperation among human 

beings. In this section, a number of important theories from 

these disciplines are briefly described and the relevance of 

these theories to this research is pointed out. 

Cooperation in Dyads and Groups 

Psycho-social theories of cooperation. Cooperation has 

been defined as joint behavior that is directed toward a 

goal in which both participants have a common interest 

[Marwell and Schmidt, 1975]. Many attempts have been made to 

build theories of cooperation and helping behavior. The main 

problem, however, is the complexity of the phenomenon to be 

explained. 

Grzelak and Derlega [1982] mention several factors that 

theories of cooperation incorporate such as internal factors 

(e.g., arousal, emotions, cognition) and external factors 

(e.g., characteristics of persons, social norms, clarity of 

the situation). Schwartz and Howard [1982] have constructed 

a normative decision model of cooperation that includes 

attention, defense, motivation, and anticipatory evaluation. 

Other theories of cooperation dealing with social values, 

have compared cooperation (joint gain maximization) with 

altruism (other's gain maximization), individualism (own 

gain maximization) and competition (relative gain 

maximization). In all these theories, the focus of 

cooperation is on maximizing the joint gain of all agents. 
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where individuals interact under conditions in which they 

have common goals, they tend to cooperate and a definite 

group structure emerges. However, when the goals are 

incompatible, competitive activity towards that goal 

gradually changes over time into hostility. 

The dyadic organizing approach can be used to 

understand the issue of how "the behavior of individual 

participants becomes integrated with others into coordinated 

and interdependent teamwork for accomplishing unstructured 

tasks" [Graen and Scandura, 1987, p.176]. The model consists 

of three phases: role taking, role making, and role 

routinization. 

Viewed as a dyadic group, group decision support 

systems are relevant here because they represent instances 

of cooperation among humans with the machine playing the 

role of facilitating this cooperation. DeSanctis and Gallupe 

[1987] define a GDSS as "an interactive computer-based 

system that facilitates the solution of unstructured 

problems by a set of decision makers working together as a 

group." A significant emerging trend in DSS research is the 

focus on building systems to support cooperative problem 

solving and teamwork [Henderson, 1987; Davis, 1982]. Stefik 

et al. [1987] use the term "Cooperative Computing" to 

represent this application of technology for supporting 

collaboration and coordination among individuals. However, 

at the current stage of development, the computer plays only 

a facilitating role in the GDSS. In the future, GDSS 

research promises to be useful in the design of 

collaborative systems involving multiple humans and several 

intelligent computers. 

Tmplications 

The implications of psychological and social theories 

of cooperation for this research are clear. Firstly, none of 

these theories can be directly applied to understanding 
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systems for two reasons: (1) most of them deal with 

situational factors, systems of values, personal norms, and 

physiological arousal; factors that are not directly 

applicable to the computer component of the CHCS, and (2) 

the theories do not address the issue of problem solving 

which is the focus of the collaborative human-computer 

system. 

The second important implication of these theories is 

that concepts such as goals, mental representations, 

effectiveness and efficiency considerations, are issues that 

do have a place in understanding collaborative human-

computer systems. For example, the dyadic model of Graen and 

Scandura [1987] has been applied by Hurd [1990] to develop a 

developmental model of human-computer cooperative action. 

Kurd's model involves three phases: 1) role taking, during 

which the DSS is primarily seen as curiosity, 2) role 

making, during which the DSS is seen primarily as a tool, 

and 3) role routinization, in which the DSS is seen as an 

equal partner in the problem solving process. The final 

phase is reached over time through a number of close 

collaborative sessions with the computer partner. 

Cooperation Among Machines 

Most of the work done in cooperation among machines 

falls out of the area of distributed problem solving. This 

section introduces the area and briefly discusses issues 

relevant to this research. 

Distributed Problem Solving 

Distributed problem solving is a branch of artificial 

intelligence that deals with the interactions of groups of 

intelligent agents attempting to cooperate to solve 

problems. An excellent review of the area can be found in 

Decker [1987]. Distributed problem solving is distinct from 

both distributed processing and artificial intelligence, 
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though it borrows from both fields and in turn, has 

implications for both. The focus of distributed problem 

solving is on distributing control as well as data between 

processing entities that are usually computers. The goal is 

to create a team of cooperating agents that act together to 

solve a single task, such as monitoring a network of 

sensors, or producing multi agent plans [Decker, 1987]. 

Control of a distributed problem solving system is seen as a 

function of 1) the amount of cooperation between agents that 

can range from fully cooperative to antagonistic, 2) 

organization of the agents (given that they cooperate) 

which covers the entire spectrum from total independence to 

master/slave relationships, and 3) the dynamics of achieving 

cooperation between the entities. Distributed problem 

solving systems stress the importance of communication 

between entities. Most applications of distributed problem 

solving systems are in engineering systems such as 

manufacturing and factory control. 

Smith and Davis [1981] suggest frameworks for 

cooperation in distributed problem solving and discuss two 

complementary forms of cooperation in distributed problem 

solving, task-sharing and result-sharing. In task-sharing, 

nodes cooperate by sharing the computational load for the 

execution of sub-tasks of the overall problem. In result-

sharing, the nodes cooperate by sharing partial results 

which are based on different perspectives of the overall 

problem. The model of distributed problem solving proposed 

by Smith and Davis includes problem formulation, problem 

decomposition, task distribution, solution, and synthesis. 

Task-sharing is useful in the problem decomposition and 

answer synthesis phase of distributed problem solving while 

result-sharing is useful in the sub-problem solution phase. 

Distributed problem solving systems differ from 

distributed processing systems in the one important aspect 

of how cooperation is achieved. According to Smith and Davis 
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[1981], distributed processing systems attempt to synthesize 

a wide variety of machines for carrying out a number of 

disparate tasks. Cooperation between nodes is really a form 

of compromise between potentially conflicting goals of the 

multiple machines. In distributed problem solving systems, 

the hardware and software resources do not have predefined 

tasks and they can be selected to maximize overall 

performance or "the selection that leads to the most 

effective environment for cooperative behavior" [Smith and 

Davis, 1981, p. 61]. 

In distributed problem solving systems, communication 

and coordination between the agents is one of the most 

important aspects. The methodologies suggested for 

communication can be divided into three areas: the paradigm 

by which communication takes place, the semantic content of 

the information, and the protocols adopted to make effective 

use of the available channel [Decker, 1987]. 

Implications 

Research in distributed problem solving is relevant to 

this research in that the concepts such as task-sharing and 

result-sharing, can be partially applied to collaborative 

systems. Another implication for CHCS research is that not 

only should we be concerned with how systems should behave 

in order to be effective as a team but also with 

characteristics of humans and computers that will promote 

increased joint effectiveness. Thus, we are interested in 

the structure as well as in the process of collaboration. 

Collaboration Between Humans and 
Computers 

Several researchers have addressed the issue of 

collaboration between humans and computers from different 

perspectives [cf. Hollnagel and Woods, 1986; Hale and 

Kasper, 1989; Schwartz et al., 1986]. This section begins 
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with the need for CHCS as expressed by researchers in 

several disciplines and then reviews the relevant research 

related to man-computer symbiosis, joint cognitive systems, 

human-computer communication, and active decision support 

systems. 

It is evident that there is a growing interest in 

several disciplines to develop such systems. Perhaps, there 

can be no better way to tell it than in the own words of 

some of these researchers. 

The reasons that it is essential for Decision Support 
research to build a new vision is that unless it aims 
at moving DSS towards a more active level of support, 
it has little to offer that Information Systems and end 
user computing cannot provide. 

[Keen, 1987, p.257] 

The application of these new and intelligent tools 
"creates new challenges about how to 'couple' human 
intelligence and machine power in a single integrated 
system that maximizes joint performance." 

[Woods, 1986, p.153] 

There are many man-machine systems. At present, 
however, there are no man-computer symbioses. 

[Licklider, 1960, p.306] 

Holistic problem solving requires the design of a 
human-computer interchange that effectively integrates 
the knowledge and capabilities of the human and the 
computer application. 

[Hale and Kasper, 1989, p.6] 

Research on the "mutual symbiosis of mind and computer 
can be immensely valuable" to the development of DSS. 

[Keen, 1978, p.68] 

However, the computer's ability to perform 
"intelligently" appears to be evolving rather rapidly. 
It seems reasonable to expect humans and computers to 
eventually have overlapping or intersecting abilities 
and responsibilities. This possibility makes the 
allocation issue much more difficult to resolve. 

[Rouse, 1977, p.384] 

The opportunities for DSS to support a range of 
cooperative processes and the heuristics used to enact 



16 

them will lead the DSS field in a significant new 
direction. 

[Henderson, 1987, p.342] 

Man-Computer Symbiosis 

Licklider [1960] first proposed the term "man-computer 

symbiosis" to suggest an extremely tightly coupled 

relationship between human brains and computing machines, 

similar to the relationship that exists between human 

colleagues jointly working on a problem. This symbiotic 

cooperation will successfully integrate the positive 

characteristics of humans and computers. 

Since Licklider's work almost 30 years ago, several 

researchers have studied this basic concept from different 

perspectives. The works of Hollnagel and Woods [1983] and 

Hale and Kasper [1989] represent the conceptual starting 

point for this research and are described below. 

Joint Cognitive Systems 

Woods [1984] proposed the notion of joint human-machine 

cognitive systems. He suggests that the joint human-machine 

system may be treated as a single integrated cognitive 

system that is composed of both natural and artificial 

cognitive systems. The human is a natural cognitive system 

and a computer may be considered an artificial cognitive 

system if it has characteristics that merit this 

categorization. A cognitive system is defined by Woods 

[1983, p. 589] as follows: 

A cognitive system produces "intelligent action", 
that is, its behavior is goal oriented, based on 
symbol manipulation and uses knowledge of the 
world (heuristic knowledge) for guidance. 
Furthermore, a cognitive system is adaptive and 
able to view a problem in more than one way. A 
cognitive system operates using knowledge about 
itself and its environment, in the sense that it 
is able to plan and modify its actions on the 
basis of that knowledge. It is thus not only data 
driven, but also concept driven. 
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Using this definition, Hollnagel [1986] observes that an 

IDSS may be considered as an artificial cognitive system if 

it has goal oriented functioning, heuristic knowledge, 

adaptiveness and the ability to plan. 

Taking this argument further, Hollnagel [1986] 

describes the functional elements required for intelligent 

action in an IDSS: 

1) Goals - There may be multiple decision goals involved. 

The IDSS must be able to represent the goals. 

2) Knowledge - This includes knowledge of the process, about 

the user, about the decision problem, etc. 

3) Plans - The IDSS must select a plan to bring the state of 

the system closer to the goal utilizing the knowledge it 

has. 

4) Status - The IDSS must have knowledge of the current 

status of the system. 

Hollnagel, Woods, and Mancini, have made several 

prescriptions for the design of joint cognitive systems 

design which are: 1) the machine acts as a consultant to the 

human, in that it is a resource for the human problem solver 

who is in control, 2) the role of the human is to achieve 

joint system performance objectives, 3) the effective use of 

technology involves conceiving, modeling, designing and 

evaluating the joint human-cognitive system, 4) the design 

of joint cognitive systems requires a problem-driven rather 

than a technology-driven approach, 5) the configuration or 

organization of the human and machine components is a 

critical determinant of the performance of the system as a 

whole [Sorkin and Woods, 1985], 6) because the human and 

machine elements contain partial and overlapping expertise 

which can be integrated to produce better joint performance, 

it is necessary to determine the relationship between 

machine and human expertise, 7) the joint cognitive systems 

approach requires not only that the users have a model of 

the computer but also that the computer has an explicit 
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image of the user, 8) engineering a cognitive system 

involves first, coordinating the system's image of the user 

with the operator's cognitive functioning for the particular 

application, and second, coordinating the operator's model 

of the system with the actual properties of the system, and 

9) ultimately, the system's image should not only be 

explicitly matched to the user's cognitive characteristics, 

but also be dynamic as appropriate. 

Fitter and Sime [1980, p.64] use the term "cognitive 

coupling" and suggest that: 

A need exists for improved 'cognitive coupling', 
based on a genuine dialogue between the decision
maker and the decision aid. It is necessary for 
complex automata to be able to explain their own 
behavior in terms readily understandable to the 
decision-maker. This is best achieved by 
attempting to incorporate the user's model of the 
decision process into the program model. 

The notion of cognitive coupling as described above is 

indicative of the strength of the human-computer interaction 

at a cognitive level. 

This research borrows from and builds on the work just 

described. The conceptual model described in the following 

chapter develops the notion of human-computer collaboration 

from some of the attributes identified by Hollnagel and 

Woods. The central question that this research addresses 

arises directly from the work of Hollnagel and Woods [1986] 

and is fundamental to what constitutes an effective 

combination of natural and artificial cognitive systems. The 

notion of "cognitive coupling" is developed and expanded in 

this research to include the structure as well as the 

process of human-computer collaboration. 

Human-Computer Collaboration 

Two recent empirical studies have demonstrated the 

effectiveness of human-computer collaboration. 
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Hale and Kasper [1989] have investigated the effect of 

forms of human-computer collaboration on system performance. 

They developed the notion of human-computer interchange 

protocols as rules governing the exchange of knowledge 

between collaborating entities. The key elements of a 

protocol are syntax, semantics, and timing. Based on data 

collected in a laboratory setting, they show that 

differences in the sequencing of the human-computer 

interchange affect performance. In particular, treatments 

that encourage cooperation between human and computer result 

in significantly better performance compared to the human or 

computer working alone. The importance of this work is in 

the development of human-computer interchange protocols and 

the empirical support they provide for collaboration between 

human and computer. This research builds on that work by 

identifying and testing some elements constituting the 

collaborative system. The conceptual development of this 

research incorporates important issues raised by them such 

as the identification of factors that may affect the 

holistic performance of the system, determination of the 

characteristics of problems that make them amenable to 

human-computer joint problem solving efforts, and the 

application of concepts of inquiring systems to the joint 

human-computer system. 

Blattberg and Hoch's [1990] research has focused on 

ways of combining simple database models with managerial 

intuition. Their results have indicated that a combination 

of model and manager always outperforms either of these 

decision inputs in isolation. Blattberg and Hoch [1990, p. 

890] have stressed that "from the perspective of engineering 

higher quality decisions, it is not necessary to completely 

understand intuition in order to use it to good advantage." 

This viewpoint is consistent with the empirical approach 

used in this research as will be clear in chapter V. 
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Relevant DSS Research 

Keen and Scott-Morton [1978, p. 68] argue that decision 

support systems are more relevant in the semi-structured 

range of tasks "where the mutual symbiosis of mind and 

computer can be immensely valuable." Keen has also called 

for more active forms of support to the decision-maker. In 

his words. 

The reasons that it is essential for Decision 
Support research to build a new vision is that 
unless it aims at moving DSS towards a more active 
level of support, it has little to offer that 
Information Systems and end user computing cannot 
provide. 

[Keen, 1987, p.257] 

Towards that end, the concepts of active DSS and symbiotic 

DSS have been proposed by some researchers, notably Keen 

[1987] and Manheim [1989]. 

Manheim [1989] defines an active DSS as a decision 

support system in which the computer works independently of 

explicit user direction to assist the user in working on a 

problem. An active DSS provides user-directed processing as 

well as computer-directed processing. Computer-directed 

processing is processing which is initiated by the computer 

without explicit direction from the user. The term 

"symbiotic DSS" is used by Manheim [1989] to describe an 

active DSS that stores an explicit model of the user's 

problem solving processes. Manheim presents a generic system 

design as well as a problem processing model to describe the 

architecture of the symbiotic DSS. This architecture of a 

symbiotic DSS has five main components: process managers, 

history processor, history recorder, display manager and 

user interface. The user-directed process manager provides 

the user with the capability to initiate, monitor, and 

terminate processes. The computer-directed process manager 

selects the computer-directed processes to be initiated 

along with data and parameters utilized by those processes. 
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The history recorder chronicles all user input and system 

output. The history inference processor processes the 

history records to construct inferences and ultimately, 

create a computer model of the user's image of the problem. 

In addition, the intelligent computer possesses a model of 

the problem. As argued by Eason [1980], if the human and 

computer are to cooperate in transforming inputs to outputs 

for a given task, they must share a common model of the 

task. 

Mostaglio [1990] describes cooperative problem solving 

systems as systems that facilitate collaboration between a 

human and a knowledge-based computer system. Collaboration 

between two agents, whether they are both human, or whether 

one is a computer often requires that both agents have the 

knowledge and can independently apply the knowledge. He 

describes a system called LISP-CRITIC which is based on the 

critiquing approach. 

Ariav and Ginzberg [1985] have studied DSS design from 

a systemic perspective. They have examined DSS as a system 

by considering five aspects simultaneously: environment, 

role, components, arrangement of components and the 

resources required to support the system. They imply that 

the systemic view of DSS design allows for an "outside-in" 

approach to design, that is, the selection of components and 

their arrangement follows from an understanding of the role 

and the environment of the DSS. According to them, the 

relationships between system aspects has received limited 

attention from the theoretical and practical point of view, 

even though it is important from a design perspective. 

However, the Ariav and Ginzberg perspective is limited 

because it considers only the DSS as a system while users 

and tasks are taken to be part of the environment. Hence, 

the users and tasks and their relationships with the DSS do 

not receive adequate attention. Secondly, it is confined 

only to the design aspects of the DSS. The collaborative 
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view of a system requires that the boundaries be expanded to 

include the users and the tasks as indicated by Keen and 

Scott-Morton [1978]. 

Svstems Built with a 
Collaboration Perspective 

A number of different architectures and prototype 

systems that embody the notion of human-computer 

collaboration have been proposed and developed [Mili, 1989; 

Manheim, 1989; Manheim, 1990; Raghavan, 1990; Dolk and 

Kridel, 1989]. Descriptions of some such systems follow. 

Manheim et al. [1990] describe the development of a 

symbiotic DSS for production planning and scheduling in a 

steel mill. The system observes the manager's use of the 

scheduling system. It then makes inferences from the 

manager's use, does its own independent analyses using a 

variety of heuristics and mathematical models, and provides 

advice to the user. 

BIRBAL is a prototype system that plays the role of a 

computer-based Devil's advocate [Raghavan, 1990]. The system 

is being designed to provide several capabilities such as 

verifying user's conclusions and rationale, testing the 

user's understanding of his decision and the implications of 

his decisions, running through a checklist of pros and cons, 

challenging the user with competing decisions, verifying 

whether the user's conclusions are consistent with his 

observation and intentions, critiquing users processes, and 

offering suggestions. BIRBAL may be considered as a system 

based on the Hegelian inquirer. 

The JANUS system [Raghavan and Chand, 1989] embodies 

the Kantian inquiring system concepts. This system 

incorporates four personalities: Spock, a logical thinker; 

Bozo, a lateral thinker; Mom, a personality that is obsessed 

with justifications and counter arguments; and Aesop, a 

story teller. The personalities use their specialized 
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knowledge base and the available contextual information to 

generate appropriate responses. 

Intersection of AI and DSS 

The potential intersection between DSS and expert 

systems from a technological perspective has been addressed 

by several researchers [Turban and Watkins, 1986; Henderson, 

1987; Luconi, Malone and Scott-Morton; 1986]. Turban and 

Watkins [1986] have suggested that integrating expert 

systems with decision support systems may enhance the 

quality and efficiency of the combined system. According to 

them, because an expert system can be considered a special 

class of DSS with unique characteristics, it is a candidate 

for integration with the DSS. They have pointed out a number 

of potential benefits to this integration. To achieve the 

integration, they have proposed that the expert system be 

added as a separate component to the DSS. The expert system 

can contribute to the DSS by providing intelligent advice, 

by permitting heuristics, and by providing reasoning, 

inferencing, and explanation capabilities. 

The potential areas for synergy between DSS and expert 

systems research has been examined by Henderson [1987]. He 

notes that one of the emerging trends in DSS research is to 

build systems that can represent the interaction among 

cooperating experts. Luconi et al. [1986] use the term 

"expert support systems" to indicate the supporting role of 

expert systems and suggest that it represents an evolution 

of DSS concepts. Norman [1986] suggests that intelligent 

decision support systems (IDSS) are needed because both 

humans and automated systems are flawed. He further raises 

the issue of how to combine the human and the IDSS to 

enhance the overall performance. A few suggestions for 

potential uses of IDSS that he offers are: aid in 

correcting misdiagnoses (and the resulting cognitive 

misdiagnosis), aid in keeping an accurate mental model of 
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the system, keeping the person in the control loop, and real 

time crisis management. According to Henderson [1987, 

p.337], "the DSS designer should model the intellectual or 

cognitive processes used in the problem solving activity and 

then map those cognitive processes onto the functionality of 

the DSS." Scott-Morton [1984] predicts that in the future 

DSS will be replaced by expert decision support systems 

(EDSS). The EDSS will combine AI technologies with existing 

DSS capabilities. 

Implications 

The various streams of research described in this 

section have a number of implications for research related 

to human-computer collaboration. Chief among these are: 1) 

technology is no longer a bottleneck to building 

collaborative systems as evidenced by the number of 

prototype systems being built, 2) supporting humans actively 

at a cognitive level will be the main function of decision 

support systems in the future, 3) task characteristics is an 

important design consideration for building such systems, 4) 

mental models of the human and the computer about one 

another and about the task are important factors that must 

be incorporated into such systems, and 5) effective human-

computer communication is essential to achieving true 

collaboration between the two entities. 

An important observation that emerges from this review 

is that research in both DSS and expert systems has been 

directed towards the technology of building such systems 

[Henderson, 1987]. There is a clear need to build these 

systems based on theoretical principles obtained by 

deduction from existing theories and induction from 

empirical studies. As Raghavan [1990] points out, what is 

ultimately needed is empirical work to support generation 

and validation of suitable frameworks for such systems. 



25 

Thus far, this chapter has reviewed many detailed 

concepts and theories related to collaboration and specific 

implementations of these concepts. Implicit in all these 

ideas is the central fact that collaboration has a goal, 

that of solving a given problem. The next section provides a 

philosophic foundation for different approaches towards this 

goal. 

Theory of Inquiring Systems 

As defined earlier, collaboration is a joint 

intellectual activity with the goal of solving a given 

problem. In general, there exist multiple approaches 

available to the CHCS in the pursuit of this goal. These 

joint problem solving approaches may be conceptualized and 

implemented in different ways. In this research, the theory 

of inquiring systems proposed by Churchman [1971] is used as 

a philosophic foundation to conceptualize the joint problem 

solving approaches of the CHCS. The conceptualization is 

presented in the next chapter. This section provides an 

overview of Churchman's work. 

Churchman identifies five different approaches to any 

systematic search for knowledge. Each approach provides for 

a different representation of the problem by starting with 

different building blocks. Provided below is a brief 

description of these approaches. For greater detail, see 

Churchman [1971], 

Leibnitzian Inquiring System 

This is a formal, symbolic inquiry system which 

proceeds from a set of "truths" and builds an ever-

expanding, increasingly general, formal prepositional truth 

structure or "fact nets." The fact nets are built by the 

process of deduction using axioms and mathematical proofs. 

In the Leibnitzian inquiring system, rationalism is the key 
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to truth. The "guarantors" of this system are precise 

specification of the mathematical proof, internal 

consistency, and completeness of the model. According to 

Mason and Mitroff [1973], Leibnitzian systems are best 

suited for well-structured problems for which an analytic 

solution exists. 

Lockean Inquiring System 

This is a consensual empirically based system that 

starts from a set of elementary empirical observations and 

builds an ever-expanding, increasingly general, fact net 

using the process of induction. Data is said to be relevant 

when there is high correlation between received data and the 

a priori relationships that were hypothesized and led to the 

search for the data. The guarantor of this system is human 

agreement by a group of experts. Mason and Mitroff [197 3] 

comment that Lockean inquiring systems may be best suited 

for well-structured problems for which there is a consensus 

of opinion on the nature of the problem. 

Kantian Inquiring System 

The Kantian inquiring system is a multi-model, 

synthetic system. At least two alternative and complementary 

representations are constructed for each problem. The 

Kantian system is both Leibnitzian and Lockean because the 

representations are built from scientific theory but are 

tested empirically. In other words, Kantian systems start 

from at least two alternate scientific theories on any 

problem. From these alternate Leibnitzian bases, they then 

build at least two Lockean fact nets. In doing so, the 

inquiring system provides multiple views of the same problem 

Vhe notion of 'guarantor' refers to the means or 
criteria used by the inquiring system in order to validate 
its conclusions. 



27 

and the hope is that the one best view can be obtained. The 

guarantor of this inquiring system is the degree of match 

between the underlying theory and the data collected under 

the assumptions of that theory. Mason and Mitroff [1973] 

suggest that Kantian systems may be best suited for handling 

problems that are moderately ill-structured. Highly ill-

structured problems would seem to be best handled by the 

Hegelian inquiring system. 

Hegelian Inquiring System 

To the Hegelian system, these alternate viewpoints are 

more than just competing theories, they are completely 

antithetical representations. These opposing representations 

are either pre-existing or are created by the system. In any 

case, both theoretical representations can be supported from 

the same Lockean data. The dialectic confrontation between 

opposing interpretations exposes weaknesses and highlights 

the strengths in the representations allowing the decision 

maker to form a "creative synthesis" of the two views. The 

guarantor in this case is intense conflict. Intense conflict 

will presumably bring out all the issues in the open. Very 

ill-structured problems are appropriate for this type of 

inquiring system. 

Singerian Incmiring System 

The key assumption of Singerian inquiry is that no 

amount of inquiry can arrive at the final truth. Inquiry is 

a never-ending process; there is always continual learning 

and adaptation through feedback. The process of inquiry in 

Singerian inquiring systems involves converting "wicked" 

problems into "structured" and "structured" problems into 

"wicked." Whenever a point of agreement is reached, the 

problem is "partitioned" into subsets and a finer level of 

inquiry is initiated. Too little agreement leads to asking 

more general questions. It would appear that Singerian 
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inquiring systems would be more appropriate for studying 

other inquiring systems. 

From the perspective of this research, the inquiring 

systems reviewed above are significant because these are 

conceptualized as joint problem solving approaches of the 

CHCS in the next chapter. These joint problem solving 

approaches are high-level strategies for achieving the goals 

of the CHCS and they provide a framework for classifying 

prototype collaborative systems being built. 

Summary 

The literature review describes relevant research 

dealing with cooperation among humans, cooperation among 

computers, collaboration between human and computer, and the 

theory of inquiring systems. 

Social and psychological theories related to 

cooperation among human beings were described in the second 

section. While these theories are inadequate for this 

research, some of the conclusions that emerge from these 

works are applicable to the development of the concept of 

human-computer collaboration. In particular, the concepts of 

goal, mental representation, dyadic roles, and communication 

are important in the CHCS context. 

The third section described research in cooperation 

among machines. Concepts such as task-sharing, result-

sharing, communication and coordination between entities, 

and frameworks in distributed problem solving are relevant 

to CHCS research. 

The next section described research dealing with human-

computer collaboration. The joint cognitive systems 

perspective of Hollnagel and Woods and research in human-

computer collaboration by Hale and Kasper are described. 

Other important issues involving human-computer 

collaboration included are: active decision support systems, 



29 

human-computer communication, and issues relating to the 

intersection of AI and DSS. 

The five inquiring systems of Churchman were presented 

and reviewed in the final section. These inquiring systems 

are conceptualized as joint problem solving approaches of 

the CHCS in the next chapter. The notion of joint problem 

solving approach is a very significant issue because it 

relates to achieving the ultimate purpose of the 

collaboration. 



CHAPTER III 

CONCEPTUAL DEVELOPMENT 

Introduction 

As a first step towards the integration of related 

research, this chapter develops a high-level conceptual 

model of a dyadic CHCS using system-theoretic principles. In 

a dyadic system, there is one computer and one human. The 

conceptual development is an extension of the basic ideas of 

Hollnagel and Woods [1983] and other researchers from the 

areas of problem solving, MIS/DSS, and cognitive systems 

engineering. 

The next section presents a rationale for the 

application of systems theory in the development of CHCS. 

Principles of systems theory that relate to the 

conceptual development are briefly described in the third 

section. Because systems concepts have been interpreted 

differently by different researchers, in the interests of 

making finer distinctions between concepts, it is necessary 

to state the precise meanings of the terms used in this 

development. 

The fourth section presents and describes the 

conceptual model of the CHCS from structural and process 

viewpoints. The model's description includes the CHCS 

environment, components of the CHCS and their attributes, 

relations between components, CHCS processes and states, and 

criteria for system performance. Cognitive coupling is 

developed as a holistic relation between the human, the 

computer, and the problem, at a cognitive level. Its various 

dimensions are also developed in the section. 

The fifth section discusses some implications of the 

conceptual development that lead up to the research 

hypotheses described in the final section. 

30 
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It should be noted that this conceptual development is 

based on research from several areas such as MIS/DSS, 

problem solving, and cognitive systems engineering. However, 

the intent is not to develop these areas but to integrate 

this knowledge as it relates to the CHCS. Hence, 

descriptions of these areas are purposefully brief. 

References are provided to the major bodies of research 

where appropriate. 

Need for a Systemic View 

Some DSS researchers [cf. Ariav and Ginzberg, 1985] 

have implied that the human decision-maker is a part of the 

overall system but have not explicitly considered the human 

as an entity in the joint system in the same manner as 

Hollnagel and Woods. For example, in the systemic view of 

decision support developed by Ariav and Ginzberg [1985], the 

human decision-maker is viewed as a system resource while 

the components of the system represent the functional 

building blocks of the system. It can be said that the Ariav 

and Ginzberg analysis was purposefully at a finer resolution 

level.^ However, the lack of focus on relations between 

human decision-makers, computers, and tasks, necessitated by 

the finer resolution level underemphasizes the importance of 

total system performance. The collaboration perspective 

requires that system boundaries be expanded to include 

humans. 

^The concept of resolution level is similar to that of 
"grain of analysis." It pertains to the level at which the 
systemic analysis is carried out. So for example, it is 
possible to treat the human and the computer as subsystems 
and to further identify the inputs, outputs and components 
for both these subsystems. However, in keeping with the goal 
of this study to identify and investigate some factors 
influencing the total performance of the human-computer 
system, choosing a finer level of resolution will tend to 
obfuscate rather than clarify issues. 
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For the most part, the choice of treating an object of 

study as a system lies with the researcher. However, there 

must be justifiable reasons and strong benefits to be 

derived from a systems approach. To be considered a system, 

a collaborative system must have characteristics that 

supersede its parts. The CHCS has the potential to perform 

better than either human or computer component separately. 

This means the system has synergy. Synergy is created 

because teaming up as partners increases the capability of 

both human and computer as one builds upon the others work 

or as both partners share the tasks and jointly contribute 

to the knowledge that incrementally moves the whole towards 

a goal state [Hale and Kasper, 1989]. 

Some of the advantages of treating the CHCS as a system 

with humans and computers as entities in the system are: (1) 

there is an explicit focus on the holistic performance 

rather than on individual performance, (2) the 

interrelationships between problem, humans, and computers 

are made more explicit, (3) reality is modeled more 

accurately in the case of a tightly coupled group of humans 

and computers working together to solve a problem, and (4) 

system theoretic approaches and general systems theory 

principles can be effectively applied. All the above add up 

to providing a better understanding of such systems in order 

to achieve the objective of generating design guidelines for 

building these systems. 

Principles of Systems Theory 

Unfortunately, there is no generally accepted and 

clearly defined body of knowledge concerning systems 

thinking. The term "systems theory" is a highly overworked 

term used differently by different researchers in different 

circumstances. Recognizing this difficulty, Kramer and Smit 

[1977] have developed a common set of coherent systems 

concepts from the literature. The systems approach proposed 
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by Kramer and Smit and a few other researchers is used here 

as a methodology. 

Systems thinking emphasizes the need to take a holistic 

view of a system in relation to its environment. The systems 

approach consists of decomposing reality into manageable 

parts (analysis) and then integrating those parts into more 

efficient structures (synthesis). Because real systems are 

invariably complex, all parts of the real system are seldom 

analyzed. Conceptual model building involves creating a 

simpler but similar model of the real system by a process of 

abstraction. Depending on the state of knowledge in the 

field, the conceptual model may be a framework at one 

extreme to an explanatory model at the other. 

A system is defined as "an integrated assembly of 

interacting elements, designed to carry out cooperatively a 

predetermined function" [Gibson, 1960, p.58]. Entities are 

elements or parts of a system. Webster's dictionary [1970] 

defines entity as "something that has objective or physical 

reality and distinction of being and character." An entity 

can be further divided as a subsystem. However, a researcher 

may desire to stay at a certain resolution level and not 

decompose below that level. By means of properties or 

attributes, one entity can be distinguished from another. 

The properties or attributes of the observed entities define 

the degree of their recognizability. Entities without 

attributes cannot be observed. 

A relation is the link between two or more entities. 

Kramer and Smit define a relation as "the way in which two 

or more entities are dependent on each other". This 

definition uses relations to link the attributes of various 

entities. The term "relation" is used in a broad sense. It 

subsumes two-way relations (that is, relations between two 

entities based on some attribute), relations between two-way 

relations, complex connections that are reducible to two-way 

relations, and complex connections that are not reducible to 
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two-way relations [Angyal, 1969]. One type of relations 

called comparative relations is based on identity, diversity 

or similarity [Angyal, 1941]. The other type is causal 

relations. In general, a number of relations can be 

determined for groups of entities. The researcher has to 

make a choice of the relations that are of interest for the 

problem at hand. 

The structure of a system is the set of relations and 

the positional values of entities in a dimensional domain. 

Positional values define the arrangement of entities, their 

position as related to one another, within the system as a 

whole. 

Both entities and relations may be considered to have 

states. The concept of state here is different from that in 

typical deterministic systems. At any given moment, any 

entity reveals a number of attributes. The combination of 

these attributes forms the state of the entity. A relation 

which is a link between attributes of entities also has 

certain properties. These properties constitute the state of 

the relation. 

The boundaries of the system are important because they 

conceptually separate the system from its immediate 

environment and the environment from the universe. The 

environment of the system is a set of entities and their 

attributes, which though not part of the system can 

influence or be influenced by the system. 

With this brief introduction to systems-theoretic 

concepts, a conceptual model for the CHCS is described using 

these concepts in the next section. 

Development of a Conceptual Model 

This section develops a conceptual model of a dyadic 

CHCS. The model is at a framework level. Because of the need 

to maximize overall system effectiveness, the development of 

this model is based on the premise that the designer of such 
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systems must address two fundamental issues: 1) how a 

collaborative system should behave in order to be effective, 

and 2) what characteristics of humans and computers will 

promote increased joint effectiveness. The former is 

concerned with the process and function of collaboration, 

the latter with the structure or form. Accordingly, the 

conceptual model has two related dimensions: structure and 

process. 

Conceptual Model 

Figures 3.1 and 3.2 show a conceptual model of the CHCS 

from structure and process perspectives respectively. The 

structural view is a static view of the CHCS that identifies 

the entities, their attributes, and the relations among the 

entities in a given environment. The process view is a 

dynamic perspective in that it looks at the actions taking 

place in the CHCS in generating some outcome. The two views 

are related in the sense that a given structure might be 

more effective or efficient for performing certain processes 

and conversely, a given process may be better performed with 

certain structures. 

The entities constituting the CHCS are the human and 

the computer. The problem faced by the human decision-maker 

is treated as the primary input to the system. The CHCS 

applies several processes towards solving the problem and 

producing an outcome. A three level hierarchy of processes 

consisting of joint problem solving processes, cooperation 

processes, and communication processes is proposed. Three 

essential cognitive attributes identified for the human and 

the computer are mental model, goal, and knowledge. 

Cognitive coupling is shown to be a holistic relation in the 

CHCS that links the human, the computer, and the problem 

based on these attributes. Critical dimensions of cognitive 

coupling have been identified and described. 
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With this overview, a detailed discussion of the components 

of the CHCS is presented below. 

Entities 

Consistent with the definition of entity presented 

earlier, the entities constituting the CHCS are the human 

and the computer. The CHCS exists in an environment. In a 

managerial context, the organization as a whole, especially 

the higher level management, will constitute the immediate 

environment for the CHCS. Clearly, the CHCS is an open 

system in that the boundaries are permeable. The management 

may select the problem the CHCS works on, establish the 

effectiveness criteria, time and cost constraints, etc. 

Flows from the CHCS to management may consist of progress 

reports and feedback on the progress being made towards the 

solution of the problem. 

Human and Computer Attributes 

Three fundamental cognitive attributes of the human and 

computer are identified based on the work by Hollnagel 

[1986]. These are goals, mental models, and knowledge. A 

brief description of the attributes follows. 

Goals 

In general, both humans and intelligent computers have 

goals for the problem at hand. While the main goal may be to 

solve the problem effectively, there may be several sub-

goals to be satisfied in order to achieve the final goal. 

In general, there will be multiple goals for inclusion in 

the goal set. Also, there may be several minor goals that 

may have to be considered. If attaining all the goals is not 

feasible, it is essential to know the relative importance of 

these goals [Hollnagel, 1986]. 
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Mental Model 

A number of studies have shown the importance of mental 

models [cf. Abric, 1982]. It is known that human beings 

possess or build a mental model of the problem, the computer 

partner, and themselves. This model influences the manner 

and outcome of the problem solving effort. The concept of 

mental model closely resembles the notion of 

"representation" [Abric, 1982]. In fact, mental model may be 

defined in the same way as: 

the product as well as the actual process of that 
mental activity whereby an individual or a group 
reconstrues the reality which confronts the 
particular individual or group and invests it with 
specific meaning. This meaning results directly 
from the attitudes and opinions, whether conscious 
or unconscious, developed by the individual or the 
group. [Moscovici, 1961; quoted from Abric, 1982, 
p. 3] 

Further support for the concept of mental model is 

provided by Zmud [1979] in his synthesis of the findings of 

empirical studies relating individual differences to 

measures of MIS success. Zmud concluded that stronger 

associations have been observed with regard to the 

characteristics that directly relate to individual 

perception and structuring of environmental stimuli such as 

cognitive styles. In fact, cognitive style should be 

considered as an important component of the mental model. 

Cognitive styles represent characteristic modes of 

functioning and natural predispositions shown by individuals 

in their perceptual and thinking behavior. Most cognitive 

style models use different labels for a distinction between 

an analytic, systematic, and methodical approach and an 

intuitive, heuristic, and global strategy [Witkin et al., 

1971; Huysman, 1970; Doktor and Hamilton, 1973]. 

In a similar manner, the computer is perceived as 

having been purposefully designed with a certain mental 

model. The construct of computer mental model permits us to 
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make "the machine's image of the user more explicit and 

intentional" [Hollnagel and Woods, 1983]. The strategies 

used by the computer system reflect its mental model. 

Knowledge 

Ultimately, the hallmark of an expert is knowledge in a 

specific domain. Knowledge is thus an important attribute of 

both humans and computers in a problem solving environment. 

Knowledge includes domain knowledge, knowledge about problem 

solving techniques, and meta-knowledge. The model of skill 

acquisition proposed by Dreyfus and Dreyfus [1986] captures 

these different types of knowledge and integrates them into 

a parsimonious and useful five stage taxonomy of knowledge. 

The five stages are novice, advanced beginner, competent, 

proficient, and expert. This model is briefly described 

below. For further details, refer to Dreyfus and Dreyfus 

[1986]. 

The novice learns about a new domain by recognizing 

objective facts and features relevant to the domain and by 

acquiring rules for determining actions based on the facts. 

The novice's understanding of the situation is called 

"context-free" by Dreyfus and Dreyfus [1986]. By "context-

free" they mean that the novice recognizes the elements of 

the domain clearly and objectively, in and of themselves, 

but without reference to the overall situation in which they 

occur. The novice is detached from the task, is analytically 

oriented, and has no prior experience to draw upon. At the 

other extreme is the expert, who is deeply involved with the 

task, has extensive experience in the domain, and has an 

intuitive orientation. The expert's "experience-based 

holistic recognition of similarity produces deep situational 

understanding." The other three categories: advanced 

beginner, competency, and proficiency, fall at various 

intermediate points on the novice to expert continuum. 
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Having identified the entities of the CHCS and some of 

their important attributes, the focus now shifts to the 

primary input entity, the problem. 

Problem 

A number of researchers have suggested that task 

characteristics influence effectiveness in problem solving 

[cf. Huber, 1983; Hammond et al., 1987; Zmud, 1979]. In the 

CHCS context, the main interest is to understand what 

characteristics of problems make them amenable to human-

computer joint problem solving efforts [Hale and Kasper, 

1989; Simon, 1973]. To be able to understand that, a 

suitable taxonomy of problems is needed. A slightly modified 

classification of task characteristics identified by Ariav 

and Ginzberg [1985] in the DSS context is described below. 

The primary attributes of the problem are problem 

structurability, level, and problem solving phase. 

Structurability 

Ginzberg and Stohr [1982] define task structurability 

as the degree to which the decision-maker can apply 

predefined rules and procedures in a task. Structurability 

depends upon the cognitive attributes of the individual 

working on the problem as well as the cognitive 

characteristics of the problem itself. Elsewhere, Hammond 

et al. [1987] identify several task characteristics which 

may be considered as dimensions of structurability. Thus, an 

intuition-inducing problem (that is, a less structured 

problem) involves among other things, attributes such as 

high uncertainty, unavailability of organizing principles, 

and low decomposition of tasks. An analysis-inducing problem 

has the opposite characteristics. 
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Level 

The level of the problem - that is, operational 

control, management control, or strategic planning [Anthony, 

1965] has been extensively discussed in the DSS literature. 

This attribute of the problem is relevant for the CHCS in a 

managerial context. It would seem that the potential 

benefits for human-computer collaboration would 

progressively increase with the level of the problem because 

of increasing uncertainty and complexity going up the 

hierarchy from the operational control level to the 

strategic planning level. 

Problem Solving Phase 

Simon's [1960] characterization of phases in the 

decision process—intelligence, design, and choice--is used 

to characterize the third attribute of the problem. Each 

phase calls for differential strategies and joint problem 

solving processes, and implies differences in the degree and 

type of division of labor between the collaborating 

partners. 

Cognitive Coupling 

The cognitive attributes of the human, the computer, 

and the problem have been identified so far. Next, the 

relations between the human and the computer based on these 

attributes are developed. Recall that comparative relations 

between entities are based on peer attributes. The notion of 

cognitive coupling is now developed below as a holistic 

relation linking the human, the computer, and the problem 

based on these attributes. 

What makes the CHCS a system is that it has some 

properties that belong to the whole and cannot be ascribed 

to any single component. Cognitive coupling is one such 

holistic relation. The term "cognitive coupling" was used by 

Fitter and Sime [1980] but its scope has been expanded here 



43 

to include the structure as well as the process of 

collaboration. Cognitive coupling is defined as that 

holistic property of a collaborative system that denotes the 

three-way match between human attributes, computer 

attributes, and the characteristics of the problem, all at a 

cognitive level. Cognitive coupling is a broad, high-level, 

multi-dimensional construct that encompasses notions such as 

the strength of the cognitive match as well as the 

structural and process aspects of the match. Implicit in the 

use of the adjective "holistic" is the fact that cognitive 

coupling in a CHCS cannot be decomposed into parts without 

losing something of the whole. Recognizing this limitation 

of the analytic process of decomposition, cognitive coupling 

is treated as a complex connection in the CHCS that is only 

partially reducible to two-way relations. Following the 

systems approach of Kramer and Smit [1977], this development 

builds from prior literature to develop three two-way 

relations between entities. These relations: goal fit, 

cognitive fit, and knowledge fit, are comparative relations 

based on peer attributes of the human and the computer and 

are viewed as critical dimensions of cognitive coupling. A 

description of the relations follows. 

Goal Fit 

Goal fit, that is the extent to which the goals of the 

human match those of the computer system is one dimension of 

cognitive coupling. Computer goals may involve 

identification and correction of cognitive biases in the 

human, emphasizing critical parts of a problem that need to 

be worked on, maintaining continuity of focus, etc. 

[Raghavan, 1990]. If the computer goals are consistent with 

human goals, then a high degree of goal fit exists. Among 

human beings, goal fit has been found to be a highly 

influential variable [cf. Sherif, 1967]. In a similar 
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manner, it is proposed that achieving a high goal fit is 

critical to the design of a CHCS. 

Cognitive Fit 

As described in the discussion on mental models in the 

previous section, human beings are known to possess mental 

models. Also, the computer partner is perceived to be 

designed with a mental model. Then, it seems important that 

the human and the computer share a consistent if not common 

mental model. Cognitive fit is the relation between the 

human mental model and the computer mental model. Cognitive 

fit denotes the degree to which the human's model and the 

computer's model mesh with one another for a given type of 

problem. Support for the issue of cognitive fit is implied 

in the words of Woods [1986], "All systems invariably assume 

something of the user's cognitive functioning. 

Unfortunately, the system's image of the user at this level 

is virtually never explicitly designed to enhance the joint 

function of man and machine." 

One approach to cognitive fit is to look at the fit 

between the cognitive styles of the human and the computer. 

As described in a previous section on mental models, 

cognitive style may be conceived as one component of the 

mental model. Currently, DSS have not been explicitly 

designed with a purposeful style. Rather, the style of the 

DSS designer, which is usually analytic, is implicitly 

forced into the DSS design. The issue of cognitive fit has 

been raised by Robey [1983] and Huber [1983] when they state 

that a significant issue that has not been adequately 

addressed is that of determining the optimal fit between the 

decision maker's cognitive style and the DSS. The empirical 

study described in the next chapter was designed to address 

this issue in the context of human-computer collaboration. 

DeWaele [1978] has suggested two ways to determining the 

cognitive fit. The DSS may support and conform to the user's 
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cognitive style or it may complement the user's cognitive 

style. Thus, we may posit at least two states of this 

relation: similar cognitive fit and complementary cognitive 

fit. Which state is more effective is an issue that is 

addressed more fully in the final section of this chapter. 

Knowledge Fit 

Knowledge fit is the third dimension of cognitive 

coupling. Since, in general, a given problem might require 

several different types of domain knowledge and 

corresponding expertise in those domains, the types of 

knowledge fit that emerge are based on the degree and 

breadth of expertise held by each collaborating partner. 

Using the knowledge acquisition model proposed by 

Dreyfus and Dreyfus [1986], based on the degree of 

expertise, the human partner can be at any one of the 

levels: novice, advanced beginner, competent performer, a 

proficient performer or an expert. At the present state of 

technology, the computer can be a novice, an advanced 

beginner, or a competent performer [Dreyfus and Dreyfus, 

1986]. Which combination is most effective for a given type 

of problem remains an issue for further research. It would 

appear that there is greater potential for collaboration 

when the partners are at comparable levels of expertise. 

Woods [1986] in referring to breadth of expertise, 

implies the notion of knowledge fit when he questions what 

the relationship between machine expertise and human 

expertise in a given domain should be. It may be that human 

and machine expertise is in similar domains or at the other 

extreme, in totally different domains. However, the more 

common state of the relation seems to be that of partial 

overlapping expertise. In such a case, the implication is 

that there must be a mechanism in the CHCS design to 

integrate knowledge from different viewpoints during the 

problem solving process. 
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Process 

The discussion so far has centered around the 

structure of the CHCS as represented in the model in figure 

3.1. The dynamic nature of the CHCS is reflected in figure 

3.2 which is an input-process-output model. In the CHCS, a 

number of processes are taking place towards solving the 

problem and generating an outcome. These are described 

below. 

A process is the system of actions of a system. 

Consistent with figure 3.2, a three-level hierarchy of joint 

problem solving processes, cooperation processes and 

communication processes is proposed here. This hierarchy 

starts with the problem-specific processes at the highest 

level and moves downward to increasingly general processes. 

Processes at higher levels in the hierarchy call upon lower 

level processes for their execution. 

Joint Problem Solving Processes 

The theory of inquiring systems proposed by Churchman 

[1971] and described in chapter II provides a philosophic 

foundation for the joint problem solving approaches of the 

CHCS [Hale and Kasper, 1989]. 

This conceptualization described here is a narrow 

interpretation of Churchman's work in a limited setting. 

Nevertheless, it provides a useful structure for mapping 

existing systems and offers insight into the functions of a 

CHCS. The Singerian inquiring system because of its inherent 

complexity and its meta-level inquiry is not considered as a 

joint problem solving process. 

Lockean process. The human-computer system attempts to 

solve the problem by building a consensus based on empirical 

judgement and induction. Either partner can supply the data 

or facts and either can perform the induction based on the 

facts. Who does what in this collaboration is an issue for 

the cooperation process of task allocation to handle and 
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will largely depend on the states of the entities, the 

states of the relations and the nature of the problem. 

Leibnitzian process. In the Leibnitzian process, the 

human-computer system is pursuing a theoretical deductive 

inquiry. It would seem that the computer is more suited to 

providing the formal theoretical components or models for 

the inquiry while the human would provide the reasoning 

capability to build upon the basic truths. 

Kantian process. The human-computer system builds at 

least two alternate complementary representations of the 

problem solution using data as well as models. The one best 

solution can then be selected by the human as the ultimate 

decision-maker from the alternate perspectives or a 

synthesis may be evolved. A Kantian process may be more 

appropriate when the expertise of the human and the computer 

is in different domains. As pointed out by Woods [1986], 

most real world problems require the integration of 

different specialists, each of which contributes a different 

point of view. 

Hegelian process. In the Hegelian process, both 

collaborating partners attempt to build at least two 

completely antithetical representations of the problem 

solution in an attempt to bring out more issues and thus 

achieve a better understanding of the problem. This is a 

case of collaboration through conflict. A possible 

implementation of this dialectic approach would be that the 

human may propose a solution and the computer builds an 

antithetical solution. The notions of critiquing systems, 

devil's advocate systems, and dialectic systems embody the 

Hegelian approach. 

Cooperation Processes 

Given a specific joint problem solving process, a 

number of cooperation processes may be called into play. All 

cooperation processes make explicit the precise division of 
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labor. Cooperation processes include the task allocation 

process and coordination processes such as task sharing and 

result sharing. For example, the Hegelian joint problem 

solving process requires that two antithetical 

representations of the problem be developed. One cooperation 

process might involve assigning the human to building one 

representation and the computer to create the other. 

Eventually the partners will share the results. Another 

cooperation process may split the task into sub-tasks which 

are common to building both the representations, and then, 

divide up the sub-tasks based upon each collaborating 

partner's expertise so that the two partners jointly 

contribute in the overall task. In both cases, communication 

between the partners is needed. 

Communication Processes 

In order to achieve true collaboration between the 

human and the computer, effective communication between the 

two entities is an essential prerequisite. As indicated by 

Eason [1980, p. 883], "the quality of the communication 

between the man and computer appears to be a vital factor 

determining the success of the "symbiosis." 

Communication is the transmission of messages between 

the entities and the resulting level of feedback concerning 

each other's action. Communication includes the dialog 

process and the protocols that govern the interchange of 

meaningful information between the two entities. Several 

researchers have developed models for human-computer 

communication [cf. Hale, Hurd, and Kasper, 1990]. 

Having identified the relations and processes in the 

CHCS, the discussion now shifts to the arrangement or 

positional values of the entities, human and computer. 
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Positional Values 

The positional value in a CHCS reflects the degree of 

responsibility or role that is assigned by the "manager" to 

each component in the CHCS. Thus, the roles could be as 

joint problem solving partners in which case, the human and 

computer have equal positional value. It must be understood 

that in the overall context, the computer is and will always 

be subordinate to the human. Equality in positional values 

is only with reference to the specific problem. The human 

may have a higher positional value in two types of 

situations: 1) the computer is a number crunching tool and 

the human is the problem-solver, and 2) the computer is a 

consultant in a staff capacity and the human is the primary 

problem-solver. The former situation reflects the tools 

perspective implied in the conventional use of the computer 

system as a DSS. In the tools perspective, the computer 

system is built to provide the user with a tool kit that is 

exclusively controlled by the user [Hale, Hurd, and Kasper, 

1990]. The latter more closely resembles the joint cognitive 

systems perspective of Hollnagel and Woods [1986]. The 

prosthesis perspective is reflected in a situation in which 

the computer has a higher positional value than the human. 

This view considers the computer as a replacement for human 

deficiencies and hence the computer is in total control of 

the situation [Hollnagel and Woods, 1986]. 

There is a middle ground somewhere between the two 

extremes of the tools perspective and the prosthesis 

perspective. When a human and a computer have comparable 

positional values in the CHCS, that is, when both entities 

are equal participants in the joint problem solving, there 

appears to be the greatest potential for collaboration. This 

view is consistent with the empirical findings of Hale and 

Kasper [1989] and the dialog partner perspective of 

Kammersgaard [1986] and builds upon the work of Hale, Hurd, 

and Kasper [1990]. 
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The concept of positional value is important in that it 

has implications for the design of the CHCS, particularly 

the degree of human control. If the human is assigned a 

higher positional value by the "manager," then the CHCS 

should be so designed that the human has control over the 

communication process. 

System Integrity 

All components are dedicated to a common goal or 

purpose, that of solving the problem. In CHCS, it is assumed 

that all agents are benevolent. This means that the agents 

cooperate willingly to reach the goal state. This assumption 

of cooperation logically rules out competition where agents 

are interested in maximizing their own gain to the detriment 

of others. However, it is possible that the agents may 

critique each others actions or results but this is 

recognized as a collaborative endeavor whose purpose is to 

correct for the partner's biases and improve joint 

performance. 

State 

The CHCS is in equilibrium when the nature of the 

problem, the number and types of humans and the number and 

types of computers does not change and the system is 

steadily progressing towards its goal, for a prespecified 

time period. If the manager of the system makes a change in 

any of these, there is an initial disequilibrium in that the 

relationships and connections have to be reestablished. If 

the CHCS is steadily progressing away from its goal state, 

there is disequilibrium and either the manager attempts to 

change the state or self regulation is designed into the 

system to attain equilibrium. This means the CHCS is 

adaptive in that it is capable of changing its behavior if 

it realizes that it is not making progress towards its goal. 
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Criteria for CHCS Effectiveness 

Effectiveness of the CHCS can be measured based upon 

two possibly related criteria, performance, and human 

satisfaction with the computer partner. Depending on the 

problem characteristics, performance has several dimensions, 

not all of which may be objectively measurable. For example, 

in the case of a decision problem, quality of the decision 

produced may be the performance criterion. Decision quality 

includes decision cost, decision confidence, number of 

alternatives generated, and so on. For a review of empirical 

measures of decision quality, see Sharda et al. [1988]. 

Human satisfaction with the computer partner is an 

affect measure of CHCS effectiveness and is important 

because it has implications for changes in the design and 

structure of the CHCS. Also, if the human is dissatisfied 

with the computer partner despite high performance of the 

CHCS, there may be a need for coaching/training the human to 

work with the computer partner in the interests of long-run 

effectiveness of the CHCS. 

Implications of the Conceptual Model 

The CHCS model integrates research done in a number of 

different areas, especially problem solving, MIS/DSS, and 

cognitive systems engineering. The systemic perspective 

takes a holistic view of the CHCS and focuses on the need to 

explicitly consider relations between the human, the 

computer, and the problem. As Ariav and Ginzberg [1985] * 

conclude in the context of DSS design, "Adopting the 

systemic approach means giving emphasis to the relationships 

among the system aspects, a subject that has received only 

limited attention from both the practical and the 

theoretical point of view, even though it is the essence of 

design activity." 

The systemic perspective also addresses the need to 

match the attributes of each entity for overall system 



52 

effectiveness; a statement that is intuitively obvious but 

is made explicit by the conceptual model. The structural and 

process models provide a framework for identification of 

relations and for further research in the effects of such 

relations. The notion of cognitive coupling as a central 

binding relationship between human, computer, and problem, 

emerges from this development. This development thus builds 

upon the work of Hollnagel, Woods, and Mancini. 

It can be seen that research in the DSS area has 

focused on different parts of the CHCS model. For example, 

there has been some work done in supporting structurable 

problems at operational and management control levels. Also, 

critiquing systems embodying the Hegelian process have been 

studied [e.g., Mili, 1988; Raghavan; 1990]. Some elements of 

the framework, such as communication processes [e.g., Hale, 

Hurd, and Kasper, 1990] and computer knowledge [e.g., Mili, 

1990; Mastaglio, 1990] are being researched in relation to 

intelligent decision support. Most of these studies have 

been confined to the attributes of either the human, the 

computer, or the problem, and two-way relations based on the 

attributes. However, recognizing that the CHCS is a system, 

it is clear that greater research efforts should be directed 

to the study of the human-computer-problem interface than is 

being done now. 

A variety of research questions in intelligent decision 

support emerge from the conceptual model. A few of these 

are; What are the effects of different types of goal fit, 

cognitive fit, and knowledge fit on the effectiveness of the 

CHCS and how do they change with the cognitive 

characteristics of the task domain?; What metrics can be 

developed for measuring cognitive coupling in a CHCS?; How 

are computer goals determined, specified, encoded and 

communicated?; How can different joint problem solving 

processes be implemented?; what should be the precise 

division of labor among the collaborating partners and how 
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will that depend on the structural and process parameters of 

the CHCS?; What types of mental models should be 

incorporated in the computer-based system; what problem 

solving processes will be more effective in a given 

situation?; and what cooperation processes will be more 

effective in implementing a given problem solving process? 

Some of these issues are already the foci of active 

research. The CHCS model suggests that these questions be 

addressed in relation to the ultimate design goal of 

maximizing the overall effectiveness of the human-computer 

system. 

Research Hypotheses 

This section states the objectives of the empirical 

phase of this research in light of the conceptual model just 

discussed and develops the research hypotheses to be tested 

in this study. Recall that the broader objective of the 

empirical phase of this research is to investigate the 

question: what is an effective combination of human and 

artificial cognitive systems [Hollnagel and Woods, 1986]? 

However, this question is too broad for any single research 

effort to address. Therefore, a limited effort, focusing on 

one specific dimension of CHCS effectiveness is undertaken 

in this study. 

Discussion 

The conceptual model developed in this chapter suggests 

that cognitive fit between human and computer for a given 

type of problem is a critical dimension of cognitive 

coupling. Two important questions then arise in this 

connection: What is the effect of cognitive fit on the 

effectiveness of the collaborative system?, and how does 

this effect change with changes in the cognitive 

characteristics of the problem? 
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Further support for investigating these questions is 

provided by Huber [1983] and Robey [1983] in a DSS context. 

They state that a significant issue that has not been 

adequately addressed is that of determining an optimal fit 

between the decision maker's cognitive style and the DSS. As 

mentioned earlier, DeWaele [1978] has suggested two 

approaches to determining this fit. The DSS may support and 

conform to the user's cognitive style or it may complement 

the user's cognitive style. Huber [1983] uses this issue to 

challenge the usefulness of further cognitive style research 

for DSS design. He argues: 1) If we design a DSS that 

supports the user's cognitive style, we may be reinforcing 

the use of a style that could be less appropriate in some 

decision setting, 2) on the other hand, a DSS that 

complements the user's cognitive style would result in 

nonuse of the DSS or, if use is mandatory, may lead to lower 

performance, and 3) so we do not know what the best fit 

should be. It is precisely these arguments that make it 

important to investigate this issue empirically. Another 

reason for studying cognitive fit is that continued research 

in this area can substantially contribute to the goal of DSS 

flexibility [Robey, 1983]. 

From a CHCS perspective, the arguments for this study 

become still stronger. Because human-computer collaboration 

is a joint intellectual endeavor, determining what is an 

effective cognitive fit is critical to the holistic 

performance of the system. Besides performance, any 

empirical study designed to investigate this issue must 

capture the element of human satisfaction with the computer 

aid. Human satisfaction with the computer partner is 

important because it may affect the frequency and extent of 

collaboration, regardless of the performance of the human-

computer system. In other words, the human may be willing to 

give up any potential joint performance gains if he/she does 

not like the computer aid due to cognitive conflict. Thus, 
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human satisfaction is an important measure of cognitive 

coupling, consistent with its placement as an effectiveness 

measure in the CHCS model. 

Hypotheses 

The first hypothesis is a confirmatory hypothesis to 

establish that the collaborative system will outperform the 

unaided human and the aid by itself in all cases. 

Accordingly, the hypothesis has two parts. The first part is 

stated in null form as: 

HIA: There is no difference in performance between 

aided humans and unaided humans. 

This part of the hypothesis seeks to establish that the aid 

has something meaningful to offer to the collaboration. The 

second part of the hypothesis is stated as: 

HIB: There is no difference in performance between 

aided humans and the aid alone. 

Based on the conceptual model developed in the previous 

section and the arguments presented in the discussion above, 

the primary hypotheses of interest are stated in null form 

below. 

H2: There are no differences in performance due to the 

type of cognitive fit between the human and the 

computer. 

H3: The type of problem does not influence the effect 

of cognitive fit on performance. 

H4: There are no differences in human satisfaction 

with the computer aid (partner) due to the type of 

cognitive fit between the human and the computer. 

H5: The type of problem does not influence the effect 

of cognitive fit on satisfaction. 

The final hypothesis is based on Huber's [1983] 

suggestion that there is a need for research relating 

particular cognitive style sub-constructs to different 

decision settings and tasks as well as research relating the 
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predictive validity of particular instruments to particular 

decision situations. Being able to reject the final 

hypothesis will imply that unaided analytics will perform 

differently than unaided heuristics. 

H6: There are no differences in performance due to 

human cognitive style for unaided humans. 

In addition to the three-way effects hypothesized 

above, the conceptual model suggests that there are two-way 

cognitive interactions between: 1) human and problem, and 

2) human and computer. Because little is known about these 

relationships, it is difficult to hypothesize any direction. 

Summary 

This chapter develops a conceptual model of the CHCS. 

The entities composing the CHCS and their attributes are 

identified. The human and computer attributes are mental 

model, goals, and knowledge. The problem is treated as an 

input to the CHCS. The problem attributes are 

structurability, problem solving phase, and level. Cognitive 

coupling is developed as a holistic relation that links the 

human, the computer, and the problem. Important dimensions 

of cognitive coupling identified are goal fit, cognitive 

fit, and knowledge fit. The process model of the CHCS 

describes a three level hierarchy of processes -- joint 

problem solving processes, cooperation processes, and 

communication processes. This is followed by a discussion on 

some implications of the conceptual model. The chapter 

concludes with a development of the research hypotheses 

based on the issue of cognitive coupling developed in the 

CHCS model and the research of Robey, Huber, and DeWaele, 

narrowing the focus to questions regarding the impact of 

cognitive fit on effectiveness. 



CHAPTER IV 

EXPERIMENTAL METHODOLOGY 

Introduction 

This chapter describes details of the experimental 

methodology. It includes a description of the decision 

setting, the independent and dependent variables, 

operationalization of variables, and experimental procedures 

followed. 

A human-machine experiment utilizing the laboratory 

method was carried out to test the hypotheses discussed in 

the last chapter. A human-machine experiment is one of four 

approaches identified by Van Horn [1973] for conducting 

MIS/DSS research. Such experiments explicitly focus on 

factors involving the relationship between the computer 

system and the human. A laboratory study approach is the 

logical choice here for two reasons: 1) It allows factors to 

be systematically varied and controlled so that the 

relationships of interest can be assessed, and 2) the 

computer system under study does not exist commercially and 

must be simulated in a laboratory environment. 

Decision Setting 

Multiple-cue probability learning (MCPL) tasks in which 

decisions are made by integrating information provided in 

multiple cues were chosen to represent the decision setting 

for reasons described later. In a typical MCPL task, 

information is presented to a judge who uses that 

information to estimate the value of a hidden criterion. 

Some form of feedback is usually employed. For example, in 

outcome feedback, the judge learns the true value of the 

criterion after making a prediction. The cue-criterion 

relationships in these tasks represent real decision making 
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environments in that the cues are probabilistically related 

to the criterion making consistently perfect decisions 

impossible [Sniezek and Reeves, 1986]. Like the professional 

decision-maker, the participant in a MCPL study eventually 

forms a prediction strategy. 

This type of decision setting was chosen for several 

reasons described below. 

1. Managers are frequently involved in judgment tasks that 

involve identifying needed-information and making 

predictions based on that information. Unfortunately, 

MIS/DSS studies have traditionally concentrated only on 

tasks related to information retrieval and choice-making 

[Huber, 1983]. Despite their importance, decision situations 

requiring judgment and prediction have not been well 

represented in the MIS/DSS literature. 

2. A judgment problem of this nature is not optimally 

solvable by human or computer alone. It is a good candidate 

for human-computer collaborative effort because both the 

computer and the human have some knowledge (in this case, 

judgment and models) to contribute to the problem solving 

effort and they have an opportunity to make their 

contribution(s) [Hale and Kasper, 1989]. 

3. MCPL tasks are representative of a large class of real-

world judgment problems, tasks characteristics can be 

rigorously and systematically controlled and manipulated, 

and objective measures of performance are available [Slovic 

and Lichtenstein, 1971]. As described below, this is 

possible because an MCPL study can be designed and analyzed 

by means of the Brunswik lens model. 

The Lens Model 

The Brunswik lens model [Brunswik, 1956] has been the 

corner stone for conducting experiments in multiple cue 

probability learning. The lens model allows the researcher 

the opportunity to examine research behavior and performance 
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in a probabilistic, uncertain environment [Mitroff, 1974]. 

Compared to other studies, experiments using the lens model 

permit a much finer evaluation of performance on a judgment 

task along several dimensions. For an excellent review on 

the lens model and other methodological approaches to the 

study of information processing in judgment, see Slovic and 

Lichtenstein [1971]. 

The three basic elements of the lens model shown in 

figure 4.1 are the cues or stimulus dimensions (X^....X^), 

the correct response or environment value (Ŷ ) and the 

observed response of the subject (Yg) . Any prediction 

situation or trial must include these three elements. Given 

many such decision trials, it is possible to compute a 

number of performance indices based on the relationships of 

the cues to the subject's responses and to the true 

criterion value. These indices are described in the next 

section. 

Dependent Variables 

Performance on an MCPL task has several dimensions: 

accuracy, matching, achievement, and consistency [Slovic and 

Lichtenstein, 1971; Sniezak and Reeves, 1986]. Hence, these 

dimensions constitute four of the five dependent variables 

in this experiment. These were measured using indices 

developed from the lens model that were computed from the 

subjects' predictions. The fifth variable measures the 

degree of human satisfaction with the computer aid. 

Mean Prediction Accuracy 

This is a summary measure of performance computed by 

averaging the prediction accuracy of the subject over all 

the trials. The prediction accuracy is the absolute 

difference between the true value and the predicted value 

divided by the true value. 
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Matching Index 

Matching is a lens model measure of performance that 

reflects the degree to which the regression (policy) 

equation of the subject "matches" the regression (optimal) 

equation of the environment. It is computed as the linear 

correlation between predicted values from the descriptive 

model and the normative model. 

Achievement Index 

Achievement is another important lens model performance 

measure which denotes the degree of agreement between the 

true values and the subject's predictions over all the 

trials. It is computed as the correlation between the 

predictions and the corresponding true values, i.e., 

r(Y,,Y3). 

Consistency Index 

Consistency is a lens model performance measure that 

determines the extent to which a subject consistently 

utilizes his strategy as defined by his multiple regression 

equation. It is computed as the correlation between the 

actual prediction of the subject and the predicted value 

from his regression equation. 

Satisfaction with the Computer Aid 

Satisfaction was assessed by means of a questionnaire 

(shown in the appendix) that was filled out by the subjects 

after completing each problem. The questionnaire was tested 

in the pilot study and was substantially improved for the 

final study. Subjects were asked to indicate the extent of 

their agreement with a number of statements on a seven-point 

Likert scale. These statements were designed to capture 

various aspects of satisfaction with the cognitive fit, such 

as usefulness of the aid, similarity of the aid's approach 

with the subject's approach, etc. Besides satisfaction, the 
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questionnaire had statements assessing perceptions relating 

to the problem and the prediction approach. 

Independent Variables 

Cognitive fit and problem type were the independent 

variables of interest. Cognitive fit was manipulated by 

varying the levels of HUMAN and AID, two of the four factors 

in the design. A balanced repeated measures design was used. 

The four factors in the design are listed below. 

1. HUMAN - refers to the human cognitive style with two 

levels: Analytic (A) and Heuristic (H). 

2. AID - The type of aid has three levels: Analytic aid (A), 

Heuristic aid (H), and no aid (N). The last represents the 

control treatment. 

3. PROBLEM - The problem type has two levels: Analytic 

problem (A) and Heuristic problem (H). 

4. ORDER - Order has two levels (P and Q) corresponding to 

the two possible sequences in which the problems were 

presented to the subject. In order P, the subject worked on 

the analytic problem first and the heuristic problem next. 

In order Q, the sequence was reversed. 

Thus, the treatments for this study were: similar 

cognitive fit, complementary cognitive fit, and the control 

treatment for both problem types. The similar cognitive fit 

treatment includes the two combinations, analytic human-

analytic aid and heuristic human-heuristic aid. The 

complementary cognitive fit consists of the combinations, 

analytic human-heuristic aid and heuristic human-analytic 

aid. 

Operationalization of Variables 

Human Cognitive Style 

The Group Embedded Figures Test (GEFT) developed by 

Witkin et al. [1971] was used for assessing the cognitive 

style of each subject. Although a perceptual test, numerous 
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studies have shown that this instrument can be extended over 

to intellectual functioning as well. It measures the extent 

of ability of the subject to overcome an embedding context 

to locate a sought-after component. This dimension of 

individual differences, at its extremes, represents 

contrasting ways of approaching a field, whether the field 

is immediately present or represented symbolically. Witkin 

thus designates it as global-vs-analytical dimension of 

cognitive functioning. This instrument is appropriate for 

the type of task chosen in this study as the subject has to 

overcome the context provided by multiple cues in order to 

locate relevant cues and arrive at a judgment based on an 

implicit assignment of weights. By design, subjects falling 

in the middle of the cognitive style continuum were excluded 

from the analysis. 

Aid Type 

A computer system(s) that had an analytic as well as 

heuristic decision style for the specific problems at hand 

was built. The analytic application suggested predictions 

based on a specific regression model and provided some 

model-based support to the human. The heuristic computer 

based its predictions on the mean judgments of "two groups 

of people" (which can serve as base points for the anchoring 

and adjustment heuristic [Tversky and Kahneman, 1971]), and 

provided common-sense feedback on the predictions made by^ 

the human. In both cases, the computer system was designed 

to act intelligently for the problems used in the 

experiment. The software was programmed with a windows 

interface for an IBM-PC using the Turbo-C programming 

language, a product of Borland International. The instrument 

was thoroughly tested in a pre-pilot session and a full 

scale pilot study before use. 
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Problem Type 

The problems were designed to be analysis-inducing 

(analytic) or heuristic-inducing (heuristic) by manipulating 

specific task characteristics [Hammond et al., 1987]. The 

analytic problem had 2 cues, relatively discrete 

distribution of the cue values, low redundancy among cues, 

and high certainty in the environment. The heuristic problem 

had 6 cues, a continuous and highly variable distribution of 

cue values, high redundancy among cues, and low certainty in 

the environment. 

Pilot Study 

A full scale pilot study was conducted with 38 subjects 

participating in the experiment. The objectives of the pilot 

study were: (1) to validate and ensure that the computer 

aids worked as intended, (2) to establish that the two 

problems were indeed different along the chosen dimensions, 

and (3) to simulate actual experimental conditions to the 

extent possible in order to detect potential problems. 

Subjects were undergraduate students enrolled in a 

course in Productions/Operations Management at Texas Tech 

University. The experiment was conducted in two sessions 

lasting about two hours each. As incentives, subjects were 

offered up to four bonus points added to their final scores 

(depending upon their performance) and an opportunity to win 

a cash award. 

Results of the Pilot Study 

The pilot study served as a valuable learning 

experience. Although the software worked as intended and 

some hypotheses were supported, the primary effects of 

interest were not captured by the pilot. The main 

deficiencies that were detected and corrected for in the 

final study are described below. 
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1. Subjects did significantly worse on their second problem 

(in time) relative to the first. This order effect indicated 

that the experimental session of two hours was probably too 

long. 

2. On analyzing the data, a few instances of probable 

cheating were discovered. These subjects had consistent 

perfect accuracy scores of 1.00 on a large number of trials; 

a feat that is improbable if not impossible, given the way 

the problem situation was set up. The conclusion was that 

these subjects may have seen the correct answers from the 

feedback values received by their neighbors. For this and 

the next reason below, observations from only 28 subjects 

could be used for the data analysis leading to an unbalanced 

design. 

3. Some of the aided subjects did not seek the help of the 

aid at all. Hence, they were like unaided subjects for all 

practical purposes. 

4. The heuristic problem was not heuristic enough in that it 

was analyzable using algebraic computations. This was clear 

from the subject's descriptions of the approach they used in 

attempting their predictions. 

5. The design was unbalanced making the contrasts difficult 

to analyze. Furthermore, the random term due to subject was 

nested in a practically non-meaningful term. 

6. All subjects using the heuristic aid performed 

significantly worse than the analytic aid and no better than 

the unaided. This suggested that the heuristic aid had to be 

improved in the quality of support that it offered. This 

opinion was further reinforced by the comments made by 

subjects in the debriefing questionnaire. 
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Final Study 

Changes 

Based on the pilot study, the following corrective 

changes and improvements were made to the procedures and the 

software system for the final study. 

1. Order of presentations of the trials were randomized to 

prevent any particular presentation sequence effect and to 

minimize cheating. 

2. Problem specifications were further controlled so that 

the two problems were at opposite poles along the analysis 

inducing dimension. 

3. The heuristic aid was improved so that subjects were 

given some explanation of how the aid arrived at its 

predictions. 

4. The experimental design was simplified so that a subject 

worked with only one aid on both the problems. 

5. The number of trials was reduced to 5 trials on the 

practice problem and 15 trials each on the real problems. 

6. The debriefing questionnaire was substantially modified 

and enhanced. 

7. During the actual experiment, subject seating was 

controlled by means of an assigned seating chart. 

8. A few other enhancements were made to the software 

system. 

Subjects 

Forty five MBA students enrolled in the graduate course 

in Productions/Operations Management at Texas Tech 

University participated in the final study. These students 

were exposed to analytic and intuitive forecasting 

techniques as part of the course requirements. The fact that 

most of these subjects did not seem to have strong pre

conceived notions about the prediction task was a positive 

factor for choosing student subjects. The students were 

highly motivated to do well on the task because it was a 
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course requirement and counted 5 points to their final 

grade. Besides, cash prizes were awarded to the highest 

performers in three categories. 

In a separate session early in the semester, a short 

background questionnaire was administered to collect 

demographic information and then the students were 

administered the Group Embedded Figures Test [Witkin et al., 

1971] to evaluate their styles. Based on the GEFT scores as 

explained below, the 45 students were randomly assigned 

within a particular cognitive style to each of the 12 

treatment combinations of human style, type of aid, and type 

of problem. 

However, observations from only 3 6 subjects were 

included in the data analysis by design. This was done for 

two reasons: 1) to attain a balanced design, and 2) as far 

as possible, to exclude subjects having cognitive styles 

that fall somewhere in the middle of the style continuum. A 

balanced design has many desirable properties not the least 

of which is the accuracy and ease of analyzing high order 

interaction contrasts. Excluding subjects whose cognitive 

style is not clearly analytic or heuristic ensures tighter 

internal validity in the design. 

Table 4.1 shows the distribution of scores on the Group 

Embedded Figures Test. Note that although the distribution 

of scores is not normal, the median score of 13 and the mean 

score of 12.69 are quite close. For the purpose of initial 

assignments of subjects to treatments, subjects whose scores 

were greater than the median score of 13 were classified as 

analytic subjects and the remaining were classified as 

heuristic. Subsequently, subjects falling in the middle of 

the cognitive style continuum were excluded from the 

analysis. Table B.l lists all the subjects that participated 

in the experiment by treatment group and shows which 

subjects were excluded from the data analysis. With one 

exception, subject having GEFT scores that are the least 
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Table 4.1. Distribution of scores on the Group Embedded 
Figures Test. 

100% MAX 
75% Q3 
50% MED 
25% Ql 
0% MIN 

RANGE 

Q3-Q1 

MODE 

N 
MEAN 
STD DEV 
VARIANCE 
SKEWNESS 
KURTOSIS 

QUANTILES 

18 
16 
13 
10 
4 

99% 
95% 
90% 
10% 
5% 
1% 

14 

6 

15 

45 
12.69 

4.05542 
16.4465 

-0.615224 
-0.573267 

18 
18 

17.4 
6 

4.3 
4 

LOWEST 
4 
4 
5 
6 
6 

EXTREMES 

HIGHEST 
17 
18 
18 
18 
18 
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extreme for that group have been excluded so as to provide a 

balanced design with three subjects in a cell. The one 

exception is the subject (SUBJECT 32) in an aided group who 

was discovered to have not used the aid at all. In cells 

having more than one subject with the same least extreme 

GEFT score, the choice of who to exclude was made randomly. 

Experimental Procedures 

Subjects participated in an experimental session that 

lasted about 90 minutes. At the start of the experimental 

session, the subject was provided with explicit written and 

oral directions. The directions described the task, the 

feedback measures, the computer screen, and the problems. To 

gain familiarity with the task, the subjects initially 

worked on a practice problem of five trials. This was 

followed by two problems of fifteen trials each. After the 

subjects had finished working on each of the two problems, 

they had to fill out a questionnaire that was designed to 

assess their perceptions regarding the problem, the computer 

aid (if they were in the aided groups), and the approach 

they used for making predictions. 

The task involved predicting the total sales of widgets 

for a hypothetical company given some information cues. 

While the cue labels were kept meaningful (e.g., economic 

indicator X, sales of a related product Z, etc.), they were 

also kept neutral so that subjects could not use their 

a priori knowledge to determine the relationships. On every 

trial, the values of the cues were provided and subjects 

were asked to enter their best prediction for the sales of 

widgets. Aided subjects could work with the aid and then 

enter their predictions. The aids offered their own 

predictions based on their models. Both computer aids were 

designed to not know the true value. The performance of the 

aids is described in the next chapter. Besides suggesting 

predictions, the aids offered other kinds of collaborative 
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support such as high-low feedback on the subject's initial 

predictions and support specific to the type of aid. For 

instance, the analytic aid computed predictions based on 

weights assigned by the human. The analytic aid also 

displayed its own regression model to the human. On the 

other hand, the heuristic aid based its predictions on the 

judgments of two "groups of people." It also displayed the 

judgments when asked for by the human. The screen layouts of 

the two types of aids shown in the appendix clarify the 

kinds of support offered by the aids. At the end of the 

trial, after the subject had entered his prediction and his 

confidence for that prediction, the computer system (not the 

aid) provided feedback on the true value, the prediction 

accuracy, and the confidence score. This feedback was 

designed to give the subject the opportunity to learn about 

the true relationships between the cues and the sales of 

widgets. Unaided subjects got the same feedback as the aided 

subjects but did not receive the help of the aid. To 

eliminate any memory effects, the results of prior trials 

were stored in the database area and were available to both 

aided and unaided humans at all times. 

The variables on which data was collected from every 

subject on a trial included: subject's prediction of the 

true value, confidence in the prediction, time spent with 

the aid, time spent on the trial, prediction accuracy on a 

trial, and confidence score on a trial based on the extent 

of consistency between the confidence and the prediction 

accuracy. 
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Summary 

The empirical study to test the hypotheses described in 

the previous chapter is a human-machine experiment using a 

laboratory method. The experimental approach is based on the 

multiple-cue probability learning (MCPL) paradigm using the 

Brunswik lens model. The task involved making predictions 

based on several information cues presented to the subject. 

The five dependent variables were: mean prediction accuracy, 

matching index, achievement index, consistency index, and 

satisfaction with the cognitive fit. The independent 

variables were cognitive fit and problem type. Cognitive fit 

was manipulated by varying the levels of HUMAN and AID. A 

balanced repeated measures design with four factors was 

used. The four factors were HUMAN, AID, PROBLEM, and ORDER. 

HUMAN corresponds to the human cognitive style having two 

levels: analytic and heuristic. AID is the type of aid and 

has three levels: analytic, heuristic, and no aid (control 

treatment). PROBLEM has two levels: analytic and heuristic. 

ORDER represents the two sequences in which the problems 

were presented to the subjects. The operationalization of 

these variables and the experimental procedures are 

described in detail in the chapter. A full-scale pilot study 

was conducted. This was followed by the final study. The 

results of the study are presented in the following chapter. 



CHAPTER V 

DATA ANALYSIS 

Introduction 

This chapter describes the procedures and results of 

the data analysis. The chapter includes tests of the main 

hypotheses and other analyses including analyses of 

performance, analysis of questionnaire data, and support for 

the operationalizations. 

The data were analyzed using the SAS software package 

running on a VAX 8650 computer under the VMS operating 

system. Consistent with the experimental design described in 

the previous chapter, the analysis in most cases used the 

general linear model framework to describe the effects 

observed in the experiment. In SAS, the GLM procedure is 

used to examine general linear models. The GLM procedure 

which applies the method of least squares to fit general 

linear models was used to perform the univariate and 

multivariate analyses of the data. Multivariate analyses 

using the GLM procedure involve F tests using four different 

statistics: Wilks' Lambda, Pillai's trace, Hotelling-Lawley 

trace, and Roy's greatest root. All four statistics involve 

different computational approaches. From the standpoint of 

analyzing the data, what is important is the p-value or 

level of significance provided by these statistics. The 

first section describes the analysis of performance. As 

described in the previous chapter, the performance measures 

computed for every subject were mean prediction accuracy, 

matching index, achievement index, and consistency index. 

Analyses of variance and contrasts on these measures are 

used to analyze performance and to test the hypotheses 

relating to performance. The next section deals with the 

analysis of questionnaire measures. Recall that after 
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subjects finished working on each of the two problems, they 

had to fill out a questionnaire that was designed to assess 

their perceptions regarding the problem (P1-P3), the 

computer aid (A1-A6) for those in the aided groups, and the 

approach they used for making predictions (AP1-AP6). 

Analyses of variance and contrasts on these measures were 

used to analyze perceptions and to test the hypotheses 

relating to satisfaction. 

Analysis of Performance 

This section describes the procedures and results of 

the performance analysis. Each subject worked with one type 

of computer aid over a practice problem followed by the two 

actual problems in a specified order. Subjects were thus 

nested within a given HUMAN*AID*ORDER group. The 

corresponding random term, SUBJECT(HUMAN*AID*ORDER) was not 

significant for any of the performance measures and was 

hence excluded from the analysis. An analysis of variance 

was performed for all the performance measures without the 

random term. A second set of analyses was carried out in 

which all combinations of the levels of HUMAN, AID, and 

PROBLEM were aggregated in one term TREAT. This was done to 

facilitate the setting up of appropriate contrasts for 

testing the hypotheses. A univariate and multivariate 

analysis of variance was performed for the performance 

measures. Finally, relevant statistically significant 

interactions and contrasts at the .05 level were studied 

graphically. The main results are summarized below. 

Aided Subjects versus Unaided 
Subjects versus Aid Alone 

The first part of the first hypothesis in null form 

states that there is no difference in performance between 

aided and unaided humans. Recall that this is a confirmatory 

hypothesis to establish that the computer aid has something 
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meaningful to offer to the collaboration. This hypothesis 

was investigated by setting up a contrast between the 

performances of unaided and aided subjects. Table 5.1 

presents the results of the multivariate analysis of 

variance for testing this contrast. As is readily observed 

from the table, there is a highly significant overall 

difference between the performances of aided and unaided 

subjects (p < .0001). Further analysis of the differences at 

the univariate level can be seen in table 5.2 which is a 

comparison of the univariate performance means of the aided 

humans, the unaided humans (or the humans alone), and the 

aid alone. The same comparisons are graphically depicted in 

figures 5.1 and 5.2. These comparisons reveal that aided 

subjects did better than unaided subjects on all measures of 

performance on both the problems. All the comparisons 

(except for consistency on the heuristic problem) are 

statistically significant at the .05 level. Thus, there is 

strong evidence that aided humans do better than unaided 

humans suggesting that the aid has something meaningful to 

offer to the collaboration. More detailed analyses in which 

additional contrasts were constructed and tested revealed 

that overall aided subjects did better than unaided subjects 

for both types of aids and across both types of problems. 

This can be seen from the contrasts in tables B.7 - B.9 in 

the appendix. 

Recall that the second part of the first hypothesis 

states that aided humans have a higher performance than the 

aid by itself (or a hypothetical subject parroting the aid's 

predictions). Looking at figures 5.1 - 5.2 and table 5.2, it 

is apparent that the aided humans performed better than the 

aid on the analytic problem and worse than the aid on the 

heuristic problem. A T-test was performed separately on each 

performance measure for each problem type to test the null 

hypothesis that the mean performance of the aided humans was 

not different from the aid's performance. It was found that 
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Table 5.1. Multivariate analysis of variance to test the 
hypothesis of no overall difference between the performance 
of aided and unaided subjects. 

STATISTIC VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.137135 
PILLAI'S TRACE 0.862865 
HOTELLING-LAWLEY TRACE 6.29207 
ROY'S GREATEST ROOT 6.29207 

70. 
70. 
70. 
70, 

,786 
,786 
,786 
.786 

4 
4 
4 
4 

45 
45 
45 
45 

0, 
0, 
0 
0 

.0001 

.0001 

.0001 

.0001 
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Table 5.2. Comparison of the performance means of the 
aided group, unaided humans (or humans alone), and the aid 
alone, on the analytic problem and on the heuristic problem. 

OBS 

1 
2 
3 
4 

PROBLEM = 

MEASURE 

ACHIEVEMENT 
CONSISTENCY 
MATCHING 
ACCURACY 

ANALYTIC 

AIDED 
GROUP 

1.71 
1.83 
3.60 
0.87 

HUMANS 
ALONE 

0.61 
0.77 
1.67 
0.74 

AID 
ALONE 

1.51 
1.54 
3.19 
0.84 

OBS 

1 
2 
3 
4 

PROBLEM = 

MEASURE 

ACHIEVEMENT 
CONSISTENCY 
MATCHING 
ACCURACY 

HEURISTIC 

AIDED 
GROUP 

1.16 
0.96 
1.27 
0.71 

HUMANS 
ALONE 

-0.14 
0.85 

-0. 15 
0.41 

AID 
ALONE 

1.78 
1.06 
1.89 
0.78 
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VALUE I 
3.6 + M 

I 
3.4 + 

I 
3.2 + M 

I 
3.0 + 

I 
2.8 + 

I 
2.6 + 

I 
2.4 + 

2.2 + 
I 

2.0 + 
I 

1.8 + C 
|M A 

1.6 + 
I A.C 

1.4 + 
I 

1.2 + I 
1.0 + 

I X 
0.8 +C X 

|X 
0.6 +A 

I 
0.4 + 

I 
0.2 + 

I 
0.0 + 

I 
-0.2 -I-

I 
+ + + 

HUMAN ALONE AID ALONE AIDED HUMAN 

GROUP 

Figure 5.1. Comparison of the performance means of the 
human alone, the aid alone, and the aided human, on the 
analytic problem. Legend is A:achievement, C:consistency, 
M:matching, and X:accuracy. 
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VALUE I 
3.6 + 

I 
3.4 -t-

I 
3.2 + 

I 
3.0 -t-

I 
2.8 -I-

I 
2.6 + 

I 
2.4 + 

I 
2.2 -(-

I 
2.0 + 

I M 
1.8 + A 

I 
1.6 + 

I 
1.4 + 

I M 
1.2 -t- A 

I C 
1.0 + c 

|C 
0.8 + X 

I X 
0.6 + 

I 
0.4 +X 

I 
0.2 + 

I 
0.0 + 

|A.M 
-0.2 + 

I 
- + + + 

HUMAN ALONE AID ALONE AIDED HUMAN 
GROUP Figure 5.2. Comparison of the performance means of the 

human alone, the aid alone, and the aided human, on the 
heuristic problem. Legend is A:achievement, C:consistency, 
M:matching, and X:accuracy. 
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the performance differences were significant at the .05 

level for all the comparisons except for matching index on 

the analytic problem which is marginally significant at the 

0.1 level. Thus, the second part of the first hypothesis can 

only be rejected for the analytic problem, but not for the 

heuristic problem. 

A further assumption of the collaborative design of 

this study is that both partners have comparable knowledge 

of the problem domain. This would be reflected in the 

comparable performance of the aid alone and the human alone. 

Table 5.3 shows the differences between the performance of 

the aid and the unaided human. Matched T-tests of these 

differences indicate that the gap between the aid and the 

unaided human is significantly wider for the heuristic 

problem relative to the analytic problem on all measures 

except consistency. Thus, it appears that both partners were 

not comparable in knowledge (expertise) on the heuristic 

problem. 

Effect of Cognitive Fit on Performance 

Recall that the primary hypothesis (H2) relating 

cognitive fit to performance is that there are no 

differences in performance due to the type of cognitive fit 

between the human and the computer. If this were true, then 

similarity and complementarity of cognitive fits should have 

produced about the same levels of performance. Referring to 

table 5.4, it is seen that the hypothesis of no overall 

similarity versus complementarity effect is rejected at the 

.05 level. The exact level of significance from the table is 

.0163. Hence, there is strong evidence for the overall 

effect of the type of cognitive fit on performance. The next 

question is whether the problem type influences this effect. 

Recall that the third hypothesis (H3) relating problem type 

to the cognitive fit effect was designed to investigate this 

issue. The hypothesis in null form states that the type of 
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Table 5.3. Comparison of the performance means of the aid 
alone and the unaided human on both the problems. The 
difference between the means of the aid alone and the 
unaided human is also shown for both problems. 

OBS MEASURE AID HUMAN AID HUMAN DIFFERENCE DIFFERENCE 
ALONE ALONE ALONE ALONE ALONE 

-ANALYTIC -HEURISTIC 
ON HEURISTIC PROBLEM PROBLEM 
PROBLEM 

ON ANALYTIC 
PROBLEM 

1 ACHIEVEMENT 1.51 0.61 1.78 -0.14 0.90 
2 CONSISTENCY 1.54 0.77 1.06 0.85 0.77 
3 MATCHING 3.19 1.67 1.89 -0.15 1.52 
4 ACCURACY 0.84 0.74 0.78 0.41 0.10 

1.92 
0.21 
2.04 
0.37 
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Table 5.4. Multivariate analysis of variance to test the 
hypothesis of no overall effect on performance due to 
similarity and complementarity of cognitive fit over both 
problems. 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

0. 
0. 
0. 
0, 

767779 
,232221 
302458 
,302458 

3 
3 
3 
3 

.403 

.403 

.403 

.403 

4 
4 
4 
4 

45 
45 
45 
45 

0. 
0, 
0, 
0 

.0163 

.0163 

.0163 

.0163 
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problem does not influence the effect of cognitive fit on 

performance. This hypothesis was investigated by testing the 

hypothesis of no overall similarity versus complementarity 

effect separately on the analytic and heuristic problems. 

Table 5.5 shows the results of this test. It is apparent 

from the table that there is strong evidence to reject the 

hypothesis of no overall similarity versus complementarity 

effect for the analytic problem (p < .0004) but none 

whatsoever for the heuristic problem (p < .9945). Such a 

large difference in the significance levels makes it obvious 

that the third hypothesis can be rejected. The exact 

interpretation of this result is discussed in the next 

chapter. 

While the results at a multivariate level provide 

strong evidence of the hypothesized effects, it is 

enlightening to explore the sources of these differences. 

Accordingly, univariate analyses were performed to 

investigate the effect of cognitive fit on performance and 

the influence of problem type on the cognitive fit effect. 

The results were statistically significant on two measures 

of performance, matching and consistency. Tables 5.6 and 5.7 

show these results for the matching and consistency 

variables respectively. Note in table 5.6 that the three-way 

interaction term HUMAN*AID*PROBLEM is highly significant and 

has a p-value of .0045. This suggests some support for the 

hypothesized effects. To study this further, three contrasts 

similar to the multivariate contrasts were constructed. The 

contrast tests and estimates are shown at the bottom of 

table 5.6. There are significant differences in the value of 

the matching index due to the type of cognitive fit and that 

the type of problem appears to influence this effect. By 

examining the contrasts in table 5.7, a similar statement 

can be made for the consistency index. However, the 

directions on the two measures are different. By looking at 
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T a b l e 5 . 5 . M u l t i v a r i a t e a n a l y s i s o f v a r i a n c e t o t e s t t h e 
h y p o t h e s i s o f n o o v e r a l l e f f e c t o n p e r f o r m a n c e d u e t o 
s i m i l a r i t y a n d c o m p l e m e n t a r i t y o f c o g n i t i v e f i t o n t h e a ) 
a n a l y t i c p r o b l e m , a n d b ) h e u r i s t i c p r o b l e m . 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

0. 
0. 
0, 
0, 

.639554 

.360446 

.563591 

.563591 

6. 
6. 
6, 
6, 

,340 
.340 
.340 
.340 

4 
4 
4 
4 

45 
45 
45 
45 

0, 
0, 
0, 
0 

.0004 

.0004 

.0004 

.0004 

( a ) 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0 .995303 0 .053 4 45 0 .9945 
PILLAI'S TRACE .0046972 0 .053 4 45 0 .9945 
HOTELLING-LAWLEY TRACE .0047194 0 .053 4 45 0 .9945 
ROY'S GREATEST ROOT .0047194 0 .053 4 45 0 .9945 

( b ) 
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Table 5.6. Univariate analysis of variance and contrasts 
for the matching variable. The contrast abbreviations are 
expanded below. 
SIM VS COMP-PA: Similarity vs complementarity on the 
analytic problem. 
SIM VS COMP-PH: Similarity vs complementarity on the 
heuristic problem. 
SIM VS COMP-O : Similarity vs complementarity over both 
problems. 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

R-SQUARE 

0.848766 

DF 

23 

48 

71 

C.V. 

42.0118 

SUM OF SQUARES 

167.39427258 

29.82648221 

197.22075479 

ROOT MSE 

0.78827980 

MEAN SQUARE 

7.27801185 

0.62138505 

MATCHZ MEAN 

1.87632895 

SOURCE DF TYPE III SS F VALUE PR > F 

HUMAN 1 
AID 2 
HUMAN*AID 2 
PROBLEM 1 
HUMAN*PROBLEM 1 
AID*PROBLEM 2 
HUMAN*AID*PROBLEM 2 
ORDER 1 
HUMAN*ORDER 1 
AID*ORDER 2 
HUMAN*AID*ORDER 2 
PROBLEM*ORDER 1 
HUMAN*PROBLEM*ORDER 1 
AID*PROBLEM*ORDER 2 

HUMA*AID*PROBL*ORDER 2 

CONTRAST DF 

SIM VS COMP-PA 1 

SIM VS COMP-PH 1 
SIM VS COMP-O 1 

PARAMETER 
SIM VS COMP-PA 
SIM VS COMP-PH 
SIM VS COMP-O 

ESTIMATE 
2.22913296 
0.03752937 
2.26666233 

0.35319628 
52.93380502 
14.67414896 
83.52965331 
1.51208064 
1.10816233 
7.52244090 
0.00651134 
0.25838370 
0.76239179 
0.08325105 
1.15902895 
1.86165941 
1.24828094 
0.38127796 

SS 

7.45355063 
0.00211268 
3.85331857 

T FOR HO: PR 
PARAMETER=0 

3.46 0 
0.06 0 
2.49 0 

0.57 
42.59 
11.81 
134.42 
2.43 
0.89 
6.05 
0.01 
0.42 
0.61 
0.07 
1.87 
3.00 
1.00 
0.31 

F VALUE 

12.00 
0.00 
6.20 

> |T| 

.0011 

.9537 

.0163 

0.4546 
0.0001 
0.0001 
0.0001 
0.1253 
0.4166 
0.0045 
0.9189 
0.5221 
0.5457 
0.9353 
0.1784 
0.0899 
0.3738 
0.7372 

PR > F 

0.0011 
0.9537 
0.0163 

STD ERROR OF 
ESTIMATE 

0.64362776 
0.64362776 
0.91022711 
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Table 5.7. Univariate analysis of variance and contrasts 
for the consistency variable. The contrast abbreviations are 
expanded below. 
SIM VS COMP-PA: Similarity vs complementarity on the 
analytic problem. 
SIM VS COMP-PH: Similarity vs complementarity on the 
heuristic problem. 
SIM VS COMP-O : Similarity vs complementarity over both 
problems. 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

R-SQUARE 

0.748942 

DF 

23 

48 

71 

C.V. 

.4227 

SUM OF SQUARES 

17.81219309 

5.97095667 

23.78314976 

ROOT MSE 

0.35269666 

MEAN SQUARE 

0.77444318 

0.12439493 

CONSISTZ MEAN 

1.19872098 

SOURCE DF TYPE III SS F VALUE PR > F 

HUMAN 
AID 
HUMAN*AID 
PROBLEM 
HUMAN*PROBLEM 
AID'-'̂ PROBLEM 
HUMAN*AID*PROBLEM 
ORDER 
HUMAN*ORDER 
AID*ORDER 
HUMAN*AID*ORDER 
PROBLEM*ORDER 
HUMAN*PROBLEM*ORDER 
AID*PROBLEM*ORDER 
HUMA*AID*PROBL*ORDER 

1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 
1 
1 
2 
2 

0.03804436 
6.04002989 
0.51915573 
5.39299129 
0.26441968 
3.61861174 
0.20656352 
0.16249810 
0.66085154 
0.32293447 
0.05921997 
0.00072989 
0.25569233 
0.06456536 
0.20588522 

0.31 
24.28 
2.09 
43.35 
2.13 
14.54 
0.83 
1.31 
5.31 
1.30 
0.24 
0.01 
2.06 
0.26 
0.83 

0.5828 
0.0001 
0.1352 
0.0001 
0.1514 
0.0001 
0.4421 
0.2587 
0.0255 
0.2825 
0.7891 
0.9393 
0.1581 
0.7725 
0.4433 

CONTRAST DF SS F VALUE PR > F 

SIM VS COMP-PA 
SIM VS COMP-PH 
SIM VS COMP-O 

PARAMETER ESTIMATE 
SIM VS COMP-PA -0.61938650 
SIM VS COMP-PH -0.10771038 
SIM VS COMP-O -0.72709688 

1 
1 
1 

1 

0.57545945 
0.01740229 
0.39650241 

T FOR HO: PR 
PARAMETER=0 

-2.15 0. 
-0.37 0. 
-1.79 0. 

4. 
0, 
3 

> |T| 

0366 
7100 
.0805 

.63 

.14 

.19 

< 

0.0366 
0.7100 
0.0805 

STD ERROR OF 
ESTIMATE 

0.28797561 
0.28797561 
0.40725902 
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the signs of the contrast estimates in tables 5.6 and 5.7, 

it is seen that complementary fit performed more 

consistently but had lower matching than the similar fit. On 

other measures of performance, the hypothesized effects were 

not significant. Although not significant, it was found that 

complementary fit outperformed similar fit on the 

achievement measure. 

A finer decomposition of this effect of cognitive fit 

reveals two effects contributing to the significance. These 

effects are shown graphically in figures 5.3 and 5.4. Figure 

5.3 reveals that: 1) heuristic subjects that worked with the 

heuristic aid had significantly higher matching (p < .0001) 

than analytic subjects that worked with the same aid 

although the problem was analytic, and figure 5.4 shows 

that: 2) analytic subjects that worked with the analytic aid 

on the analytic problem had significantly lower consistency 

(p < .01) than heuristic subjects that worked with the same 

aid on the same problem. To ensure that these results were 

not due to any particularly influential observations, an 

outlier analysis was carried out in which the performances 

of all the subjects were examined. No highly influential 

observation was detected. 

Furthermore, from figure 5.3, it is apparent that on 

the analytic problem, the matching of heuristic subjects was 

more influenced by the aid than was the matching of analytic 

subjects, especially by the heuristic aid. Figure 5.4 shows 

that aids always improved consistency on the analytic 

problem, but not as much for the analytic subjects using the 

analytic aid. 

Finally, to complete the analysis of performance 

measures, figures 5.5 and 5.6 are presented to graphically 

demonstrate the absence of the cognitive fit effect on the 

heuristic problem for the matching and consistency measures 

respectively. Additional data tables are presented in the 

appendix. 
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on t h e a n a l y t i c p r o b l e m . L e g e n d i s A : a n a l y t i c a i d , 
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CONSISTENCY INDEX 
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F i g u r e 5 . 4 . P l o t of c o n s i s t e n c y index by human c o g n i t i v e 
s t y l e on t h e a n a l y t i c problem. Legend i s A : a n a l y t i c a i d , 
H : h e u r i s t i c a i d , N:no a i d . 
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Analysis of Questionnaire Data 

The questionnaire data included questions assessing 

subjects' perceptions on the problem (PI, P2, P3), the aid 

(Al, A2, A3, A4, A5, A6), and the approach used by the 

subjects (API, AP2, AP3, AP4, AP5, AP6). These measures were 

agreement responses of subjects to statements on a 7-point 

Likert scale from 1 to 7. The statements corresponding to 

these measures are shown in figure 5.7. An analysis of 

variance was performed on all these measures. Unlike 

performance measures, the questionnaire data showed the 

random term SUBJECT(HUMAN*AID*ORDER) as significant 

indicating that observations within the same subject were 

highly correlated. Thus it was not possible to exclude this 

term from the analysis. 

It was possible to aggregate the measures Al, A2, A3, 

A4, and A5 to form a single measure or satisfaction index 

(SAT5) in view of the significantly high correlations 

between subject responses on these measures as shown in 

table 5.8. Note that the two least significant correlations 

were observed with respect to A6 and hence it was not 

included in the aggregate measure. Note from the table the 

p-values that test the hypothesis that the correlation is 

significantly different from zero. All the p-values are 

smaller than .0001 for the aggregate satisfaction measure. 

Recall that the primary hypothesis (H4) relating 

cognitive fit to satisfaction is that there are no 

differences in human satisfaction with the computer aid 

(partner) due to the type of cognitive fit between the human 

and the computer and that hypothesis (H5) states that 

problem type does not influence this effect. To test these 

hypotheses, an analysis of variance was performed on the 

aggregated satisfaction measure as well as the individual 

measures. In addition, plots for all the measures were 

examined to visually detect any effects if they existed. 
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PART 1: PROBLEM 

PI. The problem was too complex to analyze in detail. 

P2. For this problem, I found that my intuition was more 
useful than my analytic skills. 

P3. For this problem, I now feel I understand the 
relationships among the factors. 

PART 2: AID 

Al. I liked the computer aid's approach to solving the 
prediction problem. 

A2. I am satisfied with the computer aid's performance. 

A3. The computer aid's approach to solving the prediction 
problem was similar to my own approach. 

A4. The computer aid provided useful support. 

A5. I'd be inclined to use a computer aid with an approach 
like this on another such prediction problem. 

A6. My predictions were better than the predictions made by 
the computer aid. 

PART 3: APPROACH 

API. I relied on the aid's prediction. 

AP2. I performed algebraic computations. 

AP3. I guessed intelligently. 

AP4. I guessed blindly. 

AP5. I examined past trial data. 

AP6. I used the aid's predictions as a starting point. 

Figure 5.7. Key to the questionnaire measures for aided 
subjects. Unaided subjects did not have measures A1-A6, API, 
and AP6. 
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Table 5.8. Correlations between aid measures SAT5 and Al-
A6. SAT5 is the aggregate measure of variables A1-A5. 

PEARSON CORRELATION COEFFICIENTS 
/ PROB > |R| UNDER H0:RHO-0 / NUMBER OF OBSERVATIONS 

SAT 5 Al A2 A3 A4 

SAT 5 

Al 

A2 

A3 

A4 

A5 

A6 

1.00000 
0.0000 

46 

0.84461 
0.0001 

46 

0.84928 
0.0001 

46 

0.65154 
0.0001 

46 

0.83167 
0.0001 

46 

0.87253 
0.0001 

46 

-0.45185 
0.0016 

46 

0.84461 
0.0001 
46 

1.00000 
0.0000 
46 

0.81892 
0.0001 
46 

0.47333 
0.0009 
46 

0.54588 
0.0001 
46 

0.59242 
0.0001 
46 

-0.53096 
0.0001 
46 

0.84928 
0.0001 
46 

0.81892 
0.0001 
46 

1.00000 
0.0000 
46 

0.41346 
0.0043 
46 

0.56284 
0.0001 
46 

0.62665 
0.0001 
46 

-0.46619 
0.0011 
46 

0.65154 
0.0001 
46 

0.47333 
0.0009 
46 

0.41346 
0.0043 
46 

1.00000 
0.0000 
46 

0.39825 
0.0061 
46 

0.43860 
0.0023 
46 

-0.01630 
0.9144 
46 

0.83167 
0.0001 
46 

0.54588 
0.0001 
46 

0.56284 
0.0001 
46 

0.39825 
0.0061 
46 

1.00000 
0.0000 
47 

0.83704 
0.0001 
46 

-0.30827 
0.0371 
46 
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Table 5.9 shows the analysis of variance of the aggregated 

satisfaction measure. Note that because the random term 

SUBJECT(HUMAN*AID*ORDER) was significant, all terms forming 

a subset of HUMAN*AID*ORDER were tested with the random term 

as an error term. The three-way interaction term 

HUMAN*AID*PROBLEM corresponding to the hypothesized effect 

is not significant judging from the p-value of 0.2858. 

Likewise, an analyses of variance performed on all the other 

individual measures of satisfaction (A1-A6) showed the same 

result. Graphical analyses also did not show the 

hypothesized effects. Thus, it must be concluded that there 

is no evidence to reject the hypotheses related to 

satisfaction. In other words, no differences in satisfaction 

were found due to cognitive fit. Likewise, it was found that 

problem type did not influence this effect. 

Possible reasons for the lack of this hypothesized 

three-way effect are discussed in the next chapter. However, 

some two-way relations implied in the conceptual model did 

show up as significant. The most intuitively appealing 

result is the significant interaction between human 

cognitive style and problem type on the aggregated 

satisfaction measure (SATS). Referring to table 5.9, it is 

seen that the term HUMAN*PROBLEM is significant with a p-

value of .0033. To understand this significance, the 

satisfaction index (SAT5) was plotted against human 

cognitive style across the two problems. The plot is shown 

is figure 5.8. The plot shows that irrespective of the aid, 

analytic humans expressed significantly greater satisfaction 

with the aid on the heuristic problem and likewise, 

heuristic subjects reported greater, though not significant, 

satisfaction with the aid on the analytic problem. The 

result is individually significant on measures A2, A4, and 

A5. Basically, the analytic subjects found aids less useful 

on the analytic problem while heuristic subjects were happy 

for aids in any problem. 
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Table 5 . 9 . U n i v a r i a t e a n a l y s i s of v a r i a n c e for t h e 
a g g r e g a t e d s a t i s f a c t i o n measure (SAT5). 

SOURCE 

MODEL 

ERROR 

CORRECTED TOTAL 

MODEL F -

R-SQUARE 

0.917678 

SOURCE 

HUMAN 
AID 
HUMAN*AID 
PROBLEM 
HUMAN*PROBLEM 
AID*PROBLEM 
HUMAN*AID*PROBLEM 
ORDER 
HUMAN*ORDER 
AID*ORDER 
PROBLEM*ORDER 
HUMAN*AID*ORDER 
HUMAN*PROBLEM*ORDER 
AID*PROBLEM*ORDER 

DF 

30 

15 

45 

5.57 

C.V. 

16.8944 

DF 

SUBJECT (HUMAN->AID>̂ "ORDER) 16 

SUM OF SQUARES 

2052.72604670 

184.14351852 

2236.86956522 

ROOT MSE 

3.50374579 

TYPE III SS 

9.82314815 
8.56018519 
2.89351852 
25.51481481 
148.88981481 
0.04166667 
15.04166667 
24.67129630 
22.04166667 
123.35648148 
0.37500000 
78.94814815 
12.04166667 
28.35648148 

1488.36628540 

MEAN SQUARE 

68. 

12. 

PR > F 

42420156 

27623457 

- 0.0005 

SAT5 MEAN 

20. 

F VALUE 

0.80 
0.70 
0.24 
2.08 
12.13 
0.00 
1.23 
2.01 
1.80 
10.05 
0.03 
6.43 
0.98 
2.31 
7.58 

73913043 

PR > F 

0.3852 
0.4168 
0.6343 
0.1699 
0.0033 
0.9543 
0.2858 
0.1767 
0.2002 
0.0063 
0.8636 
0.0228 
0.3377 
0.1494 
0.0002 

TESTS OF HYPOTHESES USING THE TYPE I I I MS FOR SUBJECT(HUMAN*AID*ORDER) 
AS AN ERROR TERM 

SOURCE 

HUMAN 
AID 
HUMAN*AID 
ORDER 
AID*ORDER 
HUMAN*ORDER 
HUMAN*AID*ORDER 

DF TYPE III SS 

9.82314815 
8.56018519 
2.89351852 
24.67129630 
123.35648148 
22.04166667 
78.94814815 

F VALUE 

0.11 
0.09 
0.03 
0.27 
1.33 
0.24 
0.85 

PR > F 

0.7494 
0.7655 
0.8622 
0.6136 
0.2664 
0.6330 
0.3706 
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SATISFACTION INDEX 

22.5 -t-

22.0 -I-

21.5 -1-

21.0 + 

20.5 + 

20.0 

19.5 -I-

19.0 + 

18.5 + 

18.0 + 

17.5 + 

17.0 -I-

H 

H 

-H-+-l-l-(-(-(-l-(-t-(-(-(-H-t-(-t-(-l-l-+ 
LINE OF INDIFFERENCE 

ANALYTIC HEURISTIC 

HUMAN COGNITIVE STYLE 

Figure 5.8. Plot of satisfaction index by human cognitive 
style across both problems. Legend is A:analytic problem, 
H:heuristic problem. 
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Human Cognitive Style Effect 

The final hypothesis (H6) is a secondary hypothesis 

which is that there are no differences in performance due to 

human cognitive style for unaided humans. Weak evidence was 

found to reject this hypothesis at a multivariate level (p < 

.079). Cognitive style for unaided humans was significant on 

only one of the four performance measures, matching index (p 

< .005). The results must be interpreted with caution 

because of a few significant interactions of human cognitive 

style (HUMAN) with other factors. 

Support for the Operationalization 
of Variables 

Theoretical support for the specific operationalization 

of the variables has been provided in the previous chapter. 

However, a question remains as to the extent to which the 

data provides support for this operationalization. In other 

words, were the subjects, the aids, and the problems, truly 

"analytic" or "heuristic"? This section addresses some of 

these issues. 

Problem Type 

It may be recalled from chapter IV that the problems 

were designed to be "analytic" and "heuristic" based upon 

the work of Hammond et al. [1987]. Thus, there is some 

theoretical support for this operationalization. 

Furthermore, the pilot study provided some inputs in 

designing the problems thereby strengthening the face 

validity. Now we examine whether the data supports this 

distinction. For brevity, individual tables are not provided 

in this sub-section. The reader may refer to the additional 

data tables in the appendix for more information. 

Looking at tables 5.6, 5.7, and other analyses of 

variance on performance measures provided in the appendix, 

it is obvious that the two problems were significantly 
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different on all measures of performance at a multivariate 

level (p < .0001). This result is necessary but not 

sufficient to make the claim that the problems were 

analytic or heuristic. Subjects' perceptions about the 

problem provide supporting evidence. Strong support was 

found for the perception that the heuristic problem was too 

complex to analyze relative to the analytic problem (PI: 

p<.001). Relatively weak support but in the right direction 

was found for the perception that intuition is more useful 

than analytic skills for the heuristic problem (P2: p<.20). 

Subjects felt more dependent on the aid's prediction for the 

heuristic problem than for the analytic problem (API: 

p<.0014), an approach consistent with the heuristic-inducing 

nature of the problem. Conversely, subjects felt more 

dependent on algebraic computations for the analytic problem 

than for the heuristic problem (AP2: p<.0023). 

Considering the weight of this confirming evidence, 

there is strong support from the data for the 

operationalization of problem type. 

Aid 

Were the aids appropriately analytic or heuristic? 

While there is strong face validity for this 

operationalization of aid, the data also provides moderate 

to strong support. Subject perceptions about the prediction 

approach used is consistent with the stated cognitive 

characteristics of the aid. Please see table 5.10 for a 

comparison of means. It can be seen that compared to the 

subjects using the analytic aid, the subjects using the 

heuristic aid relied more on the aid's prediction (API: 

p<.03), performed less algebraic calculations (AP2: p<.045), 

and used the aid's prediction more as a starting point (AP6: 

p<.042). All these approaches are consistent with the 

characteristics of a heuristic aid. 
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Table 5.10. Means of measures API, AP2, and AP6 by the aid 
type. 

AID TYPE 

MEASURE 

API 

AP2 

AP6 

ANALYTIC 

3.87 

4.25 

4.75 

HEURISTIC 

4.56 

3.56 

5.78 

NONE 

3.04 
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Human Style 

The Group Embedded Figures Test (GEFT) was used to 

differentiate between analytic and heuristic subjects. This 

instrument has reasonable validity and reliability. It has 

been used in many prior DSS studies and in at least one MCPL 

study. Furthermore, as discussed earlier, the instrument is 

consistent with the nature of the task. 

The data provides support for this distinction between 

human styles as measured by the GEFT. Table 5.11 summarizes 

the mean perceptions of unaided analytic and heuristic 

subjects on two of the approaches. Unaided analytic subjects 

examined more past trial data and performed more algebraic 

computations than did heuristic subjects on the heuristic 

problem. 

It is interesting and reassuring to note that the 

significant effects of cognitive fit on some of the 

performance measures stated earlier were not significant 

when subjects in the middle of the cognitive style continuum 

were included in the analysis. This is further support for 

the dimension of cognitive style captured by the instrument. 

Summary of Analysis 

Results of testing the six hypotheses are summarized in 

table 5.12. First, as expected, the first part of hypothesis 

one was soundly rejected implying that aided humans have 

higher performance than unaided humans. The second part of 

hypothesis one was rejected for the analytic problem but not 

for the heuristic problem because aided humans outperformed 

the aid on the analytic problem but performed worse than the 

aid on the heuristic problem. Second, strong evidence was 

found to reject hypotheses two implying that there are 

differences in performance due to cognitive fit. 
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Table 5.11 Means of measures AP2 and AP5 by human 
cognitive style for unaided subjects. 

IVE STYLE 

MEASURE 

AP2 

AP5 

ANALYTIC 

3.3 

6.7 

HEURISTIC 

2.7 

6.1 
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Table 5.12. Summary of hypotheses t e s t s . 

Hyp. Dependent 
Var i ab le 

Test 
Result 

Implication 

lA Performance Reject Aided humans perform better 
than unaided humans. 

IB Performance 

2 Performance 

3 Performance 

Reject 
Partly 

Reject 

Reject 

Aided humans perform better 
than the aid alone on the analytic 
problem but perform worse than the 
aid alone on the heuristic problem. 

Cognitive fit has an effect on 
performance. 

Problem type influences the above 
effect. 

4 Satisfaction 

5 Satisfaction 

6 Performance 

Do Not Cognitive fit does not have a 
Reject significant effect on satisfaction. 

Do Not Problem type does not significantly 
Reject influence the above effect. 

Do Not Cognitive style by itself does not 
Reject influence performance. 
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Hypothesis three was rejected implying that problem type 

influences the effect of cognitive fit on performance. 

However, as will be described in the next chapter, this 

result must be interpreted with caution. No support was 

found for rejecting hypotheses four and five. Thus, there is 

no evidence to state that there are differences in human 

satisfaction with the computer partner due to cognitive fit 

and that problem type influences this effect. Weak evidence 

was found for rejecting the final hypothesis which states 

that there is no difference in unaided performance due to 

human cognitive style. Several other effects of interest 

were captured by the data and these are described in the 

chapter. 
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CHAPTER VI 

CONCLUSIONS 

The final chapter discusses the findings from the data 

analysis, presents the limitations of this research, points 

out the ties to prior research and the contributions of this 

work to the field of MIS/DSS, and concludes with a brief 

discussion of future research possibilities. 

Discussion of Findings 

Implications for Collaboration 

Aided subjects had higher overall performance than 

unaided subjects on both problems. Aided subjects also had 

higher overall performance than the aid alone on the 

analytic problem but not on the heuristic problem. Except in 

one of these four combinations, the benefits of 

collaboration are thus realized for all the situations. The 

one case in which the benefit of collaboration is not 

evidenced is the comparison in which aided subjects 

performed worse than the aid alone on the heuristic problem. 

An intuitive explanation supported by the data is presented 

below for this case. 

On the heuristic problem, the aids were designed to 

perform more accurately relative to the unaided human 

because it was felt that the inherent complexity of the 

heuristic problem called for greater support. This was 

particularly true because the heuristic problem was made 

more complex after the pilot study. However, by creating 

this circumstance, the aid was now even more superior to the 

unaided human on the heuristic problem relative to the 

analytic problem. This performance gap is suggestive of a 

corresponding knowledge gap in that the aid was relatively 

expert on the heuristic problem whereas the human was more 
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of a novice. Unaided humans had negative means on two of the 

measures of the heuristic problem, strongly suggesting that 

they were novices on this problem. The nature of the 

heuristic problem seems to have resulted in a poor knowledge 

fit. A novice and an expert collaborating together are 

unlikely to do better than the expert by itself, and may 

even do worse as was found in this case. This result implies 

that any conclusions with respect to the problem type must 

be interpreted with caution because of the potential 

confounding of the degree of knowledge fit with the type of 

problem. 

It must be realized that collaboration j ^ in the 

process and not in the outcome. The outcome of the 

collaboration need not always be positive specially when the 

partners are ill-matched in expertise. This explanation 

supports the contention put forward in the discussion of 

knowledge fit in chapter III that there is greater potential 

in the collaboration when the collaborating partners are at 

comparable levels of expertise or at least do not have an 

expert-novice relationship. Further research is needed to 

explore this issue. 

Implications for Cognitive 
Fit and Performance 

The results from the analysis provide strong evidence 

to reject the hypothesis relating to the effect of cognitive 

fit on performance. Specifically, the type of cognitive fit 

was shown to have an effect on performance. The result also 

suggests that problem type influences this effect of 

cognitive fit on performance. However, the possibility of a 

floor effect on the heuristic problem and the potential 

confounding effect of the degree of knowledge fit must be 

considered before interpreting this result. 

The existence of a floor effect on the heuristic 

problem would mean that all subjects were equally 
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overwhelmed by the heuristic problem and thus no performance 

differences were found on this problem because all subjects 

were operating at the "floor." It is clear from the 

comparison of the performance of the aided humans relative 

to the unaided humans shown in table 5.2 in the previous 

chapter that this was not the case. Aided humans performed 

significantly better than unaided humans on the heuristic 

problem. 

The potential confounding of the degree of knowledge 

fit is less clear. If the poor knowledge fit on the 

heuristic problem exists due to the inherent characteristics 

of the problem as it appears, then it can be concluded that 

problem type influences the effect of cognitive fit on 

performance, either directly, or indirectly through 

knowledge fit. 

While the concept of cognitive fit is not in doubt, it 

appears that similarity and complementarity may not be fully 

adequate descriptors of the state of the cognitive fit. This 

is because, post facto, the relationship between an analytic 

human and an analytic machine was not necessarily the same 

as the relationship between a heuristic human and a 

heuristic machine. A similar statement may be made about 

complementary fit. Abstracting these relations to one level 

may capture a single aspect of the relation while losing 

others. The data supports this conjecture. For example, a 

finer decomposition of the cognitive fit effect described in 

the previous chapter reveals that the performance of 

heuristic subjects working with the heuristic aid was quite 

different from analytics working with the analytic aid. 

However, it seems that concepts such as similarity and 

complementarity, although useful at a certain level of 

abstraction may need to be decomposed for detailed 

analysis. 

The results have shown that human cognitive style by 

itself is only marginally significant for unaided subjects 
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and not significant for aided subjects. However, human 

cognitive style becomes very significant when considered in 

relation to the cognitive characteristics of the aid and 

that of the problem. Thus, there is strong support for the 

notion of cognitive fit between the human and the computer 

in relation to the problem, or cognitive coupling. Perhaps, 

this result may partially explain why several studies of 

cognitive style in prior MIS research have produced 

conflicting results. Two explanations are suggested based on 

this research: 

1) Most studies have not varied the cognitive attributes of 

the aid and/or the problem within a single study. Thus the 

comparison across different studies is not with the same 

common denominator. As this research shows, different 

results may be obtained depending on the type of cognitive 

fit that exists. 

2) Performance is a multi-dimensional construct and 

typically, many studies have focused on a single measure of 

performance. This research suggests that since performance 

measures are affected differentially by the independent 

variables, if possible, it is desirable to study various 

dimensions of performance. 

Implications for Cognitive 
Fit and Satisfaction 

No evidence was found for the hypothesized impact of 

cognitive fit on human satisfaction. On analyzing the means 

of subjects' responses to the question that tests their 

perceived similarity with the computer aid, it was found 

that the variance of the responses was low and the mean was 

lower than the indifference value of four. This indicated 

consistently low agreement on this issue across different 

types of cognitive fit. There are several possible 

explanations for the lack of this hypothesized effect: 
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1. The effect exists but the instrument used to measure it 

was unable to capture it. In other words, the questionnaire 

was inadequate. 

2. It is difficult to perceive of or imagine similarity or 

complementarity with a machine. Human beings think naturally 

in terms of similarity or complementarity with other human 

beings but to do the same with a machine, the machine must 

be really intelligent and/or the human beings must have been 

trained or instructed to think at that abstract level. 

Neither holds true for this study. 

3. The effect did not exist in the short run and hence was 

not captured. This explanation conforms with Robey's [198 3] 

argument that satisfaction with the DSS builds up over time 

as the user works with the system and gradually develops 

confidence in it. Thus, Robey has argued for longitudinal 

studies rather than single-shot laboratory studies to 

measure satisfaction. 

4. A final explanation is that the very concept of cognitive 

fit is not applicable at least for this sample and this 

operationalization. This explanation is not intuitively 

appealing and is also not supported by the other results of 

the study. 

Judging purely from the data, it is not possible to 

dispute either of the first three explanations and the true 

reason may well be a combination of all three. This is an 

issue for future research to investigate. 

Limitations 

The limitations to this research fall into three 

categories: limitations of the conceptual development, 

limitations of the laboratory study, and limitations of 

measurement. 

The conceptual development is limited in scope in two 

respects: 1) it does not address the evolution of 

collaboration between the human and computer over time, and 
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2) the model addresses mainly cognitive factors and 

relationships. It is also recognized that the CHCS model is 

parsimonious in several respects. For one, it is obvious 

that the human brings to this collaboration a far greater 

degree of richness and variety than is captured by the 

model. However, as recognized by Hollnagel [1986], it would 

be a mistake to apply the full richness of a natural 

cognitive system to a human-computer system limited by the 

capacity of an artificial cognitive system. Secondly, by 

design, the CHCS model is an abstract high-level model. It 

does not deal with concrete implementation issues. However, 

these limitations of scope only help to magnify the focus on 

the issues that the model was designed to capture. 

Theoretical concepts seldom permit unambiguous 

operationalization. Concepts such as cognitive style, 

cognitive fit, and problem type are abstract and every 

specification of empirical indicators must be considered an 

approximation. Hence, the sensitivity of results to the 

particular form of operationalization should be kept in mind 

for future research. Further, the results may not be 

generalized beyond the task domain studied. Cognitive fit 

was operationalized in this study as a relationship between 

human and computer styles. Support for this 

operationalization has been provided by Robey [1983] and 

Huber [1983]. The fact that this specific operationalization 

was found to support the concept is indicative of the 

strength of the operationalization as well as the concept. 

However, it is clear that the construct of cognitive fit is 

not limited by a specific operationalization or instrument. 

As with any laboratory study, the setting is contrived. The 

major weakness with laboratory studies such as this relates 

to the question of external validity. There is the 

limitation of generalizing beyond the current study and 

sample. The specific choice of the problems, the artificial 

decision setting, the familiarity of subjects with the 
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treatments, and the degree of expertise in the computer aid, 

are all factors that affect the generalizability of results. 

However, by trading off some generalizability, greater 

control and manipulation of experimental variables is 

possible and that enables the statistical testing of 

hypotheses with a high degree of internal validity. 

As in many laboratory studies, the use of student 

subjects is seen as a limitation to the generalizability of 

results. However, for the tasks involved in this study, it 

was felt that student subjects (most of them having low 

industry experience) were less prone to preconceived notions 

about the task. 

Ties to Prior Research 

In general, this study provide a strong confirmation of 

Hollnagel and Woods [1983] thesis on cognitive coupling that 

was further developed in the conceptual model. The results 

support the ideas of Simon [1987] who had indicated that the 

cognitive nature of the three-way relationship between the 

human, machine, and the problem, is a critical factor in 

designing intelligent systems. Collaboration had positive 

benefits on the analytic problem which supports the 

empirical findings of Hale and Kasper [1989] and Blattberg 

and Hoch [1990], in a different task domain. The conceptual 

model integrates the work of several researchers in MIS/DSS 

and other disciplines. It incorporates issues raised by Hale 

and Kasper [1989] such as the identification of factors that 

may affect the holistic performance of the collaborative 

system. 

Contributions 

The contributions of this research may be grouped under 

three related categories: contributions of the conceptual 

development, contributions of the empirical study, and 

implications for the practioneer. 
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Contributions of the 
Conceptual Development 

Although preliminary in some respects, the conceptual 

model is significant from three perspectives. First, because 

it takes a holistic view of the collaborative system and 

focuses on the need to explicitly consider relationships 

among the system aspects, "a subject that has received only 

limited attention from both the practical and the 

theoretical point of view, even though it is the essence of 

design activity" [Ariav and Ginzberg, 1985]. Second, the 

model integrates large bodies of knowledge potentially 

relevant to the area. Third, it provides a window to view 

current research in the area of intelligent decision support 

and provides guidelines for new research. 

The development and partial validation of the concepts 

of cognitive coupling and cognitive fit is another important 

contribution of this work. The empirical study not only 

provides some validation to the CHCS model but also 

demonstrates the usefulness of the CHCS model for generating 

new research ideas. 

Contributions of the Empirical Study 

The results of the empirical study has implications for 

the design of systems that embody human-computer 

collaboration. It is clear that the issue of cognitive fit 

needs to be further addressed. Currently, computer systems 

are not built with an explicit focus on the style of the 

computer. Rather, the designer's style which is usually 

analytic, is implicitly represented in the computer system. 

This research forces an explicit consideration of the 

cognitive style of the computer and provides empirical 

support for the concept of cognitive fit between the human 

and the computer in relation to the problem. 

Problem type has been shown to be a key determinant of 

performance in several DSS studies. This study confirms that 
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conclusion and extends it by providing evidence that the 

cognitive characteristics of problems influence the effect 

of cognitive fit between the human and the computer. In 

addition, the study suggests that cognitive fit between the 

human and the problem is an issue that needs to be 

investigated. 

MIS/DSS research has traditionally concentrated on 

tasks related to information retrieval and choice-making 

[Huber, 1983]. Despite the frequent use of judgment by 

managers, decision situations requiring judgment have not 

been adequately represented in the MIS/DSS literature. The 

use of a judgment task setting for this empirical study is 

thus a strength and contribution of this research. 

Furthermore, the use of the MCPL approach based on the lens 

model which is rooted in strong experimental traditions is 

relatively new to MIS/DSS research. Not only does this 

approach permit a systematic manipulation of variables, but 

it also increases the replicability of the experiment. 

Implications for the Practioneer 

This study suggests that for prediction problems of the 

kind used in this study, an intelligent aid can really 

provide useful support. However, it would be naive to assume 

that any collaborative system will produce higher joint 

performance. This study suggests that the design of a 

computer-based system must a priori consider the issue of 

relationships between human cognitive style, computer style, 

and the cognitive characteristics of the problem. 

Furthermore, the levels of expertise of the human and the 

machine must be considered. 

Performance has several dimensions and all the 

dimensions may not move in the same direction, as this study 

has shown. A DSS designer must be clear on which performance 

dimensions exist, which are more important, and what the 

trade offs are. By focusing on one or several dimensions of 
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performance, a collaborative system can be designed with the 

optimal cognitive fit for a given problem so that 

performance along the chosen dimensions is optimized. 

In traditional problem solving environments, analytic 

people have been routinely entrusted with analytic tasks 

that involving the use of analytic aids. This study has 

shown that aids always improved consistency on the analytic 

problem, but not as much for the analytic subjects using the 

analytic aid, suggesting that analytic subjects should not 

rely too much on an analytic aid on an analytic problem. 

There appears to be a case for providing complementary 

support for improving the consistency of analytic humans 

working on analytic problems of this kind. 

Future Research Possibilities 

It can be seen that research in the DSS area has 

focused on different parts of the CHCS model. However, if 

the objective is to understand the collaborative system as a 

system, then it is clear that research efforts should be 

directed to the study of the human-computer-problem 

interface in addition to studies involving any single 

component. Some of the research issues that emerge from the 

conceptual model have been discussed in chapter III. It is 

clear that this area of research holds a lot of promise. 

This empirical study examines but one dimension of 

cognitive coupling. It is hoped that similar studies looking 

at other dimensions of cognitive coupling such as goal fit 

and knowledge fit as well as replications of this study in 

other task settings will provide stronger support to the 

hypothesized relations in the conceptual framework. A number 

of empirical research streams of this nature should help 

evolve a well supported theoretical model of the phenomenon 

that should make possible the design and implementation of 

viable commercial systems, in the future. 
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BIOGRAPHICAL QUESTIONNAIRE 

NAME: 

SS NO: 

AGE: SEX: M/F 

TEL. NO: CLASSIFICATION: 

INSTRUCTIONS: 
As part of this research project, you are requested to fill out this 
biographical questionnaire. Participation is voluntary. Your cooperation 
and motivation is critical to the success of this project. Any 
information collected as a part of this research project will be held in 
complete confidence. Your responses will be combined with the responses 
of other participants and the aggregate data will be used for research 
purposes. If you have any questions, do not hesitate to ask the 
researcher administering this session. 

1. Please list all degrees you have received or are currently pursuing 
and your major(s) and minor(s). 

DEGREE MAJOR MINOR 
A. 

B. 

2. Please answer the following questions related to your work 
experience. 

A. Full-time management experience 
No. of years: In what capacities? (specify) 

B. Full-time non-management experience 
No. of years: In what capacities? (specify) 

Q Part-time management experience (including summers) 
No. of jobs held: 

4 List the courses taken by you that you think are relevant to 
managerial decision-making, judgment, and prediction ? 

Figure A.l. Experience and background questi^""^^^®' 
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ID: 

NAME: 

PREDICTING SALES OF WIDGETS 
(Note: Use the back of these sheets for scratch work. Any 

additional scratch work must also be turned in.) 

The Trebek company sells world-wide a special product called 
widgets. The sales of widgets depends on several factors, each of which 
may have a positive or negative, weak or strong influence. Some of these 
factors are: sales of a related product, economic indicators, sales in 
different countries, and so on. 

Task 
Your task is to predict as best as you can the total sales of 

widgets given the values of some of the above variables. You will 
perform this task fifteen times for a given problem. Each time is called 
a trial. In every trial, you will be looking at the values of some of 
the above factors and then you will be asked to enter a prediction. 
After that, you will be asked to enter your percent confidence in that 
prediction. At the end of a trial, you will be provided with feedback 
on: 
1. The true sales 
2. Accuracy of your prediction 
3. Your confidence score computed from your prediction accuracy and your 
confidence. 

This feedback on each trial will give you the opportunity to learn 
more about the true relationships between the factors and the sales of 
widgets. You can then apply this learning for subsequent trials. Your 
common-sense notions about the relationships are unlikely to help you in 
this task. 

Computer aids 
All of you will work on the computer for this exercise. However, 

some of you will have a computer partner (aid) working with you on this 
task. Other will not. There will be two distinct kinds of aids. Both 
computer aids are just like you in that they do not know the true value 
of sales and will attempt their own predictions. The accuracy of the 
aid's predictions may vary. Nevertheless, you are encouraged to use the 
aid. Because this task is representative of the real world where there 
is a lot of uncertainty, you'll see that consistently perfect prediction 
is imposssible. Some error will always be involved. What matters is how 
accurate, consistent, bias-free and confident you are. Your performance 
will be evaluated relative to the category vou fall under. 

Figure A.2. Instructions sheet handed to the subject. 
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Prediction accuracy 
The prediction accuracy on a trial is an index ranging from 0 to 1 

that measures how close your prediction is to the true value. So for 
example, an accuracy score of .812 is interpreted as 81.2 % accuracy. 

Confidence score 
The confidence score (again ranging from 0 to 1) measures the 

consistency between your prediction accuracy and your reported 
confidence. If you show high confidence in what turns out to be an 
inaccurate prediction, your confidence score will suffer. Conversely, 
low confidence in a highly accurate prediction lowers the confidence 
score. The confidence score is high when you are highly confident and 
your prediction is quite accurate. 

Computer Screen 
The computer screen that you will see is divided into three boxes: 

Task area, Working area, and Database area. The task area will present 
the values of the initial variables for each trial as well as the 
subsequent results of the prediction. In the working area, you enter 
your prediction. For those who receive aid, the computer partner can be 
called upon in the working area. The database area is where the results 
of past trials are displayed. You can always browse through the database 
in order to learn from past trials. 

Problems 
In total, you will work on three such prediction problems. The 

first problem (PROBLEM 0)is a practice problem of 5 trials to enable you 
to learn more about the task and the computer system. The second problem 
(PROBLEM 1) and the third problem (PROBLEM 2) of 15 trials each are the 
problems on which your performance will be evaluated for points and cash 
awards. The problems are different in that the true relationships 
between variables are different. Be sure to do your very best. If the 
results seem disappointing at times, do not despair. 

All the values for the factors are positive integers lower than 
99999. Imagine your own units for these quantities. 

There is no time limit for this exercise. After working out 
PROBLEM 1, (not the practice problem), you will be asked to fill out 
questionnaire 1. After PROBLEM 2, fill out questionnaire 2. Please be 
sure to answer all the questions. You may then leave. Results of this 
exercise will be informed to you in class. 
If you have questions about how to use the system at any time during the 
session, raise your hand and the proctor will help you out. 

Figure A.2. Continued 
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QUESTIONNAIRE II (AIDED) 
(Please answer all the questions that follow.) 

IDENTIFICATION NUMBER: 
PROBLEM NUMBER: 

Please indicate the number (from 1 to 7) that best describes the extent 
of your agreement/disagreement with the statements that follow. 

1 2 
I 1 

Completely 
disagree 

PART 1: PROBLEM 

3 
1 

4 
1 

5 
1 

6 
1 — 

7 
1 

Completely 
agree 

PI. The problem was too complex to analyze in detail. 

P2. For this problem, I found that my intuition was more useful than 
my analytic skills. 

P3. For this problem, I now feel I understand the relationships 
among the factors. 

PART 2: AID 

Al. I l i k e d the computer a i d ' s approach to so lv ing the p r e d i c t i o n 
problem. 

A2. I am s a t i s f i e d with the computer a i d ' s performance. 

A3. The computer a i d ' s approach to so lv ing the p r e d i c t i o n problem 
was s i m i l a r to my own approach. 

A4. The computer a id provided usefu l suppor t . 

A 5 . I ' d be i n c l i n e d to use a computer a id with an approach l i k e t h i s 
on ano ther such p r e d i c t i o n problem. 

A 6 . My p r e d i c t i o n s were b e t t e r than the p r e d i c t i o n s made by the 
computer a i d . 

2 L i s t below any s p e c i f i c type of he lp t h a t you would have l i k e d to 
r e c e i v e on t h i s problem but did n o t . 

Figure A.3. Questionnaire for the aided subjects. Unaided 
subjects did not have questions related to the aid and 
questions API and AP6. 
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PART 3: APPROACH 

1. Indicate the extent to which you used a particular strategy in your 
approach to forming your predictions for this problem. 

1 2 3 4 5 6 7 
I 1 1 1 1 1 1 

Not used Very 
heavily 
at all used 

API. I relied on the aid's prediction. 

AP2. I performed algebraic computations. 

AP3. I guessed intelligently. 

AP4. I guessed blindly. 

AP5. I examined past trial data. 

AP5. I used the aid's predictions as a starting point. 

2. Describe below step-wise in detail your approach to deciding your 
prediction and confidence for the trials for this problem. 

Figure A.3. Continued 
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WELCOME TO THIS PREDICTION SESSION 
(C) Copyright 1990 by Nikunj P. Dalai 

READ THE WRITTEN INSTRUCTIONS NOW 

IP YOU HAVE ANY QUESTIONS AT ANY TIME DURING THIS SESSION 
ASK THE SESSION ADMINISTRATOR 

n ENTER ID 
PLEASE ENTER THE IDENTIPICATION 
NUMBER GIVEN TO YOUrpZl 
Your ID no is: p21 7 (Y/N) 

Adjust your monitor for contrast now 

DO NOT PROCEED PURTHER UNLESS DIRECTED 

Figure A.4. Initial screen of the computer system 
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IF TASK AREA 
Trial number - 2 

COST OP A RELATED PRODUCT (XI)- 27 SALES IN COUNTRY B (XA)- 65 
ECONOMIC INDICATOR Y (X2)- 36 ECONOMIC INDICATOR Z (X5)- 72 
SALES IN COUNTRY A (X3)- 82 SALES IN COUNTRY C (X6)- 295 

i; WORK AREA 
Look here for messages 

: DA 
TRI 
NO. 

Enter your final prediction here: 

Ir CHANGING PREDICTIONS = 

Your prediction is 44 

DO YOU WANT TO CHANGE YOUR PREDICTION 7 Y/N 

11 13 
= ENTER Y OR N = 
50 29 37 

ow 

DICTED CONPIDENCE ACCURACY 
ALUE PERCENT SCORE 

683 32 65A 50 0.000 

Its HOT KEYS: ALT-D TO SCROLL DATABASE; ALT-P TO PREDICT; Fl TO WORK WITH AID =il 

Figure A.5. 
prediction. 

Computer screen after the subject enters a 
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fr TASK AREA 

COST 
ECONO 
SALES 

fr RESULTS OF THIS TRIAL = = 
The true value for trial 2 is: 
Your final prediction for trial 
Your confidence score for trial 
Your accuracy score for trial 2 

2 was: 
2 is: 
is: 

1430 
44 
0.023 
0.031 

f WORK 11= Enter for next trial, ALT-D to scroll database area =̂  

(X4)-
(X5)-
(X6)-

65 
72 

295 

Press Fl to work with aid 
: DATABASE 
TRIAL XI 
NO. 

1 u 
2 27 

AREA 
X2 

13 
36 

X3 

50 
82 

•-D TO SC 

X4 

29 
65 

ROLL D 

X5 

37 
72 

ATABAi 

X6 

683 
295 

;E: AL 

TRUE 
VALUE 

32 
1430 

T-P TO 

PREDICTED 
VALUE 

654 
44 

PREDICT: ] 

CONFIDENCE 
PERCENT 

50 
50 

'1 TO WORK V 

ACCURACY 
SCORE 

0.000 
0.031 

<ITH AID =J 

Figure A.6. Computer screen showing the feedback received 
by the subject. 
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TASK AREA 
Trial number • 3 

COST OF A RELATED PRODUCT (XI)- 34 SALES IN COUNTRY B (X4)- 42 
ECONCWIC INDICATOR Y (X2)- 36 ECONOMIC INDICATOR Z (X5)- 48 
SALES IN COUNTRY A (X3)- 61 SALES IN COUNTRY C (X6)- 293 

Look here for messages 

Hi 1 I am Logico, your computer partner. I can: 

Suggest a prediction based on my equation 
Show you my equation 
Enter your weights and I'll compute your prediction 
Return to the working area 

P.S. I may not be always right but I'll try to do my best. —̂  to confirm choi| 
Jl 

tr DATABASE AREA -
TRIAL XI X2 X3 X4 X5 X6 TRUE PREDICTED CONFIDENCE ACCURACY 
NO. VALUE VALUE PERCENT SCORE 

1 11 13 50 29 37 683 32 654 50 0.000 
2 27 36 82 65 72 295 1430 44 50 0.031 

•• HOT KEYS: ALT-D TO SCROLL DATABASE; ALT-P TO PREDICT; Fl TO WORK WITH AID =^ 

Figure A.7. Computer screen showing the analytic aid, 
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fr TASK AREA 
Trial number 

SALES OF A RELATED PRODUCT (XI) - 9 
ECONOMIC INDICATOR X (X2) - 7 

Look here for messages 

Hi 1 I am Heuristo, your computer partner. I can: 

Suggest my prediction 
Show you some other predictions 
Provide my high-low feedback on your initial prediction 
Return to the working area 

P.S. I may not be always right but I'll try to do my best. —' to confirm choij 

DATABASE AREA =^==========^=========================^======================= 
TRIAL XI X2 TRUE PREDICTED CONFIDENCE ACCURACY 
NO. VALUE VALUE PERCENT SCORE 

1 7 9 89 34545 50 0.000 
2 3 3 49 456 60 0.000 

!= HOT KEYS: ALT-D TO SCROLL DATABASE; ALT-P TO PREDICT; Fl TO WORK WITH AID J 

Figure A.8. Computer screen showing the heuristic aid. 
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R-^ss 

Hov Much CONFIDENCE do you have in your 

Vour current confidence 

8/. 

' m m To Accept Confidence 

• 

Press 's' 

11:07:57 ftH 
1 

prediction? 

i 
i 

is 80/. 

1 

100/ 

To Center Cursor 

Figure A.9. Computer screen as subject enters confidence. 
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/***•***•*••**•••••***••• jH£ JUDGMENT PREDICTION SYSTEM •*•**•••*•*•••*••/ 

/* AUTHOR OF MAIN MODULE AND MODULE NAID.C : NIKUNJ P. DALAL •/ 
/* AUTHORS OF MODULE NWEIGHTS.C: DAVID P. HALE/HAROLD SIMMONS •/ 
/* COMPLETION DATE: 30TH JULY 1990 */ 
/* PURPOSE: THIS SYSTEM ALLOWS A RESEARCHER TO COLLECT DATA FOR A MCPL •/ 
/* STUDY ON A PREDICTION PROBLEM CONDUCTED IN A LABORATORY •/ 
/* ENVIRONMENT. THE OUTPUT FILE CAN BE INPUT TO ANY STATISTICAL •/ 
/* PACKAGE FOR DATA ANALYSIS. THE PROGRAM ACCEPTS INPUT DATA FOR •/ 
/• A PROBLEM FROM A FILE NAMED INP.DAT AND REQUIRES PARAMETER •/ 
/* DATA SUCH AS 1) TYPE OF AID 2) NO OF CUES (CURRENTLY ONLY 2 •/ 
/* OR 4), 3) PROBLEM NO, 4) NO. OF TRIALS FROM PARAM.DAT. •/ 
/* THE SYSTEM ALLOWS THE RESEARCHER TO CREATE TWO DIFFERENT •/ 
/* TYPES OF AIDS - ANALYTIC AND HEURISTIC SUPPORT AVAILABLE */ 
/* TO THE SUBJECT WHILE MAKING A PREDICTION. •/ 
/* THIS PROGRAM HAS THREE MODULES: NS.C, NWEIGHTS.C, AND NAID.C •/ 
/* THE LISTING OF ALL THE MODULES IS SHOWN BELOW. FOR A GOOD */ 
/* UNDERSTANDING OF HOW THE SYSTEM WORKS, RUN IT ! •/ 
/* LINKING THE PROGRAM REQUIRES WINDOWPRO ROUTINES. */ 

^include <stdio.h> 
Ifinclude "alloc.h" 
/^include "graphics.h" 
^include "t ime.h" 
^include "math.h" 
#include " s t d l i b . h " 
^include "ctype.h" 
iVinclude "pro.h" 
#include "xglobals.h" 
^include "colors .h" 
#include "xcodes.h" 
^include "video.h" 
iKinclude "keyboard.h" 
iKinclude <str ing.h> 
^include <conio.h> 
#include "vs.h" 
/ * The below defined items are problem specif ic * / 
^define MAX_TRIALS 20 
HWefine MAX_CHOICES 4 
#define MAXI_WINDOWS 5 

/ * # d e f i n e READ fscanf ( fp , "Xd Xd Xd Xd Xd Xd Xd", & i n p [ i ] . t v , & i n p [ i ] . x 1 , & i n p [ i ] . x 2 , 
& i n p [ i ] . a n a l a v , & inp[ i ] .heurav , & inp [ i ] .hgr lav , & i n p [ i ] . h g r 2 a v ) ; * / 
^define READB fscanf ( fp , " X d X d X d X d X d X d X d X d X d X d Xd", & i n p [ i ] . t v , & i n p [ i ] . x 1 , & i n p [ i ] . x 2 , 
& i n p [ i ] . a n a l a v , \ 
& inp[ i ] .heurav , &inp[ i ] .hgrlav, &inp[ i ] .hgr2av, & i n p [ i ] . x 3 , & inp[ i ] .xA, & i n p [ i ] . x 5 , & i n p [ i ] . x 6 ) ; 

#def ine PRINTDB1 vs_pr int f (handle[1] ,0 ,white , red,"TRIAL XI X2 TRUE PREDICTED CONFIDENCE 

ACCURACY \ n " ) ; 

#def ine PRINTDB2 vs_pr int f (handle[1] ,0 ,whi te , red,"NO. VALUE VALUE PERCENT 

SCORE \ n \ n " ) ; 
#def ine PRINTDB3 vs_pr int f (handle[1] ,0 ,whi te , red."X2d X6d X6d X6d X8lu X6.0f X 6 . 3 f \ n " , \ 
j + 1 , i n p [ i ] . x 1 , i n p [ i ] . x 2 , i n p [ i ] . t v , i n p [ i ] . p v , conf_perc, accuracy); 

#def ine PRINTDB1B vs_printf (h8ndle[1] ,O.White,red,"TRIAL XI X2 X3 X4 X5 X6 TRUE 
PREDICTED CONFIDENCE ACCURACY \ n " ) ; 

#def ine PRINTDB2B vs_pr in t f (hand le l l ] , 0 ,wh i te , red ,"NO. VALUE 
VALUE PERCENT SCORE \ n \ n " ) ; 
i d e f i n e PRINTDB3B vs_pr int f (handle[1 ] ,0 ,whi te , red ,"X2d X4d X5d X5d X5d X5d X5d X6d X8lu X6.0f 

j + i , i n p [ i ] . x 1 , i n p [ i ] . x 2 , i n p [ i ] . x 3 , i n p [ i ] . x 4 , i n p [ i ] . x 5 , i n p [ i ] . x 6 , i n p [ i ] . t v , i n p [ i ] . p v , conf_perc, 

#denne^UPFILE f p r i n t f ( f p o , "Xs Xd Xd Xd Xd Xd Xd Xd Xd Xd Xd Xlu Xd Xd X2.0f X2.3f X 2 . 3 f \ n " , \ 

Figure A.10. Listing of the computer program used for 
building the system. 
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id, prob_no, j + 1, i , inp[ i ] .x1, inpt i ] .x2, inp[i] .x3, inp[i ] .x4, inp[i] .x5, inp[i] .x6, inp[ i ] . tv , 
inp[i].pv, \ 
atime, ttime, conf_perc, conf_score, accuracy); 

#define PRINTT vs_printf(window_handle,0,white,red,\ 
" Trial nurrber = Xd\n\ 

SALES OF A RELATED PRODUCT (X1) = Xd\n\ 
ECONOMIC INDICATOR X (X2) = Xd\n", j+1, inp[i].x1,inp[i].x2); 

#define PRINTTB vs_printf(window_handle,0,white,red,\ 
" Trial number « Xd\n\ 
COST OF A RELATED PRODUCT (X1)=X5d SALES IN COUNTRY B (X4)=X5d\n\ 
ECONOMIC INDICATOR Y (X2)=X5d ECONOMIC INDICATOR 2 (X5)=X5d\n\ 
SALES IN COUNTRY A (X3)=X5d SALES IN COUNTRY C (X6)=X5d\n",\ 
j*1, inp[i] .x1, inp[i] .x4, inp[i] .x2, inp[i] .x5, inp[i] .x3, inp[i] .x6); 

#define AID aid(i,handle[3]); 

struct inp_rec { 
unsigned int tv; 
unsigned int x1; 
unsigned int x2; 
unsigned int x3; 
unsigned int x4; 
unsigned int x5; 
unsigned int x6; 
unsigned int analav; /* analytic aid value */ 
unsigned int heurav; /*heuristic aid value */ 
unsigned int hgrlav; /*heuristic aid groupl value (less accurate) */ 
unsigned int hgr2av; /'heuristic aid group2 value (more accurate) */ 
unsigned long int pv; /* predicted value */ 
>; 

char altdhit = 'n'; /* used in fns hotkey and showwdb to keep track of the cursor •/ 
/* The above defined items are problem-specific */ 

struct inp_rec inp[MAX_TRIALS]; 
unsigned int handleCMAXIWINDOWSl; /* global variable for storing pointers to */ 

/* the various windows opened in this program •/ 
char predicted = 'n'; 
int new[MAX_TRIALS]; /* array for storing the random nos generated by randpick */ 
FILE *fpo; /* pointer for the output file */ 
float conf_score=0; 
float conf_perc=0; 
float accuracy=0; 
int atime = 0; /* time spent with the aid •/ 
int ttime = 0; /* time on a trial •/ 

int probno, cues, trials; 
char aidtype; 
char id[10]; 
void main(void) 

int orig trial; /* orig_trial corresponds to the trial no on the input file */ 

int j; 
/* menu selections for the analytic aid •/ 
char 'amenulMAX CHOICES] = {"Suggest a prediction based on my equation", 
"Show you my equation", "Enter your weights and I'll compute your prediction", 
"Return to the working area"}; 
/* menu selections for the heuristic aid •/ 
char •hmenu[MAX_CHOICES]={"Suggest my prediction", 
"Show you some other predictions", 
"Provide my high-low feedback on your initial prediction", 
"Return to the working area"}; 
clock t start, end; 

Figure A.10. Continued 
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rd_param(); /* read the initial parameters from a file param.dat */ 
initO; /• initialize the structure */ 
loadfileO; /* load the file into the structure */ 
wn_init(); /* initialize window pro */ 
method = DMA; 
s c r o l l b a r s o n « NO_BARS; 
ac t i ve_a t t r = white • (black « 4 ) ; 
inact ive_Bttr « white • (black « 4 ) ; 
c l r s c r O ; 
enter_id(); /• show initial screen and accept id no*/ 
clrscrO; 
randpickO; /* randomly generate the trial ntnbers */ 
if (aidtype == 'n' j[ aidtype == 'N') 

handle[1] = wn_createw(25,100,1,20,1,1,6,80,FALSE,HEAD ON,"DATABASE AREA","HOT KEYS: ALT-D 
TO SCROLL DATABASE; ALT-P TO PREDICT"); 
else 

handled] = wn_cre8tew(25,100,1,20,1,1,6,80,FALSE,HEAD_ON,"DATABASE AREA","HOT KEYS: ALT-D 
TO SCROLL DATABASE; ALT-P TO PREDICT; Fl TO WORK WITH AID"); 
if (aidtype == 'n' jj aidtype == 'N') 

handle[2] = wn_createw(25,80,1,8,1,1,8,80,FALSE,HEAD_ON,"WORK AREA","Press ALT-0 to scroll 
the database"}; 
else 

handle[2] = wn_createw(25,80,1,8,1,1,8,80,FALSE,HEAD ON,"WORK AREA","Press F1 to work with 
the aid"); 

/* set up the menu for the aid */ 

if (aidtype == 'a') 
{ 
handle[3] = makemenu(amenu, MAX_CHOICES, "Hi ! I am Logico, your computer partner. I can:","P.S. I 
may not be always right but I'll try to do my best. \021—' to confirm choice"); 
> 
if (aidtype == 'h') 
{ 
handle[3] = makemenu(hmenu, MAX_CHOICES, "Hi I I am Heuristo, your computer partner. I can:","P.S. I 
may not be always right but I'll try to do my best. \021—' to confirm choice"); 
> 

/* open output file for subsequent writing by the function upfile */ 

if ((fpo = fopen("out.dat", "a+t")) == NULL) 
t 
printf("Cannot open file - b:out.dat\n"); 
exit (2); 
> 

for (j=0 ; j<trials; j++) 
{ 
atime = 0; 
orig_trial = newCj]-1; /* subtracting 1 because of randpick */ 
clrscrO; 
start = clockO; /* start measuring time spent on a trial */ 
showtask(orig_trial,j); /* show the task area of the screen */ 
/* show the initial database area */ 

if (j==0) { 
vs_printf(handled] ,0, white,red,"No past history is available \n"); 
wn openw(handled]); 
> " 

showwork(orig trial); /* show the working area of the screen and allow collaboration */ 
white (inp[orTg_trial].pv == 0) 

{ 
warningO; 
showwork(orig_trial); 

showdb(orig trial,j); /* update the data base area of the screen */ 
showpred(orTg_trial); /* show the results of the trial •/ 

Figure A.10 Continued 
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end = clockO; /* measure end of the trial •/ 
ttime = (int)((end-start)/CLK_TCK); 
upfile(orig_trial,j); /* update the file with all the results */ 

/* wn_restorescr()*/ /* restore the background screen */ 
wn_delw(handle[0]); 
predicted » 'n'; 
> 
v_gotoxy(oldx,oldy); /* restore the cursor position */ 
v_curshape(oldb, olde); /* restore the cursor shape */ 
wn_delw(handle[1]); 
wn_deIw(handIe[2]); 

/* wn_delw(handle[3]); */ /• I don;t know why this blows up */ 
clrscrO; 
if (fclose(fpo)) printf("Output file close error\n"); 

> 
/**•*****•*•***••*••••********•*****•*•***»*******•*****•••****»**»••*•*•***/ 

initO /• This function initializes the contents of the structure inp •/ 
{ 
register int t; 

for (t=0; t<trials; t++} inp[t].x1 = 0; 

loadfileO 
{ 
FILE *fp; 
extern struct inp_rec inp[MAX_TRIALS]; 
register int i; 

/* Now, we load the records onto the structure */ 
/* Ioad i nput file */ 

if (prob_no = = 0 ) 
{ 
if ((fp = fopen("problem0.dat", "r")) == NULL) 

i 
printf("Cannot open file - b:problem0.dat\n"); 
exit (1); 
} 

) 

if (prob_no == 1) 
{ 
if ((fp = fopen("problem1.dat", "r")) == NULL) 

{ 
printf("Cannot open file - b:problem1.dat\n"); 
exit (1); 
> 

> 

if (prob_no == 2) 

if ((fp = fopen("problem2.dat", "r")) == NULL) 

printf("Cannot open file - b:problem2.dat\n"); 
exit (1); 
) 

> 

for (i=0; i<tri8ls; i*+) 
READB 

if (fclose(fp)) printf("Input file close error\n"); 

> 

Figure A.10. Continued 
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/;;""""*"*" **.....«*.*..«.. .,.,.„ „^ 
/* This function generates unique integer pseudo random nos */ 
/* between 1 and no. of trials desired; the random nos are stored in an */ 
/* array called newU */ 
randpickO 
t 
int j=0, k=0; 
extern int newCMAX_TRIALS]; 
char dup_flag= 'n'; 
clock_t start; 
int changing = 3257; 

for (j=0; j<trials; J++) 
i 
changing = changing - 10*j; 
start =clockO • time(NULL) + changing; 
k = 0; 
s r a n d ( s t a r t ) ; 
/ * r a n d o m i z e O ; * / 
new[j] = random(t r ia ls ) ; 
i f (new[j] == 0) new[j]++; / * We w i l l not allow a zero value because * / 

/ * the range of random nos is from 1 to t r i a l s * / 
dup: dup_flag = ' n ' ; 

for (k = 0; k < j ; k*+) 
{ 

i f (new[j] == new[k]) 
{ 
n e w l j ] * * ; 
if (new[j] > trials) new[j] = 1; /*reset to one if too high •/ 
dup_flag = 'y'; 
break; 
} 

} 
if (dup_flag == 'y') goto dup; 
/*printf("Xd Xd\n",j, new[j]);*/ 

} 

> 

showtask(i,j) 
int i,j; 
{ 
extern struct inp_rec inp[MAX_TRIALS]; 
extern unsigned int handle[MAXI_WINDOWS]; 
unsigned int window_handle; 

wn_hidecurO; 
scroll_bars_on = NO_BARS; 
windowhandTe = wn_createw(25,80,1,1,1,1,5,80,FALSE,HEAD_ON,"TASK AREA",MULL); 
handlelO] = window handle; 
if (prob_no <= 1) PRINTT 
else PRINTTB 
wn_namet(wir>dow_handle, 0, "Look here for messages"); 
wn_openw(wi ndow_handt e); 

) 

showdb(i,j} 
int i; /*original trial nuiber as loaded starting from 0*/ 
int j; /* trial nunber for this session starting 0*/ 
{ 
extern struct inp_rec inp[MAX_TRIALS]; 
extern unsigned int handle[MAXI_WINDOWS]; 
unsigned int window_handle; 
static int oldx=1, oldy=4; 

Figure A.10. Continued 



139 

wn_showcurO; 
scroll_bars_on = BOTH_BARS; 
wn_suspendw(handled]); 
i f (j==0) { 

vs_locatecur(handled], 0, 1, 1); 

vs_clrvs(handle[1],0,white, blue); 
if (prob_no <= 1) 
{ 
PRINTDB1 /* prints the heading for the data base area •/ 
PRINTDB2 
} 
else 
{ 
PRINTDB1B 
PRINTDB2B 
> 

> 
if (altdhit == 'y') { 

altdhit = 'n'; 
} 

vs_locatecur(handle[1], 0, 1, oldy++); 
if (prob no <= 1) 
PRINTDB3~ 
else PRINTDB3B 

/*conf_perc = 0; 
conf_score = 0; accuracy = 0;*/ 

/•print all the trial details including the true and predicted values */ 
wn_openw(handle[1]); 

) 

showwork(i) 
int i; 
i 
/* 
This routine opens a window for the workarea. The user can choose 
to obtain aid from the computer and then enter his prediction 
*/ 
extern struct inp_rec inp[MAX_TRIALS]; 
extern unsigned int handle[MAXI_WINDOWS]; 
unsigned int window_handle, ahandle, bhandle; 
char *pred, *end; 
unsigned long intjsred; 

wn_showcur(); 
wn_togscroll(handle[2], 0, NO_BARS); 
vs_locatecur(handleC2], 0, 1, 1); 
i f (aidtype == ' n ' | | aidtype == 'N' ) 
vs j5 r in t f (hand le [2 ] ,0 , whi te,b lue," \n Press ALT-P to enter your p red ic t ion" ) ; 
else 
vs_printf(handle[2),0, white,blue,"\n To work with the aid, press Fl now\n or ALT-P to 

enter your prediction"); ^ 
wn_showcur(); 
wn_openw(handle[2]); 

hotkey(i); 

vs_clrvs(handle[2],0,white, blue); 
wn~hidecurO; 

/••**•**••*•*•**•*•*•••*•*********•*************************************•***/ 

upfile(i,j) 
int i,j; 
{ 
UPFILE 
) 

Figure A.10. Continued 
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actscr(handle) 
unsigned int handle; 

int key = 0, x, y; 
unsigned int chandIe; 

wn_suspendw(handIe); 
wn_togscrolI(handle, 0, BOTH_BARS); 
Hn_togthiiTb(handle, 0, BOTH_BARS); 
Mn_namet(handle, 0, "Press arrow keys to scroll this area; Press ENTER to continue"); 
wn_openw(handIe); 
vs_locatecur(handle,0,1,1); 
Hn_showcur(); 
/* stay in command loop until ENTER is pressed */ 
while (key 1= XENTER) t 

/* get the keypress */ 
key = kb_getxcO; 

/* set scroll indicators to 0 */ 
X = y = 0; 

/* interpret each keypress into scrolling values */ 
switch (key) { 

case XUP : y = -1; 
break; 

case XDOWN : y = 1; 
break; 

case XLEFT : x = -1; 
break; 

case XRIGHT: x = 1; 
break; 

case XHOME : wn_locatevs(handle, 0, 1, 1); 
break; 

case XEND : wn_locatevs(handle, 0, 100, 100); 
break; 

default : 
if (key == XENTER) goto end; 

chandle = wn_createw(25,80,5,18,1,1,2,50,FALSE,HEAD_ON,NULL,NULL); 
wn_t^gscroll(chandle, 0, NO_BARS); 
vsj)rintf(chandle,0,white,blue,"Press ENTER to exit from scrolling 

. " ) ; 
wn openw(chandle); 
delay(300); 
wn delw(chandle); 

/* scroll the virtual screen */ 
wn_scrollvs(handle, 0, x, y); 
wn sync_tw_to_vs(handle, 0); 

ends . . . . 
wn locatevs(handle, 0, 1, D ; /* return to original position */ 
if"(aidtype == 'n' || aidtype == 'N') 

wnlnamet(handle,0,"HOT KEYS: ALT-D TO SCROLL DATABASE; ALT-P TO PREDICT"); 

* ** wn namet(handle,0,"HOT KEYS: ALT-D TO SCROLL DATABASE; ALT-P TO PREDICT; Fl TO WORK WITH 

AID"); 

/* This function gets any keystroke from the user and interprets it •/ 

Figure A.10. Continued 
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hotkey(i) 
int i; 
< 
int event = 0; 
unsigned int chandle; 
clock_t start,end; 
int diff; 

/* Get key from buffer •/ 

event = kb_getxcO; 
if (event == XENTER) return; 

/* stay in command loop until ENTER is pressed •/ 
while (event 1= XENTER) i 

aid\n"); 

• ' I 

if (event »= XENTER) return; 
/* interpret each keypress into suitable actions */ 
switch (event) i 

case XF1: 
if (aidtype == 'n' jj aidtype == 'N') 
{ 
vs j3r in t f (hand le [2 ] ,0 , white,blue,"\nSorry, you do not have access to any 

break; 
> 
start = clockO; 

AID 
end = clockO; 
diff = (int)((end-start)/CLK_TCK); 
atime = diff + atime; /* accumulate the time with aid */ 

break; 
case XALTD: 

altdhit = 'y'; 
wn_actw(handle[1]); 

vs_locatecur(handle[1],0,1,1); 
actscr(handle[1]); 

break; 
case XALTP: wn_actw(handle[2]); 

vs_locatecur(handle[2],0,1,1); 
wn_savescr(); 
predict(i); 
wn_restorescr(); 
if~(aidtype == 'n' ]] aidtype == 'N') 
wn_namet(handle[2], 0, "Press ALT-D to scroll database"); 
else 
wn_namet(handle[2], 0, "Press Fl to work with aid"); 
reTurn; 
/•break;*/ 

case XCTRLEND: clrscrO; 
printfC'You have hit ctrl-end\nReturning you to DOS . . 

delay(500}; 
exit(O); 

default: 
chandle = wn_createw(25,80,5,12,1,1,8,45,FALSE,HEAD_ON,"THE KEY YOU JUST HIT DID 

NOT 00 ANYTHING",NULL); 
wn togscrolUchandle, 0, NO_BARS); 
wn~hidecur(); 
keyflushO; 
vs_printf(chandle,0,white,blue,"\nPRESS: \nF1 TO WORK WITH AID \nALT-0 TO SCROLL 

DATABASE\nALT-P TO ENTER PREDICTION\nRETURN TO CONTINUE\n"); 
wn namet(chandle, 0, "Press any of the above keys now ! ! " ) ; 
wn_openw(chand Ie); 

Figure A.10. Continued 
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delay(O); 
delay(IOOO); 
wn_deIw(chandIe); 
wn showcurO; 

} 
chandle = wn_createw(25,80,5,12,1,1,2,34,FALSE,HEA0_ON,MULL,NULL); 

wn_togscroll(chandle, 0, NO_BARS); 
wn_showcur(); 
vs_printf(chandle,0,white,blue,"Press the hot key of your choice \n or return to 

cont i nue"); 
Hn_openw(chandIe); 
event=kb_getxcO; 
wn delw(chandle); 

> 
> 
/*$$$$$$$s$s$s$$sM$$$$$»$$s$$$$sssssss$$sss$sssss$$$$sss$ssss$$$s$snsssss*/ 
/* This function obtains the prediction, validates it, gives the user an */ 
/* ojDportunity to change it and finally updates the global variable int[i].pv */ 

predict(i) 
i nt i; 
{ 
extern struct inp_rec inp[MAX_TRIALS]; 
extern unsigned int handle[MAXI_WINDOWS]; 
unsigned int window_handle, ahandle, bhandle; 
char *pred, *end; 
unsigned long int_pred=0; 
char resF)onse='y'; 
int diff = 0; 

more */ 
if (chkpred()== 0) return; /* if the user has already entered final prediction, no 

pred = (char *)malloc(30); 
window_handle = handle[2]; 
vs_cIrvs(window_handle,0,blue,white); 
wn_namet(window_handle, 0, "Hot keys cannot be used now"); 
vsj3rintf(window_handle,0, white,blue,"\nEnter your final prediction here: " ) ; 
wn_showcurO; 
gels(pred); 
int_pred = strtouKpred, Send, 10); /* converts string to integer */ 

redo: while (intpred == 0) { 
ahandle = wn_createw(25,80,5,12,1,1,8,40,FALSE,HEAD_0N,"INTEGER NEEDED","Press Fl 

to work with the aid"); 
wn_togscrolI(ahandle, 0, NO_BARS); 
wn_hidecurO; 
vs_printf(ahandle,0,white,blue,"\nYou must enter a non-zero integer only\nPlease 

reenter"); 
wn_openw(ah andIe); 
delay(400); 
wn_deIw(ahandle); 
vs cIrvs(window_handle,0,blue,white); 
vs~locatecur(window_handle,0,1,1); 
vs~printf(window_handle,0, white,blue,"\nReenter your final prediction here: " ) ; 
wn_showcur(); 
gets(pred); 

.. vs gets(window_handle, 0, FALSE, pred, blue,10, white);*/ 

inT_pred = strtouKpred, &end, 10); /* converts string to integer •/ 

> 

bhandle = wn cre8tew(25,80,5,12,1,1,8,45,FALSE,HEAD_ON,"CHANGING PREDICTIONS","ENTER Y OR 

M " ) ; 
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if ((response == 'n'} jj (response == 'N')) 

if (int_pred > 99999) 
i 
int_pred = 99999; 
vs_printf(bhandle,0,white,red,"\nYour prediction is too high \nMaking it 99999 " ) ; 
> 
vs_printf(bhandle,0,white,red,"\nYour prediction is Xlu\n\n",intjsred); 
vsj3rintf(bhandle,0,white,red,"DO YOU WANT TO CHANGE YOUR PREDICTION 7 Y/M\n"); 
wn_togscroll(bhandle, 0, NO_BARS); 
wn_openw(bhandIe); 
vs_printf(bhandle,0,white,red,"\nXc",response = getchO); 
wn delw(bhandle); 

~ • I 
I 

i 
predicted = 'y'; /* update the predicted flag */ 
> 
else 
i 

vs_clrvs(window_handle,0,blue,white); 
vs_locatecur(window_handle,0,1,1); 
vs_printf(window_handle,0, white,blue,"\nReenter your final prediction here: " ) ; 
wn_showcur(); 
gets(pred); 

/* vs_gets(window_handle, 0, FALSE, pred, blue,10, white);*/ 
int_pred = strtouKpred, Send, 10); /* converts string to integer */ 

goto redo; 
} 

vs_clrvs(window_handle,0,white, b lue); 
i n p [ i ] . p v = in t ja red ; / * updating the global variable for the f i na l pred ic t ion* / 

/ * calculat ing the accuracy variable for use in the confO function * / 
d i f f = abs( inp[ i ] .pv - i n p [ i ] . t v ) ; 
accuracy = 1 - ( f l o a t ) d i f f / ( f l o a t ) i n p [ i ] . t v ; 
i f ((accuracy < 0) j j (accuracy > 1)) accuracy=0; 

keyf lushO; 
con fO; 
/*wn h idecurO; * / 
y 

I* This function displays the results of the trial */ 
showpred(i) 
i nt i; 

unsigned int dhandle; 
static int tno = 1; 

dhandle = wn_createw(25,80,8,2,1,1,5,55,FALSE,HEAD_ON,"RESULTS OF THIS TRIAL",NULL); 
vs_printf(dhandle,0,white,red, "The true value for trial Xd is: Xd\n", tno, inp[i].tv); 
vs printf(dhandle,0,white,blue,"Your final prediction for trial vs_printf(dhandle,0,white,blue,"Your final prediction for trial Xd was: Xlu\n",tno, inp[i].pv); 
vsDrintf(dhandle,0,white,blue,"Your confidence score for trial Xd is: X2.3f\n",tno,conf_score 
vs_printf(dhandle!o,white,blue,"Your accuracy score for trial Xd is: X2.3f\n",tno,accuracy); 

wn togscrolI(dhandle, 0, NO_BARS); 
wn'namet(dhandle, 0, "Enter for next trial, ALT-D to scroll database area"); 
wn_hidecurO; 
wn_openw(dhandle); 
tno+*; 
hotkey(i); 
wn_delw(dhandle); 

/• This function issues a warning if the prediction is zero */ 

warning() 

unsigned int chandle; 
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chandle = wn_createw(25,80,5,12,1,1,2,40,FALSE,HEAD_ON,NULL,NULL); 
wn_togscrolI(chandle, 0, NO_BARS); 
wn_showcur(); 
keyflushO; 
vs_printf(chandle,0,white,blue,"Please predict something 111 \n Returning you for prediction 

" ) ; 
wn_openw (c h and I e ); 
soundd); 
delay(IOOO); 
nosoundO; 
wn delw(chandle); 
} " 

/* This function checks if the user has already entered prediction, then he cannot change it */ 
chkpredO 
{ 
int zero = 0; 
int one = 1; 
unsigned int ahandle; 

if (predicted == 'y') { 
ahandle = wn_createw(25,80,5,10,1,1,A,40,FALSE,HEAD_ON,"NO CHANGE PLEASE","Press Fl 

to work with the aid"); 
wn_togscroll(ahandle, 0, NO_BARS); 
wn_hidecur(); 
vsj3rintf(ahandle, 0, white, red, "\n SORRY, YOU CANNOT CHANGE THE \nPREDICTION FOR 

THIS TRIAL NOW\n"); 
wn_nannet(ahandle, 0, "Press any key to continue"}; 
wn_openw(ahandIe); 
getchO; 
wn_deIw(ahandIe); 
return zero; 
> 

else ( 
return one; 

> 

confO 
i 

void weight_answers{int answerH, int point_results[] ,int ); 
int answer[3]; 
in t po in t_resu l ts [3 ] ; 
in t best_length; 

answer [0]=0; 
answer[2]=0; 
answer[1]=100; 
best_length=40; 
clrscrO; 
init_screen(); 
weight_answers(answer, point_results,best_length); 

restorecrtmodeO; 

) 

/* Name: in\t_screen ^/ 
/• Parameters: none ^ / 
/* Return Value: none / 
/* Called By: weight_answers */ 
/* Purpose: Initializes the graphics screen and displays •/ 
/• any error messages. */ 
'*»..*.**••**.*.**•*•*****•*******************•**********•/ 
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inil 
i 

t_screen() 

int 8_driver; 
int g_mode; 
int g_error; 

detectgraph(&g_driver, &g_mode); 
i f (g_driver < 0) 
i 

printf("No graphics card installed\n"); 
exitd); 

> 
ini tgraph(&g_driver, &g_mode, " " ) ; 
g_error = g r a p h r e s u l t O ; 
i f (g_error < 0) 

p r i n t f ( " i n i t g r a p h er ror : X s . \ n " , grapherronnsg(g_error)); 
e x i t ( O ) ; 

> 
> 
/*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$•/ 

/*$$$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$$SS$$$SS$$S$$$$$$$S$$$$$$$$$$$$$$$$$SSSS$*/ 
keyflushO 
{ 
while (kbhitO) 
getchO; 
> 
/*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*/ 
rd_param() 
< 
FILE *fpp; /* parameters file */ 

if ((fpp = fopen("param.dat", "r")) == NULL) 
i 
printf("Cannot open file - b:param.dat\n"); 
exit (1); 
> 

fscanf(fpp, "Xc Xd Xd Xd", iaidtype, &prob_no, &cues, itrials); 
if (fclose(fpp)) printf("parameters file close error\n"); 

) 
/* This function shows the initial screen and then accepts user no as input */ 
enter_idO 
{ 
unsigned int ahandle, bhandle; 
char ch; 
ahandle = wn_createw(25,80,1,1,1,1,25,80,FALSE,HEAD_ON,NULL,"DO NOT PROCEED FURTHER UNLESS 

DIRECTED"); 
wn togscrolI(ahandle, 0, NO_BARS); 
vs"putscenter(ahandle,0,"WELCOME TO THIS PREDICTION SESSION",white,blue,6); 
vsIputscenter(ahandle,0,"(C) Copyright 1990 by Nikunj P. Dalai",white,blue,7); * 
wn_hidecur(); 
wn_openw(ahandIe); 
delay(3000); 
vs DUtscenter(ahandle,0,"READ THE WRITTEN INSTRUCTIONS NOW",red,blue,10); 
vs putscenter(ahandle,0,"IF YOU HAVE ANY QUESTIONS AT ANY TIME DURING THIS SESSION",red,blue,12); 
vsIputscenter(ahandle,0,"ASK THE SESSION ADMINISTRATOR",red,blue,13); 
/*^s_putscenter(ahandle,0,"Await directions before proceeding further",white,blue,18);*/ 
/*getcharO;*/ 

repeat: 
bhandle = wn_createw(25,80,20,16,1,1,5,40,FALSE,HEAD_ON,"ENTER ID", "Adjust your monitor for 
contrast now"); 
wn t o g s c r o l K b h a n d l e , 0, NO BARS); 
vsj)r intf(bhandle,O.White,blue,"PLEASE ENTER THE IDENTIFICATIONW); 
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vs_pr int f (bhandle,0,whi te,blue,"NUMBER GIVEN TO YOU:"); 
wn_openw(bhandIe); 
wn_showcur(); 
vs~gets(bhandle, 0, FALSE, id, blue,10, white); 
/*gets(id);*/ 
vs_printf(bharKlle,0,white,red,"Your ID no is: Xs 7 (Y/N)\n", id); 
ch=getch(); 
if (K(ch == 'y')j j(ch=='Y'))) 
{ 
vs_clrvs(bhandle,0,white, blue); 
goto repeat; 
> 
wn_delw(ahandle); 
wn_deIw(bhandle); 
) 

/* THIS IS THE SECOND MODULE OF THE PROGRAM CALLED NAID.C */ 

/* This function invokes the aid on pressing the Fl hot key */ 
/* Be sure to check the aid equation */ 
^include <stdio.h> 
#include "pro.h" 
#include "xglobals.h" 
^include "colors.h" 
#include "xcodes.h" 
#include "video.h" 
#include "keytward.h" 
Ufinclude <string.h> 
#include <conio.h> 
#include "vs .h" 

#define MAX_CHOICES 4 
^define MAX_TRIALS 20 
^define HIGHPERC 1.2 
#define LOWPERC 0.8 

struct inp_rec { 
unsigned int tv; 
unsigned int x1; 
unsigned int x2; 
unsigned int x3; 
unsigned int x4; 
unsigned int x5; 
unsigned int x6; 
unsigned int analav; /* analytic aid value */ 
unsigned int heurav; /*heuristic aid value */ 
unsigned int hgrlav; /*heuristic aid groupl value (less accurate) */ 
unsigned int hgr2av; /*heuristic aid group2 value (more accurate) */ 
unsigned long int pv; /* predicted value */ 

>; 

extern struct inp_rec inp[MAX_TRIALS]; 
extern int prob_no, cues, trials; 
extern char aidtype; 

aid(i, window_handle) 
int i; 
unsigned int window_handle; 

int count, a, b, c, d, ox, oy; 
unsigned int handle; 

/* Setting various global parameters */ 
active attr = lightgray • (black << 4); 
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inactive_attr = lightgray ••• (black << 4); 
active_tile_attr = lightgreen • (black << 4); 
inactive_tile_attr = white + (black << 4); 
scroll_bars_on = NO_BARS; 
thLiib«heels_on = NO BARS; 
method = DMA; 
snowfree » FALSE; 

/* turn off the cursor */ 
wn_hidecur(); 

panel1(i,window_handle); 

/* restore the cursor position */ 
v_gotoxy(oldx,oldy); 

/• restore the cursor shape */ 
v_curshape(oldb, olde); 
wn_showcur(); 

> 
panelK i,handle) 
int i; 
unsigned int handle; 
i 

int aa, choice, high, low, initpred; 
int wtx1, wtx2, wtx3, wtx4, wtx5, wtx6, comppred; 
char ch, *str; 
unsigned int ahandle; 
/* set the attributes */ 
aa = active_attr; 
active_attr = white + (blue << 4); 
active_tile_attr = yellow + (blue « 4); 

str = (char *)malloc(15); 

while (choice != 4) { 
/* display the menu */ 
choice = runmenu(handle, 1, 15, 8); 

/********************** analytic aid ***********************••**••*•**•/ 

if (aidtype == 'a') { 

/* perform according to choice */ 
switch(choice) { 

case 1 : 
/* displaying the aid's prediction */ 

ahandle = wn_createw(25,80,5,9,1,1,2,70,FALSE,HEAD_ON,"MY PREDICTION","Press any 

key to continue"); 
wn_togscrolKahandle, 0, NO_BARS); 
wn showcurO; 
vs2printf(ahandle,0,white,green,"My prediction for this trial is Xd", 

inplil.analav); 
wn_openw(ah and Ie); 
getchO; 
wn_deIw(ahandle); 
break; 
case 2 : 

/* displaying the aid's model */ 
ahandle = wn_createw(25,80,5,9,1,1,3,70,FALSE,HEAD_ON,"MY EQUATION","Press any key 

to continue"); 
wn_togscroll(ahandle, 0, NO_BARS); 
wn_showcur(}; 
vs3>rintf(ahandle,0,white,green,"My prediction equation remains the same for this 

problem as shown below:\n"); 
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if (prob_no == 0) vs_printf(ahandle,0,white,red,"SALES = 12 XI • 8 X2 • prediction error\n"); 
if (prob_no == 1) vs_printf(ahandle,0,white,red,"SALES = 21 XI - 6 X2 + prediction error\n P.S. 
ought to warn you that sometimes my prediction error is high"); 
if (prob_no == 2) vs_printf(ahandle,0,white,red,"SALES = 3 XI • X2 + X3 + 2 X4 + 7 X5 • X6 + 
prediction error\n\ 
P.S. I ought to warn you that sometimes my prediction error is high"); 

wn_openw(ahandIe); 
getchO; 
un_deIw(ahandle); 
break; 

case 3 : 
/* letting the user assign weights */ 
if (prob no <= 1) 

i 
ahandle = wn_createw{25,80,5,6,1,1,8,50,FALSE,HEAD_ON,"YOU DECIDE, I 

COMPUTE","Press 'y' to redo, any other key to my menu"); 
wn_togscroll(ahandle, 0, NO_BARS); 
wn_showcur(); 
wn_openw(ahandle); 

redo: vs_cIrvs(ahandle, 0, white, green); 
vs locatecur(ahandle,0,1,1); 
wtxl = 0; wtx2 =0; 
vsj3rintf(ahandle,0,white,green,"Assign your weight for Xl\n"); 
scanf("Xd",&wtx1); 
vs_printf(ahandle,0,white,red,"Xd\n",wtxl); 
vs_printf(ahandle,0,white,green,"Assign your weight for X2\n"); 
scanf("Xd",&wtx2); 
vs_pr i nt f(ahand Ie,0,wh i te,red,"Xd\n",wtx2); 
comppred = wtx1*inp[i].x1 • wtx2*inp[i].x2; 
vs_printf(ahandle,0,white,red,"Predicted Sales are Xd\n",comppred); 
if ((ch=getch()) == 'y') goto redo; 
wn_deIw(ahandle); 
break; 

else 

ahandle = wn_createw(25,80,5,6,1,1,14,50,FALSE,HEAD_ON,"YOU DECIDE, I 
COMPUTE","Press 'y' to redo, any other key to my menu"); 

wn_togscrolI(ahandle, 0, NO_BARS); 
wn_showcur(); 
wn_openw(ah andIe); 

redob: vs_clrvs(ahandle, 0, white, green); 
vs_locatecur(ahandle,0,1,1); 
wtxl = 0; wtx2 = 0; wtx3 =0; wtx4 =0; 
vs_printf(ahandle,0,white,green,"Assign your weight for X1\n"); 

scanf("Xd",&wtx1); 
vsprintf(ahandle,0,white,red,"Xd\n",wtxl); 
vs_printf(ahandle,0,white,green,"Assign your weight for X2\n"); 
scanf("Xd",&wtx2); 
vs_printf(ahandle,0,white,red,"Xd\n",wtx2); 
vs_printf(ahandle,0,white,green,"Assign your 
scanf("Xd",&wtx3); 
vs_printf(ahandle,0,white,red,"Xd\n»,wtx3); 
vs_printf(ahandle,0,white,green,"Assign your 
scanf("Xd",&wtx4); 
vs_printf(ahandle,0,white,red,"Xd\n",wtx4); 
vs_printf(ahandle,0,white,green,"Assign your weight for X5\n"); 
scanf("Xd",&wtx5); 
vs_printf(ahandle,0,white,red,"Xd\n",wtx5); 
vs_printf(ahandle,0,white,green,"Assign your weight for X6\n"); 
scanf("Xd",&wtx6); 
vs jsrintf(ahandle,0,white,red,"Xd\n",wtx6); 
con ĵpred = wtx1*inp[i] .x1 + wtx2*inp[i] .x2+wtx3*inp[i] .x3 • wtx4*inp[i] .x4 • 

wtx5*inp[i] .x5 • wtx6*inp[i] .x6; 

weight for X3\n"); 

weight for X4\n"); 
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vs_printf(ahandle,0,white,red,"Predicted Sales are Xd\n",comppred); 
if ((ch=getch()) == 'y') goto redob; 
wn_deIw(ah andIe); 
break; 

case 4 : 
ahandle = wn_createw(25,80,5,6,1,1,2,50,FALSE,HEAD ON,"BYE",NULL); 
wn_togscrolKahandle, 0, NOBARS); 
wn_showcur(); 
vs_printf(ahandle,0,white,green,"Returning you to the task \n"); 
wn openw(ahandle); 
delay(300); 
wn_delw(ahandle);*/ 
break; 
> 

^****«***««********«««« heuristic aid *•••*•*•********•••**••******•*•••/ 

if (aidtype == 'h') { 

/* perform according to choice */ 
switch(choice) i 

case 1 : 
/* displaying the aid's prediction */ 

ahandle = wn_createw(25,80,5,9,1,1,4,75,FALSE,HEAD_0N,"MY PREDICTION","Press any 
key to continue"); 

wn_togscrolI(ahandle, 0, NO_BARS); 
vs_printf(ahandle,0,white,green,"My prediction for this trial is Xd.\n \ 

I have formed this prediction based on the judgments of two different groups \n\ 
of people facing a similar situation.", inpli].heurav); 

wn_openw(ahandle); 
getchO; 
wn_deIw(ahandle); 
break; 
case 2 : 

/* displaying the aid's referents */ 
ahandle = wn_createw(25,80,5,9,1,1,4,50,FALSE,HEAD_ON,"MY SOURCES","Press any key 

to continue"); 
wn_togscrolKahandle, 0, NO_BARS); 
vsj3rintf(ahandle,0,white,green,"My prediction is based on the judgments \nof two 

groups of people.\n"}; 
vs_printf(ahandle,0,white,red,"The first group says: Xd\n",inp[i].hgrlav); 
vs_printf(ahandle,0,white,red,"The second group says: %d\n",inpli].hgrZav); 
wn_openw(ahandle); 
getchO; 
wn_delw(ahandle); 
break; 
case 3 : 

/* giving a high - low feedback */ 
ahandle = wn_createw(25,80,5,9,1.1,6,75,FALSE,HEAO_ON,"HIGH-LOW FEEDBACK","Press 

'y' to redo, any other key to my menu"); ^ 
wn_togscroll(ahandle, 0, NO_BARS); 
wn_showcur(); 
wn_openw(ahandIe); 

redo2: vs_clrvs(ahandle, 0, white, green); 
vs_locatecur(ahandle,0,1,1); 
initpred = 0; 
vs_printf(ahandle,0,white,green,"Give me an initial prediction\n"); 
scanf("Xd",&initpred); 
vs_printf(ahandle,0,white,red,"\nYour initial prediction is Xd\n\ 

Checking to see whether it is within about 20 percent\n\ 
of my prediction ...\n",initpred); 

high = (int)(HIGHPERC*inp[i].heurav); 
low = (int)(LOWPERC*inp[i].heurav); 
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if (initpred < low) 
vs_printf(ahandle,0,white,green,"Your prediction may be lower than the true 

value.\n"); 
else 
if (initpred > high) 

vs_printf(ahandle,0,white,green,"Your prediction nay be higher than the 
true value.\n"); 

else 
vs_printf(ahandle,0,white,green,"Your prediction seems to be within the 

right range.\n"); 

if ((ch=getchO) == 'y') goto redo2; 
wn_deIw(ahandIe); 
break; 

case 4 : 
/• ahandle = Hn_createw(25,80,5,6,1,1,2,50,FALSE,HEAD_ON,"BYE",NULL); 

wn_togscrolI(ahandle, 0, NO_BARS); 
wn_showcur(); 
vs_printf(ahandle,0,white,green,"Returning you to the task \n"); 
wn_openw(ahandIe); 
delay(300); 
wn_deIw(ahandle);*/ 
break; 
> 

/* restore active attribute to original value */ 
active_attr = aa; 
return; 

> 

#define LOCATE 1 

int rurflienu(handle, default_choice, x1, y1) 
unsigned int handle; 
unsigned int default_choice; 
int x1, y1; 

int curr_choice, cb, ce, button_event, new_location, event, co, timeout; 
unsigned int x, y, mx, my; 
unsigned char tile_handle; 

/* position and open the menu on the screen */ 
wn_locatew(handle, x1, y1); 
wn_openw(handIe); 

/* highlight default choice */ 
curr_choice = default_choice; 

/* initialize event */ 
event = 0; 

/* change the cursor size */ 
cb = cursor_b; 
ce = cursor_e; 
CO = cursor_on; 
cursor_b = 0; 
cursor e = 15; 
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/* display the cursor */ 
wn_showcur(); 

/* set tile handle to center tile */ 
tile_handle = WDW->tiles[WDW->first_tile]->forward; 

/* set the center tile as the active tile */ 
wn_actt(handle, tile_handle); 

/* forces highlighting of default choice */ 
TILE->cursor_y * 0; 
timeout « 10; 

/* conmand loop */ 
while (event != XENTER) t 

/* reset the event */ 
event = 0; 

/* reset new_location */ 
new_location = curr_choice; 

/* put the cursor on the current item */ 
if (TILE->cursor_y != curr_choice) { 

vs_locatecur(handle, tile_handle, 1, curr_choice); 
vs_fillattr(handle, tile_handle, 1, curr_choice, 

WDW->port_columns, curr_choice, black, lightgray); 
> 

/* If there is a key in the buffer get it */ 
if (kbhitO) event = kb_getxc(); 

/* if there is an event */ 
if (event != 0) { 

/* interpret the event into a new current item •/ 
if ((event == XUP) jj (event == XLEFT)) curr_choice--; 
if ((event == XDOWN) jj (event == XRIGHT)) curr_choice+*; 
if (event == XHOME) curr_choice = 1; 
if (event == XEND) curr choice = 6; 
if ((event == LOCATE) jj (event == XENTER)) i 

curr_choice = new_location; 

> 

/* check for wrap around */ 
if (curr_choice < 1) curr_choice = TILE->port_rows; 
if (curr_choice > TILE->port_rows) curr_choice = 1; 

if (curr_choice != TILE->cursor_y) { 

/* de-highlight the current item */ 
vs_fillattr(handle, tile_handle, 1, TILE->cursor_y, 

WDW->port_coluins, TILE->cursor_y, 
green, black); 

/* reset cursor size */ 
cursor_b = cb; 
cursor_e = ce; 

/* close the window */ 
wn_closew(handle); 
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/* reset the cursor */ 
if (!co) wn_hidecur(); 

/* return results */ 
return(curr choice); 

y 

/*$$$$$$n$$$$$$$$ss$$$$$$$$$$$$$$s$$$$$$s$$$$$$$$$$$$$$$$sss$$ssss$$$$$$$$*/ 
makemenu(menu_choices, number_choices, name, help) 
char **menu_choices, "name, *help; 
int number_choices; 
i 

unsigned int n^iandle, handle; 
unsigned char tile_handle, th[3]; 
int maxwidth = 0, count, width, ita, namewidth, helpwidth; 
unsigned char *db; 

/* save the values of these global variables */ 
db = default_box; 
ita = inactive_tile_attr; 

/* then change them to what we need */ 
default_box =box3; 
inactive_tile_attr = yellow + (blue « 4); 

/* determine the width of the menu */ 
for (count = 0; count < nLiiiber_choices; count++) { 

width = strlen(menu_choices[count]) • 3; 
i f (width > maxwidth) maxwidth = width; 

> 

namewidth = strlen(name); 
if (namewidth > maxwidth) maxwidth = namewidth; 

helpwidth = strlen(help); 
if (helpwidth > maxwidth) maxwidth = helpwidth; 

/* Make the window that will hold the menu */ 
handle = wn createw(number_choices + 4, maxwidth, 1, 1, 1, 1, 

nuniber_choices ••• 4, maxwidth, FALSE, HEAD_ON, NULL, NULL); 

/* activate the tile in the window */ 
th[0] = 0; 
wn_actt(handle,th[0]); 

/ * make a second t i l e and put i t in the window * / 
th[1] = wn_createt(handle, NULL, maxwidth, nuiber_choices + 4 , 1, 1); 
wn_openabst(handle, t h [ 1 ] , 1) ; 

/ * make a t h i r d t i l e and put i t in the window * / 
th [2] = wn_createt(handle, NULL, maxwidth, naTber_choices + 4 , 1, 1); 

t i le_handle = t h [ 0 ] ; 

wn_openabst(handle, t h [ 2 ] , TILE->port_rows - 2 ) ; 

/ * f i l l the t i l e s with color * / 
vs f i l l a t t r ( h a n d l e , t h [ 0 ] , 1 , 1, maxwidth, 1, yellow, blue); 
vs~ f iUa t t r (hand le , t h [ 1 ] , 1 , 1, maxwidth, 1, yellow, blue); 
v s I f i U a t t r ( h a n d l e , t h [2 ) , 1 , 1 , maxwidth, number_choices, green, b lack); 
/ * put the s t r ings in the top and bottom t i l e s * / 
vs_puts(handle, th[01,1 • ((maxwidth - namewidth) / 2) , 1, namewidth, 

yellow, blue, name); 
vsj3Uts(handle, t h d ] , 1 • ((maxwidth - helpwidth) / 2) , 1, helpwidth, 

yellow, blue, help); 
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/* put the strings in the center tile */ 
for (count = 0; count < niJiber_choices; count++) { 

vs_puts(handle, th[2], 3, 1 • count, maxwidth - 3, green, 
black, menu_choices[count]); 

> 

/* put no scroll bars for the tiles */ 
wn_togscrolI(handle, th[2], NOBARS); 
wn_togthiJib(handle, th[2], NO_BARS); 

/* reset the gobal variables back to their original values */ 
inactive_tile_attr = ita; 
default_box = db; 
mhandle = handle; 
return(mhandle); 

/* THIS IS THE THIRD MODULE OF THE PROGRAM CALLED NWEIGHTS.C •/ 
/* COURTESY DAVID HALE */ 
/*****•*******•*•**•••*****************•*******«*•••***********/ 
/************************«****•*•*•»**»**«*****************/ 
/* */ 
/* Function Name: weight_answer •/ 
/* Author: Harold Simmons */ 
/* MODIFIED BY: NIKUNJ DALAL */ 
/* Date Completed: April 9, 1990 */ 
/* Parameters: answer - A 3 element integer array that */ 
/* contains the answers to t>e •/ 
/* displayed at the corners of the */ 
/* triangle. */ 
/* answer_points - A 3 element integer array */ 
/* that contains the point */ 
/* values determined by the */ 
/* position of the cursor in */ 
/* the triangle. */ 
/* Return Value: none */ 
/* Purpose: This function displays a triangle in which a */ 
/* cursor can be moved to weight three answers. */ 
/* The function displays the corresponding */ 
/* answers at the corners of the triangle. The */ 
/* point values given range from -76 to +24. */ 

/* •/ 
/******•«•*************************************************/ 

^include <stdio.h> 
^include <graphics.h> 
^include <alloc.h> 
^include <math.h> 
^include <conio.h> 

#define TRUE 1 
#define FALSE 0 

.«««*«***«*•*****•**••*******•*********•••********•***•****/ 

/* Function Prototypes */ 
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ) * * * * * * * * * * * * * * * * * * * * / 

void draw_screen(int answer[],int best_answer); 
void find_weights(void); 
void check_cursor_bounds(int *image_x, int *image_y, char direction); 
void convert_to_points(void); 
void init_screen(void); 
void restore_screen(void); 
void place_cursor(int image_x, int image_y); 
void find_points(void); 
double round(float nun); 
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/* structure Definitions */ 

struct plot_record 
i 

int x; 
int y; 
float percentage; 
float points; 

>; 

y**********************************************************/ 
/* Global Variables */ 

struct plot_record corner[3]; 
void * cursor; 
extern float conf_perc; 
extern float conf_score; 
extern float accuracy; 

void weight_answers(int answer[], int answer_points[], int best_answer) 

int inc; 

draw_screen(answer,best_answer); 
find_weights(); 
convert_to jX3intsO; 
conf_perc = 100*corner[1].percentage; / * updating the global variable * / 
conf_score = corner [1] .points ; / * updating the global variable * / 
/ * 
for ( inc = 0; inc < 3; inc*+) 

answer_points[inc] = ( i n t ) round(corner[ inc].points); 
*/ 

/••*•*****•*•****•********••*******••******•**********•*•**/ 

/* Name: draw_screen */ 
/* Parameters: answers[] */ 
/* Return Value: none */ 
/* Called By: weight_answers */ 
/* Purpose: Draws the lines which divide the screen into */ 
/* the three sections: question, answers, cursor */ 
/* area. */ 
/*********************************•*****•******************/ 
void draw_screen(int answer[ ] , int best_length) 
{ 
extern int last_treatment; 

setbkcolor(LIGHTRED); /*background color */ 
/* setcolor(CGA_WHITE); */ 

best_length = best_length; /*variable is passed but not needed */ 
moveto(0, 0); 
lineto(639, 0); /* top line */ 
lineto(639, 199); /* right side */ 
lineto(0, 199); /* bottom line */ 
lineto(0, 0); /* left side */ 
moveto(0, 176); 
lineto(639, 176); /* bottom horizontal line */ 
gotoxy(300,70); 
gotoxy(2, 24); 
printf("Press 'RETURN' To Accept Confidence Press 's' To Center Cursor"); 
corner[0].x = 320; /* draw triangle */ 
corner[0].y = 20; 
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corner [1 ] .x = 452; 
corner [1] .y = 152; 
corner [2 ] .x » 188; 
corner [2 ] .y = 152; 
moveto(corner[1] .X, c o r n e r d j . y ) ; 
I i n e t o ( c o r n e r [ 2 ] . x , c o r n e r [ 2 ] . y ) ; 
90toxy(57, 2 1 ) ; 
pr int f ("X3dX", a n s w e r d ] ) ; 
8otoxy(23, 2 1 ) ; 
pr int f ("X3dX", answer[2]) ; 
90 toxy (14 ,3 ) ; 
printf("How much CONFIDENCE do you have in your predic t ion?\n") ; 
/ * \ n \ 
A confidence score will be computed from your \n\ 
prediction accuracy and the confidence you enter now. \n\ 
Your confidence score reflects the extent to which \n\ 
confidence is consistent with accuracy of performance.\n\ 
If you show high confidence in an inaccurate prediction\n\ 
or a low confidence in a highly accurate prediction,\n\ 
your confidence score will suffer.\n"); */ 

/* Name: find_weights */ 
/* Parameters: none */ 
/* Return_value: none */ 
/* Called By: weight_answers •/ 
/* Purpose: Controls cursor movement, calculates */ 
/* percentage weights, and calls functions to */ 
/• convert the percentage weight into points. */ 
/***************•****•****•***********•****•**********••***/ 

void find_weights(void) 
i 

char pressed; 
int image_x; 
int image_y; 
int inc_1; 
int inc_2; 
int size; 
static int first_time; 

if (first_time != TRUE) 
i 

image_x = 230; 
image_y = 30; 
putpixel(image_x, imagey, 1); 
for (inc_1 = -3; inc_1 < 4; inc_1++) 

for (inc 2 = -3; inc_2 < 4; inc_2++) 
i 

putpixel(image_x • inc_1, image_y + inc_2, 1); 
) 

size = imagesize(227, 27, 233, 33); 
cursor = malloc(size); 
Betimage(227, 27, 233, 33, cursor); 
putimage(227, 27, cursor, XOR_PUT); 
imagex = 320; 
image_y = 152; 
putimage(image_x - 3, image_y - 3, cursor, XOR PUT); 

> 
for (inc_1 = 0; inc_1 < 3; inc_1+*) 

corner[inc_1].percentage = .5; 
findjx)ints(); 
pressed = getchO; 
if (pressed == '\x0') 

pressed = getchO; 
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while (pressed I* '\r') 
i 

switch (pressed) 

i 
case 'K' /* left */ 

case 'M 

image_x -= 24; 
if (fTrst_time 1= 1) 
€ 

/*image_x •= 12; */ 
corner[0].percentage = .3 
corner[1].percentage = .5 
corner[2].percentage = .5 
first time = 1; 

corner[1].percentage -= .1; 
corner[2].percentage •= .1; 
check_cursor_bounds(&image_x, 4image_y, 
find_points(); 
place_cursor(image_x, image_y>; 
break; 
: /* right */ 

'L'); 

image_x += 24; 
i f ( f i r s t time != 1) 
i 

/*image_x -= 12;* / 
corner[0].percentage = 
corner[1].percentage = 
corner[2].percentage = 
f i rs t_ t ime = 1; 

.3 

.5 

.5 

case 
case 

corner[1].percentage += .1; 
corner[2].percentage -= .1; 
check_cursor_bounds(&image_x, &image_y, • 
f indjDointsO; 
place_cursor(image_x, image_y); 
break; 
: /* return to center */ 

imagex = 320; 
image_y = 152; 
place_cursor(image_x, image_y); 
for (inc_1 = 0; inc_1 < 3; inc_1++) 

Corner [inc_1] .percentage = .5; 
f ind_pointsO; 
first_time = 0; 
break; 

R'); 

default: 
break; 

pressed = getchO; 
if (pressed == 'VxO') 

pressed = getchO; 

> 
first_time = 0; 
place_cursor(320, 152); 
putim8ge(318, 152, cursor, XOR_PUT); 

> 

^^^^(>^##******»******«*«*«**«***»***«**********************/ 

/* Name: findjx)ints */ 
/* Parameters: none */ 
/• Return Value: none */ 
/* Called By: find_weights */ 
/* Purpose: Calls a function to convert the percentages to */ 
/• points and then dispalys the points next to */ 
/* the triangle. */ 
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void f ind_points(void) 
i 
/ * conver t_ to jx ) in ts ( ) ; 

gotoxy(63, 21); 
pr int f ( "X+2.Of) " , corner [1] .po ints) ; 
gotoxy(29, 21); 
printf("X+2.Of) ", corner[2].points); 

V 
gotoxy(29,15); 
printf("Your current confidence is X2.0fX",100*corner[1].percentage); 

y 

/* Name: place_cursor •/ 
/* Parameters: image_x - the horizontal location of the */ 
/* cursor. */ 
/* image_y - the vertical location of the */ 
/* cursor. */ 
/* Return Value: none */ 
/* Called By: find_answer */ 
/* Purpose: Places the cursor in the new position and */ 
/* erases the old cursor. */ 
/******•*********••*******«********************************/ 
void place cursor(int image_x, int imagey) 
{ 

static int old_x; 
static int old_y; 
static int first_time; 

if (first time != 1) 
i 

old_x = 320; 
old_y = 152; 
first_time = 1; 

} 
putimage(old_x - 3, old_y - 3, cursor, XOR_PUT); 
putimage(image_x - 3, image_y - 3, cursor, XOR_PUT); 
old_x = image_x; 
old~y = image_y; 

> 
/***********••******•*««*****************************•*****/ 
/* Name: check_cursor_bounds */ 
/* Parameters: image_x - the horizontal location of the */ 
/* cursor. */ 
/* image_y - the vertical location of the */ 
/* ~ cursor. */ 
/* direction - a letter that decribes the */ 
/* direction the cursor is to */ 
/* move. */ 
/* U - up */ 
/* D - down */ 
/* L - left */ 
/• R - right */ 
/* Return Value: none */ 
/• Called By: find_weights */ 
/* Purpose: Checks to see if the cursor movement will */ 
t* be in the bounds of the triangle. If the */ 
/* cursor is about to leave the bounds of the */ 
/« triangle the the appropriate corrections will */ 
»* be taken. */ 
^^^^»«**«*****************«*******************************/ 

void check_cursor_bounds(int •image_x, int *image_y, char direction) 

image_y=image_y; /*variable is passed but not needed */ 

Figure A.lO. Continued 



158 

switch (direction) 
i 

case 'L': /* left */ 
if (corner[1].percentage < 0) 
{ 

*image_x •= 24; 
corner[1].percentage •= .1; 
corner[2].percentage -= .1; 

> 
break; 

case 'R': /* right */ 
if (corner[2].percentage < 0) 
i 

*iroage_x -= 24; 
corner[1].percentage -= .1; 
corner[2].percentage •= .1; 

> 
break; 

/* Name: convert_tojx)ints */ 
/* Parameters: none */ 
/* Return Value: none */ 
/* Called By: find_points */ 
/* Purpose: Converts the percentage weight to a point */ 
/* value. •/ 
/**•***************•*••**•********************•••«•*•••••••/ 
void convert_to_points(void) 
{ 
int diff; 

diff = (int)(100*corner[1].percentage - 100*accuracy); 
if (diff == 100) diff = 99; /* to prevent log 0 error */ 
corner[1].points = accuracy*(1+log10(1-.01*abs(diff))); 
) 
/***************•*************•***«*•*****•**•*************/ 
/* Name: round */ 
/* Parameters: num - a floating point nunber that is the */ 
/* nuTber to be rounded. */ 
/* Returns: A floating point number that is the rounded */ 
/* value of nun. */ 
/* Called By: weight_answers */ 
/* Purpose: This function rounds a floating point nunber. */ 
/*********************••********************************•**/ 

double round(float num) 

i 
double ipart; 

if (modf(nun, iipart) < .50) 
return(ipart); 

else 
return(ipart • 1.0); 

Figure A.lO. Continued 
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Table B.l. Subjects shown within different 
treatment groups. 

--- HUMAN=A AID=A ORDER=P 

OBS NUMBER GEFT IND 

1 
2 
3 
4 

30 
32 
33 
99 

15 
16 
16 
17 

RETAIN 
EXCLUDE 
RETAIN 
RETAIN 

--- HUMAN=A AID=A ORDER=Q 

OBS NUMBER GEFT IND 

5 
6 
7 
8 

24 
34 
40 
41 

14 
16 
18 
18 

EXCLUDE 
RETAIN 
RETAIN 
RETAIN 

--- HUMAN=A AID=H ORDER=P 

OBS NUMBER GEFT IND 

9 
10 
11 
12 

23 
27 
28 
36 

14 
15 
15 
17 

EXCLUDE 
RETAIN 
RETAIN 
RETAIN 

--- HUMAN=A AID=H ORDER=Q 

OBS NUMBER GEFT IND 

13 
14 
15 
16 

26 
29 
39 
43 

15 
15 
17 
18 

EXCLUDE 
RETAIN 
RETAIN 
RETAIN 

--- HUMAN=A AID=N ORDER=P -

OBS NUMBER GEFT IND 

17 
18 
19 

31 
37 
38 

15 
17 
17 

RETAIN 
RETAIN 
RETAIN 

--- HUMAN=A AID=N ORDER=Q -

OBS NUMBER GEFT IND 

20 
21 
22 

25 
35 
42 

15 
16 
18 

RETAIN 
RETAIN 
RETAIN 

--- HUMAN=H AID=A ORDER=P 

OBS NUMBER GEFT IND 

23 
24 
25 
26 

2 
98 
U 
21 

4 
10 
11 
13 

RETAIN 
RETAIN 
RETAIN 
EXCLUDE 
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Table B.l. Continued 

--- HUMAN=H AID=A ORDER=Q 

OBS NUMBER GEFT IND 

27 3 5 RETAIN 
28 16 12 RETAIN 
29 17 12 RETAIN 
30 18 12 EXCLUDE 

--- HUMAN=H AID=H ORDER=P 

OBS NUMBER GEFT IND 

31 7 7 RETAIN 
32 8 8 RETAIN 
33 12 11 RETAIN 
34 20 12 EXCLUDE 

--- HUMAN=H AID=H ORDER=Q 

OBS NUMBER GEFT IND 

35 
36 
37 
38 

9 
10 
19 
22 

9 
10 
12 
13 

RETAIN 
RETAIN 
RETAIN 
EXCLUDE 

--- HUMAN=H AID=N ORDER=P 

OBS NUMBER GEFT IND 

39 
40 
41 
42 

4 
97 
11 
13 

6 
6 
10 
11 

RETAIN 
RETAIN 
RETAIN 
EXCLUDE 

--- HUMAN=H AID=N ORDER=Q -

OBS NUMBER GEFT IND 

43 
44 
45 

1 
5 
15 

4 
7 
12 

RETAIN 
RETAIN 
RETAIN 
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PR06LEM=A 

PLOT OF MACC*TRIAL LEGEND: A = 1 OBS, B = 2 OBS, ETC. 

MACC 
0.93 

0.90 

0.87 

0.84 

0.81 

0.78 

0.75 

0.72 

0.69 

0.66 i 

0.63 + 

0.60 

- + — + — + — + — + — + — • — -f — + — + — + — + — + — - f — • 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

TRIAL 

Figure B.l. Learning curve of mean accuracy 
on the analytic problem. 
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PLOT OF MACC*TRIAL 

PROBLEM=H 

LEGEND: A = 1 OBS, B = 2 OBS, ETC. 

MACC 
0.675 

0.650 

0.625 

0.600 

0.575 

0.550 

0.525 

0.500 j 

0.475 t 

0.450 + 
- + + — 
1 3 

--+ + + • • + 
5 7 9 11 

TRIAL 

13 15 

Figure B.2. Learning curve of mean 
accuracy on the heuristic problem. 
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Table B.2. Results of detailed multivariate 
analyses of contrasts. 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AH VS HH-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC 

UILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

VALUE NUM DF DEN DF PR > F 

0.553691 
0.446309 
0.806061 
0.806061 

9.068 
9.068 
9.068 
9.068 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AH VS HH-0 EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

0.703161 
0.296839 
0.422149 
0.422149 

4.749 
4.749 
4.749 
4.749 

4 
4 
4 
4 

45 0.0028 
45 0.0028 
45 0.0028 
45 0.0028 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL UN A VS H-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.825123 
PILLAI'S TRACE 0.174877 
HOTELLING-LAWLEY TRACE 0.21194 
ROY'S GREATEST ROOT 0.21194 

2.384 
2.384 
2.384 
2.384 

4 
4 
4 
4 

45 0.0653 
45 0.0653 
45 0.0653 
45 0.0653 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL UN A VS H-O EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.833603 2.246 4 45 0.0790 
PILLAI'S TRACE 0.166397 2.246 4 45 0.0790 
HOTELLING-LAWLEY TRACE 0.199612 2.246 4 45 0.0790 
ROY'S GREATEST ROOT 0.199612 2.246 4 45 0.0790 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL UN PA VS PH EFFECT 

S=1 M=1 N=21.5 

STATISTIC 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

VALUE NUM OF DEN OF PR > F 

0.122574 
0.877426 
7.15834 
7.15834 

80.531 
80.531 
80.531 
80.531 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 
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Table B.2 Continued 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED HUM A VS H-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

VALUE 

0.709137 
0.290863 
0.410166 
0.410166 

F 

4.614 
4.614 
4.614 
4.614 

NUM DF 

4 
4 
4 
4 

DEN DF PR > F 

45 0.0033 
45 0.0033 
45 0.0033 
45 0.0033 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED HUM A VS H-PH EFFECT 

STATISTIC 

S=1 M=1 

VALUE 

N=21.5 

F NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.995724 0.048 4 45 0.9955 
PILLAI'S TRACE .0042762 0.048 4 45 0.9955 
HOTELLING-LAWLEY TRACE .0042946 0.048 4 45 0.9955 
ROY'S GREATEST ROOT .0042946 0.048 4 45 0.9955 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED HUM A VS H-0 EFFECT 

S=1 M=1 N=21.5 

STATISTIC 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

VALUE 

0.817003 
0.182997 
0.223986 
0.223986 

F 

2.520 
2.520 
2.520 
2.520 

NUM DF 

4 
4 
4 
4 

DEN DF PR > F 

45 0.0542 
45 0.0542 
45 0.0542 
45 0.0542 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AID A VS H-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC 

WILKS' LAMBDA 
PILLAI'S TRACE 

VALUE 

0.822112 
0.177888 

NUM DF DEN DF PR > F 

HOTELLING-LAWLEY TRACE 0.216379 
ROY'S GREATEST ROOT 0.216379 

434 
434 
434 
434 

45 
45 

0.0610 
0.0610 

45 0.0610 
45 0.0610 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AID A VS H-PH EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.646955 
PILLAI'S TRACE 0.353045 
HOTELLING-LAWLEY TRACE 0.545702 
ROY'S GREATEST ROOT 0.545702 

6.139 
6.139 
6.139 
6.139 

4 
4 
4 
4 

45 0.0005 
45 0.0005 
45 0.0005 
45 0.0005 
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Table B.2. Continued 

0.70493 
0.29507 
0.41858 
0.41858 

4.709 
4.709 
4.709 
4.709 

4 
4 
4 
4 

45 0.0029 
45 0.0029 
45 0.0029 
45 0.0029 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AID A VS H-0 EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED VS UNAIDED-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED VS UNAIDED-PH EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.127306 77.120 4 45 0.0001 

PILLAI'S TRACE 0.872694 77.120 4 45 0.0001 
HOTELLING-LAWLEY TRACE 6.85512 77.120 4 45 0.0001 
ROY'S GREATEST ROOT 6.85512 77.120 4 45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL AIDED VS UNAIDED-O EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE F NUM DF DEN DF PR > F 

0.302997 
0.697003 
2.30036 
2.30036 

25.879 
25.879 
25.879 
25.879 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

WILKS' LAMBDA 0.137135 
PILLAI'S TRACE 0.862865 
HOTELLING-LAWLEY TRACE 6.29207 
ROY'S GREATEST ROOT 6.29207 

70.786 
70.786 
70.786 
70.786 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL A AIDED VS UNAIDD-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.436072 
PILLAI'S TRACE 0.563928 
HOTELLING-LAWLEY TRACE 1.2932 
ROY'S GREATEST ROOT 1.2932 

14.549 
14.549 
14.549 
14.549 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 
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MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL A AIDED VS UNAIDD-PH EFFECT 

STATISTIC 

S=1 M=1 N=21.5 

VALUE F NUM DF DEN DF PR > F 

WILKS' LAMBDA 
PILLAI'S TRACE 
HOTELLING-LAWLEY TRACE 
ROY'S GREATEST ROOT 

0.201572 
0.798428 
3.96101 
3.96101 

44.561 
44.561 
44.561 
44.561 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL A AIDED VS UNAIDD-0 EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.212845 
PILLAI'S TRACE 0.787155 
HOTELLING-LAWLEY TRACE 3.69826 
ROY'S GREATEST ROOT 3.69826 

41 
41 
41 
41 

.605 

.605 

.605 

.605 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL H AIDED VS UNAIDD-PA EFFECT 

S=1 M=1 N=21.5 

STATISTIC VALUE NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.306229 
PILLAI'S TRACE 0.693771 
HOTELLING-LAWLEY TRACE 2.26553 
ROY'S GREATEST ROOT 2.26553 

25.487 
25.487 
25.487 
25.487 

4 
4 
4 
4 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL H AIDED VS UNAIDD-PH EFFECT 

S=1 

STATISTIC 

M=1 

VALUE 

N=21.5 

NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.131674 
PILLAI'S TRACE 0.868326 
HOTELLING-LAWLEY TRACE 6.59451 
ROY'S GREATEST ROOT 6.59451 

74.188 
74.188 
74.188 
74.188 

45 0.0001 
45 0.0001 
45 0.0001 
45 0.0001 

MANOVA TEST CRITERIA AND EXACT F STATISTICS FOR 
THE HYPOTHESIS OF NO OVERALL H AIDED VS UNAIDD-O EFFECT 

S=1 

STATISTIC 

M=1 

VALUE 

N=21.5 

NUM DF DEN DF PR > F 

WILKS' LAMBDA 0.143903 
PILLAI'S TRACE 0.856097 
HOTELLING-LAWLEY TRACE 5.94913 
ROY'S GREATEST ROOT 5.94913 

66.928 
66.928 
66.928 
66.928 

45 
45 
45 
45 

0.0001 
0.0001 
0.0001 
0.0001 
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Table B.3. Analyis of variance and contrasts 
on achievement index. 

GENERAL LINEAR MODELS PROCEDURE 

DEPENDENT VARIABLE: ACHIZ 

SOURCE DF SUM OF SQUARES 

MODEL 23 36.36392539 

ERROR 48 8.22941036 

CORRECTED TOTAL 71 44.59333576 

MEAN SQUARE 

1.58104023 

0.17144605 

MODEL F = 

R-SQUARE 

0.815456 

SOURCE 

TREAT 
ORDER 
TREAT*ORDER 

9.22 

C.V. 

39.9929 

DF 

11 
1 
11 

ROOT MSE 

0.41406044 

TYPE III SS 

34.54071395 
0.24986873 
1.57334271 

PR > F = 0.0001 

ACHIZ MEAN 

1.03533424 

F VALUE PR > F 

18.32 0.0001 
1.46 0.2333 
0.83 0.6074 

CONTRAST 

AIDED VS UNAIDED-PA 
AIDED VS UNAIDED-PH 
AIDED VS UNAIDED-O 
A AIDED VS UNAIDD-PA 
A AIDED VS UNAIDD-PH 
A AIDED VS UNAIDD-0 
H AIDED VS UNAIDD-PA 
H AIDED VS UNAIDD-PH 
H AIDED VS UNAIDD-0 

DF SS F VALUE PR > F 

9.76534252 
13.55494797 
23.16530538 
5.94558281 
5.26041223 
11.19551185 
8.84600787 
16.67366868 
24.90460687 

56 
79 
135 
34 
30 
65 
51 
97 
145 

96 
06 
12 
68 
68 
30 
60 
25 
26 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
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Table B.4. Analysis of variance and contrasts 
on consistency index. 

GENERAL LINEAR MODELS PROCEDURE 

DEPENDENT VARIABLE: C(MS1STZ 

SOURCE OF 

MODEL 23 

ERROR 48 

CORRECTED TOTAL 71 

SUM OF SQUARES 

17.81219309 

5.97095667 

23.78314976 

MEAN SQUARE 

0.77444318 

0.12439493 

MODEL F = 

R-SQUARE 

0.748942 

6.23 

C.V. 

29.4227 

ROOT MSE 

0.35269666 

PR > F = 0.0001 

CONSISTZ MEAN 

1.19872098 

SOURCE 

TREAT 
ORDER 
TREAT*ORDER 

DF TYPE III SS F VALUE PR > F 

11 
1 
11 

16.07981622 
0.16249810 
1.56987878 

11.75 
1.31 
1.15 

0.0001 
0.2587 
0.3479 

CONTRAST 

AIDED VS UNAIDED-PA 
AIDED VS UNAIDED-PH 
AIDED VS UNAIDED-O 
A AIDED VS UNAIDD-PA 
A AIDED VS UNAIDD-PH 
A AIDED VS UNAIDD-0 
H AIDED VS UNAIDD-PA 
H AIDED VS UNAIDD-PH 
H AIDED VS UNAIDD-0 

DF SS F VALUE PR > F 

1 
1 
1 
1 
1 
1 
1 
1 
1 

8.99381658 
0.09971585 
5.49377524 
5.23187195 
0.00368583 
2.75664504 
8.45087317 
0.23642231 
5.75714514 

72.30 
0.80 

44.16 
42.06 
0.03 

22.16 
67.94 
1.90 

46.28 

0.0001 
0.3751 
0.0001 
0.0001 
0.8641 
0.0001 
0.0001 
0.1744 
0.0001 
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Table B.5. Analysis of variance and contrasts 
on matching index. 

GENERAL LINEAR MODELS PROCEDURE 

DEPENDENT VARIABLE: MATCHZ 

SOURCE DF SUM OF SQUARES 

MODEL 23 167.39427258 

ERROR 48 29.82648221 

CORRECTED TOTAL 71 197.22075479 

MEAN SQUARE 

7.27801185 

0.62138505 

MODEL F = 

R-SQUARE 

0.848766 

11.71 

C.V. 

42.0118 

ROOT MSE 

0.78827980 

PR > F = 0.0001 

MATCHZ MEAN 

1.87632895 

SOURCE 

TREAT 
ORDER 
TREAT*ORDER 

DF 

11 
1 
11 

TYPE III SS F VALUE PR > F 

161.63348744 23.65 0.0001 
0.00651134 0.01 0.9189 
5.75427380 0.84 0.6004 

CONTRAST 

AIDED VS UNAIDED-PA 
AIDED VS UNAIDED-PH 
AIDED VS UNAIDED-O 
A AIDED VS UNAIDD-PA 
A AIDED VS UNAIDD-PH 
A AIDED VS UNAIDD-0 
H AIDED VS UNAIDD-PA 
H AIDED VS UNAIDD-PH 
H AIDED VS UNAIDD-0 

DF SS F VALUE PR > F 

29.81819965 
16.14029064 
44.91721243 
13.22449213 
6.60312665 
19.25848682 
33.88980006 
19.26205512 
52.12562812 

47.99 
25.97 
72.29 
21.28 
10.63 
30.99 
54.54 
31.00 
83.89 

0.0001 
0.0001 
0.0001 
0.0001 
0.0021 
0.0001 
0.0001 
0.0001 
0.0001 
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Table B.6. Analysis of variance and contrasts 
on mean accuracy. 

GENERAL LINEAR MODELS PROCEDURE 

DEPENDENT VARIABLE: MACC 

SOURCE DF 

MODEL 23 

ERROR 48 

CORRECTED TOTAL 71 

SUM OF SQUARES 

1.76618863 

0.12377012 

1.88995876 

MEAN SQUARE 

0.07679081 

0.00257854 

MODEL F = 

R-SQUARE 

0.934512 

29.78 

C.V. 

7.0526 

ROOT MSE 

0.05077937 

PR > F = 0.0001 

MACC MEAN 

0.72001204 

SOURCE 

TREAT 
ORDER 
TREAT*ORDER 

DF TYPE III SS F VALUE PR > F 

11 
1 
11 

1.72665803 
0.00538607 
0.03414453 

60.88 
2.09 
1.20 

0.0001 
0.1549 
0.3103 

CONTRAST 

AIDED VS UNAIDED-PA 
AIDED VS UNAIDED-PH 
AIDED VS UNAIDED-O 
A AIDED VS UNAIDD-PA 
A AIDED VS UNAIDD-PH 
A AIDED VS UNAIDD-0 
H AIDED VS UNAIDD-PA 
H AIDED VS UNAIDD-PH 
H AIDED VS UNAIDD-0 

DF 

1 
1 
1 
1 
1 
1 
1 
1 
1 

SS F VALUE PR > F 

0.13392038 
0.72081356 
0.73806236 
0.09107765 
0.40905667 
0.44308509 
0.11026089 
0.69047553 
0.67628929 

51, 
279, 
286, 
35, 
158, 
171, 
42, 

267, 
262, 

.94 

.54 

.23 

.32 

.64 

.84 

.76 

.78 

.28 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
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Table B.7. Summary of means of performance 
measures by combinations of human, aid, and 
problem. 

0 
B 
S 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

H 
U 
M 
A 
N 

A 
H 
A 
A 
H 
H 
A 
A 
A 
H 
H 
H 
A 
A 
A 
A 
A 
A 
H 
H 
H 
H 
H 
H 

A 
I 
D 

A 
H 
N 
A 
A 
H 
H 
N 
N 

A 
H 
N 
A 
H 
N 
A 
A 
H 
H 
N 
N 
A 
A 
H 
H 
N 
N 

P 
R 
0 
B 
L 
E 
M 

. 
A 
H 
. 
. 
, 
A 
H 
A 
H 
A 
H 
, 
, 
A 
H 
A 
H 

A 
H 
A 
H 
A 
H 
A 
H 
A 
H 
A 
H 

T 
Y 
P 
E 
-

0 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

F 
R 
E 
Q 

-

72 
36 
36 
24 
24 
24 
12 
12 
12 
12 
12 
12 
36 
36 
18 
18 
18 
18 
12 
12 
12 
12 
12 
12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

A 
C 
H 
I 
Z 

1.03533 
1.34438 
0.72629 
1.19906 
1.67378 
0.23316 
1.60328 
0.79484 
1.82204 
1.52552 
0.60782 
-0.14150 
1.01731 
1.05336 
1.28542 
0.74920 
1.40334 
0.70337 
1.06945 
1.66997 
0.31253 
1.32867 
1.67760 
0.15380 
1.36513 
0.77376 
1.82782 
1.51211 
0.66332 
-0.03827 
1.84142 
0.81593 
1.81627 
1.53892 
0.55232 
-0.24473 

M 
A 
T 
C 
H 
Z 

1.87633 
2.95342 
0.79923 
2.02616 
2.84350 
0.75932 
3.15096 
0.90136 
4.04296 
1.64404 
1.66635 
-0.14770 
1.80629 
1.94637 
2.73847 
0.87411 
3.16838 
0.72436 
1.96533 
2.21601 
1.23754 
2.08699 
3.47100 
0.28111 
3.05417 
0.87649 
2.83160 
1.60041 
2.32963 
0.14544 
3.24776 
0.92623 
5.25432 
1.68768 
1.00307 
-0.44084 

C 
0 
N 
S 
I 
S 
T 
Z 

1.19872 
1.47240 
0.92504 
1.28737 
1.50072 
0.80807 
1.69934 
0.87539 
1.95233 
1.04911 
0.76554 
0.85061 
1.17573 
1.22171 
1.38882 
0.96265 
1.55599 
0.88742 
1.14431 
1.53944 
0.84346 
1.43042 
1.46201 
0.77269 
1.44014 
0.84848 
2.00283 
1.07605 
0.72349 
0.96343 
1.95854 
0.90231 
1.90184 
1.02217 
0.80759 
0.73779 

M 
A 
C 
C 

0.720012 
0.827489 
0.612535 
0.768983 
0.814225 
0.576828 
0.864439 
0.673528 
0.876794 
0.751656 
0.741233 
0.412422 
0.723187 
0.716837 
0.828948 
0.617426 
0.826030 
0.607644 
0.766850 
0.817317 
0.585394 
0.771117 
0.811133 
0.568261 
0.859022 
0.674678 
0.881422 
0.753211 
0.746400 
0.424389 
0.869856 
0.672378 
0.872167 
0.750100 
0.736067 
0.400456 
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Table B.8. Suinmary of means of 
performance measures by match and fit. 

OBS MATCH FIT TYPE FREQ ACHIZ MATCHZ CONSISTZ MACC 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

AA 
AH 
AN 
HA 
HH 
HN 

COM 
NON 
SIM 

0 
1 
1 
1 
2 
2 
2 
2 
2 
2 

72 
24 
24 
24 
12 
12 
12 
12 
12 
12 

1.03533 1.87633 1.19872 
1.49932 2.15150 1.48493 
0.23316 0.75932 0.80807 
1.37352 2.71816 1.30316 
1.06945 1.96533 1.14431 
1.66997 2.21601 1.53944 
0.31253 1.23754 0.84346 
1.32867 2.08699 1.43042 
1.67760 3.47100 1.46201 
0.15380 0.28111 0.77269 

0.720012 
0.794217 
0.576828 
0.788992 
0.766850 
0.817317 
0.585394 
0.771117 
0.811133 
0.568261 
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Table B.9. Summary of means of (questionnaire 
measures by human, aid, and problem combinations, 

H 
U 

0 M 
B A 
S N 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 A 
14 H 
15 A 
16 A 
17 H 
18 H 
19 A 

A 
I 
0 

A 
H 
N 
A 
A 
H 
H 
N 
N 

A 

P 
R 
0 
8 
L 
E 
M 

A 
H 
, 
, 
. 
A 
H 
A 
H 
A 
H 
^ 
, 
A 
H 
A 
H 
, 

T 
Y 
P 
E 
-

0 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
6 

F 
R 
E 
0 
-

72 
36 
36 
24 
24 
24 
12 
12 
12 
12 
12 
12 
36 
36 
18 
18 
18 
18 
12 

P 
1 

3.85714 

P P A 
2 3 1 

A 
2 

4.12857 3.84058 3.82609 3.89130 
2.42857 3.82857 5.41176 3.54167 3.62500 
5.28571 4.42857 2.31429 4.13636 4.18182 
3.91667 4.12500 3.39130 3.86957 3.95652 
3.56522 
4.08696 
2.50000 
5.33333 
2.41667 
4.81818 
2.36364 
5.66667 
3.91667 
3.79412 
2.33333 
5.50000 
2.52941 
5.05882 
4.00000 

4.43478 4.21739 3.78261 
3.82609 3.91304 . 
4.08333 4.63636 3.50000 
4.16667 2.25000 4.27273 
3.66667 5.33333 3.58333 
5.27273 3.00000 4.00000 
3.72727 6.27273 . 
3.91667 1.75000 . 
3.97222 3.82857 3.70833 
4.29412 3.85294 3.95455 
3.83333 5.58824 3.16667 
4.11111 2.16667 4.25000 
3.82353 5.23529 3.91667 
4.76471 2.47059 4.00000 
4.16667 3.45455 3.75000 

3.82609 
, 

3.50000 
4.45455 
3.75000 
3.90909 
, 
, 

3.70833 
4.09091 

A A 
3 4 

3.39130 4.87234 
3.66667 4.66667 
3.09091 5.08696 
3.60870 4.91667 
3.17391 4.82609 
, , 

3.83333 4.75000 
3.36364 5.08333 
3.50000 4.58333 
2.81818 5.09091 
, , 
, , 

3.08333 4.87500 
3.72727 4.86957 

2.91667 3.33333 4.16667 
4.50000 
4.33333 
3.80000 
3.83333 

2.83333 5.58333 
4.00000 5.16667 
3.40000 4.54545 
3.25000 4.91667 

0 
B 
S 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

A 
5 

4.73913 
4.25000 
5.27273 
5.08696 
4.39130 
. 

4.58333 
5.63636 
3.91667 
4.90909 
. 

4!66667 
4.81818 
3.83333 
5.50000 
4.66667 
5.00000 
5.00000 

A 
6 

4.50000 
5.45833 
3.45455 
4.00000 
5.00000 
, 

5.00000 
2.90909 
5.91667 
4.00000 
. 
. 

4.41667 
4.59091 
5.83333 
3.00000 
5.08333 
4.00000 
4.00000 

A 
P 
1 

4.21277 
3.62500 
4.82609 
3.87500 
4.56522 
, 

3.25000 
4.50000 
4.00000 
5.18182 
• 
. 

4.12500 
4.30435 
3.16667 
5.08333 
4.08333 
4.54545 
3.66667 

A 
P 
2 

3.63768 
4.31429 
2.94118 
4.25000 
3.56522 
3.04545 
5.16667 
3.33333 
4.41667 
2.63636 
3.27273 
2.81818 
3.66667 
3.60606 
4.55556 
2.77778 
4.05882 
3.12500 
3.41667 

A 
P 
3 

4.74627 
4.97059 
4.51515 
4.45833 
4.73913 
5.10000 
4.83333 
4.08333 
4.66667 
4.81818 
5.50000 
4.70000 
4.63889 
4.87097 
4.66667 
4.61111 
5.31250 
4.40000 
4.25000 

A 
P 
4 

2.04412 
1.58824 
2.50000 
1.87500 
1.65217 
2.66667 
1.58333 
2.16667 
1.58333 
1.72727 
1.60000 
3.63636 
1.83333 
2.28125 
1.33333 
2.33333 
1.87500 
2.68750 
1.75000 

A 
P 
5 

5.65217 
6.05882 
5.25714 
5.33333 
5.26087 
6.40909 
5.58333 
5.08333 
5.83333 
4.63636 
6.90000 
6.00000 
5.80556 
5.48485 
6.33333 
5.27778 
5.75000 
5.23529 
5.25000 

A 
P 
6 

5.25532 
4.62500 
5.91304 
4.75000 
5.78261 
, 

4.08333 
5.41667 
5.16667 
6.45455 
, 
, 

4.70833 
5.82609 
3.66667 
5.75000 
5.58333 
6.09091 
4.33333 
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T a b l e B.9 Continued 

H 
U 

0 M A 
B A I 
S N D 

20 A H 
21 A N 
22 H A 
23 H H 
24 H N 
25 A A 
26 A A 
27 A H 
28 A H 
29 A N 
30 A N 
31 H A 
32 H A 
33 H H 
34 H H 
35 H N 
36 H N 

P 
R 
0 
B 
L 
E 
M 

, 
, 
, 
, 
A 
H 
A 
H 
A 
H 
A 
H 
A 
H 
A 
H 

T 
Y 
P 
E 
— 

6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

? R 
E 
Q 

— 

12 
12 
12 
12 
12 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

P 
1 

4.00000 
3.75000 
3.83333 
3.09091 
4.45455 
2.33333 
5.66667 
2.33333 
5.66667 
2.33333 
5.16667 
2.66667 
5.00000 
2.50000 
3.80000 
2.40000 

P P 
2 3 

4.41667 4.08333 
3.33333 3.91667 
4.08333 3.33333 
4.45455 4.36364 
4.36364 3.90909 
4.50000 5.20000 
3.83333 2.00000 
3.66667 5.33333 
5.16667 2.83333 
3.33333 6.16667 
3.33333 1.66667 
3.66667 4.16667 
4.50000 2.50000 
3.66667 5.33333 
5.40000 3.20000 
4.20000 6.40000 

6.16667 4.50000 1.83333 

A A 
1 2 

3.66667 3.58333 
, , 

4.00000 4.09091 
3.90909 4.09091 
, , 

3.00000 2.83333 
4.50000 4.83333 
3.33333 3.00000 
4.00000 4.16667 
, 
, , 

4.00000 4.16667 
4.00000 4.00000 
3.83333 4.50000 
4.00000 3.60000 
. , 
. 

A A 
3 4 

2.91667 4.83333 
, , 

4.00000 4.91667 
3.45455 4.81818 
, ^ 

3.50000 4.16667 
3.00000 5.66667 
3.16667 4.16667 
2.66667 5.50000 
, , 
, , 

4.16667 5.33333 
3.80000 4.50000 
3.83333 5.00000 
3.00000 4.60000 
, , 
. . 

0 
B 
S 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

A 
5 

4.33333 

5.18182 
4.45455 

4.00000 
6.00000 
3.66667 
5.00000 

5^16667 
5.20000 
4.16667 
4.80000 

. 

A 
6 

4.83333 
, 

4.00000 
5.18182 
, 

5.50000 
2.50000 
6.16667 
3.50000 
. 
. 

4.50000 
3.40000 
5.66667 
4.60000 
. 
• 

A 
P 
1 

4.58333 
, 

4.08333 
4.54545 
, 

2.66667 
4.66667 
3.66667 
5.50000 
. 
. 

3.83333 
4.33333 
4.33333 
4.80000 
. 
• 

A 
P 
2 

4.25000 
3.33333 
5.08333 
2.81818 
2.70000 
4.50000 
2.33333 
5.83333 
2.66667 
3.33333 
3.33333 
5.83333 
4.33333 
3.00000 
2.60000 
3.20000 
2.20000 

A 
P 
3 

4.58333 
5.08333 
4.66667 
4.90909 
5.12500 
4.50000 
4.00000 
4.16667 
5.00000 
5.33333 
4.83333 
5.16667 
4.16667 
5.16667 
4.60000 
5.75000 
4.50000 

A 
P 
4 

1.66667 
2.08333 
2.00000 
1.63636 
3.44444 
1.50000 
2.00000 
1.33333 
2.00000 
1.16667 
3.00000 
1.66667 
2.33333 
1.83333 
1.40000 
2.25000 
4.40000 

A 
P 
5 

5.50000 
6.66667 
5.41667 
5.00000 
6.10000 
6.33333 
4.16667 
5.83333 
5.16667 
6.83333 
6.50000 
4.83333 
6.00000 
5.83333 
4.00000 
7.00000 
5.50000 

A 
P 
6 

5.08333 
. 

5.16667 
6.54545 
. 

3.50000 
5.16667 
3.83333 
6.33333 
. 
. 

4.66667 
5.66667 
6.50000 
6.60000 

• 
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Table B.IO. Summary of means of questionnaire 
measures by match and fit. 

M 
A 

0 T 
B C 
S H 

1 
2 
3 
4 
5 AA 
6 AH 
7 AN 
8 HA 
9 HH 
10 HN 

F 
I 
T 

COM 
NON 
SIM 

T 
Y 
P 
E 
— 

0 
1 
1 
1 
2 
2 
2 
2 
2 
2 

F 
R 
E 
0 
-

72 
24 
24 
24 
12 
12 
12 
12 
12 
12 

P P P A A A A 
1 2 3 1 2 3 4 

3.85714 4.12857 3.84058 3.82609 3.89130 3.39130 4.87234 
3.91667 4.25000 3.70833 3.82609 3.82609 3.43478 4.87500 
4.08696 3.82609 3.91304 . . . . 
3.56522 4.30435 3.90909 3.82609 3.95652 3.34783 4.86957 
4.00000 4.16667 3.45455 3.75000 3.83333 3.25000 4.91667 
4.00000 4.41667 4.08333 3.66667 3.58333 2.91667 4.83333 
3.75000 3.33333 3.91667 . . . . 
3.83333 4.08333 3.33333 4.00000 4.09091 4.00000 4.91667 
3.09091 4.45455 4.36364 3.90909 4.09091 3.45455 4.81818 
4.45455 4.36364 3.90909 . . . . 

0 
B 
S 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

A 
5 

4.73913 
4.73913 

4^73913 
5.00000 
4.33333 

5!l8182 
4.45455 
, 

A 
6 

4, 
4, 

4. 
4, 
4, 

4, 
5, 

.50000 

.43478 

! 56522 
,00000 
.83333 

.00000 

.18182 

A 
P 
1 

4.21277 
4.33333 
. 

4.08696 
3.66667 
4.58333 

4.08333 
4.54545 
. 

A 
P 
2 

3.63768 
4.66667 
3.04545 
3.13043 
3.41667 
4.25000 
3.33333 
5.08333 
2.81818 
2.70000 

A 
P 
3 

4.74627 
4.62500 
5.10000 
4.56522 
4.25000 
4.58333 
5.08333 
4.66667 
4.90909 
5.12500 

A 
P 
4 

2.04412 
1.83333 
2.66667 
1.69565 
1.75000 
1.66667 
2.08333 
2.00000 
1.63636 
3.44444 

A 
P 
5 

5.65217 
5.45833 
6.40909 
5.13043 
5.25000 
5.50000 
6.66667 
5.41667 
5.00000 
6.10000 

A 
P 
6 

5.25532 
5.12500 
. 

5.39130 
4.33333 
5.08333 
. 

5.16667 
6.54545 
• 
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