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ABSTRACT 

The focus in this research is the evaluation of the effectiveness of two 

problem solving or task analysis methodologies in order to enhance of 

knowledge management in organizations. The two methodologies are 

systems thinking and Goldratt's thinking processes. 

One of the goals of the research is to investigate the effectiveness of 

the two theories in managing task domains when controlling for individual 

differences. The effectiveness of each methodology relative to task domain 

is investigated. The synergies between the two theories are also 

investigated. In this research, knowledge management centers more on 

humans rather than on computers. 

As a leadoff, a background overview of knowledge and knowledge 

management is first presented. Within the context of knowledge 

management, the subject of task analysis or problem solving is then 

presented. The literature on problem solving is surveyed and a research 

model using the two methodologies of interest is developed and validated. 

Fundamentally, knowledge management has to do with the creation of 

explicit processes that enhance knowledge and learning throughout the 

organization. Knowledge could be defined more generally as "any text, fact, 
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example, event, rule, hypothesis, or model that increases understanding or 

performance in a domain or discipline" (Liebowitz and Beckman, 1998, 

p.49). Maintaining this perspecfive, knowledge management is defined as 

"the systematic, explicit, and deliberate building, renewal, and application of 

knowledge to maximize the enterprise's knowledge-related effectiveness and 

returns from its knowledge asset" (Liebowitz and Beckman, 1998, p.51). 

According to Liebowitz and Beckman, knowledge asset refers to the 

organizational knowledge imbedded in the human resources that make up a 

given organization. Knowledge management requires systematic attention 

to learning processes, culture, technology infrastructure and measurement 

(Brown and Massey, 1999). Since organizations are often made of 

workgroups or teams, and the workgroups are, in turn, made up of 

individuals, when we speak of organizational learning or knowledge 

management, aggregation should be preceded by analysis at the individual 

level. 

Ten major hypotheses are generated and tested using laboratory 

experiments. The results of the study would help managers gain a better 

understanding of how to evaluate programs in general, and the dynamics of 

the two investigated task analysis methods in particular. Other theoretical 

contribufions and future research plans are discussed. 
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CHAPTER I 

INTRODUCTION 

"Creative thinkers make false starts, and continually waver between fantasies 
and systematic attack." 

-Harry Hepner 

"All thinkers have their share of frustration: Confusion, mental blocks, false 
starts, and failures happen to everyone. Good thinkers, however, have 
learned strategies for dealing with their frustration, while poor thinkers 
merely lament it — thus allowing themselves to be defeated by it. " 

-Henry Hazlitt 

1.1 Background 

This research is about task analysis (or problem-solving) using two 

specific methodologies in order to enhance knowledge management in 

organizations. As a lead-off, a background overview of knowledge and 

knowledge management is first presented. Within the context of knowledge 

management, the subject of problem-solving is then presented. 

Fundamentally, knowledge management has to do with the creation of 

explicit processes that enhance knowledge and learning throughout the 

organization. Knowledge could be defined more generally as "any text, fact, 

example, event, rule, hypothesis, or model that increases understanding or 

performance in a domain or discipline" (Liebowitz and Beckman, 1998, 



p. 49). Maintaining this perspective, knowledge management is defined as 

"the systematic, explicit, and deliberate building, renewal, and applicafion of 

knowledge to maximize the enterprise's knowledge-related effectiveness and 

returns from its knowledge asset" (Liebowitz and Beckman, 1998, p.51). 

Knowledge asset refers to the organizational knowledge imbedded in 

the human resources that make up a given organization. Although human 

knowledge (or knowledge asset) is not normally reported in balance sheets, 

it is a very important aspect of any company's viability. Knowledge 

management requires systematic attention to learning processes, culture, 

technology infrastructure and measurement (Brown and Massey, 1999). Just 

like information derives from data, knowledge derives from information 

(Davenport, 1998). According to Davenport, transformation from 

information to knowledge adds value through: 

a. Comparison — How does information about this situation compare to 

other situations familiar to us? 

b. Consequences ~ What implications does the information have for 

decisions and actions? 

c. Connections ~ How does this bit of knowledge relate to others? 

d. Conversions ~ What do other people think about this information? 



The focus in this research is the analysis of the effectiveness of 

specific management principles by individuals to solve organizational 

problems. Since organizations are often made of workgroups or teams, and 

the workgroups are, in turn, made up of individuals, when we speak of 

organizational learning or knowledge management, aggregation necessarily 

has to be preceded by analysis at the individual level (Marquardt, 1996; 

Liebowitz and Beckman, 1998). 

The literature acknowledges that the ability of individuals in an 

organization to recognize problems and articulate solutions to the ever-

changing problems faced by their organization as a basic element for 

knowledge building (Liebowitz and Beckman, 1998). 

Although the focus in this dissertation is the application of systems 

thinking and Goldratt's thinking processes in task domain analysis, it is 

necessary first to establish the link between individual problem-solving and 

organizational goal(s). As shown in Figure 1-1, the link between the two is 

"knowledge management." The reasoning is that the ability of the individual 

to solve or analyze tasks has been recognized as a basic ingredient in 

building knowledge within organizations. And, since the major motivation 

for any organization to manage the knowledge available to the organization 

is to enhance the goal(s) of the organization, operationalization of 
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knowledge management through task/problem analysis is as suggested in 

Figure 1-1. 

In this research, knowledge management centers more on humans 

rather than on computers. It is also implied that we are talking about 

knowledge workers, rather than blue-collar or even white-collar workers. 

It seems rather ironic that, as we enter the third millennium the 

unprecedented proliferation of information technology has been met with 

calls to place even more emphasis on harnessing human knowledge (with 

information technology serving as the enabler) in most organizations. 

Methodology K-M* Component 

Systems Thinking 

Goldratt's 
Thinking Processes 

T 

Enabler 

Problem 
Solving or 
Task Analysis 

Knowledge 
Management 

Methodology 

Objective 

NOTE: K-M* implies "Knowledge Management" 

Figure 1-1: Operationalization of Problem/Task Solving, 
Knowledge Management, and Organizational Goal(s). 



Indeed, knowledge management has become one of the hottest fields 

of research in both academia and industry as we enter the 21st century 

(Wiig, 1997). The demarcation between knowledge management and 

organizational learning is somewhat blurred in the literature. It would seem 

more logical to consider "organizational learning" as one of the necessary 

aspects of the more general topic of "knowledge management." This view is 

echoed by many researchers who point out that there is a renewed interest in 

what has been characterized under the general rubric of "knowledge 

management" (Argyris and Schon, 1978; Levitt and March, 1998). 

Embedded within the knowledge management framework lies a large 

variety of perspectives and interpretations (Zhu, Prietula, and Hsu, 1997). 

These range in context from market/economy-level analyses (Sunder, 1995), 

to firm-level analyses, to analysis of organizational routines (Nelson and 

Winter, 1982), to the analyses of individual decision makers performing an 

organizational task (Cohen and Bacdayan, 1994). As pointed out (Zhu et al., 

1997), regardless of the perspective adopted, at some level, in some manner, 

according to some metric, it is generally asserted that organizations (or their 

agents) can improve their performance over time. In other words, 

organizations can learn. 



In the past few years, we have seen an equal explosion in the number 

of Chief Knowledge Officers (CKO) positions created in Fortune 500 

companies (Bushko and Raynor, 1998). The emphasis on knowledge 

management is so great that Information Week estimates that in the year 

2000, some $5.0 billion would be spent on knowledge management products 

and services (Greengard, 1998; Bushko and Raynor, 1998). As automation 

and educational sophistication reduce the need for blue-collar and service 

workers, the workforce will soon be composed mainly of knowledge 

workers. These workers will be in various fields, ranging from information 

systems design, manufacturing, management, education, the sciences, and 

other professions (Halal, 1999). Thus, this research is about task analysis 

(problem-solving) in organizations in general, it is not limited a specific 

industry or discipline, although specific disciplines or industries (such as 

information systems and manufacturing) are mentioned in various contexts, 

applications, or examples. 

The reason for the crusade in knowledge management may be 

buttressed in part, by the fact that information technology expenditure by 

various types of organizations has yielded mixed and inconclusive 

competitive results in terms of profitability, productivity, and efficiency 

(Brynjolfsson and Hitt, 1996; Dos Santos, 1993). The consensus in the 

6 



literature is that investment in information technology alone will not be 

enough to guarantee or help an organization to sustain competitive 

advantage (Kettinger, Grover, Guhar, and Segars, 1994). 

From the foregoing, it is imperative for organizations to seek to build 

their strengths in the area of managing the knowledge in their organizations. 

Human knowledge within organizations is considered to be the most 

valuable asset (Satzinger, Garfield, and Nagasundaram, 1999). 

Although knowledge management is a relatively new field that 

resulted from a hybrid between organization theory, management strategy, 

and information systems (Brown and Massey, 1999), it could be said that the 

field really was bom with Churchman's book on inquiring systems 

(Churchman, 1971). The book has been very relevant to various disciplines, 

including the field of information systems in terms of laying the foundation 

for knowledge management research. As far back as 1973, some researchers 

have suggested that Churchman's general models of inquiry be extended to 

the information systems discipline and used as the basis for understanding or 

enhancing knowledge management in information systems organizations 

(Mason and Mitroff, 1973). 

Studies on creativity and innovation, topics akin to knowledge 

management are especially sparse in Information Systems literature. Couger 
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found less than a dozen publications in the area prior to 1991 (Couger, 1990; 

Higgins, Couger, and Mclntyre, 1990). Subsequently, various areas or 

examples in Information Systems have been identified for the adoption of 

creativity, innovation, problem-solving, and knowledge management 

frameworks (Couger, 1996). 

Table 1-1 provides examples or areas in Information Systems where 

products and services could be evaluated for their creative content. Again, 

for this discussion, "creativity" is being used synonymously with iimovation, 

problem-solving and knowledge management. As explained by Couger, 

there are three main areas in Table 1 -1: Systems, Service, and Planning. 

Each area has "IS Activities" and "Measurement Approach" related to it. 

For example, in the area of Systems, under the subheading "New Systems," 

"Enterprise Development Model," and "Software Development," there are 

two examples of where creative or innovative products are produced. To the 

right of the listing of activities is the column on creativity measurement. In 

this example, creativity or innovation could be measured by a judging 

process or by means of metrics. 



Table 1-1: Examples of Information Systems Areas for Application of 
Creativity, Innovation, and Problem-solving [Extension of Couger, 
1996]. 

Area_ Information Systems Activities Measurement Approach 
Judging Metrics 

Systems 

Service 

Planning 

New Systems 

Existing Systems 

Software 

Operations 

Opportunities 

Capacity 
Functionality 

Developing Enterprise Model 

Software Development 

Re-engineering 

Problem Solving or Task 
Analysis 
Reducing Backlog 
Fixes 
Responsiveness 
Defect Reduction 
Improving Competitiveness 
Improving Scope of Influence 
Cycle Time 
Networking 
Image Processing 
Artificial Intelligence 

X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

A second level of abstraction was developed by Couger to show how 

the various elements given in Table 1-1 could be used by Information 

Systems people in different job categories. As illustrated in Table 1-2, tasks 

performed by three job categories in IS could be further classified in terms 

of levels of innovation or creativity required to enhance the goals of the 

organization. For example, while some meetings such as joint application 

development (JAD) session provide high levels of creativity that go on to 

enhancing knowledge in the organization, other meetings (such as status 



meetings) provide minimal opportunity for creativity or innovation (Couger, 

1996). 

Table 1-2: Degree of Creative or Innovative Opportunity in 
Information Systems Activities. 

Low 

Software Fix 
Budgeting 
Documentation 
Attending Status Meetings 

Designing I/O 

Removing Defects in 
Screen Layouts 

Removing Defects at 
Logical Design Stage 

Routine Management 
Career Planning with 

Subordinates 
Managing Stds. Adherence 

Managing I/O Functions 
Identifying I/O Defects 
Managing Operators 
Improving Capacity 

Medium 

Programmer/Analyst 

Enhancement 
Project Scheduling 
Proposal Writing 
Attending Annual Meetings 
on Company Goals 
Designing Processes 

Removing Defects in Data 
Validation 

Removing Defects at 
Physical Design Stage 

Systems Manager 
Problem Solving 
Task Assignments 

Managing Technology 
Operations Manager 

Managing Mainframes 
Solving Quality Problems 
Managing IS Personnel 
Improving Response Time 

High 

New Development 
Strategic Planning 
Systems Development 
JAD 

Designing Networks and 
Algorithms 

Removing Design Defects 

Removing Defects at 
Program Design Stage 

Planning 
Subordinate Problem 

Solving 
Managing People 

Managing Networks 
Identify Network Defects 
Managing Programmers 
Managing System 
Integrity 

1.2 Purpose 

What is investigated in this research is the effectiveness of two 

management theories that contribute to the field of problem-solving in 

organizational knowledge management. These management theories are 
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systems thinking (Senge, 1990) and Goldratt's thinking processes (Goldratt, 

1986, 1994). The idea is to analyze the effectiveness of the theories in 

helping individuals solve tasks/problems. The contention is that the more 

effective an individual is at identifying problems and arriving at a reasonable 

solution using a particular management method, the more relevant the 

management method is. Furthermore, it could be said that the individual is 

now able to contribute more effectively to the knowledge base needed by his 

or her organization. 

Another goal of the dissertation is to investigate the effectiveness of 

the two theories in managing task domains when controlling for individual 

differences. The synergies between the two theories for different task 

domains are also investigated. The types of task domains to be investigated 

will be articulated later in this document. 

1.3 Research Problems and Questions 

With regards to the general subject of knowledge management (of 

which problem-solving is a component), the literature has numerous ideas on 

how it should be pursued and accomplished. For example, one framework 

advocated calls for a given organization's management executives to create 

the capacity to handle 5 inter-related components: 
11 



1. development of new knowledge, 

2. access to existing knowledge, 

3. representation and integration of knowledge, 

4. empowerment of knowledge, and 

5. utilization of skills (Godbout, 1998). 

Another perspective (given by Fitchett) also says that knowledge 

management should be broken into five steps (Fitchett, 1998). The steps 

are: 

1. capturing or creating knowledge, 

2. sharing it broadly, 

3. deploying it with a clear goal to improve effectiveness, 

4. measuring the impact of an organization's actions, and 

5. learning from the impact. 

There are many other writers whose prescription for how to manage 

knowledge look different at first glance but are, in fact, fundamentally 

similar to the ones cited here. As indicated above, most researchers consider 

task/problem-solving as the first of the five basic steps in knowledge 

management. This is a reasonable perspective since new knowledge often 

emanates from the fresh insights gained from task or problem analysis and 
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solution. What is being proposed here is to look at two management 

methods or theories and apply them to solve or analyze tasks. 

The two management theories to be applied in this research are 

Senge's "systems thinking" (Senge, 1990) and Goldratt's "thinking 

processes" (Goldratt, 1994). The main motivation behind the selection of 

these specific theories is that they both advocate the basic notion that 

management is an organization-wide (holistic) venture. This is important 

because the problem of sub-optimization, which cripples many 

organizations, could be minimized by properly maintaining a view of 

holism. 

Rationally, since knowledge management emphasizes streamlining 

activities at the organization-wide level and discourages sub-optimization, it 

seems logical to borrow from systems thinking and Goldratt's thinking 

processes since they are explicitly based on an organization-wide 

perspective. 

Unlike most other management issues dealt with in traditional 

management, knowledge management requires direct input or participation 

from most people in the organization. If management is not adequately 

prepared for this, the entire hierarchical structure can be tossed into disarray. 

The validity of the foregoing is based on the fact that knowledge 
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management is not only a top-down system which calls for senior executives 

making most of the decisions, it is also a bottom-up and peer-to-peer system 

that seeds an organization with intellectual capital. This is foreign ground 

for most organizations (Greengard, 1998). In most organizations, the 

traditional view is that management is made up of thinkers who "think and 

delegate" to the rest of the people the organization tasks that need to be done 

(Senge, 1990). While this approach might work for blue-collar workers, it is 

clearly not appropriate for knowledge workers. 

This research proposes a new way of conceptualizing knowledge 

management, starting with empirical analysis of methodologies to solve 

problems or tasks effectively. As pointed out earlier, effective problem-

solving has a positive impact on knowledge management, which in turn 

leads to an enhancement of organizational goals. Further discussion of how 

the ability to solve tasks fits in the general scheme of knowledge 

management will be given in the literature review chapter of this 

dissertation. 

The present research focuses on the first stage of knowledge 

management, using systems thinking and Goldratt's thinking processes as the 

referent principles upon which it bases its problem-solving methodologies. 

This approach is different from what is evident in current literature in that 
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the effectiveness of the problem-solving methods advocated will be analyzed 

(not just prescribed). In fact, some researchers have pointed out that some 

"management methods" such as reengineering are based more on hype rather 

than research, and have lead to more myth than practical methodology 

(Davenport and Stoddard, 1994). These researchers suggest that some of the 

shortcomings of these management methods could be attributed to 

inadequate understanding of the methods' effectiveness in solving 

organizational problems. 

1.4 Structure of the Dissertation 

Part of what is accomplished in this research is the drawing of 

quantitative conclusions from what is really a qualitative-based research. 

This statement is based on the fact that subjects' written responses to tasks 

were coded and the contents analyzed to test the hypotheses raised in the 

research. This method of research is commonly known as grounded theory 

research, originally developed by two sociologists, Bamey Glaser and 

Anselm Strauss (Strauss, 1978; Glaser and Strauss, 1967; Strauss, 1987). 

What is implied by grounded theory research? According to Strauss 

and Corbin, it means a theory that is derived from data, systematically 

gathered and analyzed through the research process. In this method, data 
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collection, analysis, and eventual theory stand in close relationship to one 

another (Strauss and Corbin, 1998). Since the researcher does not begin a 

project with a preconceived theory in mind (except for purposes of 

elaborating and extending existing theories), the resulting conclusions and 

theories derived from careful analysis of the data gathered usually are closer 

descriptions of reality than are theories derived by putting together a series 

of concepts based on experience or solely through experience (Strauss and 

Corbin, 1998). 

The term "qualitative research" basically implies any type of research 

that produces findings not arrived at by statistical procedures or any other 

means of quantification. Qualitative research could refer to research about 

persons' lives, organizational functioning, social movements, cultural 

phenomena, and infinite other cases (Stem, 1980; Strauss and Corbin, 1998). 

As pointed out by Strauss and Corbin, the term "qualitative research" is 

confusing because it can mean different things to different people. As they 

elaborate, when researchers gather data by means of written responses, 

sketches, and surveys (as was done in this research) we typically refer to 

such data gathering methods as "qualitative methods." However, when a 

researcher codes the data in a manner that allows him or her to do some 
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statistical analysis in order to make sense of the data so gathered, the 

researcher is, in effect, quantifying qualitative data. 

In this dissertation, I will outiine how I accomplished the task of 

making sense and drawing conclusions from inputs that are, essentially, 

qualitative data. Before I present the specific topics to be covered in each 

chapter, perhaps it would be worthwhile presenting a diagram that would 

serve as a road map. As shown in Figure 1-2, qualitative research has three 

major components (Krippendorff, 1980; Strauss and Corbin, 1998; Carney, 

1972). The first component is labeled "data." This constitutes the input in 

my research. The "data" include the subjects' written responses to tasks in 

the study and their responses to some questionnaires that were administered 

before and after they analyzed two tasks. The second component in Figure 

1-2 is labeled "procedures." This is the stage at which the input data are 

interpreted and organized (categorized) using a coding scheme. Often 

times, coding of qualitative data is referred to as a process of 

conceptualizing and reducing data, elaborating categories in terms of their 

properties and dimensions, and relating through a series of prepositional 

statements (Becker, 1970; Charmaz, 1983, 1995; Lofland, 1971; Miles and 

Huberman, 1994). The third component in Figure 1-2, "reports," is the 

outputs or deliverables of the research. Based on Figure 1-2, what was 
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accomplished in this research are as summarized in the next few 

paragraphs. 

Data (Input) 

•^ r 
Written responses 

and sketches. 
Responses to 

questionnaire, etc. 
w 

Procedures 

V 

Coding 
and 

Content Analysis 

Reports (Output) 

k 

a 

Interpretation of 
Data and 
Procedure 

Figure 1-2: Framework for Qualitative Research and Content 
Analysis. [Extension from Krippendorff, 1980 and Strauss and 
Corbin, 1998]. 

With the outline in Figure 1-2 in mind, the task in Chapter II of the 

dissertation will be to present the necessary background literature review. 

The various types of problem-solving methods that have been evolved will 

be discussed. Also, a discussion of systems thinking and Goldratt's thinking 

processes as they relate to problem-solving or task analysis will be included 

in Chapter II. Subsequentiy, a brief discussion of content analysis (as a 
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method of quantifying qualitative research) will be given in the chapter. To 

end of Chapter, I will reiterate how my research fits within the body of 

knowledge from various sources related to the general area of knowledge 

management and problem-solving in organizations, including information 

systems organizations. 

In Chapter III, I present both the general and the specific research 

methodologies employed. Part of the chapter will be devoted to an overview 

of coding scheme and content analysis, with a more detailed discussion of 

the topics deferred till Chapter V. 

In Chapter IV, I describe the development of the conceptual model. 

The discussion in the conceptual development chapter will have two parts. 

The first deals with the larger scope of conceptual development theory or 

guideline (Wallace, 1971; Strauss and Corbin, 1998). From there, a more 

specific discussion on how the conceptualization of task domain analysis 

model using systems thinking and Goldratt's thinking processes as task or 

problem-solving methodologies is then derived. Some of the literature from 

which the research borrows ideas or makes extensions will be discussed in 

Chapter IV. The operationalization of some of the terms used in systems 

thinking and Goldratt's thinking processes will also be given in Chapter IV. 
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In Chapter V, the focus is on the issue of validating the task domain 

analyses model that uses systems thinking and Goldratt's thinking processes. 

The research hypotheses as well as the study that was conducted to 

test the hypotheses are presented in the chapter. Content analysis and 

qualitative research methods are used in the validation chapter to test the 

hypotheses generated. A brief discussion of computer content analysis is 

presented in Chapter V; and a summary of computer content analysis 

programs and their characteristics given in Appendix B, along with 

information on computer content analysis developers and distributors in 

Appendix C. Chapter V concludes with a discussion of the deliverables of 

the research. 

Chapter VI centers on the discussion of the study that was conducted. 

The results of the study are presented, as well as the theoretical and practical 

relevance of the results relative to the stated hypotheses. 

Finally, in Chapter VII, I present the conclusion, contributions, and 

limitations of the research as currently conceptualized. Also, implications to 

management and propositions for future research are presented. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Research Opportunity Identified 

The links between task/problem-solving, knowledge management, and 

organizational goal(s) have already been established in Chapter I. In order 

to justify that organizations need a study on how to evaluate the 

effectiveness of certain management theories in task or problem analysis, it 

is necessary to present a survey of classical and current literature in the areas 

of problem-solving and knowledge management. The literature review that 

shows this justification is the subject of the current chapter. A survey of 

different problem-solving or task-analysis methods, ranging from general to 

heuristic problem-solving methods that have been evolved over the decades 

will be presented in this chapter. 

Although many problem-solving methodologies have been evolved, 

mainstream literature (including information systems literature) has not 

embraced systems thinking and Goldratt's thinking processes as bona-fide 

problem-solving or task-analysis methods that could prove very effective in 

enhancing knowledge management in organizations. This statement is 

supported by a survey of both classical and contemporary research on 
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problem-solving and knowledge management (Couger, 1995; 1996; 

Liebowitz and Beckman, 1998; Sanchez and Heene, 1997; Simon, 1977a; 

1981a; Smith, 1998). 

Another void in the literature that is addressed in this dissertation is 

the lack of grounding upon which problem-solving methodologies are based. 

The literature reviewed presents problem-solving or task-analysis methods 

without discussing the effectiveness of the various methods. 

2.2 Background to Problem-Solving 

From time immemorial, human beings have battled the challenges of 

making decisions and solving numerous kinds of problems. The formal 

development of problem-solving methodologies in the literature dates back 

to John Dewey's 1910 classical study of thinking (Dewey, 1910, 1933). As 

reported by Herbert Simon, Dewey's proposed problem-solving method

ology had three steps (Simon, 1977b, 1981b): 

What is the problem? 

What are the alternatives? 

Which altemative is the best? 

Later, Herbert Simon proposed a fourth phase to problem-solving: the task 

of carrying out (implementing) the best altemative. The explicit recognition 
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by Simon was that it is one thing to figure out the best altemative solution to 

a given problem, but it is quite another to implement the best solution. 

Another important contribution made by Simon was the differentiation 

between what he termed "programmed" (or stmctured) and "non-

programmed" (or unstmctured) problem or decision making classes. The 

distinction between these two types of problem is important, since problem-

solving (or decision making) that are routine in nature would be handled 

differently from those that are ill-stmctured, and/or non-routine in nature 

(Simon, 1977b). Simon's contributions will be elaborated upon later in this 

chapter. 

More recently. Bales and Strodtbeck have formulated a "phase 

theorem" of problem-solving with a descriptive and a prescriptive facet 

(Bales and Strodtbeck, 1951; Witte, 1972; Lipshitz andBar-Ilan, 1996). The 

phase theorem will also be discussed in more detail later in this chapter. 

There have been other problem-solving and decision making 

nomenclatures developed over the years. For example, the general and 

heuristic problem-solving methods of Newell and Simon have been widely 

adapted and used by researchers and practitioners (Newell and Simon, 

1972). 
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In addition to the above, numerous types of specific problem-solving 

methods have been proposed. A survey of the various types of problem-

solving methods will also be given in this chapter. 

Finally, the relevance of systems thinking and Goldratt's thinking 

processes in the arena of problem-solving will be discussed towards the end 

of the chapter. 

2.3 The General Problem Solving Method 

"The processes of problem-solving are the familiar 
processes of noticing, searching, and modifying the search 
direction on the basis of clues. The same elementary symbol-
manipulating processes that participate in these functions are 
also sufficient for such problem-solving techniques as 
abstracting and imagery. It is accomplished through complex 
structures of elements." 

- Simon, 1977b 

The general problem-solving methodology was developed by Newell 

and Simon, using what they termed means-ends analysis in a simulation 

program called "General Problem Solver" (Simon, 1977b; Newell and 

Simon, 1972). In essence, the method relies on setting or erecting goals, 

detecting differences between the present situation and the goal, finding in 

memory or by search some tools or processes that are relevant to reducing 

differences of these particular kinds, and applying these tools or processes 
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(Newell and Simon, 1972). Basically, problem-solving using the general 

problem-solving method could be viewed as a way of reaching non-

programmed (or unstmctured) decisions by reducing them to a series of 

programmed (or structured) decisions. An example of a general problem-

solving method is illustrated in Figure 2-1. 

The "Problem Solver" shown in Figure 2-1 refers to the person 

attempting to solve some problem or make a decision. Such a person would 

have some mental model or intemal representation of the extemal 

environment from which the problem originates (shown as "INPUT" in 

Figure 2-1). The person would also have an intemal representation of the 

problem posed. 

Based on the intemal representation, a particular problem-solving 

method is selected from the "Intemal General Knowledge." The selected 

method becomes the control or guide for the problem solver. At any 

moment, as the outcome of the processes' application is assessed, the 

execution of the method may be halted (Newell and Simon, 1972). At the 

termination of a method, three options are open to the problem solver: 

a. another method may be attempted, b. a different intemal representation 

may be selected and the problem reformulated, or c. the attempt to solve the 

problem may be abandoned. 
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OUTPUT INPUT or 
Problem Statement 

Intemal Representation 

Intemal 
General 

Knowledge 

Problem 
Solver 

(PERSON) 

Method 
Store 

Figure 2-1: The General Problem Solving Model [Adapted from 
Newell and Simon, 1972]. 

From the foregoing, it is evident that during its operation, a method 

may produce new problems, and the problem solver may elect to attempt one 
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of these. The system shown in Figure 2-1 is capable of manipulating 

symbols, switching methods and representations, and making decisions as 

required (Newell and Simon, 1972). 

2.4 The Heuristic Problem-Solving Method 

According to Herbert Simon, there is no precise definition for the term 

"heuristic" as far as problem-solving methodologies are concerned (Simon, 

1977b, p. 73). This point of view also maintains that heuristic problem-

solving (or programs) should not be limited to numerical processes, but that 

the method should be used to handle numerous management problems that 

are not easily reduced to or represented by algorithms. The problem-solving 

method employed in this research ties together several methods of 

naturalistic decision-making models (Lipshitz and Strauss, 1997). Perhaps it 

should be mentioned that in explaining the different models, the terms 

"problem-solving," "decision-making," and "task-analysis" are used 

interchangeably. This is in line with common practice found in the 

literature. 

The heuristic model for problem-solving proposed here is sometimes 

called R.A.W.F.S. heuristic to designate its five components: /^eduction, 

v4ssumption-based reasoning, PFeighing pros and cons, Forestalling, and 
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iSuppression (Lipshitz and Strauss, 1997). This version of heuristic problem-

solving model is shown in Figure 2-2. 

As mentioned above, the R.A.W.F.S. heuristic model is made up of 

several naturalistic decision-making models (Beach, 1990; Janis and Mann, 

1977; Klein, 1993; Lipshitz and Strauss, 1997; Montgomery, 1988; Newell 

and Simon, 1972; Weick, 1995). The heuristic describes how decision

makers conceptualize and cope with uncertainty in naturalistic settings. For 

convenience of discussion, the elements in Figure 2-2 are numbered. 

As shown in the figure, heuristic presumes that decision-makers use 

both situation assessment, labeled #1 in conjunction with serial option 

evaluation, #2 and concurrent evaluation, #6 (Lipshitz and Strauss, 1997). 

As several researchers propose, heuristic decision-making assumes that 

decision making begins with an attempt to understand, recognize or make 

sense of the situation (Klien, 1993; Pennington and Hastie, 1993; Weick, 

1995). The assumption is labeled #1 in Figure 2-2. 

If the attempt is successful, the decision-maker (or problem-solver) 

initiates a process of serial option evaluation. And, if time permits, the 

selected option is simulated (Lipshitz and Strauss, 1997; Klein and Crandall, 

1995). 
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#1 
Does the 
situation make 
sense 
unequivocally 9 

v N O 

#4a 
Is additional 
information 
available? 

YES 

#9 
Forestall 

#4b 
Use 
Reduction 

IsO 

#6 
Are there two or 
more matching 
options? 

#5 
Use Assumption-
based reasoning 

or 
Forestall 

NO 

^pS 

#7 
Weigh pros and 
cons. 
Is one option 
superior to its 
altematives? 

#8 
Suppress, Forestall, or 
Generate new 
altemative 

#2 
Is there a single 
good-enough 
matching option? 

Figure 2-2: The R.A.W.F.S. Heuristic Problem Solving Model 
[Adapted from Lipshitz and Strauss, 1997]. 
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But if the sense-making is unsuccessful, the decision-maker is faced 

with inadequate understanding to which they respond by reduction or 

forestalling (moving from #1 to #4a to #4b). If additional information is not 

available (as is often the case in practice), the decision-maker experiences 

lack of information, to which they intuitively respond by assumption-based 

reasoning or by forestalling (moving from #4a to #5). 

If the decision-maker generates two or more "good enough options," 

he or she is said to experience some conflict as shown in the box labeled #6 

(Beach, 1990, Lipshitz and Sfrauss, 1997). 

Finally, if the decision-maker either fails to identify a single good 

enough option, or to differentiate among several good enough options, they 

resort to suppression, forestalling, or the generation of a new altemative (i.e. 

moving from #6 to #8 or from #7 to #8, respectively). As pointed out by 

Lipshitz and Strauss, the sequence in Figure 2-2 is not obligatory. For 

example, if a decision-maker frames his or her uncertainty as 

undifferentiated altematives to begin with, then he or she would start the 

decision-making process at #6. 

Another heuristic decision-making model has been proposed by 

Newell and Simon, and is shown in Figure 2-3. 
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fail 

START 
• 

Insert 
Initial 
element 

Select 
element 

fail 

Select 
operator 

current 
element 

fail 
Apply 
operator 

continue 

false 

New 
: 0 

Current 

go back 

advance 

Decide 
next step 

New-
element 

Test for 
solution 

Evaluate 
new 
element 

Insert new 
element 

reject 

accept 

tme 

Reconstmct 
path 

succeed 

Figure 2-3: Newell and Simon's Heuristic Problem-solving Model 
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A discussion of the program logic for the model shown in Figure 2-3 

is given in Figure 2-4 below. 

Select-element 
fixed strategy 

last-in-first-out (depth-first search) 
first-in-first-out (breadth-first search) 

on evaluation (see below) 
Select-operator 

on necessary and/or sufficient conditions 
must lie on solution path through current-element 
cannot lie on solution path through current element 
for feasibility 
ease of application 
specialize operator type to apply to current-element 

for desirability 
functional description (a priori) 
relevance to difference between current-element 

and goals 
specialize operator type to produce goal-like 

element 
success experience on past problems 
success experience on past problems 
success experience in other parts of problem 

space 
for diversity 

systematic generation 
random generation 
specified distribution a/c some operator 

classification 

source of information 
current problem space 
model of problem space 
experience on past problems [continued next page] 

Figure 2-4: Newell and Simon's Heuristic-search Method 
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type of information 
duplication (identity) 
necessary and sufficient conditions 

features that must be tme for all elements 
on solution path 

features that cannot be tme for any element 
on solution path 

complexity-simplicity 
weighted sum of features to approximate goals or 

distance to goals 
comparison with goals 
comparison with current-element 
expected success 
expected effort 
growth rate of search 

source of criteria 
absolute limits 
adapted limits from experience with past problems 
upper and lower bounds from tried-problems 

alpha-beta procedure 
branch and bound 

Decide-next-step 
fixed strategy 

always advance (depth-first search) 
always continue (one-level breadth-first search) 
always go back (search and scan) 

limits 
number of operators (width) 
depth of search 
effort and/or space 

on evaluation of new element (see above) 

Figure 2-4 (cont.) 
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2.5 The Phase Theorem Methods of Problem Solving 

The term "phase theorem methods" of problem-solving was 

formulated by Bales and Strodtbeck in 1951 and refined by Witte in 1972 

(Lipshitz and Bar-Ilan, 1996). The problem-solving methods that fall under 

this category have both prescriptive and descriptive facets. In essence, the 

phase theorem is based on the contention that problem solvers go through 

certain stages or phases when they solve problems, or that problem-solving 

would somehow be more effective if some prescribed order were followed 

(Bales and Strodtbeck, 1951). 

The literature on problem-solving offers numerous models based on 

the phase-theorem approach. These models differ in their emphasis on the 

descriptive or prescriptive facets of the phase theorem, as well as in the 

number and nature of their phases. While some models have only two steps 

or phases, others have as many as eight. A summary of a subset of some 

phase theorem models arranged in the order of phases called for is given in 

Table 2-1 (Lipshitz and Bar-Ilan, 1996). As shown in the table, different 

phase models overlap to the extent that they can be roughly merged with (or 

mapped onto) one another even when they differ in their number of phases 

and terminology. 
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Table 2-1: Phase Theorem Models in Problem Solving 

Maier 
(1964) 

Idea 
generation 

Idea 
evaluation 

Simon 
(1960) 

Intelligence 

Design 

Choice 

Polya 
(1957) 

Under
stand the 
problem 

Devise a 
design 

Carry out 
the plan 

Evaluate 

Bransford 1 
and Stein 
(1984) 

Identify 
the 
problem 

Define 
the 
problem 

Evaluate 
solutions 

Actor 
look back 

Brim et al. 
(1962) 

Identify the 
problem 

Diagnose 
its causes 

Generate 
solutions 

Evaluate 
solutions 

Choose a 
solution 

Implement 
and revise 
the selected 
solution 

Kast and 1 
Rosenzweig 
(1974) 

Sense the 
problem 

Define the 
problem 

Generate 
solutions 

Evaluate 
solutions 

Choose a 
solution 

Outline an 
implemen
tation 

Implement 
solution 

Pounds 
(1969) 

Choose a 
model 

Compare 
it to 
reality 

Identify 
differ
ences 

Select a 
differ
ence 

Consider 
operators 

Evaluate 
conseque 
nces of 
operators 

Select an 
operator 

Execute 
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Although the various models depicted in Table 2-1 fall under the 

general phase theorem method of problem-solving, each was developed to 

address a specific need. For example, while the Polya model researched 

individual problem-solving of abstract mathematical problems, the emphasis 

in the Brim, Glass, Lavin, and Goodman model was to address real-world 

problem-solving at the individual level (Brim et al., 1962; Lipshitz and Bar-

Ilan, 1996). Similarly, the Kast and Rosenzweig seven-phase model was 

initially formulated to aid in real world, organizational problem-solving 

(Kast and Rosenzweig, 1979; Lipshitz and Bar-Ilan, 1996). 

While the Bransford and Stein model is more prescriptive in 

orientation, the efforts in the other models given in Table 2-1 are descriptive. 

In other words, the Bradford and Stein model is meant for effective problem-

solving irrespective of type of problem and level of analysis (Bransford and 

Stein, 1984; Lipshitz andBar-Ilan, 1996). 
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2.6 Creative Techniques of Problem Solving 

Creative techniques in problem-solving were developed to address the 

need to place more emphasis on creativity, especially in information systems 

organizations (Couger, Higgins, and Mclntyre, 1993). According to a 1988 

Delphi survey of chief information officers of American companies, the IS 

field needs to be developing more creative and innovative solutions to its 

problems (Couger, 1988). In order to help individuals and teams become 

more creative, organizations must first be sure that certain preconditions and 

organizational components or infrastructure are in place (Couger et al., 

1993). 

There are two general versions of creative techniques of problem-

solving: analytical and intuitive. A summary of problem-solving methods 

under each of the two techniques is as given in Table 2-2 (Couger, 1995). It 

should be pointed out that none of the problem-solving methods sited in 

Table 2-2 is directly derived from a management philosophy that calls for 

organization-wide based principles such as systems thinking or Goldratt's 

thinking processes that are being evaluated in this research. 
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Table 2-2: A Summary of Creativity Techniques in Problem Solving 

Technique Analytical Intuitive 

Individual Group Individual Group 

Attribute Association 

Boundary Examination 

Bug List 

Crawford Blue Slip 

Decomposable Matrices 

Disjointed Incrementalism 

Force Field Analysis 

Interrogatories (5Ws, H) 

Lotus Blossom 

Problem Reversal 

Progressive Abstraction 

Analogies/Metaphors 

Brainstorming 

Brainwriting 

Goal Wish 

Left-Right Brain Altemations 

Manipulative Verbs 

Morphological Forced connections 

Nominal Group Technique 

Peaceful Setting 

Wildest Idea 

Wishful Thinking 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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2.6.1 Analytical Techniques of Problem Solving 

The analytical techniques of problem-solving make up the first sub

group within the general family of creative problem-solving methods 

summarized in Table 2-2. The analytically dominant techniques use a 

stmcture to generate a logical pattem of thought (Couger et al., 1993). They 

use different methods of organizing information so a problem solver could 

approach problems from new angles; they tend to follow a linear pattem or 

sequence of steps (Couger et al., 1993; Miller, 1987). Systems analysts tend 

to favor the analytical problem-solving techniques (Couger, 1995; Couger et 

al., 1993). 

Three of the analytical problem-solving techniques were illustrated by 

Couger, Higgins, and Mclntyre in a variety of Information Systems activities 

to demonstrate that the techniques help surface ideas that would not have 

occurred through the traditional problem-solving approaches used in 

Information Systems. The three methods demonstrated were: 

a. Progressive abstraction technique, 

b. Interrogatories (or the 5 W/H) technique, and 

c. Force field analysis technique. 

The progressive abstraction technique was actually developed by 

Geschka et al. (1973). It generates altemative problem definitions by 
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moving through progressively higher levels of problem abstraction until a 

satisfactory definftion is achieved (Couger et al., 1993). According to the 

group of researchers who developed this method, when a problem is 

approached using the progressive abstraction method, new definitions 

emerge. These new definitions could be evaluated for their usefulness and 

feasibility. Upon the determination of an appropriate level of abstraction, 

possible solutions are more easily identified. The main advantage of this 

technique is that it provides the problem solver a structure for systematically 

examining problems, their substructures, and connections (Couger et al., 

1993). 

The interrogatories (5Ws and H) technique was coined from who-

what-where-when-why and how. These questions aid in expanding the 

perspectives of an individual or group for a given problem or opportunity 

(Couger, 1995; Couger et al , 1993). 

The force field analysis technique is based on a concept that 

originated from Lewin. The technique was more fully developed by Miller 

in 1987 (Couger et al., 1993; Lewin, 1951; Miller, 1987). 

The technique seeks to identify forces contributing to or hindering a 

solution to a given problem. The technique can stimulate creative thinking 

in three aspects (Couger et al., 1993): 
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1. defining direction (or vision), 

2. identifying strengths that should be augmented, and 

3. identifying weaknesses that can be minimized. 

Basically, once the problem solver identifies the problem to be solved 

and writes down the problem statement, the force field analysis technique 

could be utilized to generate ideas on how to go about solving the problem. 

The problem solver would try to do three things in order to solve a given 

problem: 

1. strengthen an already present positive force 

2. weaken an already present negative force 

3. introduce a new positive force. 

The force field analysis technique can provide a focus for exploring 

possible solutions to a given problem (Couger et al., 1993). 

2.6.2 Intuitive Techniques of Problem Solving 

Unlike the analytical techniques discussed in the previous section, the 

intuitive techniques tend to skip steps in problem sequence or analysis. On a 

continuum, one could think of the analytical methods as stmctured, and the 

intuitive methods as being at the unstructured end. 
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Like the analytical techniques, each of the intuitive techniques given 

in Table 2-2 offers a different perspective on how to solve a given problem. 

For example, the association/images (or analogies/metaphors) technique is 

based on an eight-step approach followed by Gordon in 1961 to solve 

problems at both individual and group levels (Gordon, 1961; Couger et al., 

1993; Couger, 1995). 

Procedures for using the other techniques have been developed by 

various researchers and are summarized in one of Conger's texts (Couger, 

1995). 

2.7 The Quality Movement and Problem Solving 

For the most part, the quality problem-solving methods surrmiarized in 

this section were developed after the second-world war. Prior to the war, 

there was not near as much emphasis on quality issues anywhere in the 

world as there is today (Melnyk and Denzler, 1996; Stevenson, 1999). The 

term "quality problem-solving" as used here could be interpreted as having 

two different but equally valid contexts. For example, it could be interpreted 

to mean that the quality of the problem-solving approach used is of a 

superior nature. It could also imply that the emphasis is on improving 

quality of the products or services offered by the organization by addressing 
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quality-related issues (Smith, 1998). The emphasis on quality came with an 

equal emphasis on problem-solving. The latter has to be synonymous with 

the former or the pursuit of quality will forever be illusive. 

Although many people in industry and academia contributed to the 

quality movement, the movement has a list of recognized giants. Among the 

most famous of the quality gums are Deming, Juran, Feigenbaum, Ishikawa, 

Taguchi, Crosby, and Imai (Melnyk and Denzler, 1996; Stevenson, 1999; 

Smith, 1998). Each of these gums has made major contributions in various 

aspects of quality and problem-solving. Most researchers put Deming at the 

helm of the list (Melnyk and Denzler, 1996). 

Various terms associated with quality have been coined over the 

years. These include TQM (Total Quality Management), kaizen (Japanese 

term for "continuous improvement"), quality trilogy (proposed by Juran, this 

calls for the breaking down of quality management into three components: 

quality planning, quality control, and quality improvement). 

Recently, there have been some works that have extended quality 

management and quality problem-solving to the context of disciplines such 

as the Information Systems (Couger et al., 1993; Couger, 1995; 1996; Smith, 

1998). 
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As delineated in the previous section, Couger's work is based on more 

creative problem-solving methods extended to Information Systems 

organizations. As will be outiined in the next sub-section. Smith's work is 

more of an extension (to the IS setting) of the quality methods that came out 

of the quality movement which started shortly after WWII. 

2.7.1 Quality Problem Solving in Information Systems 

As mentioned earlier, problem-solving skills are essential to the 

building and management of knowledge in organizations. This is 

particularly so in information systems organizations, given the fact that 

product life cycles are getting shorter than ever, partly due to competitive 

pressures coming from around the globe. 

2.7.2 Perspectives of Quality Problem-Solving 

There are three perspectives of problem-solving relevant to the 

information systems discipline (Smith, 1998). These perspectives are: 

cognitive, functionalist, and problem-based. In this and other sections, the 

term "quality problem-solying" is used to emphasize the importance of 

problem-solving as it relates to the quality of whatever is being managed. 
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In the cognitive approach, problem-solving is viewed as an individual 

thought process. Most current psychological research on problem-solving is 

centered around cognition (Smith, 1998). 

In the second perspective, problem-solving is conceived as the 

performance of certain tasks or fimctions. In terms of methodology, most 

problem-solving methods are function-based (Smith, 1998). 

The third problem-solving perspective considers how problems can be 

characterized and classified in ways that enable effective responses (Smith, 

1998). A brief discussion of each of the perspectives is given in the next 

three sub-sections. 

2.7.3 Cognitivism in Quality Problem-Solving 

The importance of cognition has been researched extensively over the 

last four decades by researchers from various fields. Whenever one thinks 

about something, a mental representation of that thing is being processed in 

the thinker's mind in some way; this mental representation is what is termed 

cognitivism. 

Cognitivism has had enormous impact on problem-solving (and hence 

knowledge management) research in various areas such as psychology. 
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industrial engineering, artificial intelligence (Al), philosophy, and 

neuroscience (Gardner, 1985; Smith, 1998). 

2.7.4 Quality Problem-Solving Functions 

As mentioned earlier, this is the second perspective of problem-

solving. It is usually described in terms of tasks or functions. Many 

researchers view problem-solving as consisting of four main functions as 

shown in Figure 2-5 (Smith, 1998). First, the problem is formulated, then 

altemative solutions are generated and evaluated. The fourth and final main 

function is the selection of the best choice, based on the careful evaluation of 

altematives. The steps or functions look similar to the general problem-

solving methodology, the main difference is in the tools employed in the two 

methods. 

But just as the main phases in the systems development life cycle are 

routinely sub-divided, the four main functions in problem-solving could be 

divided into sub-functions as shown in Figure 2-6. This sub-division of 

functions is especially useful in order to tackle the numerous problems 

which organizations face. 

46 



Problem 
formulation 

r̂ 

Generation 
of altematives 

T 

Evaluation 
of altematives 
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Selection 
of choice 

Function #1 

Function #2 

Function #3 

Function #4 

Figure 2-5: Functional Model of Problem Solving 
(Adapted from Smith, 1998). 

Not all problems call for exact procedure in their solutions (Smith, 

1998). For example, while problems such as sales below budget would call 

for extensive diagnoses in their solutions, diagnosis would be irrelevant in 

solving problems such as locating a new software development plant (Smith, 

1998). 
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Problem Identification: The process by which one comes to believe that a 
problem exists. 

Problem Definition: Representing a problem mentally, verbally, or 
graphically; and determining what the problem really is. 

Research: Determining certain knowable facts about the situation. 
Diagnosis: Determining the cause(s) of a problematic situation. 

,̂  Function #1 

Alternative Generation: Generating possibilities, ideas, or good solutions. 
Design: Developing a complex artifact that satisfies certain criteria and 

constraints. 
Planning: Developing a complex set of actions intended to achieve certain 

objectives. 
Prediction: Forecasting the likely future under specified conditions. 

^ 
Function #2 

f 

Evaluation: Assessing the goodness of entities or altematives according to 
certain criteria. 

^ 
Function #3 

r 
Negotiating: Attempting to reach an agreement among two or more 

stakeholders over an issue or a recommended course of action. 

Function #4 

j 

1 

Figure 2-6: An Expanded Model of Functional Problem-Solving 
(Extension from Smith, 1998). 
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2.7.5 Quality Problem-Solving Methods or Techniques 

As mentioned earlier, this is the third of the problem-solving 

perspectives, the first two being cognitivism and functionalist. Problem-

solving method or technique is a means of collecting information and/or 

drawing conclusions in order to come to a resolution about a given problem 

(Smith, 1998). 

Which method should one employ in solving a particular problem? 

There are three criteria for evaluating problem-solving methods: generality, 

power, and operationality (Smith, 1998). 

Generality has to do with the domain size of a problem-solving 

method ~ the number and variety of problems to which it applies. As would 

be expected, general methods can be productively applied to solve a wide 

variety of problems; just like broad-scope antibiotics are useful in treating 

various ailments (Smith, 1998). Most problem-solving methods or 

techniques are only applicable in certain settings. This narrow scope is due 

to the fact that if a general method is applied to all problems, the power or 

effectiveness of the solutions will be compromised. 

The second criterion for evaluating a problem-solving technique is 

"power." Power of a given method refers to the technique's ability to deliver 
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solutions for problems in its domain. The dimensions of power include the 

following (Smith, 1998): 

a. the likelihood the method will solve a problem in its domain, 

b. the quality of the solutions it delivers, and 

c. the amount of resources (e.g., time, effort, costs, etc.) needed to achieve 

the desired results. 

All things being equal, an ideally powerftil technique finds optimal 

solutions for every problem in its domain at virtually no cost, with little 

effort and time investment. Suffice it to say, then, that there is a trade-off 

between problem-solving methods. For example, a general method would 

be very portable to different problem domains, but the power of the solutions 

will not be as strong as would be attainable if methods specific to the 

domains are used. 

Sometimes, the system's users are required to play some role(s) in the 

implementation of a method. For example, technicians in an ion 

implantation clean room may be required to monitor some implanters' 

particulate levels using some new equipment as part of yield enhancement 

efforts. This is the type of setting in which the third criterion, operationality, 

applies (Smith, 1998). In other words, operationality is the degree to which 
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people can reliably perform tasks assigned them in a way that yields 

acceptable results. 

2.7.6 Cognitive Strategies in Problem-Solving 

Research has established that much of our thinking is based on 

cognition. Cognitive strategies are high level mental practices that people 

use in solving tasks or problems (Smith, 1998). 

Cognitive strategies were first identified through settings that involved 

subjects solving stmctured tasks. The methods the subjects employed were 

of the general type, hence relatively weak. As would be recalled, there is an 

inverse relationship between power and portability for a given problem-

solving method. 

There are several types of general problem-solving methods. The 

simplest of the general methods is "generate-and-test." This method is 

sometimes referred to as "trial and error," since it calls for a generation of a 

candidate solution and testing it to see if it works. If it does, then the 

process is terminated, or else another solution is generated and tested, until a 

feasible solution is attained. Naturally, this method is most suitable for 

situations that have limited possibilities that are fairly easy to generate and 

test for acceptability (Smith, 1998). 
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From the foregoing, it is easy to notice that the general method cannot 

guarantee the best solution to a problem. What if a solution generated tests 

to be acceptable? Of course it will be accepted and the process is terminated 

even if this particular solution is not the optimal solution. 

One way to improve on the general methods' shortcoming is to 

employ heuristic search methods. With heuristic search, knowledge is used 

to steer search in auspicious directions. The power obtained using this 

method is improved because the process is not terminated as soon as a 

feasible solution is obtained. Rather, near-variations of the feasible 

solutions are explored (Smith, 1998). The solutions arrived at using the 

heuristic methods could be termed "satisficing" since there is no guarantee 

of optimality. There are various types of heuristic search methods. These 

include decomposition and means-ends-analysis (Smith, 1998). 

Problem-solving methods such as hill-climbing and linear 

programming guarantee optimality, and are, therefore, called optimal search 

algorithms. 
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2.7.7 "Comprehensive" Problem-Solving Methods 

As shown in Figure 2-7, there are various functional problem-solving 

methods (Smith, 1998). One family of problem-solving methods consists of 

multi-step procedures for performing all activities needed to solve some or 

all problems (Smith, 1998). For example, most quality practitioners are 

familiar with Deming's PDCA (Plan, Do, Check, Act) cycle in problem-

solving. Regardless of the functional family, most of the methods shown in 

Figure 2-7 require some generic procedure such as: identify the problem, 

define the problem, collect data, generate causal candidates, test causal 

candidates, take corrective action, monitor results, and institutionalize 

improvements. 

A detailed discussion of the various methods shown in Figure 2-7 is 

beyond the scope of this research. For ftirther readings, please consult 

Smith, 1998. 

The literature recognizes many methods of problem-solving or task 

analysis. As has been shown, these range from general, heuristic, creative, 

specific, etc. It has been shown that even some well-known researchers 

have published what they believe to be a comprehensive list of problem-

solving methods (Smith, 1998). 
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Problem Identification 

Statistical Process Control 
Benchmarking 
Kokai 

Problem Definition 

Affinity Diagram 
Concept Map 
Situation Definition and Analysis 
Method 

Research 

Stratification 
Check Sheet 
Histogram 
Run Chart 
Scatter Diagram 
Pareto Analysis 

Diagnosis 

Experimentation 
Shainin Techniques 
Concentration Diagram 
Cause-and-Effect Diagram 
Kepner-Tregoe Method 
Why-Why Diagram 
Root Cause Analysis 

Alternative Generation 

Brainstorming 
Nominal Group Technique 
Analytical Bootstrapping 
Creatiyify (ABC) Method 

Product Design 

Quality Function Deployment 
Design for Manufacturing 
Concurrent Engineering 
Design for Reliability 
Failure Mode Effect Analysis 
Design for Maintainability 
Value Analysis 
Experimentation 
Taguchi Methods 

Process Design 

Flow Chart 
Process Analysis 
Reengineering 
Benchmarking 
Soft Systems Methodology 

Evaluation 

Prioritization Matrix 
Multi-Voting 
Force Field Analysis 

Figure 2-7: Smith's "Comprehensive" Problem-Solving Methods 
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2.7.8 Expanding Problem-Solving Knowledge Base 

But is there (or should there be) any such thing as a comprehensive 

list of problem-solving methods? The contention here is in the negative. To 

expand the list, this dissertation employs systems thinking and Goldratt's 

thinking processes as problem-solving methods. In the literature, these 

methods are not included in the list of "comprehensive problem-solving 

methods" (See Smith, 1998, p.33; Couger, 1995; Couger et al., 1993; Newell 

and Simon, 1972; Lipshitz and Bar-Ilan, 1996; Lipshitz and Strauss, 1997). 

Thus, I see this void as an opportunity to expand the problem-solving or task 

analysis knowledge base. 

As has already been explained in this dissertation, there is a link 

between problem-solving, knowledge management and organizational 

goal(s). Problem-solving or task analysis skill is an essential component of 

knowledge management. The literatures in the areas that are relevant to the 

current research effort were reviewed in this chapter. 

The next chapter will cover the research method used in the current 

research. The conceptual model will then be presented and validated in 

Chapters IV and V, respectively. 
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CHAPTER III 

RESEARCH METHODOLOGY 

3.1 Overview 

In general, research could be pursued using any of the various 

taxonomies that have been evolved. There are various classification 

nomenclatures used, ranging from goals or objective(s), empirical, 

theoretical, qualitative, quantitative, basic, applied, inductive, deductive etc. 

(Ary, Jacobs, and Razavieh, 1985; Light, Singer, and Wilett, 1990). 

Research is cyclical in nature (Wallace, 1971; Leedy, 1989). As 

shown in the Wallace wheel model of research, theory constmction using 

inductive methods and theory application using deductive methods form a 

complete loop or cycle. The research model popularized by Leedy also 

conveys a similar message. Wallace's overall model of research is adapted 

and shown in Figure 3-1, the specific aspects of the model that pertains to 

this research are then discussed in the next section. 
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Figure 3-1: Wallace Wheel Model of Research 
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3.2 Sr)ecific Research Methods Used 

As indicated earlier, part of what was accomplished in this research 

was the drawing quantitative conclusions from what is really a qualitative-

based research. The logic utilized was deductive (rather than inductive). 

In essence, the research starts with some conjectures or hypotheses about 

problem-solving and knowledge management. Data were then collected and 

analyzed, and the accuracy of the conjectures or hypotheses tested. At the 

end, decisions are made (based on data analysis) whether to accept or reject 

the hypotheses ~ a deductive process. This approach is decidedly different 

from inductive logic approach where a researcher begins with observations 

of some instances, and then theoretical generalizations based on the 

observations could be made (Light et al., 1990; Wallace, 1971). 

Why is this research qualitative in nature? The qualitative aspect 

comes in due to the fact that the subjects' written responses to tasks were 

qualitative and non-mathematical in nature, and the responses had to be 

coded and the contents analyzed to test the hypotheses posed in the research. 

The coding and analysis of the contents essentially transforms the qualitative 

responses to quantitative outputs. This method of research is commonly 

known as grounded theory research, originally developed by two 
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sociologists, Bamey Glaser and Anselm Strauss (Strauss, 1978, 1992; Glaser 

and Strauss, 1967; Strauss, 1987). 

What is implied by "grounded theory research"? According to Strauss 

and Corbin, it means a theory that is derived from data, systematically 

gathered and analyzed through the research process. In this method, data 

collection, analysis, and eventual theory stand in close relationship to one 

another (Strauss and Corbin, 1998). 

Thus, there are three ideas merged here as far as research 

methodology: "deductive," "qualitative," and "grounded." So what could be 

said about the research methodology employed in this instance? I have to 

say it is "deductive, qualitative-based, grounded theory research." 

In the next chapter. Chapter IV, details regarding the methodology 

overview presented here are discussed in the context of the conceptual 

model proposed for this research. 

Potentially, the theories that would be deduced after the analyses of 

the experimental data in this research would have their genesis in the 

hypotheses posed in Chapter V. It is believed that managers would benefit 

from the insights that could be drawn from the research findings. 
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CHAPTER IV 

CONCEPTUALIZATION OF THE PROBLEM-SOLVING 

MODEL USING SYSTEMS THINKING 

AND GOLDRATT'S THINKING PROCESSES 

4.1 Introduction 

The description of the conceptual model that was tested in this 

research is presented in this chapter. It has already been shown that there are 

links between problem-solving, knowledge management and organizational 

goal(s). What remains to be accomplished is to show the effectiveness of 

certain problem-solving methodologies that could enhance the management 

of knowledge in organizations. 

Effective and systematic organizational leaming processes relative to 

MIS need formal studies (Kim, 1993; Galliers and Baets, 1998). As stated 

earlier, knowledge management (or organizational leaming) could be 

divided into five components, the first of which is the generation of new 

knowledge through effective problem-solving (Garvin, 1993; Godbout, 

1998; Fitchett, 1998). As documented in the literature, effective 

organizational leaming starts at the individual level. Starting with the 
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individual, the knowledge could be shared or diffused throughout the 

organization (Jahshapara, 1993). 

But how does an individual begin to build or acquire the knowledge 

that could be shared with others in the organization? The first thing an 

individual needs in the acquisition of knowledge is effective problem-

solving skills (Couger, 1995; Simon, 1981b; Smith, 1998). The idea in this 

research was to train some subjects in using specific problem-solving 

methodologies and then evaluate the effectiveness of such methodologies. 

The specific methodologies evaluated in the research are systems thinking 

and Goldratt's thinking processes. 

The links between problem-solving, knowledge management and 

organizational goal(s) were given earlier in Figure 1-1. 

4.2 Overview of the Research Model 

Before going into the discussion of the various components of the 

research model, perhaps it is best to first present the model. The research 

model using systems thinking and Goldratt's thinking processes is shown in 

two separate figures to facilitate the discussions related to the model. 

As could be seen from Figure 4-la, the emphasis is on problem-

solving and analysis of results. This figure shows the task or problem-
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solving component of the model. The tasks shown in the figure were 

performed by the human subjects who participated in the research. Figure 4-

la could be considered the front-end of the research model, in that the output 

from it feeds into the second part of the model (Figure 4-lb). 

Figure 4-lb shows the coding, measurement, and analyses processes 

of the input that comes from Figure 4-la. As indicated in Figure 4-la, there 

are four problem-solving groups used in the study. The first was the systems 

thinking group, and the second was Goldratt's thinking processes group. 

Then, in order to study the synergies of receiving some training in both 

systems thinking and Goldratt's thinking processes, there was a third group 

as indicated in Figure 4-la. Finally, there was a fourth group that did not 

receive any training in any formal problem-solving methodology. The 

fourth group was the control group. Subjects in this group were asked to 

solve the tasks or problems assigned using whatever heuristics or 

methodologies they might already have been exposed to. Before discussing 

the coding, measurement, and analyses processes shown in the second part 

of the conceptual model (Figure 4-lb), I will first give a brief discussion of 

systems thinking and Goldratt's thinking processes. 
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Figure 4-1: An Overview of the Research Model, (a) The Front-End 
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The contention in this research is that both of these methodologies 

could be used as effective problem-solving tools in organizations. 

Furthermore, my belief that there is some synergy between the two problem-

solving methods; was verified in the research. The discussion of synergism 

is presented in Chapter V, along with the set of hypotheses for testing the 

validity of the model. 

From "Written Responses" in Figure la 

i 
Coding of Solutions 

'̂  r 

Content 
Analysis 

^ r 

Results/Output 

Figure 4-1: Cont. (b) The Back-End 
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4.3 An Overview of Systems Thinking 

Naturally, the concepts that come to mind when "systems thinking" is 

mentioned are "systems" and "thinking." Once it is clear what these terms 

mean individually, it is easy to surmise what "systems thinking" should 

mean. 

So, what is a "system"? For many centuries the scientific community 

believed that the best way to leam about an entity they did not quite 

understand was to reduce it down to its constituent parts and study the parts. 

This method of inquiry worked quite well in disciplines such as physics, 

biology, and chemistry. The approach works well until it is carried too far, 

to the point of concluding that an entity is nothing but the sum of its parts 

(Kauffman, 1980). The view that leads to this conclusion is called 

"reductionism." Using this notion, we could (illogically) conclude that a 

house is nothing but a pile of building materials, or that an MIS department 

is nothing but a bunch of computer hardware, software, people, desks, etc. 

(Kauffman, 1980). The key reason why reductionism fails to explain 

"systems" is that systems have organizations (Kauffman, 1980; Senge, 1990; 

Senge etal., 1994; 1999). 

Beginning in the 1920's, scientists made a startling discovery that no 

matter how different the constituent parts of different systems looked, they 
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were all put together according to the same general mles of organization. 

This gave birth to the general systems theory, from which systems thinking 

later evolved. 

A system, then, is an organization of parts (or elements), which 

interact with each other to achieve a common purpose. Thus, companies, 

nations, families, biological niches, computers, atoms, etc. are all systems 

(Kauffman, 1980; Senge, 1990; Senge e ta l , 1994; 1999). 

The second word in "Systems Thinking" is defined in Webster's 

University dictionary as "to formulate in the mind" or "to reason about or to 

reflect on". From the foregoing, "Systems Thinking" is a method of 

reflecting about "organizational processes" rather than "snapshots" which is 

pervasive in reductionism (Senge, 1990). Over the past couple of decades, 

systems thinking, along with knowledge management has gained a renewed 

interest as a popular discipline for research. However, its potential as an 

organizational problem-solving tool is yet to be hamessed. This is part of 

the motivation behind this research. With the newfound popularity in 

knowledge management, there should be a great potential in this research 

stream. 
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4.3.1 The Systems Thinking Discipline 

Although the emphasis in this research is the application of systems 

thinking tools, it should be mentioned that at the higher level, systems 

thinking is actually a discipline. Peter Senge's The Fifth Discipline book, 

which was published in 1990, has given the systems thinking discipline a 

major credibility and visibility. The Fifth Discipline outiines systems 

thinking as a set of practices (the "five leaming disciplines") for building 

leaming capabilities in organizations (Senge, 1990). 

As outlined by Senge, the fifth discipline (used interchangeably with 

systems thinking) is to be used with the other four disciplines, which are 

(Senge, 1990; Senge, etal., 1994; 1999): 

a. Personal Mastery, 

b. Mental Models, 

c. Shared Vision, and 

d. Team Leaming. 

Personal mastery is the first of the five disciplines. It involves 

formulating a coherent picture of the results people most desire to gain as 

individuals (personal vision), alongside a realistic assessment of the current 

state of their lives (current reality). In other words, personal mastery is 

described in terms of high levels of proficiency - continually clarifying and 
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deepening personal vision, focusing energy, developing patience, and 

viewing reality objectively. Practices are described in terms of focusing on 

the result and seeing the current reality (Kolarik, 1999; Senge, 1990; Senge, 

et al., 1994; 1999). 

Mental models is a discipline of reflection and inquiry skills focused 

around developing awareness of the attitudes and perceptions that influence 

thought and interaction. Practices include distinguishing data from 

abstractions based on data, in terms of noticing our jumps from observation 

to generalization (Kolarik, 1999). 

Shared Vision is a collective discipline that establishes a focus on 

mutual purpose. "People leam to nourish a sense of commitment in a group 

or organization by developing shared images of the future they seek to 

create, and the principles and guiding practices by which they hope to get 

there" (Senge et al., 1999, p. 32). In other words, shared vision develops 

shared pictures of the future, strong enough to foster genuine commitment 

and enrollment throughout the organization (Kolarik, 1999). 

Team Leaming is a discipline rooted in group interactions. Through 

various techniques such as dialogue and skillful discussions, teams 

transform their collective thinking. They leam to mobilize their energies 

and actions to achieve common goals synergistically. Team leaming calls 
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for dialog and discipline, in order to create a free flow of meaning through 

the group and to provide developmental paths for acquiring skills and 

competencies (Kolarik, 1999). 

Systems thinking is the fifth discipline. At this level, people leam to 

better understand interdependencies and change. They leam to appreciate 

that organizations are open systems that continually have to interact with the 

environment in order to survive. The essences of the systems thinking 

element is holism and interconnectedness (Kolarik, 1999; Senge et al., 

1994). 

While a detailed discussion of the fifth discipline is beyond the scope 

of this dissertation, the references cited in this section give ample treatment 

of the subject. 

4.3.2 The Systems Thinking Tools 

Like Goldratt's thinking processes, systems thinking has a set of tools 

that could be used to solve problems. These tools are mostly diagram-based. 

The tools used in systems thinking include the following (Goodman, 1995): 

a. causal loop and stock-and-flow diagrams, 

b. behavior-over-time diagrams, 

c. systems archetypes, 
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d. stmctural diagrams, and 

e. simulations. 

Causal loop and stock-and-flow diagrams provide a useful way to 

represent dynamic interrelationships. They convey one's comprehension of 

a system's structure, provide a visual representation to help communicate 

that understanding in a succinct form (Goodman, 1995). 

Behavior-Over-Time Diagrams capture the dynamic relationship 

among variables (not just simple line projections). For example, this tool 

could be applied to yield a better projection of the relationship between 

sales, inventory, and production. If sales jump by 10 percent, production 

cannot jump instantaneously to the new sales level. Furthermore, inventory 

must drop below its previous level while production catches up with sales. 

By sketching out the behavior of different variables, a better insight of the 

interrelationships could be achieved. Dynamic time concepts regarding 

changes in both the environment and organization are stressed, as opposed to 

the analytical concepts of point-in-time snapshots (Kolarik, 1999). 

"Systems archetypes" is the name given to certain common dynamics 

that seem to recur in many different organizational settings. These 

archetypes consist of various combinations of balancing and reinforcing 

loops. They could be applied in articulating a problem. The following are 
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examples of systems archetypes (Goodman, 1995; Senge, 1990; Senge et al., 

1994): 

a. balancing process with delay, 

b. limits to growth, 

c. shifting the burden, 

d. shifting the burden to the intervener, 

e. eroding goals, 

f. escalation, 

g. success to the successful, 

h. tragedy of the corrmions, 

i. fixes that fail, and 

j . growth and under-investment. 

As could be seen in Appendix A, each systems thinking archetype is 

represented by a diagram. 

Stmctural diagrams are high level diagrams useful for clarifying 

relationships between variables. They are particularly helpful for 

quantifying the effects of variables that are difficult to measure (e.g., 

employee morale or time pressure). 
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4.4 An Overview of the Theory of Constraints 

The thinking processes as postulated by Eliyahu Goldratt are really 

sub-components of his larger discipline: The Theory of Constraints. Like 

total quality management, the theory of constraints is a continuous 

improvement methodology. Applications of the theory of constraints 

include the following: project management, strategic planning, process 

improvement, day-to-day factory scheduling, etc. (McMullen, 1998; 

Schragenheim, 1998; Kendall, 1998). 

Theory of constraints is based on five focusing steps. The steps are 

(Goldratt, 1986; Kendall, 1998; McMullen, 1998): 

a. identify the system's constraint, 

b. decide how to exploit the constraint, 

c. subordinate everything to that decision, 

d. elevate the system's constraint, and 

e. retum to the first step, and don't let inertia become the new constraint. 

4.4.1 Goldratt's Thinking Processes 

As mentioned earlier, the thinking processes were developed by 

Eliyahu Goldratt as sub-components of the larger discipline of the theory of 

constraints. While the theory of constraints was outlined in Goldratt's 1986 
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best selling book. The Goal, the thinking processes were more fully 

explained in his later book, It's Not Luck, which was published in 1994. 

Since every rational being has some process by which they think or reason 

things out, this research uses the term "Goldratt's thinking processes" to 

clarify the fact that it is the thinking processes proposed or outiined by 

Goldratt that is being referred to. 

It tums out, the thinking processes address three questions (Goldratt, 

1994; Kendall, 1998; Mabin and Balderstone, 2000; McMullen, 1998; 

Schragenheim, 1998; Smith, 2000): 

a. what to change?, 

b. what to change to?, and 

c. how to effect or cause the change? 

Now that we have some questions posed, we should seek some means 

of addressing the questions. This is the subject of the next section. 

4.4.2 Goldratt's Thinking Processes Tools 

The questions posed in the previous section could be answered by a 

careful use of a set of tools that have been developed as part of Goldratt's 

thinking processes, which are really a set of five logic trees that could be 

used in problem-solving. The logic trees are (Goldratt, 1994; Kendall, 1998; 
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Mabin and Balderstone, 2000; McMullen, 1998; Schragenheim, 1998; 

Smith, 2000): 

1. Current Reality Tree: A process to separate symptoms from their 

underlying causes and identify a core problem — the focus of the 

improvement effort. 

2. Conflict Resolution Diagram (or Evaporating Cloud): A technique 

that shows why the core problem was never solved; it fosters a new, 

breakthrough idea. 

3. Future Reality Tree: The strategic solution to the core problem, 

identifying the minimum projects and ideas necessary to cause 

improvement. 

4. Prerequisite Tree: The detailed plan of all obstacles in the Future 

Reality Tree. 

5. Transition Tree: The actions that need to be implemented to fulfill 

the plan. 

As was the case with the systems thinking tools, the use of logic trees 

in Goldratt's thinking processes were illustrated in the training sessions in 

this study. 
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4.5 Systems Thinking and Goldratt's Thinking Processes 

From the ideas presented in this chapter, it seems rational to advocate 

the evaluation of systems thinking and Goldratt's thinking processes as 

problem-solving methodologies in order to enhance the management of 

knowledge in organizations. It should be noted that, while the two methods 

are similar in some respects, they are different in others. For example, 

systems thinking is more suitable for analyzing and solving problems in 

dynamically complex situations while Goldratt's thinking process is geared 

more towards statically complex settings. 

Although there is no clear demarcation between dynamic and static 

problems in real life, (since the two exist along a continuum) it is safe to 

think of dynamic situations or problems as those that exhibit some 

discontinuity in time and space-there tend to be some significant time delay 

(lag) between when a proposed solution is embarked upon and when the 

solution is finally realized or completed. An example would be housing 

project to address some shortage in housing problem. Examples of static 

problems could be a decision to purchase a home or the investigation of a 

bottleneck in a manufacturing setting. 
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A table that compares the two methods is shown below. As indicated 

in Table 4-1, while the two methods use the same terms for descriptive 

scenarios, they differ in terms of the type of complexity captured. 

4.6 Process Flow in the Research Model 

Although a more detailed discussion of the second part (back-end) of 

the conceptual model (Figure 4-lb) will be deferred until the next chapter, it 

seems prudent to revisit Figure 4-la and present a brief discussion of what 

could be viewed as the process flow of the conceptual model. The term 

"process flow" is used because (regardless of the problem-solving method 

used) it is reasonable to assume that the problem solver would follow some 

sequence of events or reasoning. The generic flow used starts with "problem 

identification" and ends with the making of "choice." However, the dashed 

lines (in Figure 4-la) are added to emphasize the fact that not all the 

problem-solving methods utilized follow the same "flow." The dashed lines 

allow for flexibility in the problem-solving process flow. Not every subject 

would follow the same sequence or steps to solve a given problem. 
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Table 4-1 Comparison of Systems Thinking and Goldratt's Thinking 
Processes. 

Concept 

Genesis or Origin 

Motivation 

Level of Interest 

Source of 
opportunities or 
constraints 
Tools Used 

Conflict resolution 

Descriptive scenarios 

Potential difference 

Goal sought 

Cyclical causality 

Dynamic complexity 

Static complexity 

Detail complexity 

Characterizes Future 
Reality 
Characterizes Current 
Reality 

Systems Thinking 

General Systems Theory 

Detect and reinforce 
opportunities; detect and 
eliminate limiting 
conditions 
Organizational 

Policies, Management, 
and Environment 

Systems archetypes, 
Causal loop diagrams, 
Behavior-over-time 
diagrams, Stmctural 
diagrams, & Simulation 
Surfacing assumptions 

Current reality 

Creative tension 

Vision 

Captured 

Captured 

Not adequately captured 

Not adequately captured 

Sort of 

Sort of 

Goldratt's Thinking Processes 

Mfg. Line Management & TOC 

Detect and elevate constraints 

Organizational 

Resources, Policies, and Market 

Current reality trees, Conflict 
resolution diagreims, Future 
reality trees, Prerequisite trees, 
and Transition trees 

Evaporating cloud or CRD 

Current reality tree 

Transition tree 

Future reality tree 

Not adequately captured 

Not adequately captured 

Captured 

Possibly captured 

YES 

YES 
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In the next chapter, I will discuss the validation of the conceptual 

model. All relevant topics such as data collection, written protocol, coding, 

content analysis, hypothesis testing, etc. will also be discussed in the next 

chapter. 
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CHAPTER V 

VALIDATION OF THE PROBLEM-SOLVING MODEL USING 

SYSTEMS THINKING AND GOLDRATT'S THINKING PROCESSES 

5.1 Overview 

In this chapter, I outline how the conceptual model developed in the 

previous chapter was validated. Validation has to do with testing the 

usefulness of a model (Youngblood and Pace, 1995). As pointed out in 

previous chapters, this research is really qualitative in nature; it calls for 

some quantitative meanings to be derived from subjects' qualitative 

responses to some assigned tasks (Strauss and Corbin, 1998, p.l 1). The 

main focus in the validation chapter is the explanation of Figures 1-2, 4-la, 

and 4-lb. 

5.2 Outline of the Groups in the Experiment 

The validation process starts with the training of subjects in three 

groups. As indicated in Figure 4-la, the first group is the "systems thinking" 

group, the second is the "Goldratt's thinking processes" group, while the 

third is a combined "systems thinking and thinking processes" group that 

received training in both systems thinking and Godratf s thinking processes. 
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Although there was a fourth group, subjects in the group did not receive 

training in any problem-solving method, as this is the control group. Those 

in the fourth group were asked to solve the assigned tasks or problems using 

any problem-solving method(s) with which they were familiar. 

Attempts were made to have the groups and subjects as homogeneous 

as possible. To this end, MBA students at the same university (Texas Tech) 

were used in the study. A total of 56 MBA students were used in the study. 

There were 13 subjects in each of the four groups. Additionally, there was 

one subject per group used for pilot training of the coders who helped code 

the data in the study. All the subjects in the study were pre-screened in 

order to figure out the best group to which each participant is to be placed. 

Also, all the participants in the study were required to fill out a consent 

form. A copy of the consent form used is provided in Appendix D. 

Participation in the study was on a voluntary basis. All those who 

agreed to participate were rewarded. Those who chose not to participate in 

the study were assigned other tasks for which they received equal reward as 

those who participated. 

Each subject was awarded some points for the semester. The bonus 

points were added to the points the subject had already eamed in a given 
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course in which they were enrolled. This reward is meant to induce the 

subjects to do their very best in solving the two tasks that were assigned. 

A reward is anything that an individual perceives as useful (Mescon et 

al., 1988). The contention is that people inherently expect to be rewarded or 

paid for their work. The concept of an honest pay for an honest days' work 

has been well documented, dating back to the publication of Frederick 

Taylor's Principles of Scientific Management (Taylor, 1911). Since Taylor, 

other management theories have basically validated people's desires to be 

rewarded, either intrinsically or extrinsically (Mescon et al., 1988). 

5.2.1 Protection of Human Subjects 

As expected in studies that call for the participation by human 

subjects, protection of the human subjects is an important consideration. 

With this in mind, all the appropriate procedures to protect human safety, 

privacy, and dignity were observed. As documented in Appendix E, the 

"Human Subject Approval Instmctions and Forms" were completed by the 

experimenter and approved by the Office of Research Services at Texas 

Tech University. The Human Subject Approval Instmctions and Forms, as 

well as the Letter of Approval are given in Appendix E. 
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5.2.2 Sample Size of the Groups in the Experiment 

As pointed out earlier, each of the four groups in this study consisted 

of 13 subjects. The decision to have a sample size of thirteen is consistent 

with other studies that have been done using content analysis (Ford et al , 

1989; Lohse and Johnson, 1996; Russo et al., 1989). Furthermore, in the 

first of the studies just cited, the authors provide a summary of previous 

studies in which sample sizes ranging from 1 to about 10 were fairly 

common. In fact, the sample size in this study was originally set at about 10, 

but the researcher was able to get 13 subjects per group participate in the 

actual study. 

It should be noted that as far back as 1952, Stemple conducted a study 

in which he compared samples of 6, 12, 18, 24, and 48 issues of a newspaper 

with the issues of an entire year (of the same newspaper). From the study, 

he found that, using the average proportion of subject matter as a measure, 

increasing the sample size beyond 12 did not produce significantiy more 

accurate results (Krippendorff, 1980, p.69). 
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5.3 Composition of the Groups in The Study 

The systems thinking group was made up of students enrolled in ISQS 

5242. This choice is based on the fact that the professor who taught this 

course discussed systems thinking in class in four of his lectures. The 

Goldratt's thinking processes group consisted of students from ISQS 5243. 

Similarly, the professor who taught this course covered Goldratt's thinking 

processes in class for about the same length of time as was done in the 

systems thinking-related course. 

The third group, which was the combined systems thinking and 

Goldratt's thinking processes group was made up of subjects drawn from 

both ISQS 5242 and ISQS 5243. This ensured that the group three subjects 

were exposed to both task analysis methodologies. The reason for having 

the third group was to study possible synergies between the two task 

analysis methods. In business usage, synergy refers to the ability of two or 

more units, methods, companies or other entities to generate greater value 

working together than they could working apart (Goold and Campbell, 

1998). 

In most business settings, synergy takes one of six forms. These are: 

shared know-how, coordinated strategies, shared tangible resources, pooled 

negotiating power, vertical integration, and combined business creation 
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(Goold and Campbell, 1998). In this study, it is expected that synergy 

would be in the first two forms. Consequentiy, it was expected that the 

solutions rendered by subjects in the third group would be significantiy 

better than those by subjects from the other groups. Whether or not this was 

realized will be discussed in Chapter VI. 

The control group (group four) subjects were drawn from ISQS 5137. 

Recruiting subjects from this course ensured that the control group subjects 

had negligible or no exposure to any of the problem-solving methodologies 

being studied. The MBA curriculum at Texas Tech calls for students to take 

ISQS 5137 prior to ISQS 5242 and ISQS 5243. 

5.4 Basic Outline of the Experiment 

After the training sessions were completed, subjects from each of the 

groups were informed of the times that their groups should show up for the 

study. During each of the sessions, subjects were asked to fill out a consent 

form and a pre-study survey. A summary of the pre-study survey results is 

given in Appendix F. 

The next part of the study was spent on the actual problem-solving or 

task analysis. Regardless of group, each subject was assigned two identical 

tasks to analyze. Each subject solved the tasks individually. Each subject 
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had 80 minutes to solve both tasks. During each of the sessions, the 

subjects were instmcted to spend about 40 minutes on each of the two 

problems, but that they were free to work on either problem first. All 

subjects were told that they would be required to spend the entire 80 minutes 

in the task analysis phase of the session. They were also encouraged to do 

their very best in analyzing each of the two tasks using the methodology that 

they felt was most appropriate for each task. 

The time that each subject took to complete his or her assignment was 

not tracked; each subject was given enough time to complete the tasks. It is 

tme, though that there have been studies which indicate that novices tend to 

jump to what they perceive as the "solution" to the task, while experts tend 

to spend more time in the earlier phases of the problem-solving process 

(Welch, 1999). But this study was centered more on comparing task 

analysis methods rather than on comparing the performance of novices 

versus expert problem solvers using the same problem-solving method. The 

details of the results from the study are discussed in Chapter VI of this 

dissertation. 

After the tasks were completed, subjects from each of the groups were 

asked to complete a post-study survey. The details and results of the post-

study survey are also discussed in Chapter VI. 
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In order to validate some of the hypotheses (to be presented shortly), 

one task was designed to be less dynamic in nature, while the other was 

more dynamic. A committee of experts approved the tasks and analyses 

(coding schemes) used in the study. 

5.5 Design of the Experiment for ANOVA Tests 

The experiment was designed as a two 1-way ANOVA (Winer, 1971; 

Winer et al., 1991). The experimental design that was used to conduct the 

analysis of variance (ANOVA) is as depicted in Table 5-1. The details of 

the discussion of results are deferred till Chapter VI. 

Table 5-1: Design of Experiment for ANOVA Tests 

Group 

3 

1 

2 

4 

Svstems Thinking 

Training 

YES 

YES 

NO 

NO 

Goldratt's Thinking 

Processes Trainins 

YES 

NO 

YES 

NO 

Task Types 

Dynamic Task Static Task 

Gl 

G2 

G3 

G4 

Gl 

G2 

G3 

G4 
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The various sources and their associated degrees of freedom are as 

shovm in Table 5-2. As indicated in the table, the total corrected total 

degrees of freedom (for overall mean or intercept) in the experiment is 103. 

The degrees of freedom indicated are consistent with Taguchi's Design of 

Experiments used in research (Bendell, 1988; Peace, 1993; Yokoyama, 

1993). 

Table 5-2: Degrees of Freedom in the Experiment 

Source 

(Dynamic Task)* 

(Static Task)* 

(Dynamic Task)* (Static Task)* 

Task** 

(Dynamic Task)*Task** 

(Static Task)*Task** 

(Dynamic Task)* (Static Task)*Task** 

Subject ((Dynamic Task),(Static Task))** 

Error 

Corrected Total 

Degrees of Freedom (DF) 

48 

48 

103 
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From Table 5-2, the symbol "*" indicates terms use Subject((Dynamic 

Task),(Static Task)) as denominator of F-statistic. Similarly, "**" refers to 

terms that use "Error" as the denominator of the F-statistic. For testing the 

hypotheses, F tests and t-tests of the experiment whose design is given in 

Figure 5-3 was considered. 

Since there were significant interactions, pertinent questions were 

addressed by using the contrasts on the 16 means for the individual cells of 

the design. In other words, if the ANOVA tests reveal some significant 

effects, then pair-wise comparisons were done to investigate the source of 

the significance. As will be discussed in more detail in Chapter VI the 

Tukey multiple comparison method was utilized. 

5.6 Choice of Problem-Solving Reporting Method 

Subjects in all groups were asked to "think out-loud" as they solve the 

tasks or problems and write down their thoughts from start to finish. Also, 

they were encouraged to sketch any diagram(s) they feel contributed to the 

richness of the solution to the tasks. This type of study has been reported 

using any of several formats or methods. These include verbal protocol 

(Curley et al., 1995; Ford et al., 1989), computer mouse, eye-ball movement 

on computer screen (Abelson and Levi, 1985; Lohse and Johnson, 1996), 
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eye-ball movement on document, written or sketches (Ramesh and Browne, 

1999), etc. 

The written method of reporting the subjects' responses to the tasks 

was selected over the other methods. The choice was due, in part, to the fact 

that this method has been used in other studies as pointed out above, plus the 

fact it does not require the extensive transcription necessary when other 

methods (such as verbal protocol) are used. But as will be mentioned in 

Chapter VII, this study will be replicated in the future, using one or more of 

the other methods. This would be to investigate possible richness of the 

other methods relative to the written response method. 

Once the subjects had completed their written responses, the next 

phase of the validation process was to code the responses. The coding 

process is the subject of the next sub-section. 

5.7 Overview of the Coding Process 

As indicated in Figure 5-2, the next major phase in the validation 

process (after the submission of responses by subjects) is the coding of the 

responses. Coding can be defined as the analytic processes through which 

data are fractured, conceptualized, and integrated to form a theory (Sfrauss 

and Corbin, 1998, p. 3). It is a method that has been used (along with 
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content analysis) extensively in the humanities and social sciences 

disciplines. Since these disciplines involve studies of phenomena that are 

qualitative in nature, coding and content analysis enable researchers to draw 

quantitative conclusions from essentially qualitative data (Krippendorff, 

1980; Miles and Huberman, 1994; Strauss and Corbin, 1998; Weber, 1990). 

In addition to the experimenter, two independent coders coded all subjects' 

responses to the two tasks in the study. Pilot study using one subject per 

group was used to facilitate the training of the coders and to refine the study. 

5.8 Calibration of the Coders' Results 

Using the pilot study materials, the independent coders who helped 

make this study a success were trained by the same trainer. The grade 

eamed by each subject (as determined by each coder), were compared 

against other coders' grades for that given subject, and the overall inter-rater 

reliability as well as Cohen's Kappa calculated. This and other calculations, 

as well as the pilot study results will be discussed in Chapter VI. 
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5.9 Training of Coders and the Coding Process 

Before the written responses could be coded, the coders were trained. 

As mentioned earlier, the training sessions were conducted by the 

experimenter. However, in order to maintain integrity, the coders conducted 

their actual work of grading the responses independently. 

The main idea behind the training is so that the coders would, 

independently, come to agreement as much as possible as to the content of 

any given subject's response. In practice, complete agreement between 

coders is rare. The standard guideline (depending on the nature of the text 

response) is to accept a 70% agreement or inter-coder (or inter-rater) 

reliability (Krippendorff, 1980; Weber, 1990). 

As outlined by Weber, there are some basic guidelines to follow in 

training the coders (Weber, 1990). Specifically, the following eight 

guidelines are recommended (Weber, 1990; Krippendorff, 1980): 

1. Define the recording units, 

2. Define the categories, 

3. Test coding on sample text, 

4. Assess accuracy or reliability, 

5. Revise the coding mles, 

6. Retum to step 3, 
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7. Code all the text, and 

8. Assess achieved reliability or accuracy. 

What is implied by "define the recording units"? This is the definition 

of the basic unit of text to be classified. Weber outiines six commonly used 

options that could be used as recording units that have been used extensively 

in the social sciences (Weber, 1990, pp.21-23): 

a. Word ~ One choice is to code each word that appears in the response. 

b. Word sense ~ This is when phrases that constitute semantic meanings are 

coded. 

c. Sentence ~ Entire sentences could be used as recording units when the 

researcher is interested in words or phrases that occur closely together. 

d. Theme ~ Sometimes, long complex sentences must be broken down into 

shorter thematic units or segments, the themes are then used as the recording 

units. 

e. Paragraph ~ Although not as reliable as words, use of paragraphs as 

recording units can be handy in cases when computers or human coders are 

limited. 

f. Whole text ~ This is even less reliable than paragraphs, but could be used 

if the entire text is very short. Examples of where this could be used would 

be newspaper headlines or editorials. 
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An altemative to category counts is the use of "measurement models". 

This is the method that was used in this research because it is more relevant 

to this type of research. Measurement model uses a variety of multivariate 

data analysis techniques to analyze data based on text. The general name for 

several related mathematical procedures that summarize the variation of 

many observed or measured variables in terms of fewer underlying (or 

latent) factors is "factor analysis" (Weber, 1990, p. 58). Thus, numbers 

could be used as factors to indicate the evidence or presence of the latent 

factor of interest. Factor loading, a concept similar to correlation 

coefficient, is the extent to which an observed variable is correlated to a 

latent variable or factor. 

Once the texts (written responses) have been coded, their contents 

need to be analyzed to validate the hypotheses raised. Before presenting a 

discussion of "content analysis", the research hypotheses will be presented 

next. 

5.10 The Hypotheses in the Research 

Based on the research model presented in Figures 4-la and 4-lb, the 

following ten major hypotheses were developed. The data from the study 

were analyzed to test the various hypotheses, which are summarized below. 
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Note: Hypotheses HOI and H02 would reveal if training in a particular 

methodology helps subjects achieve better results when solving tasks of a 

given domain. 

HOI: If the task is dynamic in nature, then subjects trained in the use of the 

systems thinking methodology will, on average, achieve results that are of 

similar quality with those that used other methods 

H02: If the task is static in nature, then subjects trained in the use of the 

Goldratt's thinking processes methodology will, on average, achieve results 

that are of similar quality with those that used other methods. 

Note: Hypotheses H03, H04, H05, and H06 would reveal the effect of 

training in a particular methodology with regards to performance, regardless 

task domain. 

H03: Regardless of the task domain, subjects trained in the use of the 

systems thinking methodology will, on average, achieve results that are of 

similar quality. 

H04: Regardless of the task domain, subjects trained in the use of Goldratt's 

thinking processes methodology will, on average, achieve results that are of 

similar quality. 
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H05: Regardless of the task domain, subjects trained in the use of both 

systems thinking and Goldratt's thinking processes methodologies will, on 

average, achieve results that are of similar quality. 

H06: Regardless of the task domain, subjects that received no training in 

any task analysis methodology will, on average, achieve results that are of 

similar quality. 

Note: Hypotheses H07 and H07a, H07b, and H07c seek to investigate 

possible synergistic benefits of receiving training in both systems thinking 

and Goldratt's thinking processes methods, regardless of task domain. 

HOT: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that were trained in other 

methodologies. 

H07a: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that were trained in systems thinking 

only. 

H07b: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 
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that are of similar quality with those that were trained in Goldratt's thinking 

processes only. 

H07c: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that did not receive any training. 

Note: Hypotheses H08 and H09are meant to test the extent to which subjects 

that received training in both methodologies would use a specific method 

when solving tasks that are perceived to be of a specific domain. 

H08: Subjects trained in both systems thinking and Goldratt's thinking 

processes will be just as likely to use systems thinking tools as they would 

Goldratt's thinking processes tools to solve tasks that are dynamic in nature. 

H09: Subjects trained in both systems thinking and Goldratt's thinking 

processes will be just as likely to use Goldratt's thinking processes tools as 

they would systems thinking tools to solve tasks that are less dynamic in 

nature. 

Note: Hypotheses HIO and HlOa, HlOb, HlOc, and HlOd are meant to test 

the similarity in performance of subjects that received training a given 

methodology or methodologies when solving tasks that are of different 

domains. 
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HIO: Subjects trained in a particular method will, on average, achieve 

results that are of similar quality, regardless of task domain. 

HlOa: Subjects trained in systems thinking method will, on average, achieve 

results that are of similar quality, regardless of task domain. 

HlOb: Subjects trained in Goldratt's thinking processes method will, on 

average, achieve results that are of similar quality, regardless of task 

domain. 

HlOc: Subjects trained in both systems thinking and Goldratt's thinking 

processes methods will, on average, achieve results that are of similar 

quality, regardless of task domain. 

HlOd: Subjects that did not receive any training will, on average, achieve 

results that are of similar quality, regardless of task domain. 

The discussion as to whether to accept or reject the various null 

hypotheses listed above is presented in Chapter VI. The presentation of the 

results of the various tests and surveys conducted in the study will be 

deferred to Chapter VI as well. 
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5.11 Overview of How Coded Data is Interpreted 

Once the coding scheme was used by the coders to code the data that 

were collected from the task analysis sessions, interpretation of the results 

commenced. Since human coders were used in the research, the issue of 

reliability between the coders had to be addressed. In cases where 

computers with valid programs and well-functioning hardware are used, 

perfect coder reliability can be expected (Weber, 1990, p. 15). 

In general, a measure is reliable to the degree that it supplies 

consistent resufts. Reliability is a contributor to validity; it is a necessary but 

not sufficient condition for validity (Cooper and Schindler, 1998). Relating 

the two concepts to mathematics, reliability could be viewed as a first order 

necessary condition, while validity would be a second order sufficient 

condition. 

With regards to content analysis, there are three types of reliability to 

take into account: stability, reproducibility or equivalence, and accuracy or 

intemal consistency (Krippendorff, 1980, pp.130-154; Weber, 1990, pp.l7-

18; Cooper and Schindler, 1998, pp. 166-178). Similarly, there are several 

types of validity to be aware of (Brinberg and McGrath, 1985; Krippendorff, 

1980, pp. 155-168; Weber, 1990, pp. 18-21). Brief discussions of reliability 
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and validity are given in the next two sub-sections. More detailed 

discussions can be found in the sources just cited. 

5.11.1 Reliability Issues in Content Analysis 

As indicated in the previous section, there are three types of reliability 

pertinent to content analysis: stability, reproducibility or equivalence, and 

accuracy or intemal consistency. These terms are important because they 

reveal much about the coded data. 

Stability is a measure of how consistently a given coder codes a given 

subject's written response to some task(s). Sometimes, the same coder 

would code the same material differently over time. Some of the reasons for 

the inconsistencies could be ambiguities in the coding mles, text, cognitive 

changes in the coder, or errors, such as assigning the wrong numeric code to 

a category (Weber, 1990). 

Reproducibility or inter-coder reliability (or inter-rater reliability) 

measures the extent to which two or more coders agree with each other when 

they (independently) code some subject's response to some task(s). Since 

the publication of Krippendorff s book on content analysis, an inter-coder 

reliability of 70% seems to be the accepted norm in most research of this 

type (Weber, 1990; Miles and Huberman, 1994). One of the ways to 
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improve inter-coder reliability is to train all the coders equally and very well 

(Ericsson and Simon, 1984, p. 212). 

In content analysis, "accuracy" refers to the extent to which the 

classification of text conforms to a known standard, or yields what it is 

designed to yield (Krippendorff, 1980; Weber, 1990). This reliability 

measure is seldom used in research (Weber, 1990, p. 17). 

Adapted from Krippendorff s 1980 and Cooper and Schindler's 1998 

books. Table 5-3 shows a summary of the three types of reliability discussed 

above. To be consistent with other studies, the inter-rater reliability was 

calculated in this research. As will be discussed in Chapter VI, test-retest on 

a subset of the responses from each of the four groups was also done, and 

the intra-rater reliability calculated. 

Table 5-3: Types of Reliability in Content Analysis 

Types ofReliabilitv 

Stability 

Reproducibility, 
inter-rater (or inter-
coder) reliability, or 
Equivalence 
Accuracy 
or 
Intemal consistency 

Reliabilitv Designs 

test versus retest 

test versus test 

test versus standard 

Errors Assessed 

intra-observer 
inconsistencies. 
intra-observer 
inconsistencies 
and inter-observer 
disagreements. 
intra-observer 
inconsistencies, 
inter-observer 
disagreements, and 
systematic 
deviations from a 
norm (standard). 

Relative Strengths 

weakest 

moderate strength, 
most popular 

strongest, but rarely 
used 
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5.11.2 Validity Issues in Content Analysis 

To declare that a research resuft based on content analysis is "valid" is 

to imply that the finding does not depend upon or is generalizable beyond 

the specific data, methods, or measurements of a particular study (Cooper 

and Schindler, 1998, pp. 166-167; Weber, 1990, p. 18). There are several 

types of validity pertinent to content analysis. These include the following: 

(a) Face or intemal validity-This is the weakest form of validity 

because it is based on a single variable. A category has face validity to the 

extent that it appears to measure the construct it is intended to measure. 

(b) Extemal Validity—This is much stronger than intemal or face 

validity. It is measured by comparing content-analytic data with some 

extemal criterion (Krippendorff, 1980; Weber, 1990). 

There are four types of extemal validity: constmct, hypothesis, 

predictive, and semantic. 

Construct validity—A measure is said to have constmct validity to the 

extent that it is correlated with some other measure of the same construct. In 

other words, construct validity implies the generalizability of the constmct 

across measures or methods (Krippendorff, 1980; Weber, 1990). 

Hypothesis validity—This relies on the relationship between variables 

in the data (text) and some extemal theory. A measure has hypothesis 
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validity if in relationship to other variables, it "behaves" as it is expected to 

(Weber, 1990). This is sometimes called "indirect" validation (Janis, 1965). 

Predictive validity-This measures the extent to which forecasts about 

events or conditions extemal to the study are shown to correspond to actual 

events or conditions, these predictions could concem the future, past 

(postdiction), or concurrent events (Weber, 1990, p. 20). 

Semantic validity-According to Weber and Krippendorff, semantic 

validity exists when persons familiar with the language in which the text is 

written examine lists of words (or other units) placed in the same category 

and agree that the words have similar meanings or connotations (Weber, 

1990, p. 21). Thus, words that could take on different connotative (and 

denotative) meanings would tend to have low semantic validity. 

5.11.3 Computer Programs in Content Analysis 

Although computer content analysis packages were not used in this 

particular research, the plan is to do a follow-up research using some 

computer package. As mentioned earlier, when computers with valid 

programs and well-functioning hardware are used to collect data (instead of 

humans), perfect coder reliability can be expected. In Appendix B and C, I 
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have summarized some information adapted from Miles and Huberman on 

computer content analysis. 

Appendix B lists the lists different content analysis computer 

packages that are currently available. The characteristics (operating 

systems, search and retrieval, user friendliness, etc.) are indicated. 

Appendix C gives the addresses and other information on the 

developers and distributors of the various computer programs that are 

currently available for content analysis. 

5.12 Deliverables of the Research 

As part of the general requirements, there were specific items that had 

to be delivered to the faculty committee that directed this research. It should 

be noted, however, that much of the work in the research was intangible and 

could not be "delivered" as such. Some of the deliverables are: 

a. A conceptual model and the validation of the model, 

b. A set of hypotheses and the results from the tests of the hypotheses, 

c. Development of training materials, 

d. Training of subjects in systems thinking and Goldratt's thinking processes, 

e. Development of tasks and a set of questionnaire to be administered prior 

to and after the tasks were analyzed, 
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f. Coding of the written responses from pilot subjects and all subjects from 

all four groups, 

g. Results of the hypothesis tests based on content analysis of the subjects' 

responses, 

h. A summary of the highlights and insights gained from the research effort, 

i. How this research contributes to the body of knowledge, and 

j . An outline for future research plans. 
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CHAPTER VI 

RESULTS AND DISCUSSION 

6.1 Overview 

The results of the data gathered from the study outlined in the 

previous chapter will be presented in this chapter. The discussion in this 

chapter will be presented in six main parts. The first part is the pilot study 

results. This is followed by the pre-study survey results. The third part will 

be the results of the full study. Infra-coder reliability study based on re-

grading the responses of a subset of the subjects in the study is then 

presented. The hypotheses raised will be revisited, and the acceptance or 

rejection of each discussed. Finally, the post-study survey results are 

discussed, and the related information presented in an appendix. 

6.2 Pilot Study Outiine 

The data gathered from the pilot study was used to fine-tune the 

coding scheme, to train the coders, and to codify the full study. There were 

a total of four subjects in the pilot study (one subject per group). Each 

subject analyzed two tasks. As mentioned earlier, the first task was designed 

to be more dynamic in nature, while the second task was more static in 
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nature. Each of the two tasks was broken into two parts. The coding 

scheme of the first part measured the subjects' understanding of the 

variables or forces at play in the task at hand, while the second part sought to 

evaluate the subjects' use of the tools employed in analyzing the task. 

Presented in Appendix G, are the two tasks and coding schemes used 

in the study. These were originally developed by some authors (Sterman, 

2000; Schragenheim, 1999), and modified by the experimenter with the 

approval of a committee of experts. 

As indicated in Appendix G, the coding of the first task had a total of 

22 items. The first 17 items made up what is referred to as the first part in 

the coding scheme of the problem, while the last five made up the second 

part. Similarly, the second task had a total of 19 coded items. In the coding 

of the second task, the first part was made up of 14 items, while the second 

part had five items. This means that between the two tasks, each subject 

was graded on a total of 41 items (19 + 22). Each of the subjects' responses 

to a given task was graded by each coder independently on a scale of zero to 

100 percent. 

Each subject's response to an item in the first part of a given task was 

assigned a grade that ranged from zero to a maximum of two points. A 

given subject's response to the second part of each task was decoupled from 
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the subject's response to the first part of the task. This was to ensure that the 

subject got the appropriate grade in the second part, based on how he or she 

demonstrated the use of the tools in analyzing the task. As will be discussed 

later in this chapter, this grading scheme was maintained in coding the full 

study. 

6.2.1 Pilot Study Results 

The responses to the two tasks by each of the four subjects were 

graded by three coders, two of whom were independent. The independent 

coders were both trained by the experimenter. Although many studies of 

this type have been done with only one independent coder, the experimenter 

believes that there were inherent benefits of having two independent coders. 

For example, the inter-rater reliability that was obtained between the various 

coders gave me more confidence in the study than if only one independent 

coder was utilized. Also, the feedback from the coders during the training 

enhanced not only the quality of the coding scheme, but the study as a 

whole. 

The results from the first task (dynamic task) in the pilot study are as 

shown in Figure 6-1. As can be seen from the figure, the systems thinking 

group performed better than the rest of the groups, followed by the 
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combined group. The Goldratt's thinking processes and the control groups 

finished third and fourth, in that order. 

Similarly, the static task resufts are displayed in Figure 6-2. In both 

figures, coders #1 and #2 are independent coders, while coder #3 is the 

experimenter. 

The second task was designed to be less dynamic in nature. For the 

second task, the coders reported the combined group as the top performers, 

followed closely by the systems thinking group. Once again, the Goldratt's 

thinking processes group and the control group came in third and fourth, 

respectively. It should be noted here that the consistency across the coders 

shows that the training and the coding schemes were effectively understood 

and utilized. 

Since the pilot study did not have enough data points, rigorous 

statistical analysis was not conducted. However, the pilot study did provide 

valuable help in the training of the coders, fine-tuning the coding scheme 

and the full study. A detailed discussion of results will be presented later in 

this chapter along with the results from the full study. 
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6.2.2 Pilot Study Inter-rater Reliability and Cohen's Kappa 

As already stated, the pilot study was made of a total of four subjects. 

Since each subject analyzed two tasks and the first task had a total of 22 

items while the second had a total of 19 items, it means each subject was 

graded on a total of 41 items across the two problems. This implies that any 

two coders could agree on a maximum of 41 *4 =164 items in the pilot study. 

Based on this, the following inter-rater reliability and Cohen's Kappa figures 

were calculated. The following are the inter-rater reliability numbers 

obtained. 

Coders #1 and #3 = 87.2%, 

Coders #1 and #2 = 72.6%, 

Coders #2 and #3 = 81.1%. 

As stated in the previous chapter, inter-rater reliability of 70%) has 

come to be the accepted standard in studies of this nature since the 

publication of Krippendorff s 1980 book on content analysis (Krippendorff, 

1980; Weber, 1990). It should be mentioned here that the inter-rater 

reliability between the coders #1 and #3 in the pilot study is higher than the 

other reliability numbers because it was driven by the fact these two coders 

assigned similar grades to the pilot subject in the control group. The 

Cohen's Kappa obtained were: 
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Coders #1 and #3 = 68.4%, 

Coders #1 and #2 = 67.1%, 

Coders #2 and #3 = 68.0%. 

6.3 Pre-Study Survey Results 

At the beginning of the full study session, a pre-survey was conducted 

to get an understanding of the profile of the participants in the study. There 

were a total of 52 subjects in the study (13 in each of the four groups). 

Table 6-1 shows the number of males and females per group, as well as 

other indices such as the number of semesters that the subjects in each of the 

four groups had been in the masters degree program, and the types of 

courses they had already taken. As shown in Table 6-1, data on each 

subject's age and number of years of work experience were also collected. 

These data will be re-used in a follow-up study to compare data from MBA 

students versus business executives. 
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Table 6-1 Profile of Subjects in Study 

Gender: 
Males 
Females 

Age: 
Mean 
Std. Dev. 
Work Experience: 
Mean (years) 
Std. Dev. (years) 
# of semesters 
in MBA program: 
Mean 
Std. Deviation 

Taking course in 
Systems Thinking 

Taking course in 
Goldratt's T.P. 

Svst. Thinking 

7 
6 

27.0 
8.7 

4.3 
8.6 

2.1 
1.1 

13 of 13 

Oof 13 

The Four Groups 
Goldratt's T. 

11 
2 

30.0 
7.3 

6.8 
5.7 

2.4 
1.4 

l o f l 3 

13 of 13 

P. 
in the Study 
Combined Grp. 

8 
5 

27.3 

3.47 

2.6 
2.46 

3.4 
1.2 

13 of 13 

13 of 13 

Control Grp. 

6 
7 

24.0 

2.04 

1.67 
1.79 

2.5 
1.5 

Oof 13 

Oof 13 

6.4 Outline of Discussion of Results of Study 

In this section, the results obtained in the full study that comprised of 

the 52 subjects will be presented. The interpretation and implications of the 

results will be presented as well, the acceptance or rejection decisions of the 

various hypotheses listed in the previous chapter will be deferred to a later 

sub-section. As would be recalled, there were two independent coders 

utilized in this study. The inter-rater reliability between both independent 

coders and the experimenter were similar. For the rest of the discussion, 
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data from only one of the independent coders will be reported. The inter-

rater reliability between this particular coder and the experimenter for the 

full study was 76.17%, which, as already pointed out in this report, is 

acceptable for studies of this nature. Cohen's Kappa for the full study 

between the coder and the experimenter was calculated to be 0.66. 

6.5 Task Analysis Methods versus Performance 

Of obvious interest is the performance of the 13 subjects in each of 

the four groups that used different task analysis methods in the analysis of 

the two tasks they individually analyzed. Would the various groups exhibit 

a higher ability at analyzing the dynamic task relative to the other task that is 

static, or vice versa? 

6.5.1 Task Analysis Methods versus Dynamic Task Performance 

This analysis starts with the first task, the dynamic task. As could be 

seen from Table 6-2, the analysis of variance (ANOVA) results obtained 

using the data analysis feature in Microsoft Excel indicates that the 

performance of the systems thinking group subjects was judged to be more 

superior relative to that of the other groups. The second best is the 
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combined group, followed by the Goldratt's thinking processes group, and 

then the control group. 

Table 6-2: Summary of Independent Coder's Report of Dynamic Task 

ANOVA: Single Factor. Independent Coder's Report on Dynamic Task (a = 0.05) 

SUMMARY 
Groups 

Systems Thinking 
Goldratt's Thinking. Proc. 
Combined Group 
Control Group 
ANOVA 
Source of Variation 
Between Groups 
Within Groups 
Total 

Count 
13 
13 
13 
13 

SS 
21091.39 
6505.42 
27596.80 

Sum 
963.7 
616.1 
836.6 
273.4 

df 
3 

48 
51 

Average 
74.13 
47.39 
64.35 
21.03 

MS 
7030.46 
135.53 

Variance 
62.08 
186.27 
249.32 
44.44 

F 
51.87 

P-value 
4E-15 

F crit 
2.80 

As indicated by the p-value in Table 6-2, there is a very significant 

difference in the performance of the various groups at the normal alpha level 

of 0.05. However, it is not obvious where the significance lies. This is why 

multiple comparisons tests (pair-wise comparisons) were done. The results 

of the pair-wise comparisons will be presented in the next subsection. 
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6.5.2 Multiple Comparisons of Dynamic Task Performance 

Theoretically, the investigation of the source or sources of the 

significance reported in Table 6-2 entails doing pair-wise comparisons 

between all possible combinations of treatments (groups). But in practice, 

the comparisons are usually necessary only for the treatments that are 

suspected to have some significant differences. In this report, all the 

possible combinations were considered (Neter, Wasserman, and Kutner, 

1985; Winer, Brown, and Michels, 1991). Since there are four groups, there 

are (n-1)! = 6 possible multiple comparisons. 

There are numerous methods of doing multiple comparisons. In this 

report, I present one method of doing multiple comparisons, the Tukey 

multiple comparison method. It should be pointed out that the Microsoft 

Excel method of doing multiple comparisons was not used here because it 

has an inherent drawback in that type 1 error (a) is not fixed. This could 

lead to a wrong conclusion or observation, especially if the difference in the 

particular pair being investigated is only marginally significant or 

insignificant. On the other hand, although the Tukey method is more tedious 

in that it involves manual calculations and consulting statistical tables, its 

type 1 error is fixed. With fixed alpha level, the risk of drawing the wrong 

conclusions is minimized. 
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As mentioned above, there are many other multiple comparison 

methods available, other than the Tukey method. These include Bechhofer-

Dunenett, Dunn-Bonferroni, Scheffe, etc. (Neter, Wasserman, and Kutner, 

1985; Winer, Brown, and Michels, 1991). For this research, the Tukey 

method was chosen over the others because research has shown that if all 

factor level sample sizes are the same, the Tukey method is more 

conservative than the others. Also, if only pair-wise comparisons are to be 

made, the Tukey method gives narrower confidence limits, and is therefore 

the preferred method (Neter, Wasserman, and Kutner, 1985). 

6.5.2.1 Dynamic Task Multiple Comparisons using Tukey 

Using a fixed level of significance of 0.05, the Tukey method could be 

used to investigate the source or sources of the significant effects reported in 

Table 6-2. To do this, we need to get F(0.95, 3, 48) = 2.78 from a statistical 

table of "Critical value of the F distribution for a = 0.05". The F(0.95, 3, 

48) is based on the fact that we are doing the calculations for 95%) 

confidence level, with four groups (r-1 = 4-1 = 3), the degrees of freedom 

(df = nr - r = 13*4 - 4 = 48). Next, we make note of the fact that F = 51.87 

(from Table 6-2) or from F* = MSTRMSE = 7030.46/135.53 = 51.87. 

Since 51.87 > 2.78, we know that the means of the treatments (groups' 
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performances) differ significantly. This is why we must do the multiple 

comparisons. 

Next, from a statistical table of "Critical Value of Studentized Range 

Distribution for a = 0.05", the Tukey multiple comparisons for a family 

confidence coefficient of 0.95, with four groups and 48 degrees of freedom, 

we find q(0.95, 4, 48) = 3.76. Now the value of T (the Tukey adjustment 

factor) can be calculated from the formula T = 0.707(q). Thus, T = 

0.707(3.76) = 2.66. Further, since equal sample sizes were employed in the 

research, we need to calculate the value of MSE(l/n + 1/n) = 135.53(1/13 + 

1/13) = 20.85, which yields an Sx of 4.56. Thus, we obtain TSx = 

2.66(4.56) s 12.13. 

Therefore, the pair-wise confidence intervals with 95 percent family 

confidence coefficient could be calculated from the general equation for 

confidence interval ( X - TSx to X + TSx). A summary of the 6 multiple 

comparisons is given in Table 6-3. From the ranges indicated, it is easy to 

determine which pair or pairs of treatments have significant differences in 

analyzing the dynamic task (task #1). Note that for convenience, the group 

averages for systems thinking, Goldratt's thinking processes, combined 

group, and the confrol group reported in Table 6-2 are reported in Table 6-3 

117 



as 111, fi2, ^3 , and |LI4 respectively. This format of reporting confidence 

intervals is common in research methods and statistics (Neter et al., 1985; 

Siegel, 2000). 

6.5.2.2 Discussion of Dynamic Task Results 

As reported in Tables 6-3, there were significant differences in the 

performance of the groups in terms of their performance in the analysis of 

the dynamic task. The difference between the systems thinking and the 

combined group was not significant at alpha level of 0.05. 

The reason for the difference between the control group and the other 

three groups is more or less obvious. Since the control group subjects have 

not been exposed to any of the methods, as they are relatively in the early 

stages of the masters program, they lack the experience to analyze tasks such 

as the ones in this study. The observed difference between the systems 

thinking and the Goldratt's thinking processes groups is also expected. 

As suggested earlier, the systems thinking methodology is more 

suitable for solving tasks that are more dynamic in nature. This research 

serves to substantiate the conjecture, and therefore should prove valuable to 

managers who might be involved in making decisions related to training 

employees in certain task analysis methods. 
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Table 6-3: Summary of Dynamic Task Multiple Comparisons Using Tukey 

Pair Being Compared 

Systems Thinking versus Goldratt's Thinking Process: 

-38.83 = (47A - 74.1) - 12.13 < u2 - ul < (47.4 - 74.1) + 12.13 = -14.57 

Systems Thinking versus Combined Group: 

-21.83 = (64.4 - 74.1) - 12.13 < ^3 - |al < (64.4 - 74,1) + 12.13 = 2Jl 

Systems Thinking versus Control Group: 

-65.23 = (21.0 - 74.1) - 12.13 < ^4 - |il < (21.0 - 74.1) + 12.13 = -40.97 

Goldratt's Thinking Processes versus Combined Group: 

-29.13 = {41.A - 64.4) - 12.13 <\x2 \il> < (47.4 - 64.4) + 12.13 = - 4.87 

Goldratt's Thinking Processes versus Control Group: 

i^.27= (47.4-21.0)-12.13 < n 2 - ^ 4 < (47.4-21.0)+12.13 =J*.55 

Combined Group versus Control Group: 

57.27-(64.4-21.0)-12.13 <|Li3-|Li4<(64.4-21.0)+12.13 = 55.55 

Significant? 

YES, 

Systems 

thinking 

group did 

better. 

NO 

YES, 

Systems 

thinking 

group did 

better. 

YES, 

Combined 

group did 

better. 

YES, 

Goldratt's TP 

group did 

better 

YES, 

Combined 

group did 

better. 
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The fact that there was no significant difference between the systems 

thinking and the combined group could be due to the fact that the combined 

group had enough systems thinking trained subjects in it to make the overall 

combined group's score approach that of the systems thinking group. 

6.5.3 Task Analysis Methods versus Static Task Performance 

As mentioned earlier, the second of the two tasks analyzed by subjects 

in this study was designed to be more static in nature. In comparing the 

performance of the four groups, it was realized that there were significant 

differences between some of the groups. The ANOVA analysis from which 

this conclusion was drawn is summarized in Table 6-5. The p-value (3.3E-

10 or approximately zero) reported calls for further investigations of the 

source or sources of the differences, similar to what was done with the data 

from the analysis of the first task. The multiple comparisons are presented 

in the next sub-section. 
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Table 6-4: Summary of Independent Coder's Report of Static Task 

ANOVA: Single Factor. Independent Coder's Report on Static Task (a = 0.05) 

Groups 

Systems Thinking 
Goidratfs Thinking. Proc. 
Combined Group 
Control Group 
ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

Count 

13 

13 
13 

13 

SS 

12186.8 

7411.73 

19598.6 

Sum 

845.8 
759.1 
944.7 

416 

df 
3 
48 
51 

Average 

65.06 
58.39 
72.67 

32.00 

MS 

4062.27 
154.41 

Variance 
240.57 
78.71 

202.22 

96.15 

F 

26.31 
P-value 

3.3E-10 
F crit 

2.80 

6.5.3.1 Static Task Multiple Comparisons using Tukey 

Multiple comparisons using the Tukey method are as summarized in 

Table 6.5. The discussions of the comparisons are presented in the next sub

section. 

6.5.3.2 Discussion of Static Task Results 

As reported in Table 6-5, there were significant differences at the 

traditional 95 percent confidence level in the performance of some of the 

groups in terms of their performance in the analysis of the static task. 
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Table 6-5: Summary of Static Task Multiple Comparisons Using Tukey 

Pair Being Compared 

Systems Thinking versus Goldratt's Thinking Process: 

-19.62 = (58.39 - 65.06) -12.95 < ^2 - ^1< (58.39 - 65.06) + 12.95 = 6.28 

Systems Thinking versus Combined Group: 

-5.34 = (72.67 - 65.06) - 12.95 < u3 - ul < (72.67 - 65.06) + 12.95 = 20.56 

Systems Thinking versus Control Group: 

-46.01 = (32.0 - 65.06) - 12.95 < ^4 - fil < (32.0 - 65.06) + 12.95 = -20.11 

Goldratt's Thinking Processes versus Combined Group: 

-27.23 = (58.39 - 72.67) -12.95 < ^2 - ^3 < (58.39 - 72.67) + 12.95 = - 1.33 

Goldratt's Thinking Processes versus Control Group: 

13.44 = (58.39 - 32.0) - 12.95 < î2 ^4 < (58.39 - 32.0) + 12.95 = 39.34 

Combined Group versus Control Group: 

27.72 = (72.67 - 32.0) - 12.95 < ^3 ^4 < (72.67 - 32.0) + 12.95 = 53.62 

Significant? 

NO 

NO 

YES, 

Systems 

thinking 

group did 

better. 

YES, 

Combined 

group did 

better. 

YES, 

Goldratt's TP 

group did 

better. 

YES, 

Combined 

group did 

better. 

As indicated in the table, the difference in the averages between the 

systems thinking and the combined group was not significant at alpha level 

122 



of 0.05; the same conclusion holds when comparing the averages of the 

systems thinking and Goldratt's thinking processes groups. It is tme though 

that the combined group performed better (as a group), followed by the 

systems thinking and the Goldratt's thinking processes groups respectively. 

The average performance of each of the groups are as given in Table 6-5. 

The significant differences in the averages of the control group and 

the other three groups could be attributed to the fact that the control group 

subjects had no formal training in any task analysis method. The 

insignificance in the averages achieved by the combined group versus the 

systems thinking group could be attributed to the fact that there were enough 

subjects in the combined group who were able to extend their skills in 

analyzing more dynamic tasks to the much less dynamic (static) case. 

Furthermore, the combined group was made up subjects who were trained in 

both task analysis methods. The group benefited from synergistic effects of 

the dual methods training. 

The fact that the Goldratt's thinking processes group did not achieve 

the highest average in analyzing this task is somewhat surprising. The 

contention or expectation was that static tasks are more suited for analysis 

using the Goldratt's thinking processes methodology. This observation 

calls for further investigation in a future study. 
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6.5.4 Task Analysis Methods versus Task Domain type 

It is of interest to compare the performance of the four groups with 

respect to the two task domains investigated in the study. Is the average 

performance of a given group similar across task domains? This question 

could be answered by doing multiple t-tests within groups across the two 

task domains. 

As would be recalled from previous sections of this chapter, the 

variances in the performance of the groups were unequal. Therefore the 

multiple t-tests were done with that fact in mind. The specific tool used to 

analyze the independent coder's data was the data analysis module in 

Microsoft Excel. The results of the "t-test: Two-Sample Assuming Unequal 

Variances" are summarized in Table 6-6. 

Table 6-6: Independent Coder's Comparison of Task Domains 

Group 

Systems Thinking Group 

Goldratt's Thinking Proc. 

Combined Group 

Control Group 

Dynamic 
task 

Mean 

lA.n 
47.39 

64.35 

21.03 

Static 
Task 

Mean 

65.06 

58.39 

72.67 

32.00 
— 1 — » 

t Stat 

1.88 
-2.44 

-1.41 

-3.34 
—. — 

two-tail 
p-value 

0.08 

0.02 

0.17 

0.003 

two-tail 
t-crit. 

2.10 

2.08 

2.06 

2.08 

Significant? 

NO 

YES 

NO 

YES 
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From this table, we notice that although the systems thinking group 

achieved a better average in analyzing the dynamic task, the group did well 

enough in analyzing the less dynamic (static) task to make the difference in 

the group's average performance across the two tasks insignificant at the 95 

percent confidence level. The group's higher average score in analyzing the 

dynamic task is in line with what I predicted earlier. 

Also as predicted, the average achieved by the Goldratt's thinking 

processes group is higher for the static task. While the group's average was 

not as high as expected, the group did perform significantly better in 

analyzing the task that was of static domain. 

The combined group achieved average scores that were not 

significantly different across task domains. As explained earlier, the 

generally good performance by the combined group may be due to the 

benefits of the synergistic benefits of having received training in both 

methodologies. 

While, as expected, the control group did not do very well, the 

group's average score on the static task is significantly better than its score 

on the more dynamic task. This result makes sense. The static task has less 

number of variables, and therefore has less complexity. Thus, even someone 
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with no formal training in task analysis methods would do better analyzing 

such a task relative to a dynamic task. 

6.5.5 Test of Stability of Coders 

In any research of this nature it would be nice to test the reliability of 

the coders against themselves. The test-retest was done in this study on the 

responses of two subjects randomly selected from each of the four groups. 

The eight responses were re-coded by the independent coder and the 

experimenter one week after they first coded the responses. As proposed by 

Cooper and Schindler, test-retest studies should be done within 6 months of 

the original test (Cooper and Schindler, 1998). The validity of this effort 

was further enhanced by the fact that the retest was not plarmed ahead of 

time, so neither coder had the opportunity to commit their exact coding of 

the responses to memory. The results of the test-retest showed that the 

independent coder achieved an intra-coder reliability of 95.7 %, and the 

experimenter's intra-coder reliability was 97.3 %. Both reliability numbers 

are very good, and they indicate that both coders were consistent in applying 

the coding scheme. 
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6.5.6 Acceptance or Rejection of the Null Hypotheses 

Before moving on to the summary of the post-study survey data in the 

next subsection, the hypotheses raised in this research will be revisited. The 

idea is to determine which of the null hypotheses to accept or reject, based 

on the data that have been discussed so far. 

As mentioned in the previous chapter, tests of hypotheses HOI and 

H02 would reveal if training in a particular methodology helps subjects 

achieve significantly better results when solving tasks of a given domain 

relative to those who received training in other task analysis methods. From 

the data presented so far, we saw that systems thinking training generally 

leads to a better performance when analyzing dynamic tasks, although the 

difference is not significant with respect to all groups at the conventional 5 

percent level. Thus, based on the data presented in this chapter, hypothesis 

HOI and H02 are rejected. The rejection of these hypotheses is based on 

results that were summarized in Tables 6-3 and 6-5. These revealed some 

significant differences between the groups (training) as predicted earlier. 
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For convenience the hypotheses as well as the decision related to each 

are listed below. 

HOI: If the task is dynamic in nature, then subjects trained in the use of the 

systems thinking methodology will, on average, achieve results that are of 

similar quality with those that used other methods. Decision: Reject. 

H02: If the task is static in nature, then subjects trained in the use of the 

Goldratt's thinking processes methodology will, on average, achieve results 

that are of similar quality with those that used other methods. Decision: 

Reject. 

Next, based on the data in Table 6-6, hypotheses H03 is accepted. 

The data reveals that while the systems thinking group's average 

performance on the dynamic and static tasks were 74.13% and 65.06 

respectively, the p-value was not significant (0.08). 

Using data from the same table (Table 6-6), H04 is rejected, since the 

p-value of 0.02 for the Goldratt's thinking processes group indicates that the 

group performed significantly better on the static task (58.39%) than on the 

dynamic task (47.39%). Similarly, while hypothesis H05 is accepted based 

on the data in Table 6-6, H06 was rejected. Hypotheses H03, H04, H05, and 

H06 as well as the decisions related them are summarized below. 
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H03: Regardless of the task domain, subjects trained in the use of the 

systems thinking methodology will, on average, achieve results that are of 

similar quality. Decision: Accept. 

H04: Regardless of the task domain, subjects trained in the use of Goldratt's 

thinking processes methodology will, on average, achieve results that are of 

similar quality. Decision: Reject. 

H05: Regardless of the task domain, subjects trained in the use of both 

systems thinking and Goldratt's thinking processes methodologies will, on 

average, achieve results that are of similar quality. Decision: Accept. 

H06: Regardless of the task domain, subjects that received no training in 

any task analysis methodology will, on average, achieve results that are of 

similar quality. Decision: Reject. 

Hypotheses H07 and H07a, H07b, and H07c seek to investigate 

possible synergistic benefits of receiving training in both systems thinking 

and Goldratt's thinking processes methods, regardless of task domain. From 

the data in Table 6-6, it is clear that training in either systems thinking or 

Goldratt's thinking processes greatly enhances performance on task analysis. 

But does training in both methodologies yield better or worse results? If so, 

does it depend on task domain? To answer this question, the overall 

performance of each group averaged across both tasks was calculated. The 
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data shows that the systems thinking group had an average of 69.6% across 

tasks, while the Goldratt's thinking processes group had an average of 

52.9%. The group that received training in both systems thinking and 

Goldratt's thinking processes had an average of 68.51%. Finally, the control 

group's average was 26.52%. The data reveals a very significant benefit 

from receiving either training. However, the group which received both 

training did not perform significantly better across tasks (combined) 

compared to the systems thinking group. From the data, it could be 

concluded that while receiving training in Goldratt's thinking processes did 

not seem to enhance the performance of those who had already been trained 

in systems thinking, the converse is not true. With regards to the issue of 

whether or not the methodologies being investigated here are synergistic, the 

answer (based on data) is in the affirmative. Consequently, the synergy-

related hypotheses and the decisions related to each are as summarized 

below. 

H07: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that were trained in other 

methodologies. Decision: Reject. 
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H07a: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that were trained in systems thinking 

only. Decision: Accept. 

H07b: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that were trained in Goldratt's thinking 

processes only. Decision: Reject. 

H07c: Regardless of the task domain, subjects trained in both systems 

thinking and Goldratt's thinking processes will, on average, achieve results 

that are of similar quality with those that did not receive any training. 

Decision: Reject. 

Hypotheses H08 and H09 are intended to test the extent to which 

subjects that received training in both methodologies would use a specific 

method when solving tasks that are perceived to be of a specific domain. 

From the responses by the subjects from the combined group, both 

hypotheses H08 and H09 are rejected. 

From actual responses and the post-study survey data, subjects who 

received training in both methods overwhelmingly used systems thinking 

method to analyze the dynamic task, while they used the Goldratt's thinking 
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processes method to analyze the static task. Ten of the thirteen subjects used 

systems thinking tools to analyze the dynamic task while twelve of the 

subjects used Goldratt's thinking processes to analyze the static task. Thus, 

based on the group's response, the decision to reject both hypotheses is 

reported here. 

H08: Subjects trained in both systems thinking and Goldratt's thinking 

processes will be just as likely to use systems thinking tools as they would 

Goldratt's thinking processes tools to solve tasks that are dynamic in nature. 

Decision: Reject. 

H09: Subjects trained in both systems thinking and Goldratt's thinking 

processes will be just as likely to use Goldratt's thinking processes tools as 

they would systems thinking tools to solve tasks that are less dynamic in 

nature. Decision: Reject. 

Hypotheses HIO and HlOa, HlOb, HlOc, and HlOd are meant to test 

the similarity in performance of subjects that received training a given 

methodology or methodologies when solving tasks that are of different 

domains. Most of the supporting data needed to accept or reject these 

hypotheses are as reported in Table 6-6. From the data in the table, we note 

that although the systems thinking subjects achieved a higher average score 

in analyzing the dynamic task relative to their performance on the static task 
132 



(74%) compared to 65% respectively), the difference was judged to be 

marginally insignificant at the conventional 5% level (p-value = 0.08). It 

stands to reason that future research may contradict this conclusion. 

As reported in Table 6-6, there is a significant difference in the 

performance of subjects across task domains when they received training in 

both methods, or when they received no training at all. Thus, based on the 

data, the four hypotheses in question are rejected, shown below. 

HIO: Subjects trained in a particular method will, on average, achieve 

results that are of similar quality, regardless of task domain. 

Decision: Reject. 

HlOa: Subjects trained in systems thinking method will, on average, achieve 

results that are of similar quality, regardless of task domain. 

Decision: Accept. 

HlOb: Subjects trained in Goldratt's thinking processes method will, on 

average, achieve results that are of similar quality, regardless of task 

domain. Decision: Reject. 

HlOc: Subjects trained in both systems thinking and Goldratt's thinking 

processes methods will, on average, achieve results that are of similar 

quality, regardless of task domain. Decision: Accept. 
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HlOd: Subjects that did not receive any training will, on average, achieve 

results that are of similar quality, regardless of task domain. 

Decision: Reject. 

As mentioned at the beginning of this chapter there was a 

questionnaire that each subject in the study responded to once the study was 

completed. The results from the survey are discussed in the next sub

section. 

6.5.7 Post-Study Survey Results 

At the end of each group's task analysis session, a post-study survey 

was administered. Part of the motivation for the survey was to solicit 

information that might help in the analysis of the data. Another reason for 

giving the survey was to allow the subjects a chance to make some 

comments as to what they thought about the exercise. Finally, the feedback 

from the survey might provide some insight as to what to consider in follow-

up research plans. 

The responses to ten specific questions are summarized in Appendix 

F. Because of the nature of the first two and the last two questions, 

statistical analysis was not required on them, ft should be mentioned here 

that Likert scale was used to solicit the subject's responses to the six 
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questions that were statistically analyzed. The Likert scale used in the 

survey was: 

Not at all = 1; Very Littie = 2; Littie = 3; Moderately = 4; Much = 5; Very 

much = 6. 

As mentioned above, while four of the ten questions were not 

statistically analyzed, the other six questions were analyzed using single 

factor ANOVA. This analysis was followed-up by using Tukey's pair-wise 

multiple comparisons method. 

Although it seemed at first that there were very significant differences 

in the groups' responses, it was realized that once the control group was 

removed from the analyses, the groups' responses to the six questions were 

not significantly different at the conventional 5 percent level. A summary of 

the responses to all ten questions is given in Appendix F. 
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CHAPTER VII 

CONTRIBUTIONS, LIMITATIONS, AND FUTURE RESEARCH 

7.1 Overview 

This research should make significant contributions to the general 

efforts related to the management of knowledge in organizations, especially 

in the area of task analysis using different types of methodologies. As 

pointed out earlier, problem-solving or task analysis is a component of the 

first phase of knowledge management (the building or creation of new 

knowledge) and has been identified as a critical aspect of the knowledge 

management effort. 

7.2 Contributions of the Research 

This research will contribute to knowledge in several respects to the 

management of information systems, and the management of organizations 

in general. The contributions are highlighted below: 

1. The research provides a framework for measuring or evaluating the 

effectiveness of management theories for solving or analyzing tasks. 

2. It provides managers with a method of testing the effectiveness of 

systems thinking and Goldratt's thinking processes in particular. 
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3. ft provides further credibility to the effectiveness of qualitative 

research and content analysis to disciplines other than the humanities and 

social sciences where the methods have been used extensively. 

4. It provides a method for evaluating the synergism between two 

management theories. 

5. It shows the links between task analysis (or problem-solving), 

knowledge management, and organizational goal(s). 

6. It provides an impetus for further research for both academia and 

industry that should lead to a universal acceptance of systems thinking and 

Goldratt's thinking processes as bona-fide problem-solving methods. 

7.3 Research Limitations 

As outlined in Chapters V and VI, the validation of the research 

model was done through lab experiments. While lab experiments provide 

researchers with economical ways of studying phenomena, they have their 

inherent limitations. It is rarely possible to have the richness that is usually 

found in actual organizational settings. Another limitation of the current 

research is brought forth by time constraints. For example, it would be 

interesting to see how verbal protocol compares with written protocol in the 

study. 
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Finally, although the subjects in all the groups were told to analyze 

the two tasks in the study in any order of their choosing, the tasks were not 

actually randomly ordered. In other words, all the subjects had the dynamic 

task as task #1 and the static one as task #2. However, I do not feel that this 

is a major limitation, especially in view of the fact that the subjects had both 

problems at their disposal and they had the option to solve either one first. 

7.4 Opportunity for Future Research 

My plan is to continue with this research stream. I plan to replicate 

this study in actual business organizations and compare the results with the 

ones obtained using MBA students. I will also conduct a study that 

compares written protocol results with verbal protocol using subjects of 

various demographical backgrounds. In the study after that, I plan to extend 

the study to group-level analysis. 

Yet another study will be to extend the current research to tasks such 

as JAD (Joint Application Development) in Information Systems Analysis. 

Another plan for future studies is to replicate this research in manufacturing 

settings that have self-directed work teams and those that do not have such 

team concepts. The idea is to see if working in team environment will have 

an effect on people's individual task analysis abilities. 
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Also, since the current study looks at only one aspect of the 

knowledge management endeavor, I plan to extend it to other phases of the 

knowledge management research stream. From the foregoing, there is much 

potential in this research stream. It is a known fact that the general area of 

knowledge management has become a very popular area of research at the 

dawn of the new millennium. 
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152 



Actual 
Conditions 

Delay 

Corrective 
Action 

Figure Al: Balancing Process with Delay 

153 



Limiting 
Condition 

Growing 
Action 

Condition Slowing 
Action 

Figure A2: Limits to Growth 
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Figure A3: Shifting the Burden 
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Figure A4: Shifting the Burden to the Intervener 
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Figure A5: Eroding Goals 
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Figure A6: Escalation 
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Figure A7: Success to the Successful 
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Figure A8: Tragedy of the Commons (Shared Resources) 
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Figure A9: Fixes that Fail 
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Figure AlO: Growth and Under-investment 
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[ADAPTED FROM MILES AND HUBERMAN, 1994] 
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APPENDIX C 

COMPUTER CONTENT ANALYSIS PROGRAM 

DEVELOPERS AND DISTRIBUTORS 

[ADAPTED FROM MILES AND HUBERMAN, 1994] 
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Computer Content Analysis Program Developers and Distributors 

AQUAD: GiJnter Huber, University of Tubingen, Department of Pedagogical 
Psychology, Munzgasse 22-30, D-72070 Tubingen, Germany. Phone: 49-7071-
292113. Fax:49-7071-294954. E-mail: 1001 ]5.230(a).compuserve.com.* 

AskSam: P.O. Box 1428, 119 S. Washington St., Perry, FL 32347. Phone: (800) 800-
1997; (904) 584-6590. Fax: (904) 584-7481. Tech support: (904) 584-6590. 

ATLAS/ti: Thomas Muhr, Trautenaustr. 12, D10717 Berlin, Germany. Phone and Fax: 
49-20-861 1415. E-mail: murh@cs.tu-berlin.de.* 

FoIioVIEWS; Folio Corporation, 2155 N. Freedom Blvd., Suite 150 Provo, UT 84604. 
Phone (800) 543-6546. 

HyperQual: Raymond V. Padilla, 3327 N. Dakota, Chandler, AZ 85224. Phone (602) 
892-9173.* 

Inspiration: Inspiration Software, Inc., 2920, S.W. Dolph Ct., Suite 3, Portland, OR 
97219. Phone: (503) 245-9011. 

Kwalitan: Vincent Peters, Department of Research Methodology, Social Sciences 
Faculty, University of Nijmegen, Th. Van Acquinostraat 4, 6525 GD Nijmegen, 
The Netherlands. Phone 31-80-612038. Fax: 31-80-612351. E-mail 
U211384@,HNYKUN11. 

MAX: Udo Kuckartz, Free University of Berlin, Institue for Social and Adult Educaiton, 
Amimalle 12, D-14195 Beriin, Germany. Phone: 49-30-838 5539. Fax: 49-30-838 
5889.* 

MECA: Kathleen Carley, Department of Social and Decision Sciences, Carnegie 
Mellonnviersity, Pitttsburgh, PA 15568. Phone: (412) 268-3225. E-mail: Kathleen 
Carlev%CENTRO.SOAR.CS.CMU.EDU(a),Carnegie.Bitnet 

MetaDesign: Meta Sftware Corporation, 125 Cambridge Park Dr., Cambridge, MA 
02140. Phone: (617) 576-6920. Fax (617) 661-2008. 

Metamorph: Thunderstone Expansion Programs International, Inc., 11115 Edgewater 
Dr., Cleveland, OH 44102. Phone: (216) 631-8544. Fax: (216) 281-0828. 
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Computer Content Analysis Program Developers and Distributors, Cont. 

NUDIST: Tom and Lyn Richards, Qualitative Solutions and Research Pty Ltd., 2 
Research Drive, La Trobe University, Meblme, Vic. 2083, Austriala. Phone: 61-
3-479-1311. Fax: 61-2-479-4441. E-mail: mudist(g).latcs].lat.oz.au. 

Obris: XYQuest, The Technology Group, Inc., 36 S. charles St., Baltimore, MD 21201. 
Phone: (410) 576-2040. Fax: (410) 576-1968. 

QCA. Kriss Drass and Charles Ragin, Center for Urban Affairs and Policy Research, 
Northwestern University, Evanston, IL 60208. Phone: (708) 491-8712. E-mail: 
kadrass(a),nevada.edu; cragin@nwu.edu. 

QUALPRO: Impluse Development Company. 3491-11 thomasvile Rd., Site 202, 
Tallahassee FL 32309, or Bernard Blackman, 2504 Debden Ct., Tallahassee, FL 
32308-3035. Phone: (904) 66809865. Fax: (904) 669-9866.* 

SemNet: Dr.Joseph Faletti, SemNet Research Grup, 1043 University Ave., San Diego, 
CA 92310. Phone: (619) 594-4453. 

Sonar Professional: Virginia Systems, Inc., 5509 West Bay Ct., Midlothian, VA 23112. 
Phone: (804) 739-3200. 

The Ethnograph: Qualis Research Associates, P.O. Box 2070, Amherst, MA OlOOr. 
hone: (413) 256-8835. E-mial: qualis@mcimail.com.* 

The Text Collector: O-Neill Software, P.O. Box 26111, San Francisco, CA 94126. 
Phone:(415)398-2255. 

WordCruncher: Johnston &. Co., 314 e. Carlyle Ave., Alpine, UT 84004, Phone (801) 
756-1111. 
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Task Analysis Study Consent Form 

You are invited to participate in a research study concerning the ways in which people solve 
problems. This study is being conducted by researchers at Texas Tech University. You have 
been invited to participate because you are a student in a designated ISQS class. There are 
no known risks or discomforts associated with participation in this study. 

If you decide to participate, you will complete the required materials during this session. The 
total time will be about two hours. If you complete the study, you will receive extra course 
credit as described by your instructor. Turning in this signed consent form together with the 
completed study materials qualifies you for the extra credit. 

The records of this study will be kept private. In any report we might publish or in any 
presentation of the study, we will not include any information that will make it possible to 
identify you or any other participant in the study. Only the researchers will have access to 
yoior responses, and there will be no way of connecting your name or any other uniquely 
identifying information to your responses. 

Your decision of whether to participate will not affect your current or future relations with 
Texas Tech University, any faculty member, or any institution. If you decide not to 
participate, you are free to withdraw at any time without affecting those relationships. 
However, extra course credit will be granted only to those people who complete the study as 
specified above. 

If you have any questions about the research, please ask the interviewer now, or you may 
contact: 

Office of Research Services Texas Tech University 
806-742-3884 

A copy of this form will be provided to you upon request. 

I understand the nature of this study and what I will be asked to do. I have answered any 
questions I have and have received answers. I hereby consent to participate in this research 
study. 

Signature of Subject Social Security Number Date 

Signature of Experimenter Date 

Signature of Witness to Oral Presentation Date 
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TEXAS TECH UNIVERSITY 
Office of Research Services 

203 Holden Hall 
Lubbock, Texas 79409-1035 
(806) 742-3884/FAX (806) 742-3892 

June 01, 2000 

Dr. James R. Bums 
Mr. Philip F. Musa 
Business Admin 
MS 2101 

RE: Project 00116 Task Analysis Using Systems Thinking and Goldratt's Thinking 
Processes to Enhance Organizational Knowledge Management 

Dear Dr. Bums: 

The Texas Tech University Committee for the Protection of Human Subjects has approved 
your proposal referenced above. The approval is effective from May 1, 2000 through April 30, 
2001. You will be reminded of the pending expiration one month prior to April 30, 2001 so 
that you may request an extension if you wish. 

The best of luck on your project. 

Sincerely, 

Dr. Richard P. McGlynn, Chair 
Human Subjects Use Committee 

An EEO/Affimtative Action Institution 
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Claim for Exemption 
from Review 

by the Human Subjects Committee 

Office Use Only Proposal # 

Approval: 

Letter 

Notice! 

The mailing or distribution of surveys or the collection of data may begin ONLY after 
this form has received committee approval (ALLOW 10 DAYS FOR PROCESSING) 
and has been properly filed with the Secretary for the Committee for Protection of 
Human Subjects. It also must have signatures of the Principallnvestigator(s), Faculty 
Sponsor, and Department Chairperson. The Committee may, upon review of this 
claim, deny the request for an exemption. To inquire about approval status, please call 
the Office of Research Services, 2-3884, and ask for Allyson Smith. 

1. Name(s) of Principal Investigator(s): 
2. Department: Phone: 

Faculty Sponsor: Phone: 

2. Title of Project or Proposal:, 
3. Description of Project or Proposal (attached additional information as needed): 

Briefly describe the population of human subjects involved (e.g., 
University students, community members, athletes, homemakers, school 
children, etc.) You MUST indicate if this participation is VOLUNTARY 
OR NOT. 

Briefly describe your research procedures and techniques of data collection 
(e.g., interview, questiormaire, test administration, observation of public 
behavior, etc.) 

Briefly describe the objectives of your research (e.g., what hypotheses you 
are testing.) 
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4. a. How will you recruit subjects? (You MUST submit verbatim copies of all 
letters, notices, advertisements, etc. with an outline of all oral 
presentations to be used.) 

Direct person-to-person solicitation | \ 
Telephone solicitation Q 
Newspaper solicitation | | 
Letters of solicitation Q 
Notices of solicitation Q 
Other (explain) 

b. List all criteria for including subjects. 

c. List all criteria for excluding subjects. 

5. Describe subject benefits and costs: 

a. Indicate what, if any, benefits may accrue to each of the following: 
(Payment to research subjects for participation in studies is considered a 
benefit.) 

1) The human subjects involved: 

2) Individuals who are not subjects, but who may have similar 
problems: 

3) Society in general: 

b. State type, amount, method of disbursement, schedule of payment to be 
offered, and the effect of withdrawal from participation in the study, if 
any: 

c. Estimated costs to each subject due only to the research participation: 

1) Time (i.e., total time commitment for the duration of the project) 

2) Money 

3) Is repeated testing required? Explain: 
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6. BASIS OF CLAIM FOR EXEMPTION - Federal regulations and/or University 
policy require that in order for research to be exempt from review at least one of 
the following blocks (A-E) must be checked. 

I I A. The research will be conducted only in established or commonly accepted 
educational settings (like classrooms) AND it involves normal educational 
practices such as research on regular and special educational instractional 
strategies, or research on the effectiveness of, or the comparison among, 
instructional techniques, curricula or classroom management methods. 

LJ B. It will be conducted using only questionnaire or interview survey methods 
AND the subjects are elected or appointed public officials or candidates 
for public office. 

I I C. It is limited to the collection and study of existing data, documents, 
records, pathological or diagnostic specimens which are available to the 
public. 

I I D. It is limited to the collection and study of data obtained using only the 
following techniques AND the data or information obtained will be 
recorded in such a maimer that subjects caimot be identified, directly or 
indirectly, through identifiers linked with the subjects: 

Check the applicable technique(s): 

I I The data will be obtained through the use of educational tests 
(cognitive, diagnostic, aptitude, achievement, etc., or 

,1 I Data will be obtained by observing the public behavior of subjects, 
or 

I I Data will be obtained using survey or interview procedures, or 

I I Data will be obtained from existing documents, records, 
pathological or diagnostic specimens. 

n E. It is limited to the collection and study of data obtained by: 

• Observing the public behavior of the participants, or 

I I Using survey or interview procedures, AND: 
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BOTH OF THE FOLLOWING BOXES MUST BE CHECKED IF THIS BASIS 
FOR EXEMPTION IS CLAIMED: 

HH i) The information collected about the subjects behavior does 
not involve sensitive subjects such as illegal or immoral 
conduct, drug or alcohol use, sexual behavior, mental 
illness, or other possibly personally embarrassing subjects 
AND, 

I I ii) The information collected about subjects, if it became 
known to outsiders, could not reasonably be expected to 
place the subject at risk of civil or criminal liability, or be 
damaging to the subjects social or financial standing or 
employabilify. 

7. STATEMENT OF RISK: 

The undersigned certify that they believe that the conduct of the 
above described research creates no risk of physical or emotional 
harm, or social or legal embarrassment to any participating human 
subject. 

Signature of Principal Investigator(s) Date 

8. FACULTY SPONSOR (if a student is the principal investigator) 

Signature of Faculty Sponsor Date 

9. RECOMMENDATION OF DEPARTMENT CHAIRPERSON: 

I recommend that the above described research project be exempt from 
review. 

Signature of Chairperson Date 
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STATEMENT OF EXPEDITING REVIEWER 

This form is to be completed by the expediting reviewer; Send 
to Allyson Smith, Secretary, Committee for the Protection of 
Human Subjects, Office of Research Services, 203 Holden 
Hall, Mail Stop 1035, together with a copy of the proposal 

Please route proposal with attached forms as indicated on Internal Routing Sheet. 
Title of Project: 

Name of Principal Investigator(s): 
Department Phone number 

Name of Faculty Sponsor (if PI is student): 
Department Phone number 

1) This research project n IS G IS NOT (check one) suitable for 
expedited review under category (1 -9 of regulations). 

2) The purposes, benefits, and risks n HAVE D HAVE NOT (check 
one) been adequately explained on the consent form. 

3) The consent form D DOES D DOES NOT (check one) contain the 
necessary information concerning individuals responsible for the research, 
withdrawal information, subject benefits, and/or confidentiality 
statements. 

If any "NOT" statements have been circled the expediting reviewer may do one of the 
following: 

a) In the case of minor; easily corrected problems, retum the proposal to the 
Investigator(s) for correction and subsequent resubmission. 

b) In the case of the proposal having been judged not suitable in number one 
above, decline approval and forward the proposal to the full committee for 
review. 

I have given APPROVAL for this proposal: . 
Signature Date 

I have NOT APPROVED this proposal, and am forwarding it to the full committee for 

review: 
Signature D^te 
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Texas Tech University 

Institutional Review Board for the Protection of Human Subjects 
Office of Research Services 

203 Holden Hall 
742-3884 

Internal Routing Sheet for Human Subjects Approval 
Please Type or Print 

Date: 

Faculty Principal Investigator and/or Student Sponsor: 
(Approval for the use of human subjects can be granted only to TTU faculty 
members.) 

Faculty Sponsor approval of student project: 
(signature of Faculty Sponsor) 

Co-Principal or Student Investigator(s): 
(signature) 

Title of research project: 

P.l. Department or Area: 
Mail Stop: 

Requested Review: 

I I Exempt Review 
n Expedited Review 
O Full Board Review 

Does this project involve 
minors or other special 
populations? 
n Yes n No 

If this approval is being requested in conjunction with an 
externally sponsored research project, please give title 
and funding agency of research project. 

Phone Number: 
(signature of Department Dean/Chair) 

Please route to Allyson Smith, Office of Research Services, MS 1035. 
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Reviewers approval and comments: ORS 
USE 

ONLY 

Log Number 

Letter 

Please allow a minimum of 10 working days for approval of this request. 
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Table F-1: Statistical Summary of Post-Study Survey 

Question 1. Which task analysis or problem-solving method did you use to answer 
problem #1? 

Group Response 

Systems Thinking Goldratt's T.P. Combined 

12 of 13 said S.T. 13 of 13 said T.P. 

Control 

13 of 13 said S.T. . 12 of 13 said other 

Question 2. Which task analysis or problem-solving method did you use to answer 
problem #2? 

Group Response 

Systems Thinking Goldratt's T.P. Combined 

9 of 13 said S.T. 13 of 13 said T.P. 13 of 13 said T.P. 

Control 

12 of 13 said other 

Question 3. To what extent did you use the task analysis method (systems thinking, 
system dynamics or Goldratt's thinking processes) to answer Problem #1? 

Group Response 

Systems Thinking 

Avg. = 4.15 

Std. Dev. = 1.72 

Goldratt's T.P. 

Avg. = 4.15 

Std. Dev. = 1.21 

Combined Control 

Avg. = 3.46 Avg. = 1.46 

Std. Dev. = 1.56 I Std. Dev. = 1.13 

Question 4. To what extent did you use the task analysis method (systems thinking, 
system dynamics or Goldratt's thinking processes) to answer Problem #2? 

Group Response 

Systems Thinking Goldratt's T.P. 

Avg. = 3.31 

Std. Dev. = 1.65 

Avg. = 4.15 

Std. Dev. = 1.35 

Combined 

Avg. = 3.69 

Control 

Avg. = 1.38 

Std. Dev. = 1.18 i Std. Dev. = 1.12 
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Table F-1 Cont. 

Question 5. To what extent does the training you received in class help you in 
understanding the problem(s) better? 

Group Response 

Systems Thinking 

Avg. = 3.38 

Std. Dev. = 1.26 

Goldratt's T.P. Combined 

Avg. = 3.54 

Std. Dev. = 1.26 

Control 

Avg. = 3.77 

Std. Dev. = 0.83 

Avg. = 1.92 

Std. Dev. = 1.50 

Question 6. To what extent does the training you received in class help you in answering 
the problem(s) better? 

Group Response 

Systems Thinking 

Avg. = 3.77 

Std. Dev. = 1.24 

Goldratt's T.P. 

Avg. = 3.62 

Std. Dev. = 1.38 

Combined Control 

Avg. = 3.38 Avg. = 1.85 

Std. Dev. = 0.87 i Std. Dev. = 1.52 

Question 7: Relative to an average person who did not receive any training in the same 
jproblem-solving methods, how well do you think you did in answering the two questions 
iin this study? 

Group Response 

Systems Thinking 

Avg. = 4.54 

Std. Dev. = 0.77 

Goldratt's T.P. Combined Control 

Avg. = 4.69 

Std. Dev. = 1.18 

Avg. = 4.31 

Std. Dev. = 0.95 

Avg. = 4.08 

Std. Dev. = 0.86 

•Question 8. To wliat extent are you satisfied with your ability to analyze the problems in 
Ithis study? 

^Group Response 

Systems Thinking Goldratt's T.P. Combined Control 

Avg. = 3.77 

Std. Dev. = 1.16 

Avg. = 3.92 

Std. Dev. = 1.04 

Avg. = 3.46 

Std. Dev. = 1.39 

Avg. = 3.15 

Std. Dev. = 1.14 
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Table F-1 Cont. 

Question 9. Which method do you think is better in solving problems that have dynamic 
variables (i.e. that causalities and time dependent)? 

Group Response 

Systems Thinking Goldratt's T.P. Combined 

l lo f l3sa idS .T . 

2 of 13 said T.P. 

10 of 13 said T.P. 

3 of 13 said S.T. 

10 of 13 said S.T. 

3 of 13 said T.P. 

Control 

9 of 13 said other 

3ofl3saidS.T. 

1 of 13 said T.P. 

Question 10. Which method do you think is better in solving problems that are less 
dynamic in nature (i.e. those with fewer causalities and less time dependent)? 

Systems Thinking 

6 of 13 said S.T. 

5 of 13 said T.P. 

2 of 13 said other 

Group Response 

Goldratt's T.P. 

9of 13 said T.P. 

3 of 13 said S.T. 

1 of 13 said other 

Combined Control 

12 of 13 said T.P. 9 of 13 said other 

l o f l 3 said S.T. , 3 of 13 said T.P. 

1 of 13 said S.T. 
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Table F-1 Cont. 

Statistical Analyses of Post-study Survey 

Likert Scale used for questions 3 to 8 in Post-study survey: 

Not at all =1; Very Little = 2; Little = 3; Moderately = 4; Much = 5; Very Much = 6 

NOTE: In the following ANOVA results, "P-valuel" implies p-value with the 
control group data included, while "P-value2" does not include the control 
group data. 

Question #3: To what extent did you use the problem-solving or task analysis 
(Systems thinking, system dynamics, or Goldratt's Thinking Processes to 
analyze task#l? 

Sys.Thnk. G.'s T.P. Combined Control 

5 

1 

1 

6 

5 

4 

5 

2 

5 

4 

5 

6 

6 

3 

5 

4 

2 

5 

5 

2 

4 

5 

4 

4 

5 

4 

2 

5 

2 

6 

1 

2 

4 

3 

4 

2 

1 

1 

2 

5 

ANOVA results for survey question #3 are on next page 
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Table F-1 ConL 

ANOVA: Single Factor 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

summary 

Count 

13 

13 

13 

13 

SS 

63.23 

97.85 

161.08 

of responses to Question #3. 

Sum 

54 

54 

45 

19 

df 

3 

48 

51 

Average 

4.15 

4.15 

3.46 

1.46 

MS 

21.08 

2.04 

Variance 

2.97 

1.47 

2.44 

1.27 

F P-value 

10.34 2.3E-05* 

* Significant 
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Table F-1 Cont 

Question #4: To what extent did you use 
thinking, system dynamics, or Goldratt's 

Sys.Thnk. 

5 

1 

1 

2 

5 

2 

5 

2 

5 

4 

5 

4 

2 

G.'s T.I 

6 

3 

5 

4 

2 

5 

5 

2 

4 

6 

4 

3 

5 

the problem-solving or task analysis (Systems 
Thinking Processes) to analyze task #2? 

*. Combined 

5 

2 

5 

3 

4 

6 

4 

2 

3 

4 

3 

4 

3 

ANOVA results for survey question 

Control 

1 

1 

2 

5 

#4 are on next page 
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Table F-1 Cont. 

ANOVA: Single Factor summary of responses to Question #4. 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

Count 

13 

13 

13 

13 

SS 

57.75 

86.31 

144.06 

Sum 

43 

54 

48 

18 

df 

3 

48 

51 

Average 

3.31 

4.15 

3.69 

1.38 

MS 

19.25 

1.80 

Variance 

2.73 

1.81 

1.40 

1.26 

F 

10.71 

P-value 

1.7E-05* 

* Significant 
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Table F-1 Cont 

Question #5: To what extent did the training you received help you in understanding the 
tasks or problems better? 

Sys.Thnk. G 

5 

1 

5 

4 

5 

2 

3 

3 

3 

2 

3 

4 

4 

's T.P. 

5 

3 

4 

3 

1 

5 

4 

2 

4 

4 

2 

4 

5 

Combined 

4 

3 

3 

3 

3 

4 

5 

3 

4 

4 

3 

5 

5 

ANOVA results for survey question 

Control 

1 

1 

2 

5 

1 

1 

5 

1 

1 

3 

2 

1 

1 

#5 are on next page 
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Table F-1 Cont. 

ANOVA: Single Factor 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

summary 

Count 

13 

13 

13 

13 

SS 

27.23 

73.54 

100.77 

of responses to Question #5. 

Sum 

44 

46 

49 

25 

df 

3 

48 

51 

Average 

3.38 

3.54 

3.11 

1.92 

MS 

9.08 

1.53 

Variance 

1.59 

1.60 

0.69 

2.24 

F 

5.92 

P-value 

0.0016* 

* Significant 
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Table F-1 Cont. 

Question #6: To what extent did the training you received help you in analyzing the tasks 
or problems better? 

Sys.Thnk. G.'s T.P. Combined Conti-ol 

6 5 4 3 

1 

5 

5 

4 

3 

3 

3 

4 

3 

4 

4 

4 

3 

4 

3 

1 

5 

4 

2 

5 

5 

2 

3 

5 

2 

4 

3 

3 

4 

5 

3 

3 

2 

3 

4 

4 

ANOVA results for survey question #6 are on next page 
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Table F-1 Cont. 

ANOVA: Single Factor 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

summary 

Count 

13 

13 

13 

13 

SS 

30.62 

78.15 

108.77 

of responses to Question #6. 

Sum 

49 

47 

44 

24 

df 

3 

48 

51 

Average 

3.11 

3.62 

3.38 

1.85 

MS 

10.21 

1.63 

Variance 

1.53 

1.92 

0.76 

2.31 

F 

6.27 

P-value 

0.00112* 

* Significant 
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Table F-1 Cont. 

Question #7: Relative to an average person who did not receive any training in the same 
problem-solving methods, how well do you think you did in answering the two questions 
in this study? 

Sys.Thnk. G.'s T.P. Combined Control 

5 6 4 5 

4 

5 

5 

5 

6 

5 

3 

4 

4 

4 

5 

4 

4 

6 

4 

3 

5 

5 

2 

5 

5 

6 

5 

5 

2 

5 

5 

4 

4 

6 

4 

4 

4 

4 

5 

5 

5 

3 

5 

5 

3 

3 

4 

4 

4 

3 

4 

5 

ANOVA results for survey question #1 axe on next page 
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Table F-1 Cont. 

ANOVA: Single Factor summary of responses to Question #7. 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

Count 

13 

13 

13 

13 

SS 

2.83 

43.69 

46.52 

Sum 

59 

61 

56 

53 

df 

3 

48 

51 

Average 

4.54 

4.69 

4.31 

4.08 

MS 

0.94 

0.91 

Variance 

0.60 

1.40 

0.90 

0.74 

F 

1.04 

P-value 

0.39# 

#Not 
significant 

194 



Table F-1 Cont. 

Question #8: To what extent are you satisfied with your ability to analyze the tasks or 
problems in this study? 

Sys.Thnk. G.'s T.P. Combined Control 

6 5 5 2 

2 

4 

5 

5 

3 

4 

4 

2 

4 

3 

4 

3 

3 

4 

6 

3 

4 

4 

2 

4 

4 

5 

3 

4 

2 

5 

3 

3 

2 

5 

1 

2 

5 

4 

4 

4 

5 

2 

4 

3 

4 

4 

1 

3 

2 

3 

4 

4 

ANOVA results for survey question #8 are on next page 
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Table F-1 Cont 

ANOVA: Single Factor summary of responses to 

Groups 

Sys.Thnk. 

G.'s T.P. 

Combined 

Control 

ANOVA 

Source of Variation 

Between Groups 

Within Groups 

Total 

Count 

13 

13 

13 

13 

SS 

4.54 

68.15 

72.69 

Sum 

49 

51 

45 

41 

df 

3 

48 

51 

Average 

3.77 

3.92 

3.46 

3.15 

MS 

1.51 

1.42 

Question #8. 

Variance 

1.36 

1.08 

1.94 

1.31 

F 

1.07 

P-value 

0.37# 

#Not 
significant 
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APPENDIX G 

TASKS AND CODING SCHEMES USED IN STUDY 

[Adapted and Modified from Sterman, 2000 and Schragenheim, 1998] 
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Task-Analysis Study 

Instructions: In order to earn the extra credit points, you must put in your very best effort in 

completing all requirements in this study. The requirements include answering the survey 

questionnaire, filling out the consent form and analyzing two problems as in-depth as you 

can. 

Session Schedule: 

Session Item Approx. Time 

Introduction 5 minutes 

Filling out Consent Form 5 minutes 

Filling out Pre-test Survey 5 minutes 

Analyzing two problems 80 minutes (about 40 minutes per question) 

Filling out Post-test Survey 5 minutes 

Analyze each of the two problems using what you feel is the most appropriate task analysis 

method with which you are familiar. The task analysis method of choice could be: Systems 

Thinking/System Dynamics (discussed in Dr. Bum's classes), Goldratt's Thinking Processes 

(discussed by Dr. Randolph and also in It's Not Luck), or some other task analysis method. 

You do not need to use the same task analysis or problem-solving method to answer both 

problems. You are encouraged to use one task analysis or problem-solving method for a 

given problem. 
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Task #1: 

Being a graduate student, you must balance classes and assignments with outside 

activities, a personal life, sleep, etc. During the semester you attend classes, do the readings, 

prepare for and take the tests, and hand in assignments and projects as they are due, at least 

occasionally. You probably try to work harder if you think your grades are lower than you 

desire and take more time off when you are sleep-deprived and your energy level falls. 

The real problem is the work pressure that builds up. Certainly, a larger assignment 

backlog contributes to more work pressure, but there are other contributors as well. These 

include time remaining to complete the work (or just "time remaining"). Note that "time 

remaining" is the difference between the current calendar date and the due date of the 

assignments, projects, or test dates. 

You might try to cope with this work pressure in at least one of two ways. By 

working longer hours (more hours per week), you can increase the work completion rate. 

Doing a skimpier job by taking short cuts on the assignments, test preparations, and projects 

also speeds up the work completion rate as effort devoted to each assignment is reduced. 

Both of these strategies have some down sides. Can you think of any other strategies for 

coping with this problem? 

Consider the strategy of working longer hours. This deprives you of sleep, resulting 

in burnout and a drop in productivity. A drop in productivity, in turn, reduces the work 

completion rate. 

On the other hand, consider the second strategy (the strategy of reduced effort) in 

which you take short cuts. Reduced effort strategy results in reduced grades and reduced 

GPA, which are also undesirable, as they lead to dissatisfaction with grades. Actually, what 

happens is that reduced effort reduces the quality of your work, which in turn results in 

reduced grades. This often leads you to ask your professors for extension in due dates for 

assignments, projects and test dates. There are many variables already mentioned in this 

problem statement to help you analyze the situation more adequately. 
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Task # 1 , cont. 

Analyze this problem using the most appropriate task analysis method (systems 

thinking/system dynamics, Goldratt's thinking processes discussed in It's Not Luck, or some 

other task analysis method with which you are familiar). The quality of your response will 

be judged by how well (detail) you analyze the problem. 

Please identify and discuss as many of the following concepts related to the particular task 

analysis method of your choice as possible: Causal Loop Diagrams; Variables and Edges, 

Cycles of Influence, Stock and Flow Diagrams; Behavior Over Time Charts; Systems 

Archetypes; Simulations; What to Change; What to Change to; How to Cause the Change; 

Current Reality Tree, UnDesirable Effects (UDE's), Evaporating Cloud or Conflict 

Resolution diagram, Injection(s), Future Reality Tree, PreRequisite Tree (PT), Transition 

Tree, etc. 

(a) List all the variables or forces at play in this problem. 

(b) What are the tools (or concepts) you used in analyzing this situation? Fully analyze the 

situation described in this problem using the tools and concepts that you feel are most 

appropriate. If you do not know of any tool, please use any method or heuristic with 

which you are familiar. 
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Task #2: 

You are a young "Assistant Manager for Quality Assurance" for a publicly-held desk 

and floor lamps manufacturing company. You are of the opinion that in order to stay 

competitive, your company should continually work on improving intemal procedures, 

product design, features, etc. Your 60-year old immediate boss, on the other hand, believes 

that implementing frequent changes is dismptive, and that the company should strive to 

maintain its current (albeit eroding) advantages in the desk and floor lamps industry. 

The primary problem your company is faced with is that it is not making enough 

profit. In a recent brainstorming session, your management has identified some problems 

that might be behind your company's current precarious position. Both you and your boss are 

interested in how to increase market demand and/or increase the perceived value of your 

products in the eyes of more customers in order to boost profits. Some things that have come 

to mind as having negative effect on the market demand for your products are: 

(1) too many models being offered, you might need to streamline the desk and floor lamp 

models you offer, 

(2) the lead times for your products are too long, this leads to reduced market share, which 

in turn leads to eroding profitability, 

(3) your deliveries are often unreliable, 

(4) the quality of your products need improvement, 

(5) your high costs prevent you from selling to certain segments of the market without 

losing money, 

(6) some of your product designs have been characterized as "too European" in taste, and 

therefore "not appealing" to American consumers, 

(7) fierce competition from other manufacturers, etc. 

You have recentiy attended a seminar on lot sizes, inventories, and their benefits if 

reduced. It is known that small lot sizes improve product quality. This is tme because even 

if a lot is incorrectly processed, the loss is smaller (due to small lot size). 
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Task #2, cont. 

Reduced inventory shrinks cycle time. The two solutions together (i.e. small lot size 

and reduced inventory) lead to better reliability of deliveries of better quality products at 

reduced costs. 

Analyze this problem using the most appropriate task analysis method (systems 

thinking/system dynamics, Goldratt's thinking processes discussed in It's Not Luck, or some 

other task analysis method with which you are feimiliar). The quality of your response will 

be judged by how well (detail) you analyze the problem. 

Please identify and discuss as many of the following concepts related to the particular task 

analysis method of your choice as possible: Causal Loop Diagrams; Stock and Flow 

Diagrams; Variables and Edges, Cycles of Influence, Behavior Over Time Charts; Systems 

Archetypes; Simulations; What to Change; What to Change to; How to Cause the Change; 

Current Reality Tree, UnDesirable Effects (UDE's), Evaporating Cloud or Conflict 

Resolution diagram, Injection(s), Future Reality Tree, PreRequisite Tree (PT), Transition 

Tree, etc. 

(a) List all the variables or forces at play in this problem. 

(b) What are the tools (or concepts) you used in analyzing this situation? Fully analyze the 

situation described in this problem using the tools and concepts that you feel are most 

appropriate. If you do not know of any tool, please use any method or heuristic with 

which you are familiar. 
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Coding Scheme for Dynamic Task 

Part (A): Eyaluation of Ability to Identify Variables 

Item 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
Totals 

Variable 

Assignment backlog 
Assignment rate 
Work pressure 
Workweek rate 
Work completion rate 
Calendar time 
Due date 
Time remaining 
Effort devoted to assignment 
Energy level 
Requests for extension 
Productivity 
Quality of work 
Grades (actual) 
Desired grades or Desired GPA 
Pressure for achievement 
Satisfaction with grades or achievement 
Other (Listed by subject, but invalid) 
Causal loop diagram 
Stock and Flow diagram 
Conflict Resolution Diagram (i.e. Evaporating 
Cloud) 
Current Reality Tree (CRT) 
Future Reality Tree (FRT) 

TASK #1, Part (A) 
None 

0-pt. 

Partial 

1-pt. 

Full 

2-pts. 
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Coding Scheme for Dynamic Task 

Part (B): Evaluation of use of Tools 

Item 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
Totals 

Variable 

# of models or designs 
Market demand 
Operating expenses 
Production costs 
Product price 
Reliability of delivery 
Lead time 
Lot or batch size 
Inventory level 
Product quality 
Level or extent of European design 
Competitive pressure 
Market perception of products 
Profit or Profitability 
Other (Listed by subject, but invalid) 
Causal loop diagram 
Stock and Flow diagram 
Conflict Resolution Diagram (i.e. 
Evaporating Cloud) 
Current Reality Tree (CRT) 
Future Reality Tree (FRT) 

TASK #1, Part 
None or 
Wrongs 
0-pt. 

Partial 

1-pt. 

(B) 
Full 

2-pts. 
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Coding Scheme for Static Task 

Part (A): Evaluation of Ability to Identify Variables 

Item 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 

Totals 

Variable 

Assignment backlog 
Assignment rate 
Work pressure 
Workweek rate 
Work completion rate 
Calendar time 
Due date 
Time remaining 
Effort devoted to assignment 
Energy level 
Requests for extension 
Productivity 
Quality of work 
Grades (actual) 
Desired grades or Desired GPA 
Pressure for achievement 
Satisfaction with grades or achievement 
Other (Listed by subject, but invalid) 
Causal loop diagram 
Stock and Flow diagram 
Conflict Resolution Diagram (i.e. Evaporating 
Cloud) 
Current Reality Tree (CRT) 
Future Reality Tree (FRT) 

TASK #2, Part (A) 
None 

0-pt 

Partial 

1-pt. 

Full 

2-pts. 
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Coding Scheme for Static Task 

Part (B): Evaluation of use of Tools 

Item 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
Totals 

Variable 

# of models or designs 
Market demand 
Operating expenses 
Production costs 
Product price 
Reliability of delivery 
Lead time 
Lot or batch size 
Inventory level 
Product quality 
Level or extent of European design 
Competitive pressure 
Market perception of products 
Profit or Profitability 
Other (Listed by subject, but invalid ) 
Causal loop diagram 
Stock and Flow diagram 
Conflict Resolution Diagram (i.e. Evaporating 
Cloud) 
Current Reality Tree (CRT) 
Future Reality Tree (FRT) 

TASK #2, Part (B) 
None or 
Wrong = 

0-pt 

Partial 

1-pt. 

Full 

2-pts. 

206 


