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ABSTRACT 

Application and project domain specifications are an important aspect of Information 

Systems (IS) development. Observations of over thirty IS projects suggest dimly perceived 

structural patterns in specifications that are unaccounted for in research and practice. This 

investigation utilizes a theory building with case studies methodology to elucidate some of these 

patterns. As prerequisites to pattern identification, this investigation identified a theoretically and 

empirically grounded static model of specification that establishes specification context and 

structure and a theoretically and empirically grounded dynamic model of specification that 

establishes the principles of specification emergence and evolution. Using these models as a 

foundation, this investigation synthesized a specification pattern model from four research 

disciplines and confirmed the specification pattern model for physical objects in case data. An 

additional specification pattern model for physical actions was also identified in the case data. 

The confirmation process found that the physical object and action models could not be extended 

to abstract informational objects or actions. The findings of this investigation answer a call for 

research of the application domain, advance understanding of IS requirements inadequacy and 

volatility, advance ontological research to include a mechanism to integrate static and dynamic 

dimensions, and provides avenues of study to improve understanding of the structure and 

dynamics governing stakeholder collaboration. In addition, this investigation suggests criteria to 

judge, as well as theories, models, and patterns for, a class of IS that is persistently adaptive.  
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CHAPTER 1: INTRODUCTION 

1.1. Motivation 

The hardest single part of building a software system is deciding precisely what to 

build. . . . No other part of the work so cripples the resulting system if done 

wrong. No other part is more difficult to rectify later. (Brooks, 1987) 

 

Two decades later, the problem remains. Information System’s (IS) requirements 

inadequacy and volatility are major IS project risks leading to failed, over budget, or over 

schedule projects (Tiwana & Keil, 2004; Wallace & Keil, 2004). Brook’s often cited article 

(1987) points out that addressing the essence of the IS development problem requires addressing 

the problem of “fashioning of complex conceptual constructs”. 

The essence of IS are complex conceptual constructs (Brooks, 1987). This essence is 

composed of unique and interlocking (i.e., complex) concepts, including datasets, relationships, 

algorithms, and functions. These precise and detailed interlocking concepts are abstract (i.e., 

conceptual) in that they are the same under different representations. The IS development 

problem involves the specification, design, and testing of these constructs (i.e., fashioning of 

constructs). Therefore, one area of focus to improve understanding of the IS development 

problem is the specification of these complex conceptual constructs. 

Observation of specifications in practice suggests an approach to understanding the 

specification of these complex conceptual constructs. Observations of specifications were made 

by the researcher on more than thirty IS projects that were carried out for seven firms of various 

sizes in four industries over a period of fifteen years. These observations suggest that there are a 
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set of dimly-perceived structural information patterns within the application domain from which 

IS requirements are determined that could not be elucidated. These patterns seemed to be 

ubiquitous to all thirty projects and were unaccounted for in the methodologies and best practices 

used in industry. Once illuminated, these patterns may lead to improvements in IS methods, 

techniques, and tools that reduce the difficulty in “fashioning complex conceptual constructs”, 

which is the essence of the IS development problem.  

The purpose of this investigation was to develop a theoretically and empirically grounded 

model explaining the specification patterns observed in practice. This purpose was driven by the 

following the research questions: 

1. What theory explains the specification pattern notion?  

2. What model describes the observed specification patterns?  

A review of the literature did not offer direct answers to these questions. Further, the 

literature was unclear as to the structural nature of a specification and to the emergence and 

evolution of specifications. These literature limitations therefore become antecedents to this 

investigation as theories and models of structure, emergence, and evolution are assumed to be 

building blocks upon which the notion of specification patterns is built. These antecedents then 

drove additional research questions.  

1. What theory explains the notion of specification? 

2. What model describes specification structure? 

3. What theory explains the emergence and evolution of specification? 

4. What model describes specification emergence and evolution? 

This investigation is part of an ongoing stream of research to identify and define the 

patterns dimly perceived in practice. This investigation, as well as the research stream, uses 
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theory building with case studies as its research methodology. A case study method develops 

understanding from the dynamics provided within single cases and may be applied at different 

levels of analysis. The building of theory with case studies is highly iterative and tightly linked 

to data (Eisenhardt, 1989a). This investigation describes the findings from a number of iterations 

that are supported by the data. The iterations in the data are supported by iterations in the 

literature seeking theoretical grounding for the findings and seeking theoretically grounded 

constructs in the data. 

1.2. Prior Research 

Initial research in this research stream began in industry. Initial research to identify and 

specify structural information patterns within projects focused on a hypothesis that the patterns 

were outcome-centric. Early investigation and experimentation resulted in the development of an 

outcome-based analysis and design methodology. The methodology was useful in practice and 

provided findings suggesting that outcomes are necessary, but not sufficient methodologically. 

These findings were the starting point for academic research.  

Early academic research confirmed conceptually and in case study industry research 

findings. Studies confirming the validity of outcome-centric approaches for project strategic 

alignment (Woolridge, Hale, & Hale, 2006a), project scoping (Woolridge, Hale, & Hale, 2009; 

Woolridge, Hale, & Hale, 2006b), and project stakeholder identification (Woolridge, McManus, 

& Hale, 2006, 2007) were performed. Relationships between outcome-centric and competing 

approaches and patterns in project management were investigated in practice (Woolridge, 

McManus, Hale, & Hale, 2007) and in the literature (Woolridge & McManus, 2006). The early 

academic research findings seem to confirm the necessary, but not sufficient status of outcome-

centric approaches. These findings have suggested a need for a more holistic investigation of 
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stakeholder interaction and structural information patterns, which established the context for this 

investigation. 

1.3. Research Methodology 

This investigation utilized a case study research methodology. A case study uses multiple 

methods of data collection to investigate a phenomenon within its natural setting without 

experimental controls and for which the phenomenon boundaries are unclear at the outset. One 

criticism of case study research has been that the objectives of the research are seldom clearly 

specified (Benbasat, Goldstein, & Mead, 1987). This investigation was suitable for a case study 

research methodology as it seeks the theories, constructs, and mutability characteristics 

associated with the formulation and evolution of domain knowledge, specifically in the 

application and project domains. The objective of this investigation is identified by the research 

questions and is part of a larger ongoing exploratory research stream. 

There are four stages of case research where the four stages are: drift, design, prediction, 

and disconfirmation (Bonoma, 1985). This investigation includes both drift and design studies. 

Drift describes the process that occurs upon entry into the research field where the investigator 

becomes familiar with the phenomena, makes initial literature connections, establishing some a 

priori knowledge about the phenomena’s function, and identifies critical phenomena 

components. Design occurs with the development of a tentative explanation of the phenomena. 

In design, the objective is to assess and refine the major areas of inquiry suggested by the 

preliminary explanation. 

This investigation also utilizes design science components (Gregor & Jones, 2007) as an 

organizational framework to bound, direct, and govern both the model development and 

iterations in this investigation. Design science, as a paradigm, emerges from engineering and 
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sciences of the artificial (Simon, 1996) where the principal issue is problem solving. 

Specification of complex conceptual domain constructs is the problem under investigation. The 

goal of design science is to create artifacts that solve identified problems (Hevner, March, Park, 

& Ram, 2004). The artifact of this investigation is a theoretically grounded model of domain 

concepts. The model of domain concepts is described utilizing the eight components of design 

science, which are: purpose and scope, justificatory knowledge, constructs, principles of form 

and function, testable propositions, artifact mutability, principles of implementation, and 

expository instantiation (Gregor & Jones, 2007). 

1.4. Investigation Overview 

Theory building using case studies emphasizes theoretical emergence from evidence and 

an incremental approach to case selection and data gathering that limits extraneous variation and 

sets the limits of generalization (Eisenhardt, 1989a). This investigation includes frequent 

iteration between data and the research literature, an overview of which is illustrated in Figure 1. 

Each row in the figure identifies a major process step. The first major column (i.e., left side of 

the figure) describes the Process of the Investigation and the second major column (i.e., right 

side of the figure) describes the Products of the Investigation delivered, or potentially to be 

delivered in the case of publications, by the process step. The Process of the Investigation is 

further sub-divided into four sub-columns. The Prior Research Literature column identifies 

iterations enfolding prior research. The Model column indicates iterations that develop or refine 

the model based on findings. The Application Domain Case Data column indicates iterations 

through the first of two cases utilized in this investigation. The IS Project Domain Case Data 

column indicates iterations through the second case utilized in this investigation. The Products of 

the Investigation column is sub-divided into two columns. The Models column identifies the 
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delivery of a model by a process step. The Dissertation column identifies the portions of the 

dissertation delivered by included process steps. The Potential Publications column identifies 

publications incrementally that may be produced based on this investigation. Figure 1 provides 

only an overview of the process performed in this investigation and details of the individual 

process steps, including major iterations within those steps, are provided in the following 

sections. 

Figure 1: Investigation Iteration Overview 
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IS Project
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Case Data Models Dissertation
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Confirm Combined

Dynamic Model of 
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Essay 1

Essay 1
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Essay 2
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Model of Concept 

Specification
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of Concept

Dynamic 
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(Theory Building with Case Studies)
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Investigation

 

1.4.1. Develop and Confirm Static Model of Concept 

The purpose of this investigation was to improve understanding of concept specification 

patterns. This problem was investigated within the scope of the application domain. The first 

model developed in this investigation was a theoretically and empirically grounded static model 
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of a concept as a starting point for dynamic models to be discussed in later sections. This model 

specifies a concept. This definition was developed utilizing the design science framework. The 

model development process is illustrated in Figure 2. Model development began with 

development of purpose and scope for this investigation. Prior research was then reviewed 

seeking a theory providing a structure for the static model of a concept. The identified theory 

was then used as justificatory knowledge to identify constructs, principles of form and function, 

and principle of implementation. A stopping rule was developed to address a circular definition 

in the constructs and propositions were derived from the construct definitions enabling the 

measurement of the model. The case data was then utilized to confirm the model in multiple 

iterations. The confirmation process included identification of evidence in the case data of the 

constructs, principles of form and function, and principle of implementation as well as utility of 

the stopping rule. Fit between the case data and the model was determined using the model’s 

testable propositions. In addition, other iterations were performed in the case seeking evidence 

disconfirming the model. Lastly, the case data was utilized to provide expository instantiations of 

the model. Completion of this portion of the process establishes a model from which dynamic 

models can be developed. 



 

 8 

Figure 2: Static Model of Concept Development and Confirmation Process 

 

1.4.2. Identify Principles of Concept Mutability 

This process step begins the search for the theory explaining concept mutability, where 

concept mutability describes how the concept emerges and evolves over time (Gregor & Jones, 

2007). The first step in this search is to identify principles that a theory of mutability must fit in 

order for it to be selected as a candidate theory. This process step does not attempt to 

exhaustively identify principles of mutability. The goal of this process step is to identify only 

enough principles of mutability that a theory can be identified in a later process step. These 

principles of mutability therefore are intended to provide a means of eliminating candidate 
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theories. The principles of mutability identification process are illustrated in Figure 3. The Static 

Model of Concept, developed in the first process step, is input to this process. The theory from 

the static model is utilized to investigate potential principles of mutability and a single principle 

was identified. The case data was then utilized to investigate potential principles of mutability. 

After identifying the first principle from the case data, the decision was made that additional 

principles were required. After identifying the second principle in the case data, the decision was 

made to attempt theory identification using the three identified principles. In the event that the 

three principles proved insufficient, this process step would have been repeated in iteration with 

the theory of mutability identification process step until a theory was identified. Completion of 

this portion of the process provides a list of three principles of mutability that are used to identify 

a theory of concept mutability. 

Figure 3: Principles of Concept Mutability Identification Process 
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mutability principle  
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1.4.3. Identify Theory of Mutability 

This process step utilizes the literature seeking a theory explaining the set of concept 

mutability principles that were identified and confirmed. Multiple iterations through the literature 

and initial model were performed as illustrated in Figure 4. The principles of mutability from the 

prior process step were used as input to this process step. Classes of theories were identified for 

investigation, including: theories of the firm and theories of systems. Theories within each class 

were identified and investigated seeking their explanation of the principles of mutability. 

Complex Adaptive Systems (CAS) theory was identified, investigated, and found to have 

sufficient coverage of the principles of mutability to confirm as a theory of mutability in the next 

process step.  

Figure 4: Theory of Mutability Identification Process 

 

1.4.4. Confirm Theory of Mutability 

This process step utilizes the literature and the case data to confirm the theory of 

mutability. Multiple iterations through the literature and the case data were performed as 

illustrated in Figure 5. The theory of mutability identified in the prior process step is used as 

input to this process step. The literature on CAS was reviewed to identify additional principles of 
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mutability based on CAS definitions. Each of those additional principles of mutability were 

confirmed in the case data and a decision was made that sufficient evidence was found to convert 

CAS theory into a model of mutability in the next process step. 

Figure 5: Theory of Mutability Confirmation Process 

 

1.4.5. Develop and Confirm Dynamic Model of Concept 

This process step develops and confirms the model of concept mutability. Multiple 

iterations in model development and the case data confirmation were performed as illustrated in 

Figure 6. The theory of mutability confirmed in the prior process step is used as input to this 

process step. The purpose and scope of the model describe it as a dynamic model of concept 

mutability. Two constructs were identified in the model in addition to those provided by the 

Static Model of Concept. Eight principles of mutability were described in the model based on the 

theory. Multiple iterations through the case data were performed to both confirm the constructs 

and principles of mutability. Additional iterations were performed seeking disconfirming 

evidence of which none was found. Lastly, the case data was utilized to provide expository 

instantiations of the model. Completion of this process step provides a dynamic model of 

concept that is replicated in the project domain in the next process step. 
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Figure 6: Dynamic Model Development and Confirmation Process 
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1.4.6. Replicate and Confirm Combined Dynamic Model of Concept 

This process step combines and confirms the models of concept in an IS project domain. 

The Static Model of Concept and the Dynamic Model of Concept were confirmed by multiple 

confirmation iterations in the case data as illustrated in Figure 7. The prior models of concept 

were used as input to this process step. Multiple iterations through the case data were performed 

to confirm the models. Additional iterations were performed seeking disconfirming evidence of 

which none was found. Lastly, the case data was utilized to provide expository instantiations of 

the model. Completion of this process step confirms the models of concept in the new domain 

(i.e., IS project domain) enabling development of a facet model of concept specification in the 

next process step. 
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Figure 7: Combined Model of Concept Replication Process 
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1.4.7. Develop Facet Model of Concept Specification 

This process step develops the model of concept specification facets. This model occurs 

within the context of the combined model of concept mutability focusing specifically on and 

extending the concept specification construct. Multiple iterations in model development were 

performed as illustrated in Figure 8. The dynamic model of concept confirmed in the prior 

process step is used as input to this process step. The research of four referent disciplines was 

searched seeking candidate patterns for concept specification facets. A pattern was selected as 

kernel pattern candidate utilized to initiate the model. Four constructs were identified and 

defined from the selected kernel pattern and each construct definition was refined based on 
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reconciliation with the four referent disciplines research. Those four constructs, as a set, were 

then reconciled with the four referent disciplines research seeking gaps, overlaps, and fit. This 

reconciliation resulted in identification of a gap, which was investigated utilizing the business 

process research as a referent discipline. The business process research identified four additional 

constructs and the refinement of one existing construct. The model resulting from completion of 

this process step provides a concept specification facet model that is confirmed in the next 

process step. 

Figure 8: Concept Specification Facet Model Development Process 
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1.4.8. Confirm Facet Model of Concept Specification 

This process step confirms the concept specification facet model. Multiple iterations in 

case data confirmation were performed as illustrated in Figure 9. The concept specification facet 

model developed in the prior process step is used as input to this process step. Evidence of the 

facet model constructs were sought in the case data for asset management decision type in the 

case. Disconfirming evidence of the constructs was also sought. Some overlap in subclasses of 

decision types was found in the case data (e.g., a subclass of maintenance decisions overlap 

somewhat with operate decisions and a subclass of decommission decisions share the 

characteristics of investigation decisions). The analysis resulted in refinement to constructs, 

additional specification of model limitations that were recorded in the model purpose and scope, 

and a new model was identified for future research. In addition, a variant model that shifts model 

focus such that the variant model shares the original models constructs, but also has additional 

constructs was also defined. The case data was also utilized to provide expository instantiations 

of the models. Completion of this process step provides a confirmed concept specification facet 

model, a tentative definition of a variant model, and identification of a new mode (i.e., one for a 

different purpose and scope) that can be pursued in future research of this research stream. 
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Figure 9: Concept Specification Facet Model Confirmation Process 
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These iterations are presented in three studies. The three studies were performed in a 

sequence where prior study findings informed future studies. The first study, titled Application 

Domain Concepts: Theory and Models of Specification Structure, Emergence, and Evolution, 
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identified a theory for how application domain knowledge forms and evolves. The second study, 

titled Project Domain Concept Emergence and Evolution: An Unlikely Complex Adaptive 

Systems (CAS) Case, replicated the first study findings in the project domain on a case where 

there was no support for the theory’s applicability in the literature. The third study, titled 

Application Domain Concepts: Theory and Models of Multiple Specification Facets, extended 

the first study’s findings by identifying two theoretically grounded structural specification 

patterns for objects in the physical realm. These three studies are presented in the following three 

chapters. 
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CHAPTER 2: APPLICATION DOMAIN CONCEPTS: THEORY AND MODELS OF 

SPECIFICATION STRUCTURE, EMERGENCE AND EVOLUTION  

 

The hardest single part of building a software system is deciding precisely what to 

build. . . . No other part of the work so cripples the resulting system if done 

wrong. No other part is more difficult to rectify later. (Brooks, 1987) 

 

Two decades later, the problem remains. Information System’s (IS) requirements 

inadequacy and volatility are major IS project risks leading to failed, over budget, or over 

schedule projects (Tiwana & Keil, 2004; Wallace & Keil, 2004). Brook’s often cited article 

(1987) points out that addressing the essence of the IS development problem requires addressing 

the problem of “fashioning of complex conceptual constructs”. 

The essence of IS are complex conceptual constructs (Brooks, 1987). This essence is 

composed of unique and interlocking (i.e., complex) concepts, including datasets, relationships, 

algorithms, and functions. These precise and detailed interlocking concepts are abstract (i.e., 

conceptual) in that they are the same under different representations. The IS development 

problem involves the specification, design, and testing of these constructs (i.e., fashioning of 

constructs). Therefore, one area of focus to improve understanding of the IS development 

problem is the specification of these complex conceptual constructs. 

Within specification, an area of focus to begin improving the understanding of conceptual 

construct fashioning is the application domain (i.e., business area). IS projects produce solutions 

for an application domain (Hale, Sharpe et al. 1999a; Khatri, Vessey et al. 2006). Application 

domain requirements determination (i.e., specification) has long been recognized as important 

(Taggert and Tharp 1975; Davis 1982). A lack of knowledge about the application domain is a 
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major IS project issue (Curtis, Krasner, & Iscoe, 1988). Further, there have been calls for 

research focused on the application domain (Zani 1970; Glass and Vessey 1995; 1998). 

The application domain has been studied from various aspects of software development. 

Specifically, the application domain has been studied from perspectives of representation using 

conceptual modeling (Wand & Weber, 2002), requirements elicitation using various 

methodological perspectives (Martin 1990; Dardenne, van Lamsweerde et al. 1993; Hammer and 

Champy 1993; Booch 1994), utilization in program comprehension (Shaft and Vessey 1995; 

1998; Hale, Sharpe et al. 1999b; O'Brien, Buckley et al. 2004; Shaft and Vessey 2006), 

classification of multiple domains (Glass and Vessey 1992; 1995), and descriptions of specific 

domains (Grover and Ramanlal 1999; Cotteleer and Bendoly 2006; Dong, Xu et al. 2009). These 

studies suggest that the application domain is important to development through requirements 

elicitation and representation, important to maintenance through program comprehension, and 

worthy of classification and description.  

While the application domain has been found to be important, little IS research has 

focused on understanding how concepts, as an element of a specification, emerge and evolve 

within the application domain. Improving understanding of how concepts in the application 

domain emerge and evolve may lead to improved methods, techniques, and tools utilized to 

perform the specification of IS constructs. This investigation therefore begins to explore this 

phenomenon by seeking a descriptive theory (Gregor, 2006) of concept emergence and 

evolution. This investigation utilizes a theory building with case studies process (Eisenhardt, 

1989a) within a design science structural framework (Gregor & Jones, 2007) focused specifically 

on the design science component of artifact mutability. Mutability describes how artifacts 

emerge and evolve. The design science artifact under investigation is a concept, which is a 
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fundamental conceptual construct in the application domain. A concept is defined as a label 

designation for perceived regularity in events or objects (Novak, 1990). This leads to the 

question driving this research: What is the theoretically grounded model of application domain 

concept emergence and evolution? This investigation seeks answers to this question through 

significant iteration between the prior research literature and data, as suggested by theory 

building with case studies (Eisenhardt, 1989a). After a review of applicable research in Section 

2.1 and a presentation of this investigation’s research methods in Section 2.2, a theoretically 

grounded Static Model of Concept is presented and confirmed in Section 2.3. The Dynamic 

Model of Concept, extending the Static Model of Concept, is presented and confirmed in Section 

2.4. A discussion of this investigation’s findings, future research, and conclusion follow in 

Sections 2.5, 2.6, and 2.7. 

2.1. Background 

The research is based on prior research in three areas. Those three areas include: 

application domain research, categorization theory research, and Complex Adaptive Systems 

(CAS) research. Current research in these areas is discussed in this section. 

2.1.1. Application Domain Research 

Though there have been calls to perform more intensive application domain research 

(Zani 1970; Glass and Vessey 1995; 1998), this area has not been extensively studied. The 

application domain has been studied from perspectives of program comprehension, conceptual 

modeling, methodology, classification, and specific domain description, but this prior research 

does not provide a model of application domain concept emergence and evolution. Within 

program comprehension research, the presence of developer application domain knowledge 

comprehension is a controlled variable that improves task performance on certain kinds of tasks 
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(Shaft and Vessey 1995; 1998; Hale, Sharpe et al. 1999b; O'Brien, Buckley et al. 2004; Shaft 

and Vessey 2006). The application domain is represented by conceptual models that are 

composed of grammars, methods, scripts, and contexts (Wand & Weber, 2002). Concept 

mutability research is applicable to the context component of conceptual model research and 

context research has focused on individual difference factors (Dunn & Grabski, 1998; Shanks, 

1997), task factors (Vessey 1991; Agarwal, De et al. 1999), and social agenda factors 

(Hirschheim, Klein, & Lyytinen, 1995). Methodological perspectives have focused on goal-

centric (Dardenne, van Lamsweerde, & Fickas, 1993), process-centric (Hammer & Champy, 

1993), data-centric (Martin, 1990), and object-centric (Booch, 1994) perspectives. Application 

domain taxonomies have been proposed (Glass and Vessey 1992; 1995). Specific application 

domain research has focused on electronic markets (Grover & Ramanlal, 1999), enterprise 

resource planning (Cotteleer & Bendoly, 2006), and supply chain (Dong, Xu, & Zhu, 2009). 

Overall, prior research suggests a strong relationship between the application domain and IS 

development and maintenance, but little IS research has sought to understand the nature of 

application domain concept mutability. 

2.1.2. Categorization Theory 

Categorization theory provides the structural constructs of a concept. Categorization 

draws non-binding associations between entities based on simple recognition of similarities 

within a context across a set of entities (Jacob, 1992). Categorization is flexible and dynamic 

enabling individuals to modify concepts in response to variations in the environment (i.e., 

context) (Jacob, 2004). Categorization enables individuals to simplify their environment, reduce 

memory load, and aid information storage and retrieval. As a fundamental cognitive process, 

categorization is a major enabler in almost any intellectual endeavor (Markman, 1989 p.11). 
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Individuals group artifacts in the world based on their sharing of some similar properties. 

Recognition of similarities enables individual comprehension within a complex environment 

(Jacob, 2004).  

Categorization is the process of determining that an artifact is a concept member. The 

classical theory of categorization is composed of three propositions (Smith & Medin, 1981 p.23-

24). First, the concept’s intension (#5 in Figure 10) is a summary representation of the artifacts in 

its extension (#6). Second, individual features of a concept’s intension are individually necessary 

and jointly sufficient to identify its extension (i.e., specification regulates (#7) membership). 

Lastly, subordinately nested concepts necessarily include the intension of their superordinate 

concepts. Intension is defined as the concept’s intrinsic meaning and extension is defined as the 

set of instances that meet have that meaning (Sowa, 2000).  

A concept construct (#1 in Figure 10) is composed of three sub-constructs. A label (#2) 

names the concept. A specification (#4) identifies the concept’s intension and a membership (#3) 

identifies the concept’s extension. The process of categorization (#8) describes an individual 

(#9), or stakeholder in terms of this study, who identifies an entity (#10) that is categorized (i.e., 

identified as a member of) a concept’s membership. 
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Figure 10: Categorization Theory Illustration 

 
 Contained Image Source: U.S. Army Corps of Engineers (USACE, 2009c, 2009e, 2009f) 

 

The utilization of categorization theory in this investigation is similar to the utilization of 

categorization theory in conceptual modeling research. Categorization theory has been used as 

the basis of conceptual modeling (Wand, Monarchi, Parsons, & Woo, 1995; Parsons, 1996, 

2002; Parsons & Wand, 1997a). Categorization has also been used in research about IS theory 

(Gregor, 2002), geographic information systems (GIS) (Usery, 1993), personal information 

management systems (PIMS) (Barreau, 1995) and object-oriented analysis and design (Parsons 

& Wand, 1997b). Categorization theory has often been utilized in IS research under the name 

classification theory (Wand et al., 1995; Parsons, 1996), though through analysis of definitions, 
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it is clear that categorization is the theory utilized in these IS research studies. Classification 

theory is distinct from categorization theory.  

While categorization draws non-binding associations between entities based on simple 

recognition of similarities within a context across a set of entities (Jacob, 1992), classification 

theory organizes entities into a system of classes ordered based on predetermined principles 

(Jacob, 2004). In classification, entities are assigned to one and only one mutually exclusive non-

overlapping class. The assignment is lawful and systematic using predetermined principles of 

class structure and predetermined consistently-applied assignment rules. Classification is 

arbitrary in that the class definition principles reflect a single perspective of the domain to the 

exclusion of other perspectives. This limitation of single perspective drives this investigation’s 

utilization of categorization, instead of classification, as a theoretical basis.  

2.1.3. Complex Adaptive Systems 

Complex Adaptive Systems (CAS) is a systems theory that provides the dynamic aspects 

of a concept. In a CAS, individual agents (i.e., stakeholders in this investigation) are defined by 

their models of the world and these models are called schemas, where a schema is defined, as 

used in psychology, to mean a conceptual framework used to grasp information about the world 

and give it meaning (Gell-Mann, 1994 p.17). More specifically, a schema in psychology is a 

category (i.e., a concept in this investigation) (Figure 10 illustrates categorization theory) and its 

associated knowledge (Chi, Feltovich, & Glaser, 1981). Due to this alignment in definition, 

models of categorization theory and CAS theory are aligned by substituting the three sub-

constructs of concept (i.e., category) into the CAS definition. Those three constructs are: label, 

specification, and membership. 
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CAS stakeholders (#9 in Figure 11) acquire information about their environment, acquire 

information about their interaction with the environment, identify regularities in the information, 

convert the regularities into a specification (#4 which is named with a label #2), and act based on 

that specification (Gell-Mann, 1994 p.17). Acting based on a specification means that a CAS 

utilizes (#11) the specification to describe, predict, or interact with entities (i.e., behave) (#10) in 

the world. Results from that utilization are measured (#12) as consequences (#13). The 

utilization and consequences are recorded (#14) as experience (#15), which includes concept 

membership (#3). Consequences are used to determine concept fitness manifested as 

prioritization (i.e., promotion or demotion) (#16) in relation to other concepts (Gell-Mann, 1994 

p.24). CAS stakeholders maintain (#17) their concepts through creation and adaptation. Concepts 

are created based on identifying regularities in their experience (Gell-Mann, 1994 p.17). 

Concepts are adapted, or changed, based on experience (Holland, 1995 p.10). 
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Figure 11: CAS Stakeholder Operation Illustration 

 
Adapted from (Gell-Mann, 1994 p.25) 

Contained image source: U.S. Army Corps of Engineers (USACE, 2009c, 2009e, 2009f) 

 

A CAS is composed of multiple interacting stakeholders (Gell-Mann, 1994 p.17). Each 

stakeholder operates in the system as described by Figure 11. These stakeholders form a 

stakeholder network (as illustrated in Figure 12), where the network is part of each stakeholder’s 

environment. Stakeholders (#9 in Figure 12) change their concepts as their environment changes 

and one cause of concept change is in response to another stakeholder’s concepts, which is called 

co-adaptation (#18 in Figure 12) (Holland, 1995 p.10). The creation of concepts through 

conversion of regularities into concept, the determination of concept fitness, and the adaptation 

of concepts through use and co-adaptation suggest this theory’s utility for explaining concept 

mutability (i.e., emergence and evolution of concepts). 
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Figure 12: CAS Stakeholder Network Operation Illustration 

 
Contained image source: U.S. Army Corps of Engineers (USACE, 2009c, 2009e, 2009f) 

CAS principles have been broadly applied in the IS literature as an analogy, metaphor, 

and lens, but prior research has not applied CAS to concept mutability. Prior research has used 

CAS to investigate: development and implementation participation (Markus & Ji-Ye, 2004), 

crisis management IS (Comfort, Sungu, Johnson, & Dunn, 2001; Chen et al., 2008), information 

infrastructure (Ragab, Kaji, & Mori, 2003; Ragab, Ono, Kaji, & Mori, 2003; Camorlinga, 

Barker, & Anderson, 2004; Amin & Horowitz, 2008), software agents (Schweiger, Sunyaev, 

Leimeister, & Krcmar, 2007; Ren, Huang, & Jin, 2008), architecture (Nguyen, 2005), open-
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source collaboration methods (Neus & Scherf, 2005; Niederman, Davis, Greiner, Wynn, & York, 

2006), enterprise application integration (Narain et al., 2001; Sutherland & Heuvel, 2002b; Wei 

& Liu, 2007), enterprise resource planning (Lengnick-Hall, Lengnick-Hall, & Abdinnour-Helm, 

2004), modeling (Stanton, 2006; Maciaszek, 2007), problem solving (Kapur, Voiklis, & Kinzer, 

2005), modularity (Sullivan, Griswold, Cai, & Hallen, 2001; Song, 2007), design (Hengeveld, 

Voort, Balkom, Hummels, & Moor, 2007), data farming (Tivnan, 2004), user interfaces 

(Alvarez-Cortes, Zayas-Perez, Zarate-Silva, & Uresti, 2007), enterprise information resource 

integration (Guoling, Lei, & Xuejuan, 2007), requirements engineering (Sudeikat & Renz, 2007), 

customer relationship management (CRM) (Guoling & Shasha, 2008), knowledge sharing 

(Guoling, Xuejuan, & Wei, 2007), enterprise architecture (Harmon, 2005; Janssen & Kuk, 2006; 

Zacarias, Caetano, Magalhaes, Pinto, & Tribolet, 2007), business processes (Hawryszkiewycz, 

2009), and project management (Eoyang, 1996). However, prior IS research has not applied CAS 

to the study of application domain concept mutability. 

2.2. Research Methodology 

This investigation integrates two research methods. This investigation utilizes the 

components of design science (Gregor & Jones, 2007) as a structural framework to bound, direct, 

and govern the development of the three conceptual models and to focus the data analysis. This 

investigation, as part of an ongoing theory building research stream, follows a process of theory 

building with case studies (Eisenhardt, 1989a). As recommended by theory building with case 

study methodology, this investigation is tightly linked to data and frequently iterates through the 

data and the literature. 
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2.2.1. Design Science 

The initial iteration in this investigation utilizes the literature and deductions based on 

definitions to develop models of concept emergence and evolution. Multiple models are required 

for the multiple scenarios surrounding concept emergence and evolution. These models utilize 

the components of design science as an organizational tool. The goal for utilizing design science 

in this manner is to add rigor to model development, clearly identify investigation boundaries 

and focus, control deductions, and improve observational control. 

Design science components (Gregor & Jones, 2007) are used as an organizational 

framework to bound, direct, and govern both the model development and iterations in this 

investigation. Design science, as a paradigm, emerges from engineering and sciences of the 

artificial (Simon, 1996) where the principal issue is problem solving. Specification of complex 

conceptual constructs in the application domain is the problem under investigation. The goal of 

design science is to create artifacts that solve identified problems (Hevner, March, Park, & Ram, 

2004). The artifact of this investigation is a theoretically grounded model of application domain 

concepts. The model of application domain concepts is described utilizing the eight components 

of design science, which are: purpose and scope, justificatory knowledge, constructs, principles 

of form and function, testable propositions, artifact mutability, principles of implementation, and 

expository instantiation (Gregor & Jones, 2007), as summarized in Table 1 with descriptions of 

the components in the following paragraphs. 
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Table 1: Components of Design Theories 

Design Science Component Description (Gregor & Jones, 2007) 

Purpose and Scope Identifies goals, scope, and boundaries of theory 

Justificatory Knowledge Identifies an underlying theoretical basis of the theory 

Constructs Identify the entities of interest  

Principles of Form and 

Function 

Identify the structural, organizational, and functional 

principles of the theory 

Artifact Mutability Describes how the theory forms and evolves over time 

Principles of Implementation  Identifies information concerning the processes used to 

create instantiations of the theory 

Testable Propositions Identifies theory truth statements 

Expository Instantiation Provides an exemplar of the theory that aids in 

understanding the theory’s ramifications 

 

The purpose and scope component of design science identifies the goals, scope, and 

boundaries to which the theory applies (Gregor & Jones, 2007). Purpose describes “what the 

theory is for”. It specifies the meta-requirements, or goals, of the theory. Scope specifies the 

context, or scope, within which the theory applies and it specifies the area over which the theory 

is generalized, or in other words, its boundaries. The purpose and scope describes the 

environment within which it is to operate. 

The constructs component of design science identifies the entities of interest in the design 

theory (Gregor & Jones, 2007). Constructs may be physical phenomena or abstract theoretical 

terms. The constructs must be defined as clearly as possible. Each construct may represent a 
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subsystem for which a different design theory may apply. This permits the development of 

theory to proceed through a process of decomposition for which each level of decomposition is 

semi-independent. The independence permits theory development of components since the 

components impact the higher-level theory through its function and not through the details of its 

mechanism.  

The principles of form and function component of design science identifies the structural, 

organizational, and functional principles of the theory (Gregor & Jones, 2007). These principles 

specify the architecture of the theory. This architecture describes the interconnections between 

the constructs. The interconnections are described as properties, functions, features, or attributes. 

An instance of the theory will possess these interconnections when constructed.  

The artifact mutability component of design science describes how the theory forms and 

evolves over time (Gregor & Jones, 2007). This component recognizes that design theories are in 

a constant state of change and whose final outcome may be uncertain. This specification of 

mutability identifies the states of the theory and goes further to describe changes that affect the 

theory’s architecture. Examples, of theory states include: build, use, and demolish. Mutability 

therefore includes a description of theory adaptation and evolution.  

The principles of implementation component of design science identify information 

concerning processes that create instantiations of the theory (Gregor & Jones, 2007). This 

component describes the means used to bring the theory into being. These means are described in 

terms of process involving agents and actions. This process view of the theory is intertwined 

with the product view of the theory (i.e., constructs and principles of form and function) such 

that the theory may not be described without accounting for both the static and dynamic view. 
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The testable propositions component of design science identifies truth statements about 

the theory (Gregor & Jones, 2007). These truth statements are used to measure the efficacy of the 

theory. These truth statements test whether the theory satisfies the meta-requirements defined by 

the purpose and scope. Testable propositions, or hypotheses, also measure instances created 

using the theory to determine whether an instance is consistent with the theory. 

The expository instantiation component of design science provides an exemplar of the 

theory (Gregor & Jones, 2007). The example aids in understanding the theory’s ramifications, 

demonstrates the theory’s viability, and helps identify potential problems. This example also 

provides a concrete representation of the theory as is required for effective communication. 

2.2.2. Theory Building with Case Studies 

From a process perspective, this investigation utilizes theory building with case studies, 

where a case study method develops understanding from the dynamics provided within single 

cases (Eisenhardt, 1989a). This investigation seeks to understand the dynamics of application 

domain concept mutability within a single case. Case studies may collect data from multiple 

sources, for example archives, observations, interviews, and questionnaires. The data may be 

qualitative, quantitative, or both. The data type in this investigation is qualitative and the sources 

of data are archival and observational. A fundamental difference between case study research 

and other methods is the degree to which there is less a priori knowledge about what the 

independent and dependent variables are and how they are measured (Benbasat, Goldstein, & 

Mead, 1987). This investigation is suitable for a case study research methodology as it seeks to 

identify a theory of application domain concept mutability, where a priori knowledge of 

variables is lacking.  
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This investigation is part of the drift stage of case research, where the goal is to gain an 

understanding, make initial literature connections, and identify components critical to application 

domain concept mutability. There are four stages of case research where the four stages are: 

drift, design, prediction, and disconfirmation (Bonoma, 1985). Drift describes the process that 

occurs upon entry into the research field where the investigator becomes familiar with the 

phenomena, makes initial literature connections, establishing some a priori knowledge about the 

phenomena’s function, identifies critical phenomena components, and develops a preliminary 

explanation. In design, the objective is to assess and refine the major areas of inquiry suggested 

by the preliminary explanation. Design is followed by prediction where generalization-formation 

occurs. Prediction seeks additional different, but similar, cases in order to determine the scope of 

the explanation. Lastly, disconfirmation attempts to disconfirm the findings with extreme cases 

where the generalization’s limits might be expected to be exceeded. Multiple iterations are 

performed by this drift stage investigation.  

2.2.3. Investigation Iterations 

A theory building with case studies methodology is highly-iterative and tightly linked to 

data (Eisenhardt, 1989a). As illustrated in Figure 13, this investigation builds a theoretically 

grounded model of concept mutability by performing multiple iterations through the data and 

prior research. Each major iteration, identified by rows in Figure 13, contains minor iterations. 

This manuscript presents the results of this process by describing the developed and confirmed 

Static Model of Concept and the Dynamic Model of Concept. 
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Figure 13: Model Development Iterations Summary 
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The first model developed in this investigation is a theoretically and empirically 

grounded static model of a concept (major iteration 1 illustrated in Figure 13) as a starting point 

for dynamic models to be discussed in later sections. This model specifies a concept. This 

definition will be developed utilizing the design science framework. The model development 

process is illustrated in Figure 14. Model development began with development of purpose and 

scope for this investigation. Prior research was then reviewed seeking a theory providing a 

structure for the static model of a concept. The identified theory was then used as justificatory 

knowledge to identify constructs, principles of form and function, and principle of 

implementation. A stopping rule was developed to address a circular definition in the constructs 

and propositions were derived from the construct definitions enabling the measurement of the 
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model. The case data was then utilized to confirm the model in multiple iterations. The 

confirmation process included identification of evidence in the case data of the constructs, 

principles of form and function, and principle of implementation as well as utility of the stopping 

rule. Fit between the case data and the model was determined using the model’s testable 

propositions. In addition, other iterations were performed in the case seeking evidence 

disconfirming the model. Lastly, the case data was utilized to provide expository instantiations of 

the model. The results from these iterations are discussed more in Section 2.3. Completion of this 

portion of the process establishes a model from which dynamic models can be developed.  

Figure 14: Static Model of Concept Development and Confirmation Process 
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This manuscript provides an in depth discussion of the static and dynamic model 

iterations of this process (i.e., major iterations 1 and 5 in Figure 13). However, it does not discuss 

the theory of mutability iterations (i.e., major iterations 2, 3, and 4 in Figure 13). A discussion of 

the theory of mutability iterations is found in the summarization of research notes in Section 2.8.  

The second model developed in this investigation is a theoretically and empirically 

grounded dynamic model of a concept (major iteration 5 illustrated in Figure 13). This model 

describes concept mutability. Multiple iterations in model development and the case data 

confirmation were performed as illustrated in Figure 15. The Static Model of Concept is assumed 

as the context of this iteration. The theory of mutability confirmed in the prior process step is 

used as input to this process step. The purpose and scope of the model describe it as a dynamic 

model of concept mutability. Two constructs were identified in the model in addition to those 

provided by the Static Model of Concept. Eight principles of mutability were described in the 

model based on the theory. Multiple iterations through the case data were performed to both 

confirm the constructs and principles of mutability. Additional iterations were performed seeking 

disconfirming evidence of which none was found. Lastly, the case data was utilized to provide 

expository instantiations of the model.  
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Figure 15: Dynamic Model Development and Confirmation Process 

 

The results of these iterations will be discussed in this manuscript. The results of the 

Static Model of Concept iterations are discussed in Section 2.3 and the Dynamic Model of 

Concept iterations are discussed in Section 2.4. As previously described, discussion of the 

iterations that occurred between these models is described in Section 2.8. 

2.2.4. Case Selection  

The data for this investigation was collected during the course of an application domain 

framework project. While there was some future intent to develop software products to support 

the framework, the project’s intent was limited to the development of a model independent of 

software support. This limitation in the case enables this investigation to focus on concept 

mutability in the application domain independent of an IS solution. The case was chosen because 

the phenomenon of interest (i.e., concept mutability) is transparently observable. The 
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specifications of physical objects that are managed as assets by the United States Army Corps of 

Engineers (USACE) (e.g., locks, dams, levees, etc.) are analyzed in the case.  

The case is a project to develop an Asset Management Framework (AMF) for the United 

States Army Corps of Engineers (USACE). The scope of the AMF project included the full 

lifecycle investment strategy for the assets controlled by the USACE. These assets, and the 

watersheds they impact, are the artifacts analyzed in this case study. An example of a USACE 

asset is shown in Figure 16. The goal was to provide a framework through which the transparent 

integration of preservation, risk mitigation, budgeting, and resource allocation could be achieved 

across the range of asset lifecycle decisions. The range of asset lifecycle decisions is described in 

Table 2. 

Figure 16: Kaskaskia River Lock & Dam, Ill. 

 
Source: U.S. Army Corps of Engineers (USACE, 2009c) 
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Table 2: USACE Asset Lifecycle Decisions 

Asset Decision Description 

Operate Utilize an asset at a particular level of service 

Maintain Perform some maintenance action on the asset to maintain the 

desired level of service 

Develop Create, or significantly change, an asset’s level of service 

Decommission Cease utilization of an asset and dispose of the asset through 

demolition, transfer of ownership, or some other mechanism 

Investigate Perform an assessment to determine whether any lifecycle decision 

should be made for an asset 

 

2.2.5. Data Collection 

The AMF project began January 2007 and ended in May 2008. The investigator 

participated on this project, which resulted in the delivery to the USACE an AMF report 

containing recommendations. The project began with a review of archival documents to 

understand the current state of asset management, initiate the formulation of the AMF, and 

identify gaps between state of practice and the desired state. These gaps led to a series of nine 

site visits, fourteen conference calls, and two conference presentations. These broad audience 

activities were supplemented by individual telephone conversations, emails, and exchanges of 

working documents to create an electronic document repository containing information about the 

USACE business lines, budgets, processes, asset assessment methods, data sources, interview 

summaries, goals, risks, asset inventories, and asset management methods. In all, over one-

hundred USACE executives, managers, and specialists representing a cross-section of the 

organization from a diverse set of organizational levels, functions, locations, and business lines 

with a variety of backgrounds and specialties participated in the process. The data in the 

electronic repository and observations were analyzed in this investigation. 

Observations are controlled by focusing on understanding the emergence and evolution 

of concepts. The view towards the concepts will be ex post. That is to say that the methodology 
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used does not follow the development of an instance of a concept, but instead starts with an 

instance of a concept and looks back to identify principles influencing its mutability (i.e., 

emergence and evolution). This is an overt choice as the interest is in the high-level principles 

that impacted the final formulation and not the low-level details of the iterative process steps.  

2.3. Results: Static Model of Concept 

As described in previous sections, the purpose of this investigation is to improve 

understanding of concept emergence and evolution. This problem is investigated within the 

scope of the application domain. The first model developed in this investigation is a theoretically 

and empirically grounded static model of a concept as a starting point for dynamic models to be 

discussed in later sections. This model structurally specifies a concept. This definition will be 

developed utilizing the design science framework (summarized in Table 3). 
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Table 3: Static Model of Concept Summary  

Design Science Component Static Model of a Concept 

Purpose and Scope Theoretically grounded static model of application 

domain concepts (Section 2.3 first paragraph) 

Justificatory Knowledge Classical Categorization Theory (Section 2.3.2) 

Constructs Constructs (Section 2.3.3) illustrated in Figure 17 by #n 

1. Concept Constructs 

a. Concept (#1) 
b. Label (#2) 
c. Membership (#3) 

d. Specification (#4) 
2. Categorization Constructs 

a. Stakeholder (#9) 
b. Artifact (#10) 

3. Artifact Stopping Rule (#20) constructs  

a. Physical Object (#19) 
b. Physical Surrogate (#21) 

Principles of Form and 

Function 

Concepts identify regularities among diverse artifacts 

(Sections 2.3.2) as illustrated in Figure 17 by #n 

1. Intension (#5) 

2. Extension (#6) 

3. Regulation (#7) 

Artifact Mutability Not applicable in static model 

Principles of Implementation  Artifacts categorized by Stakeholder (Sections 2.3.2) as 

illustrated in Figure 17 – Categorize (#8) 

Testable Propositions Three testable propositions of concept specification 

(Section 2.3.4) as illustrated in Figure 17 (#22) 

1. Functional  

2. Complete 

3. Compatible 

Expository Instantiation Described in Case Evidence (Section 2.3.5) 

 

2.3.1. Overview 

The Static Model of Concept is illustrated in Figure 17. The model is composed of three 

inter-related segments. Those segments include: concept (#1), categorization (#8), and artifact 

stopping rule (#20). The sub-sections of Section 2.3 are linked to the model summarization in 

Figure 17 using codes (e.g., #1, #2, #3, etc.) to identify the portion of the model that is being 

referenced. 
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Figure 17: Static Model of Concept Illustration 

 
Contained Image Source: U.S. Army Corps of Engineers (USACE, 2009c) 

 

The concept segment of the model (#1 in Figure 17) is composed of three sub-constructs 

and three relationships. The constructs are label, specification, and membership, and the 

relationships are intension, extension, and regulation. A label (#2) names the concept. A 

specification (#4) identifies the concept’s intension (#5) and regulates (#7) its membership. A 

concepts membership (#3) identifies the concept’s extension (#6). An intension (#5) is a 

summary representation of the artifacts in its extension (#6). Individual features of an intension 

are individually necessary and jointly sufficient to identify its extension (i.e., specification 

regulates membership). The testable propositions for a concept (#22) are directed towards 

concept specification, where a “good” specification is functional, complete, and compatible.  

The categorization segment of the model (#8 in Figure 17) is composed of two 

constructs. Those constructs are stakeholder and artifact. The process of categorization (#8) 
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describes an individual (#9), or stakeholder in terms of this study, who identifies an artifact (#10) 

that is categorized (i.e., identified as a member of) a concept’s membership. An artifact (#10) is 

an information object, which has no physical location, no mass or energy, no direct causal 

interactions, but may be encoded, or represented, in some physical object. An artifact is a 

concept member resulting from the propositional truth (i.e., truth of concept’s specification when 

applied to the artifact) invoking that membership. This leads to a circular definition in that an 

artifact, which is a member of some concept set, is considered for membership in some other 

concept set. In other words, there cannot be an artifact unless it is already an artifact. Resolution 

of this circular definition is provided by the artifact stopping rule.  

The artifact stopping rule segment of the model (#20 in Figure 17) is composed of two 

constructs and two relationships. The artifact stopping rule occurs at the level of artifacts for 

physical objects. Physical objects (#19) have location in time and space, a positive mass and 

energy, and may causally affect, or be affected by, other physical objects. This investigation will 

assume that each individual physical object is a member of a set such that the set contains one, 

and only one, member. This set will be termed a “physical surrogate” (#21) as it is a construct 

that will represent the physical object in the informational realm. Additionally, it is assumed that 

the “physical surrogate” sets are mutually exclusive; that is to say that, each physical object will 

be a member of one and only one physical surrogate set. Physical surrogates are a subtype of, 

and permit a stopping rule for, artifacts. 

2.3.2. Justificatory Knowledge 

The justificatory knowledge for the static definition of a concept (#1 in Figure 17) in this 

investigation is categorization theory. Categorization theory draws non-binding associations 

between entities based on simple recognition of similarities within a context across a set of 
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entities (Jacob, 1992). A category consists of a label, intension (i.e., specification), and extension 

(i.e., membership). A category’s label (#2) names the category. A category’s specification (#3) is 

a proposition, which may be composed of subordinate propositions, whose truth regarding an 

artifact invokes membership. A category’s membership (#4) is a set of artifacts assigned the 

category label. The specification represents the category’s intension (#5), which is a summary 

representation of regularity found in the category’s extension. The membership represents the 

category’s extension (#6), which is the set of artifacts bearing the concept’s label. The 

specification enables regulation (#7) of the membership by requiring propositional truth 

regarding the artifact before it can become a member. The process of categorization (#8) 

describes an individual, or stakeholder, in terms of this study, who identifies that an artifact is 

categorized (i.e., identified as a member of) a concept’s membership. A concept, defined as a 

label designation for perceived regularity in events or objects (Novak, 1990), can therefore be 

studied using categorization theory. 

2.3.3. Constructs 

Constructs identify the entities of interest that may be physical or abstract and those 

entities of interest should be defined as clearly as possible (Gregor & Jones, 2007). There are six 

constructs (illustrated in Figure 17) used in this investigation: concept, label, specification, 

membership, artifact, and stakeholder. In addition, the definition of artifact is circular and 

therefore requires a stopping rule, which requires two additional constructs: physical object and 

physical surrogate.  

A concept is a construct that consists of three sub-constructs. Those sub-constructs are 

label, specification, and membership. The construct concept and the sub-constructs label, 
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specification, and membership are defined as described previously in the Section 2.3.2. This 

investigation will focus particular attention on the specification construct.  

Categorization theory implies that an individual is performing the categorization and that 

an individual has some role in the specification of the concept. The perspective of an individual 

within a context was intended to set the scope of this investigation. However, a limitation in 

available data and complexities in communicating concepts requires an aggregation of 

individuals into “roles”. According to role theory, a role is a set of patterned and characteristic 

social behaviors that are assumed by a performer who behaves according to a set of expectations 

that are understood (Biddle, 1986 p.68). Therefore, this investigation will assume a role-based 

definition termed “stakeholder” (#9 in Figure 17) where stakeholder refers to the set of 

individuals who assume the named role. 

Artifact replaces the term entity in categorization theory in order to gain fidelity by 

reconciling the abstract and physical forms of entity (as was shown as #10 of Figure 10). An 

artifact (#10 in Figure 17) is an information object. An information object (abstract entity) is 

anything that is a pure information structure (Sowa, 2000 p.68). Information objects have no 

physical location, no mass or energy, no direct causal interactions, but may be encoded, or 

represented, in some physical object (Sowa, 2000 p.76). An artifact is a concept member 

resulting from the propositional truth (i.e., truth of concept’s specification when applied to the 

artifact) invoking that membership. This leads to a circular definition in that an artifact, which is 

a member of some concept set, is considered for membership in some other concept set. In other 

words, there cannot be an artifact unless it is already an artifact. Resolution of this circular 

definition is provided by a stopping rule (#20 in Figure 17).  
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Two additional constructs are used to provide the stopping rule: physical object and 

physical surrogate. There are physical objects in the world and there are constructs (Bunge, 

1979b p.116). Physical objects (#19 in Figure 17) have location in time and space, a positive 

mass and energy, and may causally affect, or be affected by, other physical objects (Sowa, 2000 

p.76). A construct is an informational representation of a “thing” based on logic, semantics, and 

mathematics. A “thing” is an individual physical object, a set, or a relation. Every “thing” is 

either a physical object or a construct, but not both (Bunge, 1979b p.116-117). As a 

simplification and to place this investigation squarely in the realm of information (i.e., realm of 

constructs), this investigation will assume that each individual physical object is a member of a 

set such that the set contains one, and only one, member. This set will be termed a “physical 

surrogate” (#21 in Figure 17) as it is a construct that will represent the physical object in the 

informational realm. Additionally, it is assumed that the “physical surrogate” sets are mutually 

exclusive; that is to say that, each physical object will be a member of one and only one physical 

surrogate set. Any references to a physical object in this investigation are references to the 

physical object’s “physical surrogate”.   

2.3.4. Testable Propositions 

As this investigation focuses particular attention on the specification construct, the 

testable propositions (#22 in Figure 17) are directed towards specification. These testable 

propositions are utilized throughout the investigation to judge the applicability and strength of 

the case evidence. There are three testable propositions: function, completeness, and 

compatibility. 

The first testable proposition is called function. The purpose of a concept specification is 

to regulate the membership in the concept’s set, or to regulate the concept’s extension. 
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Therefore, a functional specification for a single stakeholder means that the concept membership 

is broad enough to include all members to which the concept label is required.  

The second testable proposition is completeness. A concept specification is the concept’s 

intension and an increase in the number of axioms specified in an intension (i.e., specification) 

necessarily decreases its extension (i.e., membership) (Sowa, 2000 p.95). Therefore, a complete 

specification for a single stakeholder is on where membership is narrow enough to exclude 

members to which the concept label is not required.  

The first two testable propositions (i.e., function and completeness) are limited in utility 

to a single stakeholder environment. Therefore a third testable proposition is added to address 

multi-stakeholder issues. The third testable proposition is compatibility. A compatible 

specification is a necessarily multi-stakeholder measure and is a means of reconciling function 

and completeness in a multi-stakeholder environment. Compatible means that a combined 

concept specification, the union of all stakeholder specifications for a concept, is both functional 

and complete for each stakeholder whose concept specification is part of the union. Therefore, 

compatibility increases as more stakeholder concept specifications are added to the combined 

concept specification without impacting the function or completeness of the concept 

specification to any stakeholder in the union. 

2.3.5. Case Evidence 

The case analysis confirms the Static Model of Concept (summarized in Table 3 and 

illustrated in Figure 17). Multiple iterations were performed in the case analysis seeking 

evidence confirming the model and seeking evidence disconfirming the model. Confirmation of 

the three segments of the Static Model of Concept (i.e., #1 Concept, #8 Categorize, and #11 
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Artifact Stopping Rule) and the testable propositions (#22) are discussed in the following 

paragraphs.  

The concept segment (#1 in Figure 17) of the Static Model of Concept is confirmed in the 

case data and no disconfirming evidence is found in the case. An example of the label construct 

(#2) is “funded project”. A funded project is a concept at the USACE whose intension is 

described by its specification. The specification (#4) of a funded project is that it identifies a set 

of structures (i.e., assets) managed by the USACE that are geographically located close together 

and are funded by a Congressional appropriation. This specification is the concept’s intension 

(#5) that regulates (#7) the concept’s extension (#6), or membership (#3). The membership of the 

funded project concept is a set that meets the specification. For example, projects funded under 

the Estuary Restoration Act of 2000 (PL 106-457, Title I) include: City of Long Beach’s 

Colorado Lagoon, Seal Island Restoration Project, and Half Moon Reef Restoration Project.  

The categorization segment (#8 in Figure 17) of the Static Model of Concept is confirmed 

in the case data and no disconfirming evidence is found in the case. Another example of a 

concept in the case is an “unsafe dam”. More formally the concept is USACE Dam Safety 

Action Classification (DSAC), which “is a classification of dams accomplished by a team of 

Corps of Engineers' dam safety professionals as a means to group dams that exhibited certain 

characteristics for potential safety concerns.” The stakeholder (#9) in this categorization is 

“Corps of Engineers' dam safety professionals” and the artifacts (#10) being categorized are 

“dams that exhibited certain characteristics for potential safety concerns”. The De Pere, Rapide 

Croche, Cedars, Little Chute, and Upper Appleton Dams on the Lower Fox River received a 

“DSAC II – URGENT (Unsafe or Potentially Unsafe)” condition, or in other words these dams 

were assigned to the “unsafe dam” category.  
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The artifact stopping rule (#20 in Figure 17) of the Static Model of Concept is confirmed 

in the case data. There are many examples of physical objects (#19) including those whose 

images are utilized in prior figures, specifically the Kaskaskia Lock and Dam, Lock and Dam 24 

at Clarksville, Missouri, and Locks 27 at Granite City, Illinois. These physical objects are 

represented in information as is evidenced by their appearance on the web pages from which the 

images were taken. Utilizing a physical surrogate (#21) worked in the case analysis to resolve the 

circular artifact definition. Even seemingly disconfirming evidence in the case data could be 

shown to fit the stopping rule. For example, the concept of a project is an informational concept 

and not a physical object. However further reflection shows that a project represents a set of 

objects. Some of the objects in the project set are physical and some are not physical. Continuing 

to reflect on the objects in the various project subsets (e.g., budget, schedule, resources, and 

product) reveals that eventually all of the objects can be traced to physical objects and therefore, 

the physical surrogate stopping rule applies.  

There are limitations to the confirmation of the Static Model of Concept. The perspective 

of an individual within a context was intended to set the scope of this investigation. However, a 

limitation in available data and complexities in communicating concepts requires an aggregation 

of individuals (e.g., Mark, Jose, and Wesley) into “roles” (e.g., engineer, budget administrator, 

and project manager). According to role theory, a role is a set of patterned and characteristic 

social behaviors that are assumed by a performer who behaves according to a set of expectations 

that are understood (Biddle, 1986 p.68). Therefore, this investigation will assume a role-based 

definition termed “stakeholder” where stakeholder refers to the set of individuals who assume 

the named role. Based on this limitation, the case analysis did not attempt to confirm concepts 

from the perspective of individuals. In addition, the focus of this investigation is on concept with 
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no expectation that types of concepts would be limited. However, a limitation in the data is 

apparent. The stakeholders in the cases seem to have a pre-agreed set of concepts (e.g., lock and 

dam, levee, and hydropower dam) from which the concepts found in the data are based. These 

base concepts are taken as given and additional concepts are developed using these pre-agreed 

concepts as a starting point. Further, the case analysis required the identification of concepts with 

enough specificity for the concepts to have unambiguous specifications. Based on this limitation, 

the case analysis did not attempt to confirm concepts without the required specificity as all of the 

concepts utilized in the case analysis had a modifier in their names (e.g., operational lock and 

dam, safe dam, and funded project).  

The testable propositions of specification “goodness” (#22 in Figure 17) are confirmed in 

the case data. By definition, concept specifications for a stakeholder identify commonality 

among diverse artifacts such that the concept’s membership contains those, and only those, 

artifacts that require the concept label. Illustrating with the “unsafe dam” example, the whole 

purpose to the concept is to identify dams that are unsafe (i.e., functional) and not including 

dams that are safe (i.e., complete). This specification of an unsafe dam is dependent on the 

specifications of multiple stakeholders. For example, the citizens living in an area that could be 

impacted by a dam failure might want a zero risk specification of safe where the USACE may be 

forced to compromise the zero risk specification in order to make the specification achievable. 

Congress may be forced to accept a less stringent specification than they might desire in order to 

spread the available funding across all of the dams that must be maintained. This negotiation and 

compromise between stakeholders results in a more or less compatible specification. The various 

stakeholder specifications are periodically adjusted based on some event, such as publicity of an 
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unsafe dam, a dam failure, or improved understanding of what constitutes an unsafe dam. This 

leads to the need for a dynamic model of concept. 

2.4. Results: Dynamic Model of Concept 

The purpose of the second model developed in this investigation is to extend the static 

model to cover dynamic behavior. This model develops a theoretically and empirically grounded 

model of concept mutability (i.e., emergence and evolution). This model assumes the context of 

the static model of a concept (Section 2.3) and is scoped to the application domain. The Dynamic 

Model of Concept will be developed utilizing the design science framework (summarized in 

Table 4). This model adds five constructs not previously defined in the Static Model of Concept. 

In addition, this model adds eight principles of mutability (Table 4), of which none were 

previously included in the Static Model of Concept. The principles of form and function, 

implementation principles, and testable propositions are utilized as defined in the Static Model of 

Concept. 
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Table 4: Dynamic Model of Concept Summary 

Design Science Component Single-Stakeholder Dynamic Model of a Concept 

Purpose and Scope Within context of the Static Model of Concept, this 

model describes concept mutability in the application 

domain (Section 2.4 first paragraph) 

Justificatory Knowledge Complex Adaptive Systems (CAS) theory (Section 2.4.2) 

illustrated un Figure 11 and Figure 12 

Constructs Includes all Static Model of Concept Constructs (Section 

2.3.3) as identified in Figure 17, including: #1 

Concept, #2 Label, #3 Membership, #4 Specification, 

#9 Stakeholder, #10 Artifact, and #20 Artifact 

Stopping Rule composed of #19 Physical Object and 

#21 Physical Surrogate 

Includes five additional constructs (Figure 18): 

1. Consequence (#13) (Section 2.4.2) 
2. Experience (#15) (Section 2.4.2) 
3. Stakeholder Network (#23) (Section 2.4.3) 
4. Specification Facet (#24) – Specification (#4) subtype 

(Section 2.4.3)   

5. Specification Union (#25) – Specification (#4) subtype 
(Section 2.4.3) 

Principles of Form and 

Function 

Provided by Static Model of Concept (Section 2.3) 

Artifact Mutability Eight principles of mutability (Section 2.4.4) as 

illustrated by Figure 18: 

1. Concepts are utilized (#11) 

2. Concepts are measured (#12) 

3. Concepts are prioritized (#16) 

4. Concepts are recorded (#14) 

5. Concepts are maintained (#17) 

6. Concepts are co-adapted (#18) 

7. Concepts emerge through contribution (#26) of 

multiple stakeholders in a stakeholder network 

8. Stakeholder network mimics (#27) a stakeholder  

Principles of Implementation  Provided by Static Model of Concept (Section 2.3) 

Testable Propositions Provided by the Static Model of Concept (Section 2.3)  

Expository Instantiation Described in Case Evidence (Section 2.4.5) 
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2.4.1. Overview 

The Dynamic Model of Concept is illustrated in Figure 18. The model superimposes 

three previously described models. Those models include: CAS Stakeholder Network Operation 

(Figure 12), CAS Stakeholder Operation (Figure 11), and Static Model of Concept (Figure 17). 

The sub-sections of Section 2.4 are linked to the model summarization in Figure 18 using codes 

(e.g., #1, #2, #3, etc.) to identify the portion of the model that is being referenced. 

Figure 18: Dynamic Model of Concept Illustration 

 

The CAS Stakeholder Network Operation (Figure 12) provides the multi-stakeholder 

dynamics, required in the Dynamic Model of Concept (Figure 18), that interact in the formation 

of the model’s constructs (i.e., specification (#4), artifact (#10), consequence (#13), and 

experience (#15)). Stakeholders (#9) in the domain form a stakeholder network (#23), where the 

network is part of each stakeholder’s environment. Stakeholders change their concepts as their 

environment changes and one cause of concept change is in response to another stakeholder’s 
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concepts, which is called co-adaptation (#18). This co-adaptation is based on contribution (#26) 

of each stakeholder as this contribution signifies communication. In the case of specification (as 

illustrated in the oval on the left of Figure 18), stakeholders contribute a specification facet (#24) 

to a combined specification union (#25), where specification facet and specification union are 

subtypes of specification (#4) that allow the differentiation of specifications contributed by 

individual stakeholders and the specifications resulting from the union of those contributed 

specification facets. This contribution and co-adaptation also occurs for the artifact (#10), 

consequence (#13), and experience (#15) constructs in the model. Contribution and co-

adaptation occurs in the stakeholder network as the stakeholder mimics (#27) individual 

stakeholder operation (as illustrated in Figure 11).  

The CAS Stakeholder Operation (Figure 11) provides the single-stakeholder dynamics, 

required in Dynamic Model of Concept (Figure 18), that describe the interaction (i.e., utilize 

(#11), measure (#12), record (#14), prioritize (#16), and maintain (#17)) between the model’s 

constructs (i.e., specification (#4), artifact (#10), consequence (#13), and experience (#15)). CAS 

stakeholders (#9) acquire information about their environment, acquire information about their 

interaction with the environment, identify regularities in the information, convert the regularities 

into a specification (#4 which is named with a label #2), and act based on that specification. 

Acting based on a specification means that a CAS utilizes (#11) the specification to describe, 

predict, or interact with artifacts (#10) in the world. Results from that utilization are measured 

(#12) as consequences (#13). The utilization and consequences are recorded (#14) as experience 

(#15), which includes concept membership (#3). Consequences are used to determine concept 

fitness manifested as prioritization (i.e., promotion or demotion) (#16) in relation to other 

concepts. CAS stakeholders maintain (#17) their concepts through creation and adaptation, 



 

 55 

where concepts are created based on identifying regularities in their experience and concepts are 

adapted, or changed, based on experience. 

The Static Model of Concept (Figure 17) is subsumed within Dynamic Model of Concept 

(Figure 18). The sub-constructs of concept (#1 in Figure 17), including label (#2), membership 

(#3), and specification (#4), are all included in the Dynamic Model of Concept (Figure 18). 

Label names the specification. Specification, including specification facets and specification 

union, has already been described. Membership is stored as experience (#15). A stakeholder (#9) 

categorizes an artifact (#10) within the describe aspect of utilize (#11). Likewise, the artifact 

stopping rule (#20 in Figure 17) including physical object (#19 in Figure 17) and physical 

surrogate (#21 in Figure 17) is still in effect, though not shown in Figure 18.  

2.4.2. Justificatory Knowledge 

The justificatory knowledge for the Dynamic Model of Concept in this investigation is 

CAS theory. A CAS is defined in Section 2.1.3. CAS theory is reconciled with the Static Model 

of Concept as illustrated in Figure 19. This reconciliation identifies the constructs in CAS 

(Figure 11) that overlap or are synonyms with constructs in the Static Model of Concept (Figure 

17). The Static Model of Concept stopping rule (#20 in Figure 17) involving physical object 

(#19), physical surrogate (#20), and artifact (#10) is applied to CAS theory (#19, #21, and #10 of 

Figure 19). The Static Model of Concept construct stakeholder (#9 in Figure 17) is portrayed as a 

CAS (#9 in Figure 19). This reconciliation leaves two additional constructs not found in the 

Static Model of Concept, which are consequence (#13 in Figure 19) and experience (#15 in 

Figure 19). The constructs consequence (#13) and experience (#15) are defined in Section 2.1.3 

along with all the other constructs except for those just defined as part of the artifact stopping 

rule. 
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Figure 19: Static Model of Concept and CAS Theory Reconciliation Illustration 

 

The reconciled model (just described in Figure 19) is superimposed with CAS 

Stakeholder Network Operation (Figure 12) to create the Dynamic Model of Concept (Figure 

18). The stakeholder network behaves the same as, or mimics, a single stakeholder (Figure 11) in 

a higher-level stakeholder network. The view that organizations, groups of purposeful interacting 

individual stakeholders, are CAS is supported by the literature (Waldrop, 1992; Arthur, 1994; 

Gell-Mann, 1994; Holland, 1995; Dooley, 1997; Brown & Eisenhardt, 1998; Pascale, 

Millemann, & Gioja, 2000). This combined model (the right hand side of Figure 18) takes the 

reconciled model (Figure 19) and adds a stakeholder network, the interaction of multiple 

stakeholders, around each construct (#2, #4, #10, #13, and #15). The arrows (#11, #12, #14, #16, 

and #17) remain the same as in the reconciled model. 
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2.4.3. Constructs 

The Dynamic Model of Concept includes constructs that have not been previously 

defined. The new constructs result from combining the reconciled model (Figure 19) with the 

stakeholder network model (Figure 12). The new constructs are: stakeholder network (#23), 

specification facet (#24), and specification union (#25). Stakeholder network results multi-

stakeholder interaction for a concept. The CAS definition suggests that stakeholders (#9) do not 

operate in isolation, but within a network of interacting stakeholders. The network is scoped by a 

concept in focus for the network. The concept in focus is represented by a specification union, 

which is composed of specification facets. Specification facet renames the specification (#4) 

construct from the Static Model of a Concept. A specification facet enables differentiation 

between the specification of a single stakeholder and the composite specification named a 

specification union. The specification facets of individual stakeholders are composed into a 

unified specification (i.e., specification union) for the stakeholder network. 

2.4.4. Artifact Mutability 

The Dynamic Model of Concept (Figure 18) includes eight principles of mutability which 

are: utilize (#11), measure (#12), record (#14), prioritize (#16), maintain (#17), co-adapt (#18), 

contribution (#26), and mimic (#27). The first five principles of mutability were defined 

previously in Section 2.1.3 as part of the description of Figure 11. The sixth principle, co-adapt 

(#18), was defined in Section 2.1.3 as part of the description of Figure 12. The seventh principle 

of mutability is defined as a network of stakeholders that mimics (#27), or behaves the same as, a 

single stakeholder within a different network of stakeholders, where mimics means that the 

stakeholder network maintains the same constructs (all fourteen defined constructs in the 

Dynamic Model of Concept) and the stakeholder network concepts emerge and evolve by way of 
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the principles of mutability (all eight principles of mutability defined in the Dynamic Model of 

Concept). 

2.4.5. Case Evidence  

This model, within the context of the Static Model of Concept, specifies principles of 

concept mutability (i.e., emergence and evolution) for a multiple stakeholders in the application 

domain. The case analysis confirms the applicability of CAS theory, the constructs, and the eight 

principles of mutability summarized in Table 4 and illustrated in Figure 18. The essence of 

concept mutability is summarized by the eight principles of mutability that depend upon the three 

new constructs. The new constructs are: stakeholder network (#23), specification facet (#24), and 

specification union (#25). The principles are reflected in the arrows found in Figure 18 that 

include: utilize (#11), measure (#12), record (#14), prioritize (#16), maintain (#17), co-adapt 

(#18), contribution (#26), and mimic (#27). By confirming the principles of mutability Dynamic 

Model of Concept is confirmed by case analysis. 

The utilization (#11 in Figure 18) of concepts principle of mutability was confirmed in 

the case. No disconfirming evidence was found. Utilization includes a stakeholder using the 

concept for description, prediction, and behavior. The previously described example of “unsafe 

dam” provides insight into all three types of utilization. The “DSAC II – URGENT (Unsafe or 

Potentially Unsafe)” concept describes the requirements for a dam to be placed in this category. 

The reason why a dam is placed in this category is that it predicts, or predicts the potential for, 

failure. Failure is defined as issues of structural integrity that in some contexts may lead to 

uncontrolled release of a reservoir resulting from amount of structural collapse. This same 

“unsafe dam” concept also leads to behavior. For example in the case of the Lower Fox River 

Dams, the assignment of the “unsafe dam” concept to the artifacts (#10) De Pere, Rapide Croche, 
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Cedars, Little Chute, and Upper Appleton Dams led to mitigation actions including: sealing 

concrete cracks around trunnion pins, replace bolts on gate arms, flood inundation mapping, and 

other actions.  

The measurement (#12 in Figure 18) of consequences (#13) principle of mutability was 

confirmed in the case. No disconfirming evidence was found. Measurement of consequences is 

illustrated in the same “unsafe dam” example. The USACE Dam Safety Program which was a set 

of concepts governing the management of dams was measured through an assessment by the 

Association of State Dam Safety Officials. That assessment resulted in a recommendation 

regarding existing dam safety policies (i.e., concepts) and suggested additional policies. In 

addition, dam safety inspections (i.e., measurement) are performed periodically. 

The recording (#6 in Figure 18) of experience principle of mutability was confirmed in 

the case. No disconfirming evidence was found. For example, the Association of State Dam 

Safety Officials reviewed specifications and the records for dams. Likewise, the results of dam 

safety inspections produce the dam records which are utilized to decide required actions for 

dams. In addition, the damage from Hurricane Katrina and the policies utilized to maintain the 

failed structures were recorded and utilized to update policies.  

The prioritization (#16 in Figure 18) and maintenance (#17) of specifications (#4) 

principles of mutability were confirmed in the case. No disconfirming evidence was found. For 

“unsafe dams”, the review and update of dam safety policy resulting from the review are 

examples of both prioritization and maintenance. The prior policy (i.e., concept) was demoted 

(i.e., exhibits prioritization) and a new policy resulting from updating the old policy was created 

(i.e., exhibits maintenance). Another example of prioritization and maintenance is demonstrated 

by the Defense Environmental Restoration Program. This program, first funded by a 1983 act, 
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added hazardous waste disposal from former military sites and the removal of unsafe buildings, 

ordnance, and other debris from both active and former military sites. Adding these functions 

demonstrates the creation of new concepts where none existed before and the addition of this 

program suggests that past consequences utilizing prior policies (i.e., concepts) had been 

recorded and reviewed in order to decide to add the program.  

The co-adaptation (#18 in Figure 18) of specifications (#4) principle of mutability was 

confirmed in the case. Concept specifications based on stakeholder co-adaptation were found, 

and seemed to be a driving force, within the case. One high-level example is a change to project 

selection criteria by Commanders post-Katrina. The public demanded better protection post-

Katrina. Congress acceded to that demand and in turn made demands from the USACE. The 

USACE then performed a reality check on what was possible and returned those findings to 

Congress who adjusted their demands. The USACE took those demands and began 

operationalizing them through changes in project selection criteria. Those criteria at the 

Headquarters level were issued to Divisions, Districts, and finally structure managers. At each 

level, co-adaptation occurred and fed more changes back into the process.  

The contribution (#26 in Figure 18) of specification facets (#24) by stakeholders (#9) in a 

stakeholder network (#23) to a specification union (#25) principle of mutability was confirmed 

in the case. Evidence is found in the case that multiple stakeholders contribute to the 

specification of a concept. The multiple stakeholders who interact in formation of a concept 

specification are identified as a stakeholder network. Each stakeholder contributes a specification 

facet, or fragment, to a specification union. One example of a specification union in the case is 

that of an “operational lock and dam” (illustrated in Figure 20). Engineers, as a stakeholder role, 

contribute a specification facet describing a structural condition of the lock and dam meets a set 
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of thresholds as the means of establishing that a lock and dam is operational. Operational staff, as 

another stakeholder role, contributes specification of the procedures necessary to pass a barge. 

Freight companies, as another stakeholder role, contribute a specification facet describing that 

the lock and dam must actually pass barges for it to be operational. Administrators, as yet 

another stakeholder role, contribute a specification facet describing the budget requirements as a 

means of establishing that it is operational. All of these specification facets are required to create 

a specification union that describes a lock and dam that is operational for the stakeholder 

network.  

Figure 20: Stakeholder Contribution in Stakeholder Network 
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The mimicking (#27 in Figure 18) of a stakeholder (#9) by a stakeholder network (#23) 

principle of mutability was confirmed in the case. Evidence is found in the case of stakeholder 

networks mimicking a single stakeholder though moderated by contribution and co-adaptation. 

The internal USACE stakeholder network, named the USACE for short, exhibits the five 

mutability principles of a single-stakeholder. For example, the USACE utilizes the union of the 

specifications for an “operational lock and dam” illustrated in Figure 20 to describe, predict, and 

behave in the physical world. The USACE measures consequences of using that specification 

union. Those consequences cause the specification union to be promoted, demoted, adapted, or 

discarded. The USACE experience of utilizing that specification is recorded and over time new 

specifications for other structures may be modeled based on those of the operational lock and 

dam concept experience. Other stakeholder networks that exhibit stakeholder behavior include 

those surrounding a single physical object and those defined by organizational levels (e.g., 

districts and divisions). 

There are limitations to the confirmation of the Dynamic Model of Concept. The 

limitations to this confirmation include the same limitations as for the Static Model of Concept. 

In addition, the mimic principle of mutability required a specific perspective in order for it to be 

recognized in the case data. From within a stakeholder network, for example the USACE with all 

of the internal stakeholders identified in the above case analysis, it is difficult to identify the 

USACE as a stakeholder mimicking the principles of mutability of an individual stakeholder. 

However, the USACE as a stakeholder and demonstrating all the principles of mutability 

becomes clear when viewing the USACE from another stakeholder network external to the 

USACE. For example, the USACE mimics a stakeholder when viewed from the perspective of 
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Congress, the Administration, their customers, etc. When viewed from this perspective, the case 

data makes clear that the USACE does mimic a stakeholder.  

2.5. Discussion and Implications 

While the application domain has been found to be important, little IS research has 

focused on understanding how concepts emerge and evolve within the application domain. 

Specifying application domain concepts is an element of specifying the “complex conceptual 

constructs” that are the essence of the IS development problem (Brooks, 1987). Improving 

understanding of how concepts in the application domain emerge and evolve may lead to 

improved methods, techniques, and tools utilized to perform the specification of “complex 

conceptual constructs” in IS. This investigation therefore begins to explore this phenomenon by 

seeking a descriptive theory (Gregor, 2006) of concept emergence and evolution. This 

investigation utilized a theory building with case studies process (Eisenhardt, 1989a) within a 

design science structural framework (Gregor & Jones, 2007) focused specifically on the design 

science component of artifact mutability. Mutability describes how artifacts emerge and evolve. 

The design science artifact under investigation is a concept, which is a fundamental conceptual 

construct in the application domain. 

Research questions concerning the principles and theory associated with mutability of 

application domain concepts were examined. The approach to answering these questions 

included identifying a theory explaining the static notion of a concept and then developing and 

confirming the Static Model of Concept. The Static Model of Concept provided a foundation 

upon which principles of concept mutability could be identified. Those principles were then used 

to identify a theory to explain concept mutability and to provide additional principles of concept 

mutability. The identified theory was modeled and that theoretically grounded model of 
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mutability was superimposed upon the Static Model of Concept resulting in a Dynamic Model of 

Concept. The Dynamic Model of Concept was then confirmed in case data. This section will 

describe this investigation’s findings and contributions. This section concludes with the 

implications of those findings for future research and practice. 

2.5.1. Discussion of Findings 

This investigation provides an answer to the question driving this investigation. The 

theoretically and empirically grounded model of application domain concept emergence and 

evolution is the Dynamic Model of Concept. The model is structurally grounded through the 

eight components provided by the design science framework (Gregor & Jones, 2007). The 

purpose and scope of the model is the emergence and evolution of concepts developed through 

the interaction of multiple stakeholders in the application domain. The model is theoretically 

grounded on classical categorization theory and CAS. Evidence of the fourteen constructs, three 

principles of form and function, eight principles of artifact mutability, single principle of 

implementation, and three testable propositions was found in the case. The expository 

instantiation of the model was provided through examples from the case analysis. The rigor used 

in development and confirmation of the model was provided by a theory building with case 

studies process, which is characterized by frequent iteration between the literature, the model, 

and the data (Eisenhardt, 1989a). The rigor of the model is reinforced by being tightly linked to 

the data. This investigation performed six major iterations between the literature, the model, and 

the data. Each of the major iterations performed multiple sub-iterations; nineteen in total (Figure 

13) and each of those sub-iterations performed still lower-level iterations. In summary, these 

iterations developed and confirm the Dynamic Model of Concept as a theoretically and 

empirically grounded model explaining application domain concept emergence and evolution. 
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The findings of this investigation are a contribution for research and practice. First, little 

IS research has focused on understanding how concepts emerge and evolve within the 

application domain. Specifying application domain concepts is an element of specifying the 

“complex conceptual constructs” that are the essence of the IS development problem (Brooks, 

1987). Second, the investigation responds to a call for research in the area of application domains 

(Glass and Vessey 1992; 1998) particularly in the area of how application domain knowledge 

develops and evolves. This investigation lays the foundation to better understand the application 

domain, for which IS are developed, by developing a theoretically and empirically grounded 

static and dynamic model of concepts in the application domain. Improving understanding of 

how concepts in the application domain emerge and evolve may lead to practice improvements 

in areas of methods, techniques, and tools utilized to perform the specification of “complex 

conceptual constructs” in IS. 

This investigation has limitations. The identified theory did not support, nor did it refute, 

the diverse facet principle of concept specification. In addition to this limitation, there are four 

problems to overcome when using a case study research methodology: controlling observations, 

controlling deductions, allowing for replication, and allowing for generalization (Lee, 1989). The 

control of observations and control of deductions is believed to be sufficient in this investigation 

though they could be improved with more formal instruments, protocols, and definitions. This 

investigation did not address replicability, as a second investigator was not used to assure results 

can be replicated, nor was generalizability addressed as the findings are based on a single case. 

As an early step in an ongoing theory building research stream, the primary aim of this 

investigation was to lay the foundation by identifying model constructs and a theory. From that 
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perspective the limitations are acceptable, but future research will need to address these 

limitations. 

2.5.2. Implications for Research 

The findings provide theoretical support for the methodological evolution that has 

occurred in IS. This evolution includes at least two characteristics. The first characteristic of 

methodology that has evolved in is that of iteration. Methodologies have evolved from a 

“waterfall” (Royce, 1987), through “spiral” (Boehm, 1988), to “agile” (Highsmith & Cockburn, 

2001) approaches where each step increased the frequency of iteration. This study’s findings 

provide theoretical support in that the Dynamic Model of Concept explains stakeholders utilizing 

a specification, as encoded in an IS, measuring the consequences of its use, and then prioritizing 

and adapting the specification based on the experience of its use within a cycle of multi-

stakeholder contribution and co-adaptation. This dynamic suggests a need for the stakeholders to 

utilize the IS before they can decide that it is sufficient. This need to utilize the specification 

leads to the second characteristic, which is prototyping. Prototyping has progressed in parallel 

with increases in iteration; as a result, an iteration often produces a prototype (Davis & Monroe, 

1987; Boehm, 1988; Highsmith & Cockburn, 2001).  

The findings suggest a set of criteria for adaptive information systems. These criteria 

encompass both structural and dynamic aspects. An adaptive information system for a 

stakeholder must enable structural aspects of multiple competing specifications, artifacts 

independent of those specifications, consequences of each specification utilization with an 

artifact, and a history of experience. From a dynamic aspect for a stakeholder, an adaptive 

information system must enable utilization of a specification to describe predict or behave, 

measurement of utilization consequences, prioritization of competing specifications, recording of 
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experience, an ability to identify regularities in experience, and an ability to create or adapt 

specifications. These dynamic aspects must assume that all structural aspects are continuously 

fluid. In addition, an adaptive information system must enable the multi-stakeholder dynamics of 

contribution and co-adaptation and the structure enabling facet perspectives by stakeholder and a 

union perspective for the stakeholder network for each of the structural aspects of specification, 

artifact, consequence, and experience. Lastly, an adaptive information system must account for 

the concept that each stakeholder participates in multiple stakeholder networks simultaneously 

and that each stakeholder network mimics an individual stakeholder in its participation in 

multiple other stakeholder networks simultaneously.  

2.5.3. Implication of Findings for Practice 

This investigation’s findings have implications for requirements determination methods, 

techniques, and tools. The implications of the fourteen constructs and eight principles of 

mutability would offer improvements to methodology, technique, and tool issues. For example, 

the model suggests that experienced stakeholders provide the most stable specifications. It also 

suggests that a diversity of individuals playing the same stakeholder role may suggest areas of 

variation within a specification facet. However, the specification that must be elicited is an 

interactive composition of multiple stakeholder roles, which suggests a need to elicit the views of 

multiple stakeholders for each concept. Each stakeholder view should be maintained; so that as 

the stakeholders co-adapt, stakeholder changes can be maintained and then utilized to identify 

other required stakeholder changes, which sets up another round of stakeholder elicitation. 

Lastly, the model suggests that the introduction of an IS changes the environment leading to 

additional rounds of elicitation as the stakeholders adapt to the new environmental conditions. 



 

 68 

The findings suggest an answer to an often heard refrain on IS projects. The author 

observed and participated in more than thirty commercial and governmental IS projects over a 

period of more than fifteen years. An often heard refrain from IS development team members 

was “The users don’t what they want. If they would just tell us what they want, we could build 

it.” The answer suggested by this investigation’s findings is that users “do not know” what they 

want and more profoundly for IS development, this investigation suggests a reason why users 

“cannot know” what they want. More precisely, users cannot predict what they want with any 

accuracy early in the project during requirements elicitation. The reason they cannot make this 

prediction is that, according to the model, the users must utilize the specification encoded in the 

system with real world artifacts and measure the consequences of that use. This measurement of 

consequences drives another iteration of adaptation. Complicating this scenario is that any user 

who has a negative consequence with the use will adapt and that adaptation will drive co-

adaptations across other users of the system causing additional cycles of co-adaptation. The 

outcome of this multi-stakeholder co-adaptation is not predictable with any accuracy. This 

practical implication drives the need for adaptive information systems (discussed in Section 

2.5.2) designed to be fluid in this kind of environment.  

2.6. Future Research 

Future research should address limitations of this investigation in areas of assuring 

findings through replication and determining the scope of generalizability. Additional 

investigations are needed to formalize the instruments and protocols to ensure the validity of 

these initial findings to permit replicability. As this investigation used only a single investigator, 

additional multi-investigator studies are needed to achieve higher-levels of replicability. Future 
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research should extend the cases against which the propositions identified in this investigation 

are tested in order to identify the boundaries of generalizability.  

Future research should address a finding that is not explained by the model. Case analysis 

suggests that there is a pattern associated with stakeholder concept specification interaction, but 

it was not identified. While the theories grounding the model do not explain this pattern, those 

theories also do not exclude the existence of a pattern characterizing the stakeholder concept 

specification interaction. Future investigations are needed to identify the pattern, or patterns, that 

enable stakeholder concept specification interaction to result in a compatible concept 

specification. This future research study is necessary to achievement of an adaptive information 

system of the type described in Section 2.5.2. 

Future research should continue to explore the structural and methodological 

requirements of a highly adaptive information system. Due to the potential scope, this research 

should heavily leverage prior research through synthesis from multiple disciplines. The initial 

goal is a theoretically-grounded model of highly adaptive information systems. This model must 

account for the architectural, programmatic, data storage, and user interface paradigms required 

for an information system that will potentially be uniquely different with each utilization. This 

model must comply with the criteria of highly adaptive information systems set forth in this 

investigation.  

2.7. Conclusion 

While the application domain has been found to be important, little IS research has 

focused on understanding how concepts, as an element of a specification, emerge and evolve 

within the application domain. This investigation improves understanding of how concepts in the 

application domain emerge and evolve. This understanding suggests that “fashioning complex 
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conceptual constructs” that are the essence of the IS development problem (Brooks, 1987) are 

the result of a dynamic environment within which concepts emerge and evolve. This 

investigation also suggests that improving effectiveness and efficiency in the IS development 

process may be dependent upon the development of a highly adaptive information systems. 

Based on this need, this investigation suggests a set of criteria on which to base the development 

of this new class of information systems.  

2.8. Addendum: Model Development Research Notes 

This manuscript presents the results of this process by describing the developed and 

confirmed Static Model of Concept and the Dynamic Model of Concept. While this manuscript 

provides an in depth discussion of the model iterations of this process (i.e., major iterations 1, 5, 

and 6 in Figure 13), it does not discuss the theory of mutability iterations (i.e., major iterations 2, 

3, and 4 in Figure 13). This section provides a discussion of the theory of mutability iterations 

through a summarization of research notes. 

2.8.1. Principles of Mutability Identification 

This iteration utilizes the Static Model of Concept, prior research, and case data to 

identify principles of concept mutability. Multiple iterations through the case data, literature, and 

Static Model of Concept were performed, where each iteration is illustrated as a number in 

Figure 21. The case used in this investigation was chosen because the phenomena of interest are 

transparently observable and limited in scope to permit better control of observations. The data 

collection utilized an archive of documents generated by the case and observations made during 

document generation. The Static Model of Concept was used to direct, frame, and control the 

case analysis. The first principle was identified from definitions in the Static Model of Concept 

model. Two additional principles were identified in case data. Each of the three principles of 
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mutability, described in Table 5, is supported by prior research. The three principles are: artifact 

diversity, stakeholder diversity, and facet diversity. 

Figure 21: Principles of Mutability Identification Iteration Summary 
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Table 5: Principles of Mutability Identification Findings Summary 

Principle of Mutability Description 

Artifact Diversity Concept specifications for a stakeholder identify 

commonality among diverse artifacts such that the 

concept’s membership contains those, and only those, 

artifacts that require the concept label 

Stakeholder Diversity Multiple stakeholders communicate and negotiate to reach 

agreement on concept labels, specifications, and 

membership 

Facet Diversity Stakeholders describe the same concept from multiple 

facets and those facets interact suggesting a pattern  

 

2.8.1.1. Artifact Diversity Principle 

The existence of the artifact diversity principle is suggested by the construct definitions. 

Evidence of artifact diversity is found in the case data. This principle is supported by prior 

research. Confirmation of the artifact diversity principle is provided by this investigation’s 

testable propositions. This principle is illustrated in Figure 22. 
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Figure 22: Diversity of Artifacts Mutability Principle 
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A concept specification is a proposition which may be composed of subordinate 

propositions, used to regulate the application of the concept label to an artifact. The existence of 

a specification suggests variation in artifacts; otherwise, homogenous artifacts could not be 

differentiated for membership. In the AMF case, the set of all physical surrogates within the 

domain are members of some number of concepts. The artifact diversity principle takes the 

perspective of concept membership examination. Concept specifications identify commonality 

that can be found across some number of artifacts.  

For example, a funded project is a concept at the USACE. The commonality of a funded 

project is that it identifies a set of structures (i.e., assets) managed by the USACE that are 

geographically located close together and are funded by a Congressional appropriation. The 

diversity of artifacts in this concept is the variation in the sets of structures, for example: one set 

may include a lock and dam and building and another may include a hydroelectric dam, and 

another may include a lock and dam and levees. They also demonstrate diversity in that they are 
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all for a different geographic location and a different appropriation. In another example, the 

specification of a safe dam includes a diversity of dams (illustrated in Figure 22) including dams 

associated with locks, hydroelectric dams, earthen dams, and concrete dams. The commonality is 

they all hold a pool of water and have structural condition expressed as risk, which is specified as 

the probability of a failure given some event (e.g., such as a three-hundred year precipitation 

event) times the consequences of failure. This risk has a threshold from which the dam can be 

said to be “safe”. All of the concept specifications in the case identify commonality amongst 

diversity.  

This principle is supported by prior research. The relationship between commonality and 

diversity is supported through categorization. Categorization is a flexible, creative, and non-

binding association between entities based on the recognition of similarities within a context 

(e.g., a person may be a father, son, employee, supervisor, music lover, etc.) (Jacob, 2004). 

Categorization is distinguished from classification, which provides stability of reference through 

rigorously dividing entities into an arbitrary system of mutually exclusive and non-overlapping 

classes defined by a set of established principles (e.g., an organism in biological classification 

belongs to only one species, genus, family, order, etc.). Case data evidence supports that artifacts 

are categorized as more than one concept and that likewise a concept describes a diversity of 

artifacts with some level of commonality. 

Confirmation of this principle is provided by this investigation’s testable propositions. 

Functional and complete concept specifications require this principle. By definition, concept 

specifications for a stakeholder identify commonality among diverse artifacts such that the 

concept’s membership contains those, and only those, artifacts that require the concept label. 
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2.8.1.2. Stakeholder Diversity Principle Identification 

The existence of the stakeholder diversity principle is evidenced by the case data. 

Evidence of stakeholder diversity as principle of concept mutability in the case data occurred 

within and among stakeholder roles. This principle is supported by prior research. Confirmation 

of this principle is provided by this investigation’s testable propositions. This principle is 

illustrated in Figure 23. 

Figure 23: Diversity of Stakeholder Mutability Principle 

 

Diversity within a stakeholder role is a principle of concept mutability. Evidence of this 

kind of diversity in the case appears to be associated with organizational levels and geographic 

location. For example, when specifying the concept of candidate projects (i.e., projects being 
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proposed for funding in the budget), individual budget administrators at the district level (i.e., a 

lower organizational level) admitted to not clearly understanding how the budget administrators 

at the division level take all of the districts’ projects and proposes their own list of candidate 

projects. They did believe that the specification of candidate projects by budget administrators at 

the division level was different than by budget administrators at the district level. This lack of 

clear understanding about how candidate projects are identified extended between the divisions, 

who submit their list to headquarters, and headquarters, which takes all of the division projects 

and proposes the final list in the budget submission. Likewise, the specifications of candidate 

projects by budget administrators at different geographic locations were different. For example, 

priorities for navigation projects in locations where there is a preponderance of navigation 

structures and priorities for flood control projects in locations where there is a preponderance of 

flood control structures causes variation in the specification of the candidate project concept. 

These uncertainties and perceived differences influence concept definition as the individuals 

within the stakeholder group communicate and negotiate to reach agreement on concept labels, 

specifications, and membership. 

In addition to diversity within stakeholder roles, evidence is found in the case suggesting 

that multiple stakeholder roles matter to the specification of a concept. One example of a concept 

specification in the case is that of an “operational lock and dam” (illustrated in Figure 23). 

Engineers, as a stakeholder role, specify the structural condition of the lock and dam meets a set 

of thresholds as the means of establishing that a lock and dam is operational. Operational staff, as 

another stakeholder role, determines that a lock and dam is operational by their ability to perform 

the procedures necessary to pass a barge. Freight companies, as another stakeholder role, utilize 

the lock and dam to actually pass barges as a means of establishing that it is operational. 
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Administrators, as yet another stakeholder role, allocate resources to the lock and dam as a 

means of establishing that it is operational. These differences influence concept definition as the 

stakeholders must communicate and negotiate to reach agreement on concept labels, 

specifications, and membership. 

The stakeholder diversity principle is supported by IS research. One of the ways that the 

existence of this phenomenon has been recognized is through the view integration research. 

View integration is often an aspect of conceptual database design, which produces an abstract, 

global data view for an application called a conceptual schema (Batini, Lenzerini, & Navathe, 

1986). Conceptual database design permits designers and users to work together in the collection 

and documentation of principles in order to create a high-level data specification. This process 

simplifies the integration of diverse views, perspectives, and expectations of the various users. 

This integration reduces data duplication, multiple updates, and minimizes cross-application 

inconsistencies. While database view integration is concerned with the composition of the 

database (e.g., tables, attributes, and relationships), the diversity matter’s principle extends the 

database schema for a user view into the realm of actual values. For example, the structural 

condition of a lock and dam is judged on a three point scale (i.e., green = good, yellow = poor, 

and red = failed), where a lock and dam may be a table, a structural condition may be an 

attribute, and a three point scale is the permitted value range of the structural condition attribute, 

where yellow is the threshold value for the lock and dam to be considered operational, and green 

is the actual structural condition for a specific lock and dam from the perspective of the engineer. 

In addition, while view integration suggests that only the combined concept specification is 

maintained, other research suggests that maintaining this diversity may have merit. Assuming 

that each view is a class or category that is a constructed abstraction that is useful for a specific 
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purpose (Lakoff, 1986) and that each view expresses meaning that is a personal (i.e., individual) 

view of reality (Stamper, 1987), then there is merit in maintaining these individual diverse views 

in a model.  

Confirmation of this principle is provided by this investigation’s testable propositions. 

Compatible concept specifications require this principle. By definition, compatible concept 

specifications are a union of the concept specification of stakeholder roles that identify a 

membership containing those, and only those, artifacts that require the concept label for all of 

those stakeholders in the union. 

2.8.1.3. Facet Diversity Principle Identification 

The existence of the facet diversity principle is suggested by closer analysis of the 

stakeholder diversity principle. Evidence of facet diversity is provided by the case data. This 

principle is supported by prior research. Confirmation of this principle is provided by this 

investigation’s testable propositions. This principle is illustrated in Figure 24. 
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Figure 24: Diversity of Facets Mutability Principle 

 

This principle suggests that diversity of specification facets impact concept specification. 

The finding driving this new principle was that there were very few conflicts in concept 

specification (i.e., conflicting propositions) between the stakeholders for the same concept. The 

conflicts that did occur happened at the margins (e.g., how much funding is required to fully staff 

an operational lock and dam), but no examples could be found in the final definitions where the 

propositions conflicted outright (e.g., it is an operational lock and dam when it is funded, and it 

is an operational lock and dam when it is not funded). The concept specifications did interact 
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(e.g., an operational lock and dam requires staffing and staffing of a lock and dam requires 

funding), but for the most part the different stakeholder concept specifications described 

different facets of the concept such that the union of those specifications were compatible. The 

finding suggests that the multiple stakeholders are not random, but that their roles fit a pattern 

from the perspective of a concept. Moreover, the finding suggests that stakeholder roles could be 

identified from the pattern facets and that those facets interact creating a concept that is both 

composed of and different than the individual stakeholder concepts.  

The importance of facet diversity is suggested by the functionality, completeness, and 

compatibility found with the stakeholder diversity principle being dependent upon the multiple 

facets. One example of this necessary interaction is found with regard to candidate maintenance 

projects (illustrated in Figure 24). Development of a candidate maintenance project is necessary 

when some structural deficiency is identified for some structure, such as a dam. This structural 

deficiency identified by an engineer suggests a higher level of risk and exceeds a risk threshold 

with regard to the organization’s flood damage control mission as specified by the flood damage 

reduction business line manager. Another engineer may specify a candidate project to correct this 

structural deficiency and this project contains details about what must be done using some set of 

materials and methods. This project is then estimated by a project manager with regard to 

schedule, budget, and resources necessary to execute the project. The district commander 

facilitates prioritizing this candidate project in relation to other candidate projects. The project is 

then proposed in the budget when it meets thresholds concerning priority, schedule, budget, and 

other resources. All of these candidate project facets are necessary in the specification. In 

addition, it appears in the evidence found within the AMF case that there is some commonality 
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to those aspects. However, since there is no discernable pattern within the case, a pattern that fits 

the case will be sought in prior research.  

The facet diversity principle appears to be supported by IS research. IS project 

stakeholder research suggests that stakeholder roles represent facets such as: customer (served by 

the domain), shareholders (role of financially responsible), internal stakeholder (members of the 

organization), external stakeholder (e.g., suppliers, partners, and regulators), special interest 

stakeholder (e.g., community and complementary organizations), and influencer (e.g., 

competitors and environmental groups) (Woolridge, McManus, & Hale, 2007). Architecture 

research that describes the business domain has used a standard set of questions (i.e., who, what, 

when, where, why, and how) to specify the facets (Sowa & Zachman, 1992). IS requirements and 

analysis methodologies suggest facets with some combination of goal-centric (Dardenne et al., 

1993), process-centric (Hammer & Champy, 1993), data-centric (Martin, 1990), or object-centric 

(combines process and data) (Booch, 1994) approaches to capturing information about the 

business domain. A more holistic view of project success in the business domain suggests that 

most issues can be assigned into three categories: output, process, and resources (Lederer & 

Sethi, 1988) and as issues suggest necessary facets. Therefore, there is support for multiple facets 

in prior research that interact in some pattern, but there does not seem to be consensus on facets 

suggesting the need for future research.  

Evidence within the AMF case supports most of the facets suggested by prior research. 

The concept specifications in this particular case seem to exclude roles such as partner, 

complementary organizations, and competitors, but evidence of other roles is present. The six 

questions of architecture are found in the case, but those questions seem insufficient, particularly 

in terms of funding, suggesting an additional question of “how much”. Certainly facets such as 
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goals and processes have evidentiary support in the case and data is supported through the 

concept specifications (i.e., propositions) directly. Also, the project success facets of output, 

process, and resources are found in the case. Even though none of these facets seem to provide 

enough fidelity to illuminate the underlying pattern associated with the facet diversity principle, 

there is strong evidence that this principle is important to the function, completeness, and 

compatibility of concept specification. Future research will be required to illuminate the concept 

specification facet diversity principle that is present in the case. 

2.8.2. Theory of Concept Mutability Identification 

This iteration utilizes the literature seeking a theory explaining the set of concept 

mutability principles that were observed in the case data. Multiple iterations through the 

literature and Static Model of Concept were performed as illustrated in Figure 25, where each 

iteration is identified by a number. Theories of the firm and theories of systems were analyzed to 

find existing theories that could explain the dynamic behavior described by the principles. The 

criteria used in the evaluation included the three previously described principles, which are: 

artifact diversity, stakeholder diversity, and facet diversity. Findings from the search for theory 

are described in Table 6. 

Figure 25: Theory Identification Iteration Summary 

 

 



 

 83 

Table 6: Theory Identification Findings Summary 

Theory 

Group Theory Finding 

Transaction 

Cost 

Economics 

(TCE) 

Within the scope of a transaction and the decision to perform 

the transaction internally or externally in the market, TCE 

identifies a diversity of stakeholders (e.g., legal, labor unions, 

managers, owners, etc.) and some of the facet diversity (e.g., 

schedule, budget, and other resources), but TCE does not 

appear to provide sufficient conceptual grounding to explain 

concept specification. 

Agency 

Theory 

Agency theory focuses little on the process of determining 

contract content, specifically little time is spent on the concept 

specifications within the contract, and because of this primary 

focus provides insufficient conceptual grounding to represent 

concept specification. 

Resource-

Based View 

(RBV) 

Other than to say that RBV uses capabilities to achieve 

solutions, it does not appear to provide sufficient conceptual 

grounding to represent concept specification. 

Contingency 

Theory 

Using the contingency theory outlook as a lens through which 

the principles of concept specification can be evaluated, it is 

easy to see that much of what was observed could be said to be 

caused by contingencies. However, contingency theory, as a set 

of theories under a general outlook, does not appear to provide 

sufficient conceptual grounding for concept specification. 

Theories 

of the 

Firm 

Stakeholder 

Theory 

This theory certainly helps in the identification of the diverse 

stakeholders, but it does not appear to provide sufficient 

conceptual grounding for concept specification. 

General 

Systems 

Theory (GST) 

While the definitions and characteristics of GST do not conflict 

with the principles driving this research and their implications 

can be identified, the propositions of GST describe 

characteristics of the systemic result, not the characteristics of 

concept specification. Use of GST then is relegated to future 

research to test the GST propositions against the models 

developed. 

Population 

Ecology 

Autopoiesis 

Dissipative 

Systems 

While each of these systems theories describes phenomena that 

occur and can be represented with the three principles 

identified in this investigation, none of them provide a 

comprehensive enough view to provide the conceptual 

grounding for concept specification. 

Theories 

of 

Systems 

Complex 

Adaptive 

Systems 

Theory 

CAS provides a more comprehensive description of internal 

systems phenomena that is most plausible for concept 

specification. CAS was chosen as the theoretical lens 

explaining the concept specification principles. 
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2.8.2.1. Theories of the Firm 

One area of investigation in the attempt to find a theory that explains the three principles 

was a set of theories associated with a firm. These theories attempt to explain the existence, 

boundaries, and organizational structures of the firm. While the AMF case is a governmental 

agency, the idea is that as an organization it might resemble a firm with regard to the concept 

specification principles. The theories reviewed include transaction cost economics, agency 

theory, resourced-based view, contingency theory, and stakeholder theory. While each of the 

theories provides some insights into the three principles, none of the theories provides sufficient 

coverage to accept them as a theory explaining the principles of application domain concept 

mutability. 

Transaction Cost Economics (TCE) is a theory of the firm that explains the existence, 

boundaries, and organizational structures in terms of the economic efficiency of internally 

organized transactions and those carried out in the market (Coase, 1937). TCE was extended to 

included social costs in the formulation (Coase, 1960), post-contractual behavior (Klein, 

Crawford, & Alchian, 1978), and transaction specific investments, also known as asset 

specificity (Williamson, 1979). The thrust of TCE is that transactions will be done within the 

firm when the cost of negotiating and executing the transaction (including attendant risks) in the 

market exceeds the cost of the transaction within the firm. Within the scope of a transaction and 

the decision to perform the transaction internally or externally in the market, TCE identifies a 

diversity of stakeholders (e.g., legal, labor unions, managers, owners, etc.) and some of the facet 

diversity (e.g., schedule, budget, and other resources), but TCE does not appear to provide 

sufficient explanatory power regarding the principles of concept mutability.  
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Agency Theory defines the firm as the set of its contracts. These contracts are both 

internal contracts and external contracts. Agency theory does not assume authoritarian control, 

but relies instead on the constant renegotiation of contracts (Alchian & Demsetz, 1972). The 

agency relationship is defined between two parties when one party, the agent, acts on behalf of 

another party, the principal, as is found in essentially all contractual relationships (Ross, 1973). 

Agency theory is intended to explain two problems. The first problem occurs when the goals of 

the agent are in conflict with the principal and it is difficult for the principal to verify that the 

agent is acting based on the principal’s interests. The second problem occurs when the agent and 

the principal have different attitudes towards risk (Eisenhardt, 1989b). Within the scope of a 

principal and agent relationship, agency theory identifies two primary stakeholders, the principal 

and the agent, and some of the facet diversity (e.g., process, features, schedule, budget, and other 

resources). If it is assumed that a contract is a concept specification, then agency theory partially 

explains the stakeholder negotiation that occurs during concept specification. However, agency 

theory focuses primarily on the stakeholder’s goals and how those goals impact contract forms. 

Agency theory focuses little on the process of determining contract content, specifically little 

time is spent on the concept specifications within the contract, and because of this primary focus 

provides insufficient explanatory power regarding the principles of concept mutability 

While not generally accepted as a theory, Resource-Based View (RBV) is a significant 

model of the firm within management research. RBV defines the firm as an administrative 

organization and a set of resources. A subset of these resources may lead to competitive 

advantage in the short term because they are valuable, rare, and appropriable. These resources 

may lead to superior long term performance because they are not easily imitated, substituted, or 

mobile (Penrose, 1959; Barney, 1986a). The focus of RBV is often on the core competencies, or 
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capabilities, of the firm as these are assumed to be the types of resources that fit the notions 

described in the theory. Within the scope of a core capability of the organization, RBV does not 

specify stakeholder diversity except perhaps the view of the manager identifying core capability 

and the facet associated with process as this is where capability occurs. So, other than to say that 

RBV uses capabilities to achieve solutions, it does not appear to provide sufficient explanatory 

power regarding the principles of concept mutability. 

Contingency Theory is a set of theories proposing that there is no best way of organizing 

or leading and an effective style of organizing and leading in some situations may not be an 

effective style in other situations (Fiedler, 1964). The optimal style of organizing and leading is 

contingent upon internal and external factors and the optimal style will “fit” with those 

contingencies. A study based on contingency theory found that firms in stable markets should be 

more mechanistic while organizations in unstable markets should be more organic (Burns & 

Stalker, 1961). Contingency theory has also been applied to decision making where the 

effectiveness of the decision procedure is dependent upon contingencies (Vroom & Yetton, 

1973). Using the contingency theory outlook as a lens through which the principles of concept 

mutability can be evaluated, it is easy to see that much of what was observed could be said to be 

caused by contingencies. However, contingency theory, as a set of theories under a general 

outlook, does not appear to provide sufficient explanatory power regarding the principles of 

concept mutability.  

Stakeholder Theory suggests that a firm’s purpose is to serve the interests of its 

stakeholders (Freeman, 1984). There are two definitions of stakeholders. A claimant definition of 

stakeholder says that those with legitimate interests in substantive activity of the firm are 

stakeholders (Donaldson & Preston, 1995). An influencer definition says that those who can 
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influence the firm’s decision making and either help or hinder attainment of firm objectives are 

stakeholders (Kaler, 2003). This theory certainly helps in the identification of the diverse 

stakeholders, but it does not appear to provide sufficient explanatory power regarding the 

principles of concept mutability.  

In summary, each of the theories provides some insights into the three principles. 

However, none of the theories provides sufficient principles of concept mutability coverage to 

accept them as the underlying descriptive theory of concept mutability. Attempts to integrate 

these theories to explain concept mutability were also insufficient. Additional theories, outside of 

theories of the firm, were reviewed to attempt to find a better fit. 

2.8.2.2. Theories of Systems 

Another area of investigation in the attempt to find a theory that explains the three 

principles of mutability was a set of theories associated with systems. These theories attempt to 

explain behavior, phenomena, and characteristics of systems. Theories of systems were reviewed 

because of the dynamics and interactions identified in the case. The theories reviewed include 

general systems theory, population ecology, autopoiesis, and dissipative systems. 

A theory of systems was originally envisaged as a means of unifying many of the theories 

in science, providing an umbrella that helped describe the interrelationships and identify 

commonalities. Due to its broad applicability, the theory was named General Systems Theory 

(GST) (von Bertalanffy, 1968 p.38). A system is defined as: “A model of a whole entity; when 

applied to human activity, the model is characterized fundamentally in terms of hierarchical 

structure, emergent properties, communication, and control. An observer may choose to relate 

this model to real-world activity. When applied to natural or man-made entities, the crucial 

characteristic is the emergent properties of the whole” (Checkland, 1981 p.317-318). This theory 
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has been applied to a number of fields including: biology, psychology, physics, sociology, and 

others. A firm has long been identified as a system. 

 A cooperative system is a complex of physical, biological, personal, and social 

components which are in a specific systematic relationship by reason of the cooperation of two 

or more persons for at least one definite end. Such a system is evidently a subordinate unit of 

larger systems from one point of view; and itself embraces subsidiary systems—physical, 

biological, etc.—from another point of view. One of the systems comprised within a cooperative 

system, the one which is implicit in the phrase “cooperation of two or more persons,” is called an 

“organization” (Barnard, 1938 p.65). 

There have been issues with the application of GST to organization and management 

research. Acceptance and application of biological analogies to the organization have been 

problematic, particularly when applied too literally and especially when it is realized that 

organizations are socially constructed. The boundaries of the system may not align with the 

boundaries of the organization, as organizations are made up partially by people who are systems 

in their own right and exercise their free will. The organizational need to reduce uncertainty and 

achieve efficiencies through some amount of system closing, conflicts with the idea that “open 

systems are good and closed systems are bad”. The complexity of organizational systems causes 

only a partial systems view instead of a holistic system view. The idea of systems is often used, 

but without specification of exactly which system is being studied. Lastly, there are ongoing 

issues with the measures (e.g., survival, serving society, or some other measure) of effectiveness 

of an organizational system (Kast & Rosenzweig, 1972). While the definitions and 

characteristics of GST do not conflict with the principles driving this research and their 

implications can be identified, the propositions of GST describe characteristics of the systemic 
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result, not the characteristics of concept specification. Use of GST then is relegated to future 

research to test the GST propositions against the models developed.  

However, a number of more specific systems-based theories have been applied to 

organizations (Dooley, 1997) and these include population ecology, autopoiesis, and dissipative 

systems. Population ecology views the organization through a Darwinian lens where 

organizations survive or die based on the fitness of their structures and practices in resource-

constrained competition (Hannan & Freeman, 1989). Autopoiesis describes the ability of living 

systems to renew themselves and regulate the renewal to maintain the integrity of their structure 

(Jantsch & Jantsch, 1980 p.7). Their structure is a result of a history of structural change that 

results from pressure from the environment or internal dynamics and potential future structures 

are contained within the system at the time of the change (Maturana & Varela, 1987). This 

theory has been applied to firms, particularly in studies that focus on core competencies 

(Wheatley, 1994 p.93). Dissipative systems describe a phenomena where a system interacting 

with its environment, and that environment is far from equilibrium, may become the starting 

point for formation of a new dynamic state of the system. These new dynamic states of systems 

correspond to a form of organization outside of the system itself (Prigogine & Stengers, 1984 

p.143). This theory has been applied to describe how intentional or environmental conditions can 

create change in a firm (Tichy & Ulrich, 1984; Nonaka, 1988; Leifer, 1989). While each of these 

systems theories describes phenomena that occur and can be represented with the three principles 

identified in this investigation, none of them provide a comprehensive enough view to provide 

the conceptual grounding for concept specification. 
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2.8.2.3. Complex Adaptive Systems 

Complex Adaptive Systems (CAS) is a systems theory investigated as the theoretical lens 

grounding the principles of concept mutability. CAS explains how interacting agents adapt to 

each other and to their environment. CAS provides a more comprehensive description of internal 

systems phenomena that is most plausible for concept specification. CAS was chosen as the 

theoretical lens explaining the concept specification principles. 

A CAS is composed of interacting agents (Gell-Mann, 1994 p.17). In a CAS, agents are 

defined by their models of the world and these models are called schemas. A schema is a model, 

or conceptual framework, used to grasp information about the world and give it meaning. CAS 

agents acquire information about their environment, acquire information about their interaction 

with the environment, identify regularities in the information, convert the regularities into a 

schema, and act based on that schema. Consequences enable measurement of specification 

fitness for description and prediction causing a specification to be eliminated, promoted, or 

demoted in relation to other specifications (Gell-Mann, 1994 p.24). CAS agents change, or adapt, 

their specifications based on experience and as their environment changes where one cause of 

change is in response to another agent’s specifications, which is called co-adaptation (Holland, 

1995 p.10).  

CAS provides a more comprehensive description of internal systems phenomena that is 

most plausible for concept specification. CAS schemas seem equivalent to a concept. CAS 

schemas are intended to identify environmental regularities. Multiple stakeholders are required 

for a CAS and the stakeholders interact. While CAS does not explain the facet diversity 

principle, it does not dispute it. CAS was chosen as the theory describing the principles of 

concept mutability. 
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2.8.3. Concept Mutability Theory Confirmation 

This iteration in the investigation returned to the case data to confirm identified theory. 

Multiple iterations through the literature, the model, and the case data were performed as 

illustrated in Figure 26, where each iteration is identified by a number. First, the literature on 

CAS was reviewed to identify the principles of mutability based on CAS definitions. Second, the 

Static Model of Concept was extended to specify the identified principles in terms of design 

science. Lastly, the extended model was confirmed using case data. 

Figure 26: Theory Confirmation Iteration Summary 

 

 

The definition of a CAS, from Section 2.8.2.3, is used to extend principles of mutability. 

Utilizing the definition of CAS increases the number of principles of mutability from three to 

seven. The seven principles of concept mutability are summarized in Table 7.  
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Table 7: Extended Mutability Principles based on CAS 

# Principles of Concept Mutability 

1 Concepts result from multiple interacting stakeholders (i.e., diverse stakeholder 

principle)  

2 Concepts identify regularities among diverse artifacts (i.e., diverse artifact 

principle) 

3 Concepts are multifaceted enabling stakeholder specifications to interact 

� From diverse facet principle found in case data, but not explained by CAS 

4 Concepts are formulated from stakeholder experience 

5 Concepts enable stakeholders to describe, predict, and behave 

6 Concepts are sensitive to stakeholder co-adaptation 

7 Concepts are promoted, demoted, adapted, or discarded based on fitness as 

measured by consequences of use 

 

CAS behavior is demonstrated in application domain concept specifications. Two of the 

three previously described principles (i.e., stakeholder diversity principle and artifact diversity 

principle) are explained by CAS theory. The third principle (i.e., facet diversity principle) is not 

well explained by CAS, but since it is not excluded or replaced by the theory, it remains a 

principle. The identification of CAS theory for artifact mutability (i.e., concept mutability) 

suggests additional principles. Those principles include: stakeholder experience, environmental 

situation, co-adaptation, and fitness. Since the diverse facet principle was not supported by CAS, 

it was eliminated from consideration for the dynamic model. Future research will be needed for 

further investigation of the facet diversity principle. In addition, these principles were further 



 

 93 

refined through literature and data iterations after confirmation of CAS theory, which results in 

the differences in wording and the additional principles that appear in the Dynamic Model of 

Concept.  
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CHAPTER 3: PROJECT DOMAIN CONCEPT EMERGENCE AND EVOLUTION: AN 

UNLIKELY COMPLEX ADAPTIVE SYSTEMS (CAS) CASE  

 

 

A world view theory has been proposed suggesting that the organizations for which IS 

are developed are Complex Adaptive Systems (CAS) and this world view has been used to 

justify a class of Information System (IS) development methodologies called agile methods 

(Highsmith & Cockburn, 2001). A CAS is composed of interacting agents, where agents are 

defined in terms of their models of the world (Gell-Mann, 1994 p.17). CAS agents acquire 

information about their environment, acquire information about their interaction with the 

environment, identify regularities in the information, convert the regularities into a model, and 

act based on that model.  

This definition suggests that CAS may be a theory explaining how the specifications of 

IS artifacts (e.g., user interfaces, programs, and database tables) in development projects emerge 

and evolve. If supported by evidence this finding would be important, as the identification of 

good theory advances scientific knowledge, guides research towards crucial questions, and 

enlightens practice (Van de Ven, 1989). In particular, a theory explaining how specifications of 

IS artifacts emerge and evolve could lead to improved IS development techniques, methods, and 

tools.  

CAS has been broadly applied in IS research as an analogy, a metaphor, and as a lens. 

Most relevantly to this investigation, CAS has been applied to IS development from the agile 

methodology perspective (Meso & Jain, 2006; Vidgen & Wang, 2006; Whitworth & Biddle, 

2007; Henry & Stevens, 2009; Khoshroo & Rashidi, 2009; Moe, Dingsyr, & Kvangardsnes, 
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2009). These studies have not reached a consensus of the applicability of CAS regarding an agile 

methodology, and they also have not consensually disconfirmed it either. Little research has 

confirmed that IS projects are a CAS excepting these agile method studies. 

Since agile and traditional planned methods are on opposite ends of a project 

methodology continuum (Barry W. Boehm, 2002), confirmation of CAS applicability to IS 

projects utilizing a traditional planned method would suggest a broadly applicable theory of how 

IS specifications emerge and evolve. Therefore, the research question of this investigation is: Are 

IS development project teams a CAS when the team is using a planned methodology and the 

project is an unlikely case for an agile method? An affirmative answer to the question would 

suggest that IS methodologies exist along a continuum of highly iterative highly emergent 

projects to lowly iterative lowly emergent projects both of which may be explainable under a 

single theoretical framework based on CAS. This investigation will extend prior research 

findings suggesting that that IS are developed for CAS.   

3.1. Background 

The research is based on prior research in two areas. Those areas are: categorization 

theory research and Complex Adaptive Systems (CAS) research. Current research in these areas 

is discussed in this section. 

3.1.1. Categorization Theory 

Categorization theory provides the structural constructs of a concept. Categorization 

draws non-binding associations between entities based on simple recognition of similarities 

within a context across a set of entities (Jacob, 1992). Categorization is flexible and dynamic 

enabling individuals to modify concepts in response to variations in the environment (i.e., 

context) (Jacob, 2004). Categorization enables individuals to simplify their environment, reduce 
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memory load, and aid information storage and retrieval. As a fundamental cognitive process, 

categorization is a major enabler in almost any intellectual endeavor (Markman, 1989 p.11). 

Individuals group artifacts in the world based on their sharing of some similar properties. 

Recognition of similarities enables individual comprehension within a complex environment 

(Jacob, 2004).  

Categorization is the process of determining that an artifact is a concept member (Figure 

27). The classical theory of categorization is composed of three propositions. First, the concept’s 

intension (#5) is a summary representation of the artifacts in its extension (#6). Second, 

individual features of a concept’s intension are individually necessary and jointly sufficient to 

identify its extension (i.e., specification regulates (#7) membership). Lastly, subordinately nested 

concepts necessarily include the intension of their superordinate concepts (Smith & Medin, 1981 

p.23-24).  

A concept construct (#1 in Figure 27) is composed of three sub-constructs. A label (#2) 

names the concept. A specification (#4) identifies the concept’s intension and a membership (#3) 

identifies the concept’s extension. The process of categorization (#8) describes an individual 

(#9), or stakeholder in terms of this study, who identifies an entity (#10) that is categorized (i.e., 

identified as a member of) a concept’s membership. 
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Figure 27: Categorization Theory Illustration 

 

The utilization of categorization theory in this investigation is similar to the utilization of 

categorization theory in conceptual modeling research. Categorization theory has been used as 

the basis of conceptual modeling (Wand, Monarchi, Parsons, & Woo, 1995; Parsons, 1996, 

2002; Parsons & Wand, 1997a). Categorization has also been used in research about IS theory 

(Gregor, 2002), geographic information systems (GIS) (Usery, 1993), personal information 

systems (PIM) (Barreau, 1995) and object-oriented analysis and design (Parsons & Wand, 

1997b). Categorization theory has often been utilized in IS research under the name classification 

theory (Wand et al., 1995; Parsons, 1996), though through analysis of definitions, it is clear that 

categorization is the theory utilized in these IS research studies. Classification theory is distinct 

from categorization theory.  
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While categorization draws non-binding associations between entities based on simple 

recognition of similarities within a context across a set of entities (Jacob, 1992), classification 

theory organizes entities into a system of classes ordered based on predetermined principles 

(Jacob, 2004). In classification, entities are assigned to one and only one mutually exclusive non-

overlapping class. The assignment is lawful and systematic using predetermined principles of 

class structure and predetermined consistently-applied assignment rules. Classification is 

arbitrary in that the class definition principles reflect a single perspective of the domain to the 

exclusion of other perspectives. This limitation of single perspective drives this investigation’s 

utilization of categorization, instead of classification, as a theoretical basis.  

3.1.2. Complex Adaptive Systems 

Complex Adaptive Systems (CAS) is a systems theory that provides the dynamic aspects 

of a concept. In a CAS, individual agents (i.e., stakeholders in this investigation) are defined by 

their models of the world and these models are called schemas, where a schema is defined, as 

used in psychology, to mean a conceptual framework used to grasp information about the world 

and give it meaning (Gell-Mann, 1994 p.17). More specifically, a schema in psychology is a 

category (i.e., a concept in this investigation) (Figure 27 illustrates categorization theory) and its 

associated knowledge (Chi, Feltovich, & Glaser, 1981). Due to this alignment in definition, 

models of categorization theory and CAS theory are aligned by substituting the three sub-

constructs of concept (i.e., category) into the CAS definition. Those three constructs are: label, 

specification, and membership. 

CAS stakeholders (#9 in Figure 28) acquire information about their environment, acquire 

information about their interaction with the environment, identify regularities in the information, 

convert the regularities into a specification (#4 which is named with a label #2), and act based on 
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that specification (Gell-Mann, 1994 p.17). Acting based on a specification means that a CAS 

utilizes (#11) the specification to describe, predict, or interact with entities (i.e., behave) (#10) in 

the world. Results from that utilization are measured (#12) as consequences (#13). The 

utilization and consequences are recorded (#14) as experience (#15), which includes concept 

membership (#3). Consequences are used to determine concept fitness manifested as 

prioritization (i.e., promotion or demotion) (#16) in relation to other concepts (Gell-Mann, 1994 

p.24). CAS stakeholders maintain (#17) their concepts through creation and adaptation. Concepts 

are created based on identifying regularities in their experience (Gell-Mann, 1994 p.17). 

Concepts are adapted, or changed, based on experience (Holland, 1995 p.10).  

Figure 28: CAS Stakeholder Operation Illustration 

 
Adapted from (Gell-Mann, 1994 p.25) 

A CAS is composed of multiple interacting stakeholders (Gell-Mann, 1994 p.17). Each 

stakeholder operates in the system as described by Figure 28. These stakeholders form a 

stakeholder network (as illustrated in Figure 29), where the network is part of each stakeholder’s 
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environment. Stakeholders (#9 in Figure 29) change their concepts as their environment changes 

and one cause of concept change is in response to another stakeholder’s concepts, which is called 

co-adaptation (#18) (Holland, 1995 p.10). The creation of concepts through conversion of 

regularities into concept, the determination of concept fitness, and the adaptation of concepts 

through use and co-adaptation suggest this theory’s utility for explaining concept mutability (i.e., 

emergence and evolution of concepts). 

Figure 29: CAS Stakeholder Network Operation Illustration 

 

CAS principles have been broadly applied in the IS literature as an analogy, metaphor, 

and lens, but prior research has not applied CAS to concept mutability. For example, CAS 

principles have been used in: development and implementation participation (Markus & Ji-Ye, 

2004), crisis management IS (Comfort, Sungu, Johnson, & Dunn, 2001; Chen et al., 2008), 

information infrastructure (Ragab, Kaji, & Mori, 2003; Ragab, Ono, Kaji, & Mori, 2003;  

Camorlinga, Barker, & Anderson, 2004; Amin & Horowitz, 2008), software agents (Schweiger, 

Sunyaev, Leimeister, & Krcmar, 2007; Ren, Huang, & Jin, 2008), architecture (Nguyen, 2005), 
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open-source collaboration methods (Neus & Scherf, 2005; Niederman, Davis, Greiner, Wynn, & 

York, 2006), enterprise application integration (Narain et al., 2001; Sutherland & Heuvel, 2002b; 

Wei & Liu, 2007), enterprise resource planning (Lengnick-Hall, Lengnick-Hall, & Abdinnour-

Helm, 2004), modeling (Stanton, 2006; Maciaszek, 2007), problem solving (Kapur, Voiklis, & 

Kinzer, 2005), modularity (Sullivan, Griswold, Cai, & Hallen, 2001; Song, 2007), design 

(Hengeveld, Voort, Balkom, Hummels, & Moor, 2007), data farming (Tivnan, 2004), user 

interfaces (Alvarez-Cortes, Zayas-Perez, Zarate-Silva, & Uresti, 2007), enterprise information 

resource integration (Guoling, Lei, & Xuejuan, 2007), requirements engineering (Sudeikat & 

Renz, 2007), customer relationship management (CRM) (Guoling & Shasha, 2008), knowledge 

sharing (Guoling, Xuejuan, & Wei, 2007), enterprise architecture (Harmon, 2005; Janssen & 

Kuk, 2006; Zacarias, Caetano, Magalhaes, Pinto, & Tribolet, 2007), business processes 

(Hawryszkiewycz, 2009), and project management (Eoyang, 1996). While as early as 1996 

software development has been said to be performed by a CAS (Rule, 1996) and while recently 

CAS was used conceptually in development approach reconciliation (Benbya & McKelvey, 

2006), this author found no studies confirming CAS principles in IS projects except with regard 

to agile methods. 

3.2. Research Methodology 

This investigation integrates two research methods. This investigation is part of an 

ongoing research stream that seeks to build theory using case studies (Eisenhardt, 1989a). This 

investigation utilizes the components of design science (Gregor & Jones, 2007) as a structural 

framework to bound, direct, and govern the development of the two conceptual models and to 

focus the data analysis. This investigation, as part of an ongoing theory building research stream, 

follows a process of theory building with case studies (Eisenhardt, 1989a). As recommended by 
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theory building with case study methodology, this investigation is tightly linked to data and 

frequently iterates through the data and the literature. 

3.2.1. Research Stream Context 

This investigation is performed within the context of an ongoing theory building research 

stream. As is characteristic of theory building using case studies (Eisenhardt, 1989a), the 

research stream proceeds through a series of steps that iterate between data and prior research 

literature. While working in industry, the author observed and participated in more than thirty IS 

projects over a period of more than fifteen years where patterns in specifications of both the 

application and project domains were dimly perceived. The research stream seeks to synthesize a 

theory from prior research that identifies and explains these dimly perceived structural patterns. 

Antecedents to identifying and explaining the patterns include a static model, which accounts for 

specification structure, and a dynamic model, which accounts for emergence and evolution of 

specifications. A candidate static and dynamic model were developed for the application domain 

in Chapter 2, which are to be confirmed in the project domain within this investigation.  

3.2.2. Design Science 

The initial iteration in this investigation utilizes the literature and deductions based on 

definitions to develop models of concept emergence and evolution. Multiple models are required 

for the multiple scenarios surrounding concept emergence and evolution. These models utilize 

the components of design science as an organizational tool. The goal for utilizing design science 

in this manner is to add rigor to model development, clearly identify investigation boundaries 

and focus, control deductions, and improve observational control.  

Design science components (Gregor & Jones, 2007) are used as an organizational 

framework to bound, direct, and govern both the model development and iterations in this 
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investigation. Design science, as a paradigm, emerges from engineering and sciences of the 

artificial (Simon, 1996) where the principal issue is problem solving. Specification of complex 

conceptual constructs in the project domain is the problem under investigation. The goal of 

design science is to create artifacts that solve identified problems (Hevner, March, Park, & Ram, 

2004). The artifact of this investigation is a theoretically grounded model of project domain 

concepts. The model of project domain concepts is described utilizing the eight components of 

design science, which are: purpose and scope, justificatory knowledge, constructs, principles of 

form and function, testable propositions, artifact mutability, principles of implementation, and 

expository instantiation (Gregor & Jones, 2007), as summarized in Table 8 with descriptions of 

the components in the following paragraphs. 
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Table 8: Components of Design Theories 

Design Science Component Description (Gregor & Jones, 2007) 

Purpose and Scope Identifies goals, scope, and boundaries of theory 

Justificatory Knowledge Identifies an underlying theoretical basis of the theory 

Constructs Identify the entities of interest  

Principles of Form and 

Function 

Identify the structural, organizational, and functional 

principles of the theory 

Artifact Mutability Describes how the theory forms and evolves over time 

Principles of Implementation  Identifies information concerning the processes used to 

create instantiations of the theory 

Testable Propositions Identifies theory truth statements 

Expository Instantiation Provides an exemplar of the theory that aids in 

understanding the theory’s ramifications 

 

The purpose and scope component of design science identifies the goals, scope, and 

boundaries to which the theory applies (Gregor & Jones, 2007). Purpose describes “what the 

theory is for”. It specifies the meta-requirements, or goals, of the theory. Scope specifies the 

context, or scope, within which the theory applies and it specifies the area over which the theory 

is generalized, or in other words, its boundaries. The purpose and scope describes the 

environment within which it is to operate. 

The constructs component of design science identifies the entities of interest in the design 

theory (Gregor & Jones, 2007). Constructs may be physical phenomena or abstract theoretical 

terms. The constructs must be defined as clearly as possible. Each construct may represent a 
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subsystem for which a different design theory may apply. This permits the development of 

theory to proceed through a process of decomposition for which each level of decomposition is 

semi-independent. The independence permits theory development of components since the 

components impact the higher-level theory through its function and not through the details of its 

mechanism.  

The principles of form and function component of design science identifies the structural, 

organizational, and functional principles of the theory (Gregor & Jones, 2007). These principles 

specify the architecture of the theory. This architecture describes the interconnections between 

the constructs. The interconnections are described as properties, functions, features, or attributes. 

An instance of the theory will possess these interconnections when constructed.  

The artifact mutability component of design science describes how the theory forms and 

evolves over time (Gregor & Jones, 2007). This component recognizes that design theories are in 

a constant state of change and whose final outcome may be uncertain. This specification of 

mutability identifies the states of the theory and goes further to describe changes that affect the 

theory’s architecture. Examples, of theory states include: build, use, and demolish. Mutability 

therefore includes a description of theory adaptation and evolution.  

The principles of implementation component of design science identifies information 

concerning processes that create instantiations of the theory (Gregor & Jones, 2007). This 

component describes the means used to bring the theory into being. These means are described in 

terms of process involving agents and actions. This process view of the theory is intertwined 

with the product view of the theory (i.e., constructs and principles of form and function) such 

that the theory may not be described without accounting for both the static and dynamic view. 
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The testable propositions component of design science identifies truth statements about 

the theory (Gregor & Jones, 2007). These truth statements are used to measure the efficacy of the 

theory. These truth statements test whether the theory satisfies the meta-requirements defined by 

the purpose and scope. Testable propositions, or hypotheses, also measure instances created 

using the theory to determine whether an instance is consistent with the theory. 

The expository instantiation component of design science provides an exemplar of the 

theory (Gregor & Jones, 2007). The example aids in understanding the theory’s ramifications, 

demonstrates the theory’s viability, and helps identify potential problems. This example also 

provides a concrete representation of the theory as is required for effective communication. 

3.2.3. Theory Building with Case Studies 

From a process perspective, this investigation utilizes theory building with case studies, 

where a case study method develops understanding from the dynamics provided within single 

cases (Eisenhardt, 1989a). This investigation seeks to understand the dynamics of project domain 

concept mutability within a single case. Case studies may collect data from multiple sources, for 

example archives, observations, interviews, and questionnaires. The data may be qualitative, 

quantitative, or both. The data type in this investigation is qualitative and the sources of data are 

archival and observational. A fundamental difference between case study research and other 

methods is the degree to which there is less a priori knowledge about what the independent and 

dependent variables are and how they are measured (Benbasat, Goldstein, & Mead, 1987). This 

investigation is suitable for a case study research methodology as it seeks to assess and refine the 

major areas of inquiry suggested by the preliminary explanation provided by the application 

domain research presented in Chapter 2. 
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There are four stages of case research where the four stages are: drift, design, prediction, 

and disconfirmation (Bonoma, 1985). Drift describes the process that occurs upon entry into the 

research field where the investigator becomes familiar with the phenomena, makes initial 

literature connections, establishing some a priori knowledge about the phenomena’s function, 

and identifies critical phenomena components. Design occurs with the development of a tentative 

explanation of the phenomena. In design, the objective is to assess and refine the major areas of 

inquiry suggested by the preliminary explanation. Design is followed by prediction where 

generalization-formation occurs. Prediction seeks additional different, but similar, cases in order 

to determine the scope of the explanation. Lastly, disconfirmation attempts to disconfirm the 

findings with extreme cases where the generalization’s limits might be expected to be exceeded. 

This investigation is part of the design stage of case research, where the goal is to assess and 

refine the CAS theory of concept specification formulation and evolution suggested by the 

application domain findings.  

3.2.4. Investigation Iterations 

A theory building with case studies methodology is highly-iterative and tightly linked to 

data (Eisenhardt, 1989a). This investigation performs multiple iterations, as illustrated in Figure 

30, for each of the two models to be confirmed. These iterations seek evidence of model 

constructs, principles, and propositions.  
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Figure 30: Investigation Iterations Summary 
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This investigation confirms the models of concept in an IS project domain. The Static 

Model of Concept and the Dynamic Model of Concept were confirmed as illustrated in Figure 

30. Multiple iterations through the case data were performed to confirm the models. Additional 

iterations were performed seeking disconfirming evidence of which none was found. Lastly, the 

case data was utilized to provide expository instantiations of the model. The results from these 

iterations are discussed in Sections 3.5 and 3.7. 

3.3. Case Selection and Data Collection 

A case study uses multiple methods of data collection to investigate a phenomenon 

within its natural setting without experimental controls and for which the phenomenon 
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boundaries are unclear at the outset (Benbasat et al., 1987). The objective of this investigation is 

identified by the research question and is part of a larger ongoing exploratory research stream. In 

addition to answering the stated research question of this investigation and within the context of 

the ongoing research stream, the objective is to extend application domain findings that IS are 

developed for CAS (in Chapter 2) to the project domain suggesting IS are developed by CAS.  

3.3.1. Selection Criteria 

Two high-level criteria were used for case selection. From the perspective of the ongoing 

research stream this investigation seeks to replicate application domain findings in the project 

domain. Therefore, the first criterion in case selection is that the selected case be an IS 

development project case. Prior research finds at least some support for the application of CAS 

theory to IS projects utilizing agile methods, but there is little research linking CAS to IS 

projects utilizing traditional planned methods. If CAS is a broadly applicable (i.e., beyond 

projects utilizing agile methods) theory of IS specification emergence and evolution; then, the 

second case selection criterion is to choose a case that did not use agile methods. Further, the 

chosen project will be least suitable among available cases for agile methods.  

Agile and traditional planned methods are at opposite ends of a multi-dimensional 

planning continuum criteria (Barry W. Boehm, 2002). In the multi-dimensional planning 

continuum agile methods are at the “less-planned” end of the continuum and plan-driven 

methods are at the “more-planned” end of the continuum. The planning continuum suggests that 

a chosen project methodology be synthesized based on how the project aligns with seven 

dimensions: developers, customers, requirements, architecture, refactoring, size, and primary 

objective. The developer dimension may be described as a continuum of more capable to less 

capable. The customer dimension may be described as a continuum of more dedicated to less 
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dedicated. The requirements dimension may be described as a continuum of more volatile to less 

volatile. The architecture dimension may be described as a continuum of more standards to fewer 

standards. The refactoring dimension may be described as a continuum of more redesign to less 

redesign. The size dimension may be described as a continuum of larger teams to smaller teams. 

The primary objective dimension is dependent upon whether high-assurance (e.g. predictable, 

repeatable, and optimized) or high-value (e.g. early and continuous delivery of valuable 

software) and may be described as a continuum between those two primary objectives. The 

planning continuum is illustrated in Figure 31 and a project that is most suitable for planned 

methods would be situated at the left-hand end of the continuum. 

Figure 31: Planned versus Agile Criteria Continuum 

 
Adapted from (Barry W. Boehm, 2002) 

3.3.2. Case Description 

The selected case for this investigation is a project to develop an IS in support of a 

Management by Objective (MBO) initiative at a mid-cap firm. The firm’s pseudonym is Market 

Maker (MM). The goal of the MBO initiative was to identify and align the strategic plan 
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objectives first to departments and then to individual employee’s quarterly objectives. Prior to 

delivery of the supporting IS, MM relied on a paper-based process. The Human Resources Vice 

President who sponsored the IS project was responsible for employee objectives, incentives, and 

compensation. The scope of the project was to automate the existing paper based process. The 

process included reporting of quarterly results from the individual employees to the top-level of 

the organization, the specification of bonus compensation objectives, reporting of compensation 

objective results, and the calculation and routing of bonus compensation achievements to the 

human resources department for processing and payment of bonuses. The MBO initiative was 

effective for the organization, but the paper-based process was found to be inefficient. The 

project objective is to improve efficiency of the MBO process. 

The MBO project more fully satisfies the case selection criteria than other available 

cases. The MBO project is more focused on assurance than on value as it is seeking improved 

efficiency. It is highly governed by architectural standards. The requirements volatility is low as 

the goal is to automate an existing process. The customer was not highly dedicated to the project 

as the customer was not collocated with the project team, interaction was limited to emails and 

scheduled meetings, and the project was of secondary priority where customers made time as 

best they could while maintaining their focus on ongoing operational concerns. The project was 

not iterative in nature with little refactoring performed over the project. The project team was 

inexperienced with all direct team members having less than two years experience, but supported 

by an experienced project management office mentor and limited interaction with a senior 

architect / designer. The only criterion that the case does not satisfy is the project team size 

criteria since the team consisted of seven total members. The project methodology provided little 
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delivery cycle iteration and resembled a waterfall methodology much more than an agile 

methodology. The case criteria satisfaction is illustrated in Figure 32. 

Figure 32: Selected Case Criteria Illustration 

 
 Adapted from (Barry W. Boehm, 2002) 

The scope of the project included the full lifecycle of the MBO process including the top-

down planning and bottom-up reporting of organizational objectives. The top-down planning 

function including the identification of organizational objectives and the allocation of those 

objectives down through the organizational levels to the individual employees. The bottom-up 

reporting included reporting of quarterly results from the individual employees to the top-level of 

the organization. In addition, the scope included the specification of bonus compensation 

objectives, reporting of compensation objective results, and the calculation and routing of bonus 

compensation achievements to the human resources department for processing and payment of 

bonuses. The focus on this case is the project domain. Specifically, the focus of this case is on 

the software artifacts that were developed and not on the application domain for which the 
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system was built. The first phase implementation of this project resulted in 50 programs, 14 

database tables, and 31 user interfaces. These programs, tables, and user interfaces are the 

artifacts analyzed in this case study. 

3.3.3. Data Collection 

The MBO project began in August 2006 and ended in December 2006. The author 

participated on this project, which resulted in a delivered IS. The project began with an initial 

meeting with the sponsor that outlined the initial scope of the project. Multiple forms of 

communication with MM included: document exchanges, meetings, teleconferences, information 

gathering requests, emails, status reports, prototypes, demonstrations, and individual telephone 

calls. Project stakeholders represented a cross-section of MM executives, managers, IS 

specialists, and expected users of the delivered IS. An electronic document repository was 

maintained to contain the project information. The data collection for the case is an ex post 

analysis of project communications.  

3.4. Static Model of Concept 

As described in previous sections, the purpose of this investigation is to improve 

understanding of concept (i.e., specifications of IS artifacts) emergence and evolution. This 

problem is investigated within the scope of the IS project domain. The first model in this 

investigation is a theoretically and empirically grounded static model of a concept as a starting 

point for dynamic models to be discussed in later sections. This model specifies a concept. This 

definition utilizes the design science framework (summarized in Table 9).  
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Table 9: Static Model of Concept Summary  

Design Science Component Static Model of a Concept 

Purpose and Scope Theoretically grounded static model of IS project domain 

concepts (Section 3.4 first paragraph) 

Justificatory Knowledge Classical Categorization Theory (Section 3.4.2) 

Constructs Constructs (Section 3.4.3) illustrated in Figure 33 by #n 

1. Concept Constructs 

a. Concept (#1) 

b. Label (#2) 

c. Membership (#3) 

d. Specification (#4) 

2. Categorization Constructs 

a. Stakeholder (#9) 

b. Artifact (#10) 

3. Artifact Stopping Rule (#20) constructs  

a. Physical Object (#19) 

b. Physical Surrogate (#21) 

Principles of Form and 

Function 

Concepts identify regularities among diverse artifacts 

(Sections 3.4.2) as illustrated in Figure 33 by #n 

1. Intension (#5) 

2. Extension (#6) 

3. Regulation (#7) 

Artifact Mutability Not applicable in static model 

Principles of Implementation  Artifacts categorized by Stakeholder (Sections 3.4.2) as 

illustrated in Figure 33 – Categorize (#8) 

Testable Propositions Three testable propositions of concept specification 

(Section 3.4.4) as illustrated in Figure 33 (#22) 

1. Functional  

2. Complete 

3. Compatible 

Expository Instantiation Described in Case Results (Section 3.5) 

 

3.4.1. Overview 

The Static Model of Concept is illustrated in Figure 33. The model is composed of three 

inter-related segments. Those segments include: concept (#1), categorization (#8), and artifact 

stopping rule (#20). The sub-sections of Section 3.4 are linked to the model summarization in 

Figure 33 using codes (e.g., #1, #2, #3, etc.) to identify the portion of the model that is being 

referenced. 
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Figure 33: Static Model of Concept Illustration 

 

The concept segment of the model (#1 in Figure 33) is composed of three sub-constructs 

and three relationships. The constructs are label, specification, and membership, and the 

relationships are intension, extension, and regulation. A label (#2) names the concept. A 

specification (#4) identifies the concept’s intension (#5) and regulates (#7) its membership. A 

concepts membership (#3) identifies the concept’s extension (#6). An intension (#5) is a 

summary representation of the artifacts in its extension (#6). Individual features of an intension 

are individually necessary and jointly sufficient to identify its extension (i.e., specification 

regulates membership). The testable propositions for a concept (#22) are directed towards 

concept specification, where a “good” specification is functional, complete, and compatible.  

The categorization segment of the model (#8 in Figure 33) is composed of two 

constructs. Those constructs are stakeholder and artifact. The process of categorization (#8) 

describes an individual (#9), or stakeholder in terms of this study, who identifies an artifact (#10) 
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that is categorized (i.e., identified as a member of) a concept’s membership. An artifact (#10) is 

an information object, which has no physical location, no mass or energy, no direct causal 

interactions, but may be encoded, or represented, in some physical object. An artifact is a 

concept member resulting from the propositional truth (i.e., truth of concept’s specification when 

applied to the artifact) invoking that membership. This leads to a circular definition in that an 

artifact, which is a member of some concept set, is considered for membership in some other 

concept set. In other words, there cannot be an artifact unless it is already an artifact. Resolution 

of this circular definition is provided by the artifact stopping rule.  

The artifact stopping rule segment of the model (#20 in Figure 33) is composed of two 

constructs and two relationships. The artifact stopping rule occurs at the level of artifacts for 

physical objects. Physical objects (#19) have location in time and space, a positive mass and 

energy, and may causally affect, or be affected by, other physical objects. This investigation will 

assume that each individual physical object is a member of a set such that the set contains one, 

and only one, member. This set will be termed a “physical surrogate” (#21) as it is a construct 

that will represent the physical object in the informational realm. Additionally, it is assumed that 

the “physical surrogate” sets are mutually exclusive; that is to say that, each physical object will 

be a member of one and only one physical surrogate set. Physical surrogates are a subtype of, 

and permit a stopping rule for, artifacts. 

3.4.2. Justificatory Knowledge 

The justificatory knowledge for the static definition of a concept (#1 in Figure 33) in this 

investigation is categorization theory. Categorization theory draws non-binding associations 

between entities based on simple recognition of similarities within a context across a set of 

entities (Jacob, 1992). A category consists of a label, intension (i.e., specification), and extension 
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(i.e., membership). A category’s label (#2) names the category. A category’s specification (#3) is 

a proposition, which may be composed of subordinate propositions, whose truth regarding an 

artifact invokes membership. A category’s membership (#4) is a set of artifacts assigned the 

category label. The specification represents the category’s intension (#5), which is a summary 

representation of regularity found in the category’s extension. The membership represents the 

category’s extension (#6), which is the set of artifacts bearing the concept’s label. The 

specification enables regulation (#7) of the membership by requiring propositional truth 

regarding the artifact before it can become a member. The process of categorization (#8) 

describes an individual, or stakeholder, in terms of this study, who identifies that an artifact is 

categorized (i.e., identified as a member of) a concept’s membership. A concept, defined as a 

label designation for perceived regularity in events or objects (Novak, 1990), can therefore be 

studied using categorization theory. 

3.4.3. Constructs 

Constructs identify the entities of interest that may be physical or abstract and those 

entities of interest should be defined as clearly as possible (Gregor & Jones, 2007). There are six 

constructs (illustrated in Figure 33) used in this investigation: concept, label, specification, 

membership, artifact, and stakeholder. In addition, the definition of artifact is circular and 

therefore requires a stopping rule, which requires two additional constructs: physical object and 

physical surrogate.  

A concept is a construct that consists of three sub-constructs. Those sub-constructs are 

label, specification, and membership. The construct concept and the sub-constructs label, 

specification, and membership are defined as described previously in the Section 3.4.2. This 

investigation will focus particular attention on the specification construct.  
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Categorization theory implies that an individual is performing the categorization and that 

an individual has some role in the specification of the concept. The perspective of an individual 

within a context was intended to set the scope of this investigation. However, a limitation in 

available data and complexities in communicating concepts requires an aggregation of 

individuals into “roles”. According to role theory, a role is a set of patterned and characteristic 

social behaviors that are assumed by a performer who behaves according to a set of expectations 

that are understood (Biddle, 1986 p.68). Therefore, this investigation will assume a role-based 

definition termed “stakeholder” (#9 in Figure 33) where stakeholder refers to the set of 

individuals who assume the named role. 

Artifact replaces the term entity in categorization theory in order to gain fidelity by 

reconciling the abstract and physical forms of entity (as was shown as #10 of Figure 27). An 

artifact (#10 in Figure 33) is an information object. An information object (abstract entity) is 

anything that is a pure information structure (Sowa, 2000 p.68). Information objects have no 

physical location, no mass or energy, no direct causal interactions, but may be encoded, or 

represented, in some physical object (Sowa, 2000 p.76). An artifact is a concept member 

resulting from the propositional truth (i.e., truth of concept’s specification when applied to the 

artifact) invoking that membership. This leads to a circular definition in that an artifact, which is 

a member of some concept set, is considered for membership in some other concept set. In other 

words, there cannot be an artifact unless it is already an artifact. Resolution of this circular 

definition is provided by a stopping rule (#20).  

Two additional constructs are used to provide the stopping rule: physical object and 

physical surrogate. There are physical objects in the world and there are constructs (Bunge, 

1979b p.116). Physical objects (#19 in Figure 33) have location in time and space, a positive 
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mass and energy, and may causally affect, or be affected by, other physical objects (Sowa, 2000 

p.76). A construct is an informational representation of a “thing” based on logic, semantics, and 

mathematics. A “thing” is an individual physical object, a set, or a relation. Every “thing” is 

either a physical object or a construct, but not both (Bunge, 1979b p.116-117). As a 

simplification and to place this investigation squarely in the realm of information (i.e., realm of 

constructs), this investigation will assume that each individual physical object is a member of a 

set such that the set contains one, and only one, member. This set will be termed a “physical 

surrogate” (#21) as it is a construct that will represent the physical object in the informational 

realm. Additionally, it is assumed that the “physical surrogate” sets are mutually exclusive; that 

is to say that, each physical object will be a member of one and only one physical surrogate set. 

Any references to a physical object in this investigation are references to the physical object’s 

“physical surrogate”.  

3.4.4. Testable Propositions 

As this investigation focuses particular attention on the specification construct, the 

testable propositions (#22 in Figure 33) are directed towards specification. These testable 

propositions are utilized throughout the investigation to judge the applicability and strength of 

the case evidence. There are three testable propositions: function, completeness, and 

compatibility. 

The first testable proposition is called function. The purpose of a concept specification is 

to regulate the membership in the concept’s set, or to regulate the concept’s extension. 

Therefore, a functional specification for a single stakeholder means that the concept membership 

is broad enough to include all members to which the concept label is required.  
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The second testable proposition is completeness. A concept specification is the concept’s 

intension and an increase in the number of axioms specified in an intension (i.e., specification) 

necessarily decreases its extension (i.e., membership) (Sowa, 2000 p.95). Therefore, a complete 

specification for a single stakeholder is on where membership is narrow enough to exclude 

members to which the concept label is not required.  

The first two testable propositions (i.e., function and completeness) are limited in utility 

to a single stakeholder environment. Therefore a third testable proposition is added to address 

multi-stakeholder issues. The third testable proposition is compatibility. A compatible 

specification is a necessarily multi-stakeholder measure and is a means of reconciling function 

and completeness in a multi-stakeholder environment. Compatible means that a combined 

concept specification, the union of all stakeholder specifications for a concept, is both functional 

and complete for each stakeholder whose concept specification is part of the union. Therefore, 

compatibility increases as more stakeholder concept specifications are added to the combined 

concept specification without impacting the function or completeness of the concept 

specification to any stakeholder in the union. 

3.5. Results: Static Model of Concept Case Evidence 

The case analysis confirms the Static Model of Concept (summarized in Table 9 and 

illustrated in Figure 33). Multiple iterations were performed in the case analysis seeking 

evidence confirming the model and seeking evidence disconfirming the model. Confirmation of 

the three segments of the Static Model of Concept (i.e., #1 Concept, #8 Categorize, and #11 

Artifact Stopping Rule) is discussed in the following paragraphs.  
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3.5.1. Concept Model Segment Evidence 

The concept segment (#1 in Figure 33) of the Static Model of Concept is confirmed in the 

case data and no disconfirming evidence is found in the case. An example of the label construct 

(#2) is “Business Drivers User Interface”. The Business Drivers User Interface is a concept at 

MM whose intension is described by its specification. This specification (#4) identifies a user 

interface containing six fields (e.g., name, executive responsible, etc.) with functions Save and 

Cancel (illustrated in Figure 34). The specification includes operation instructions for each 

function. The specification is the concept’s intension (#5 in Figure 33) that regulates (#7) the 

concept’s extension (#6), or membership (#3). However, it is initially unclear whether the 

specification regulates membership in the case data and therefore the categorization segment 

(#8).  

Figure 34: Business Driver User Interface (Adapted from MM case) 
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3.5.2. Categorization Model Segment Evidence 

An argument could be made that the perspective on concept specifications as a means of 

producing artifacts that meet the specification would suggest that the produced artifacts are 

replicas of each other making members of the concept indistinguishable from each other. 

Likewise, the argument could be made that if the specification is used to create a single instance 

(e.g., there is only one business driver user interface) then concept membership would be limited 

to a single artifact. A primary issue with regard to dealing with the production of artifact replicas 

and single instance arguments is to ensure that the definition of artifact is well-grounded. An 

artifact is an informational object defined as a member of a concept set resulting from the 

propositional truth invoking that membership. This leads to a circular definition resolved by the 

stopping rule that an artifact is an information object that is encoded in a physical object. If it is 

assumed that if the specification is tested against physical objects then specification regulating 

membership holds in the case data and therefore evidence in the case data supports both the 

categorization segment (#8 in Figure 33) and the artifact stopping rule segment (#20 in Figure 

33). 

3.5.3. Artifact Stopping Rule Model Segment Evidence 

For example, the specified business driver user interface may be encoded on multiple 

physical objects (#19 in Figure 33). Each physical object is an artifact (#10) through the physical 

surrogate (# 21) notion. An example of multiple physical object encoding is illustrated in Figure 

35. Figure 35 includes images of three different physical objects for which the business driver 

user interface has been encoded. Each of these would be an artifact through the physical object 

surrogate notion and each of these artifacts would be a member of the business driver user 

interface concept. Database tables (e.g., business driver database table) and programs (e.g., 
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business driver program) may also be encoded on multiple physical objects. Therefore, the 

membership based on the propositional truth of the specification holds. 

Another way of encoding the concepts on physical objects involves the case analysis 

showing that the same concept may be encoded on different locations of the same physical 

object. For example, the business driver user interface as an informational representation (i.e., 

artifact) may be stored (i.e., encoded) in multiple locations of a computer’s hard drive, as is the 

case for backups of the current version and the storage of multiple different versions. These 

artifacts are different instances of the business driver user interface as determined by the business 

driver user interface specification. The same is true for database tables and programs. Encoding 

concepts on multiple physical objects provides additional evidence that the membership based on 

the propositional truth of the specification holds.  

Figure 35: User Interface Encoded on Multiple Physical Objects 

 

3.5.4. Summary 

There are limitations to the confirmation of the Static Model of Concept. The perspective 

of an individual within a context was intended to set the scope of this investigation. However, a 

limitation in available data and complexities in communicating concepts requires an aggregation 

of individuals (e.g., Peggy, David, and Shane) into “roles” (e.g., executive, programmer, and 

project manager). According to role theory, a role is a set of patterned and characteristic social 
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behaviors that are assumed by a performer who behaves according to a set of expectations that 

are understood (Biddle, 1986 p.68). Therefore, this investigation will assume a role-based 

definition termed “stakeholder” where stakeholder refers to the set of individuals who assume 

the named role. Based on this limitation, the case analysis did not attempt to confirm concepts 

from the perspective of individuals. In addition, the focus of this investigation is on concept with 

no expectation that types of concepts would be limited. However, a limitation in the data is 

apparent. The stakeholders in the cases seem to have a pre-agreed set of concepts (e.g., user 

interface, program, and database table) from which the concepts found in the data are based. 

These base concepts are taken as given and additional concepts are developed using these pre-

agreed concepts as a starting point. Further, the case analysis required the identification of 

concepts with enough specificity for the concepts to have unambiguous specifications. For 

example in the Management by Objective (MBO) case, there is very little data specifying the 

concept “user interface”, but a great deal of data specifying concepts such as: “business driver 

user interface” and “strategic objective user interface” and there is a “user interface standard” 

specifying look, feel, and coding standards that apply to each of the specific user interfaces. 

Therefore, the confirmation limitation is that the concepts analyzed in the case have a modifier 

(e.g., business driver, strategic objective, and standard) included in their name.  

The testable propositions of specification “goodness” (#22 in Figure 33) are confirmed in 

the case data. By definition, concept specifications for a stakeholder identify commonality 

among diverse artifacts such that the concept’s membership contains those, and only those, 

artifacts that require the concept label. Using another example to illustrate this idea, assume one 

hundred monitors are arranged in a room and each of the fourteen user interfaces are randomly 

assigned and rendered on each monitor. The stakeholders could identify the monitors that render 
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the business driver user interface according to the specification (i.e., functional) and identify the 

monitors that do not render the business driver user interface according to the specification (i.e., 

complete). Again, this same kind of illustration could be used to show function and completeness 

of database tables and programs.  

This specification of the business driver user interface is dependent on the specifications 

of multiple stakeholders. For example, the users specify functional requirements, user interface 

specialists specify look and feel requirements, programmers specify operational requirements in 

the code, database administrators specify performance requirements, and the project manager 

specifies the schedule and budget requirements. These stakeholders negotiated and compromised 

their requirements. For example, the layout developed by the users based on the paper based 

form was revised based on requirements from the user interface specialist. Programmers and 

database administrators interact to derive the database tables. The operation of a functional 

requirement was negotiated between the programmers and the users as necessary to produce a 

program. At a higher-level, the number of functional requirements was revised based on the 

limitations of the project’s schedule and budget. This negotiation and compromise between 

stakeholders results in a compatible specification (i.e., a specification that is functional and 

complete for all stakeholders). The various stakeholder specifications are periodically adjusted 

based on some event, such as testing results, adding a previously forgotten requirement, or 

changes in project scope. This leads to the need for a dynamic model of concept. 

3.6. Dynamic Model of Concept 

The purpose of the second model developed in this investigation is to extend the static 

model to cover dynamic behavior. This model develops a theoretically and empirically grounded 

model of concept mutability (i.e., emergence and evolution). This model assumes the context of 
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the Static Model of a Concept (Section 3.4) and is scoped to the project domain. The Dynamic 

Model of Concept will be developed utilizing the design science framework (summarized in 

Table 10). This model adds five constructs not previously defined in the Static Model of 

Concept. In addition, this model adds eight principles of mutability (Table 10), of which none 

were previously included in the Static Model of Concept. The principles of form and function, 

implementation principles, and testable propositions are utilized as defined in the Static Model of 

Concept.  
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Table 10: Dynamic Model of Concept Summary 

Design Science Component Single-Stakeholder Dynamic Model of a Concept 

Purpose and Scope Within context of the Static Model of Concept, this 

model describes concept mutability in the project 

domain (Section 3.6 first paragraph) 

Justificatory Knowledge Complex Adaptive Systems (CAS) theory (Section 3.6.2) 

Constructs Includes all Static Model of Concept Constructs (Section 

3.4.3) as identified in Figure 33, including: #1 

Concept, #2 Label, #3 Membership, #4 Specification, 

#9 Stakeholder, #10 Artifact, and #20 Artifact 

Stopping Rule composed of #19 Physical Object and 

#21 Physical Surrogate 

Includes five additional constructs: 

1. Consequence (#13) (Section 3.6.2) 

2. Experience (#15) (Section 3.6.2) 

3. Stakeholder Network (#23) (Section 3.6.3) 

4. Specification Facet (#24) – Specification (#4) 

subtype (Section 3.6.3) 

5. Specification Union (#25) – Specification (#4) 

subtype (Section 3.6.3) 

Principles of Form and 

Function 

Provided by Static Model of Concept (Section 3.4) 

Artifact Mutability Eight principles of mutability (Section 3.6.4) as 

illustrated by Figure 36: 

1. Concepts are utilized (#11) 

2. Concepts are measured (#12) 

3. Concepts are prioritized (#16) 

4. Concepts are recorded (#14) 

5. Concepts are maintained (#17) 

6. Concepts are co-adapted (#18) 

7. Concepts emerge through contribution (#26) of 

multiple stakeholders in a stakeholder network 

8. Stakeholder network mimics (#27) a stakeholder  

Principles of Implementation  Provided by Static Model of Concept (Section 3.4)  

Testable Propositions Provided by the Static Model of Concept (Section 3.4.4)  

Expository Instantiation Described in Case Results (Section 3.7) 

 

3.6.1. Overview 

The Dynamic Model of Concept is illustrated in Figure 36. The model superimposes 

three previously described models. Those models include: CAS Stakeholder Network Operation 
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(Figure 29), CAS Stakeholder Operation (Figure 28), and Static Model of Concept (Figure 33). 

The sub-sections of Section 3.6 are linked to the model summarization in Figure 36 using codes 

(e.g., #1, #2, #3, etc.) to identify the portion of the model that is being referenced. 

Figure 36: Dynamic Model of Concept 

 

The CAS Stakeholder Network Operation (Figure 29) provides the multi-stakeholder 

dynamics, required in the Dynamic Model of Concept (Figure 36), that interact in the formation 

of the model’s constructs (i.e., specification (#4), artifact (#10), consequence (#13), and 

experience (#15)). Stakeholders (#9 in Figure 36) in the domain form a stakeholder network 

(#23), where the network is part of each stakeholder’s environment. Stakeholders change their 

concepts as their environment changes and one cause of concept change is in response to another 

stakeholder’s concepts, which is called co-adaptation (#18). This co-adaptation is based on 

contribution (#26) of each stakeholder as this contribution signifies communication. In the case 

of specification (as illustrated in the oval on the left of Figure 36), stakeholders contribute a 
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specification facet (#24) to a combined specification union (#25), where specification facet and 

specification union are subtypes of specification (#4) that allow the differentiation of 

specifications contributed by individual stakeholders and the specifications resulting from the 

union of those contributed specification facets. This contribution and co-adaptation also occurs 

for the artifact (#10), consequence (#13), and experience (#15) constructs in the model. 

Contribution and co-adaptation occurs in the stakeholder network as the stakeholder mimics 

(#27) individual stakeholder operation (as illustrated in Figure 28).  

The CAS Stakeholder Operation (Figure 28) provides the single-stakeholder dynamics, 

required in the Dynamic Model of Concept (Figure 36), that describe the interaction (i.e., utilize 

(#11), measure (#12), record (#14), prioritize (#16), and maintain (#17)) between the model’s 

constructs (i.e., specification (#4), artifact (#10), consequence (#13), and experience (#15)). CAS 

stakeholders (#9 in Figure 36) acquire information about their environment, acquire information 

about their interaction with the environment, identify regularities in the information, convert the 

regularities into a specification (#4 which is named with a label #2), and act based on that 

specification. Acting based on a specification means that a CAS utilizes (#11) the specification 

to describe, predict, or interact with artifacts (#10) in the world. Results from that utilization are 

measured (#12) as consequences (#13). The utilization and consequences are recorded (#14) as 

experience (#15), which includes concept membership (#3). Consequences are used to determine 

concept fitness manifested as prioritization (i.e., promotion or demotion) (#16) in relation to 

other concepts. CAS stakeholders maintain (#17) their concepts through creation and adaptation, 

where concepts are created based on identifying regularities in their experience and concepts are 

adapted, or changed, based on experience. 
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The Static Model of Concept (Figure 33) is subsumed within the Dynamic Model of 

Concept (Figure 36). The sub-constructs of concept (#1 in Figure 33), including label (#2 in 

Figure 36), membership (#3 in Figure 36), and specification (#4 in Figure 36), are all included in 

the model. Label names the specification. Specification, including specification facets and 

specification union, has already been described. Membership is stored as experience (#15). A 

stakeholder (#9) categorizes an artifact (#10) within the describe aspect of utilize (#11). 

Likewise, the artifact stopping rule (#20 in Figure 33) including physical object (#19 in Figure 

33) and physical surrogate (#21 in Figure 33) is still in effect, though not shown in Figure 36.  

3.6.2. Justificatory Knowledge 

The justificatory knowledge for the Dynamic Model of Concept in this investigation is 

CAS theory. A CAS is defined in Section 3.1.2. CAS theory is reconciled with the Static Model 

of Concept as illustrated in Figure 37. This reconciliation identifies the constructs in CAS 

(Figure 28) that overlap or are synonyms with constructs in the Static Model of Concept (Figure 

33). The Static Model of Concept stopping rule (#20 in Figure 33) involving physical object 

(#19), physical surrogate (#20), and artifact (#10) is applied to CAS theory (#19, #21, and #10 of 

Figure 37). The Static Model of Concept construct stakeholder (#9 in Figure 33) is portrayed as a 

CAS (#9 in Figure 37). This reconciliation leaves two additional constructs not found in the 

Static Model of Concept, which are consequence (#13 in Figure 37) and experience (#15). The 

constructs consequence and experience are defined in Section 3.1.2 along with all the other 

constructs except for those just defined as part of the artifact stopping rule. 
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Figure 37: Static Model of Concept and CAS Theory Reconciliation Illustration 

 

The reconciled model (just described in Figure 37) is superimposed with CAS 

Stakeholder Network Operation (Figure 29) to create the Dynamic Model of Concept (Figure 

36). The stakeholder network behaves the same as, or mimics, a single stakeholder (Figure 37) in 

a higher-level stakeholder network. The view that organizations, groups of purposeful interacting 

individual stakeholders, are CAS is supported by the literature (Waldrop, 1992; Arthur, 1994; 

Gell-Mann, 1994; Holland, 1995; Dooley, 1997; Brown & Eisenhardt, 1998; Pascale, 

Millemann, & Gioja, 2000). This combined model (the right hand side of Figure 36) takes the 

reconciled model (Figure 37) and adds a stakeholder network, the interaction of multiple 

stakeholders, around each construct (#2, #4, #10, #13, and #15). The arrows (#11, #12, #14, #16, 

and #17) remain the same as in the reconciled model. 

3.6.3. Constructs 

The Dynamic Model of Concept (Figure 36) includes constructs that have not been 

previously defined. The new constructs result from superimposing the stakeholder network 
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model (Figure 29) onto the reconciled model (Figure 37). The new constructs are: stakeholder 

network (#23), specification facet (#24), and specification union (#25). Stakeholder network 

results multi-stakeholder interaction for a concept. The CAS definition suggests that stakeholders 

(#9) do not operate in isolation, but within a network of interacting stakeholders. The network is 

scoped by a concept in focus for the network. The concept in focus is represented by a 

specification union, which is composed of specification facets. Specification facet renames the 

specification (#4) construct from the Static Model of a Concept. A specification facet enables 

differentiation between the specification of a single stakeholder and the composite multi-

stakeholder specification named a specification union. The specification facets of individual 

stakeholders are composed into a unified specification (i.e., specification union) for the 

stakeholder network.  

3.6.4. Artifact Mutability 

The Dynamic Model of Concept includes eight principles of mutability which are: utilize 

(#11), measure (#12), record (#14), prioritize (#16), maintain (#17), co-adapt (#18), contribution 

(#26), and mimic (#27). The first five principles of mutability were defined in Section 3.1.2 as 

part of the description of Figure 28. The sixth principle, co-adapt (#18), was defined in Section 

3.1.2 as part of the description of Figure 29. The seventh principle of mutability is defined as a 

network of stakeholders that mimics, or behaves the same as, a single stakeholder within a 

different network of stakeholders, where mimics means that the stakeholder network maintains 

the same constructs (all fourteen defined constructs in the Dynamic Model of Concept) and the 

stakeholder network concepts emerge and evolve by way of the principles of mutability (first 

seven principles of mutability defined in the Dynamic Model of Concept).  
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3.7. Results: Dynamic Model of Concept Case Evidence 

This model, within the context of the Static Model of Concept, specifies principles of 

concept mutability (i.e., emergence and evolution) for a multiple stakeholders in the project 

domain. The case analysis confirms the applicability of CAS theory, the constructs, and the eight 

principles of mutability summarized in Table 10 and illustrated in Figure 36. The essence of 

concept mutability is summarized by the eight principles of mutability that depend upon the three 

new constructs. The new constructs are: stakeholder network (#23), specification facet (#24), and 

specification union (#25). The principles are reflected in the arrows found in Figure 36 that 

include: utilize (#11), measure (#12), record (#14), prioritize (#16), maintain (#17), co-adapt 

(#18), contribution (#26), and mimic (#27). By confirming the principles of mutability Dynamic 

Model of Concept is confirmed by case analysis. 

3.7.1. Utilize Principle of Mutability Evidence 

The utilization (#11 in Figure 36) of specifications (#4) principle of mutability was 

confirmed in the case. Stakeholders utilize specifications to describe, predict, and behave in 

interaction with the world. No disconfirming evidence was found.  

In the case, the business executives, managers, and individual employees used the 

specification to describe each user interface, including: look and feel (i.e., user interface 

requirements), functionality (i.e., program requirements), and data (i.e., database table 

requirements). For example, the look and feel requirements described the business driver user 

interface, the functionality described how the business driver program would operate, and the 

fields described the data stored in the business driver database table. This description occurred 

primarily during the requirements determination phase of the project.  
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The developers then performed observable behavior based on the specifications in order 

to create project domain artifacts. These project domain artifacts included constructing user 

interfaces, programs, and database tables (e.g., business driver user interface, program, and 

database table). This behavior occurred primarily during the construction phase of the project.  

The business executives, managers, and individual employees then predict how the user 

interfaces would behave based on their specifications. This prediction occurred primarily during 

the testing phase of the project. More specifically, business executives, managers, and individual 

employees utilized the specification to create test cases. In the case these test cases were based 

on data developed from prior years utilizing the paper-based process. The test cases established 

inputs to the system and paired with those inputs were the predicted outputs from the system. For 

example, a test case to create a business driver would identify the specific field inputs that upon 

pressing the “save” button would be stored in the business driver database table.  

3.7.2. Measure Principle of Mutability Evidence 

The measurement (#12 in Figure 36) of consequences (#13) principle of mutability was 

confirmed in the case. Stakeholders measure the consequences of utilizing specifications. No 

disconfirming evidence was found.  

In general, consequence measurement was observed throughout the project. Early in the 

project consequence measurement was a prediction of consequences given a specification and a 

situation in the world. For example, early in the project it was decided to add functionality to 

include action items associated with individual employee objectives. The perceived consequence 

was that without this functionality the consequence would be that the employees could not plan 

and track actions taken to achieve the objective throughout the year and their managers could not 
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review those plans and actions. Descriptions of consequences were often implied, as opposed to 

overtly stated, in enhancement requests.  

The measurement of consequences was also observed in the project’s test cases. The test 

cases identified system inputs and then predicted the consequences of those inputs. For example, 

the test cases for verifying a user sign-on included tests with good user identifiers and passwords 

that predicted consequences of enabling the user to continue to the next screen in the system and 

other test cases for the same functionality with bad user identifiers and passwords that predicted 

consequences of a user receiving an error message. 

3.7.3. Record Principle of Mutability Evidence 

The recording (#14 in Figure 36) of the experience principle of mutability was confirmed 

in the case. Stakeholders record specification utilization and consequences of that utilization as 

experience. No disconfirming evidence was found.  

As demonstrated during the testing cycle of the case, experience during use is recorded. 

This experience recording included the data records stored in the database tables. The stored data 

records included the test case inputs and the resulting system outputs (i.e., utilization). The 

recording of consequences is also implied by the ability of the system customer to sign off on the 

delivered system since they would not do so without having recorded some satisfactory 

experience.  

In addition, predicted experience was also recorded in the case. For example, the action 

item enhancement request was requested early in the project. The need for the enhancement 

request was based upon a predicted consequence. Without the functionality, it was predicted that 

the employees would be unable to plan and track actions required to achieve their annual 

objectives.  
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Also, negative consequences drove enhancement requests. For example, a user interface 

permitting management review of employee objectives was enhanced to prevent objective 

review until all the objectives had been posted by the employee, as this served as a management 

review trigger. The negative consequence of the prior specification is that the manager could not 

know when the objectives were ready for review without additional extra-system 

communication. 

3.7.4. Prioritize and Maintain Principles of Mutability Evidence 

The prioritization (#16 in Figure 36) and maintenance (#17) of specifications (#4) 

principles of mutability were confirmed in the case. Stakeholders use consequences to determine 

specification fitness, which is manifested as specification prioritization (i.e., promotion or 

demotion) in relation to other specifications. Stakeholders also maintain specifications through 

creation and adaptation. Specifications are created through identification and encoding of 

regularities from their experience and specifications are adapted, or changed, based on 

satisfactory or unsatisfactory experiences. No disconfirming evidence was found.  

The maintenance, or adaptation, of the specifications was demonstrated throughout the 

project in that enhancement requests record the need to change specifications and those changed 

specifications are delivered during some future version’s delivery cycle (e.g., action items for 

employee objectives request). Prioritization is also demonstrated by this process in that the old 

specifications are demoted in favor of the new specifications when they are implemented. In the 

case, the demotion of a prior specification led to that specification being discarded.  

Creation of specifications based on regularity was observed in the case as the paper-based 

system provided the experience, and regularity, from which the automated system was 

developed. The specifications of the paper-based system required adaptation to improve 
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efficiency (i.e., time spent administering the MBO initiative) and those consequences (e.g., 

inefficient process) drove adaptations to the process, which required the developed IS.  

3.7.5. Co-Adaption Principle of Mutability Evidence 

The co-adaptation (#18 in Figure 36) of specifications (#4) principle of mutability was 

confirmed in the case. Concept specifications based on stakeholder co-adaptation were found, 

and seemed to be a driving force, within the case. No disconfirming evidence was found in the 

case. 

Requirements for the system were represented by executives, managers, and individual 

employees. These requirements were analyzed by the project team and findings of inconsistency 

and feasibility issues were fed back to the executives, managers, and individual employees who 

then adjusted their requirements, or offered a different approach to solve the same problem.  

One specific example demonstrating this co-adaptation is found for the project scope 

(e.g., list of user interfaces, programs, and database tables). The project scope initially was 

limited to the automation of the paper-based employee objective process, but the project team 

provided feedback that the entire MBO initiative was needed to create a useful project. The 

project sponsor and the executive team did not see much value in expanding the scope to the 

entire initiative. The scope was negotiated between the stakeholders and a compromise that 

added user interfaces, programs, and database tables to input the business drivers, strategic goals, 

and tactical objectives to the scope, but excluded any reporting for business drivers, strategic 

goals, or tactical objectives. Once the scope was agreed, the project manager reviewed the 

requirements and based on availability of schedule, budget, and resources, the requirements were 

prioritized with executives, managers, and individual employees.  



 

 147 

Designs based on the collective needs from the executives, managers, individual 

employees, user interface specialists, and software developers were reviewed by the database 

administrators and problem areas from the perspective of performance required design changes 

which in turn changed user interface specifications. Those user interface changes required 

changes to the requirements.  

3.7.6. Contribution Principle of Mutability Evidence 

The contribution (#26 in Figure 36) of specification facets (#24) by stakeholders (#9) in a 

stakeholder network (#23) to a specification union (#25) principle of mutability was confirmed 

in the case. Evidence is found in the case that multiple stakeholders contribute to the 

specification of a concept. The multiple stakeholders who interact in formation of a concept 

specification are identified as a stakeholder network. Each stakeholder contributes a specification 

facet, or fragment, to a specification union. The discussion of the co-adaptation principle 

demonstrates stakeholder contribution of specification facets to a specification union.  

Executives, managers, and individual employees contribute functional requirements. 

Programmers contribute operational requirements. Database administrators contribute 

requirements ensuring system performance and project managers are responsible for contributing 

schedule and budget requirements and coordinate integration of the facets into a combined 

specification union. All of the prior examples exhibit this contribution of multiple stakeholders to 

arrive at a specification union principle.  

3.7.7. Mimic Principle of Mutability Evidence 

The mimicking (#27 in Figure 36) of a stakeholder (#9) by a stakeholder network (#23) 

principle of mutability was confirmed in the case. A network of stakeholders behaves the same 

as a single stakeholder in a different stakeholder network. Evidence is found in the case of 
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project team stakeholder network mimicking, or behaving the same as, a single stakeholder in a 

different stakeholder network. Evidence of this behavior would include the original stakeholder 

network (i.e., project team stakeholder network) exhibiting the same seven principles of 

mutability (i.e., the eight principles minus the mimicking principle) as an individual on the 

project team.  

For example, simultaneous with the case project work, another division of MM was 

independently working on resolving the efficiency problem in the MBO initiative. Neither 

division knew about the others MBO efficiency solution work. Upon realization that the same 

work had occurred in two different divisions an analysis was performed on the two solutions. 

The analysis determined that the other division had acquired and customized a commercial 

package with more coverage of the MBO initiative than the case project. In addition, a contract 

with the vendor had been signed that included a maintenance agreement. The specifications (i.e., 

more coverage, maintenance agreement, signed contract, etc.) of the commercial package were 

determined to fit the needs of the organization better than the case project and the case project’s 

product was discarded in favor of the commercial package.  

The project team participating in this negotiation mimicked a single stakeholder in this 

example. The project contributed their specification for the case project into the analysis. There 

was co-adaptation as the specifications for the commercial package and the case project were 

made comparable. This co-adaptation dealt with issues such as maintenance cost, since the case 

project specification did not include a maintenance contract, and employee objective planning 

and tracking, since the commercial package did not include that functionality. Prioritization and 

maintenance occurred during the analysis. Ultimately the commercial package was prioritized 

over the case project and the case project specification was discarded. The commercial package 
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was maintained in that it was adapted to include the missing employee objective functionality. 

Experience that was recorded in utilizing the commercial package, the case project, and 

experience with other commercial packages drove the adoption decision. The experience 

included measurement of consequences both from experience and from prediction.  

3.7.8. Summary 

There are limitations to the confirmation of the Dynamic Model of Concept. The 

limitations to this confirmation include the same limitations as for the Static Model of Concept. 

In addition, the mimic principle of mutability required a specific perspective in order for it to be 

recognized in the case data. From within a stakeholder network, for example the “IS project 

team” (including the analysts, programmers, etc. and not including the users of the MBO 

system), it is difficult to identify the “IS project team” as a stakeholder mimicking the principles 

of mutability of an individual stakeholder. However, the “IS project team” as a stakeholder and 

demonstrating all the principles of mutability becomes clear when viewing the “IS project team” 

from another stakeholder network external to the “IS project team”. For example, the “IS project 

team” mimics a stakeholder when viewed from the perspective of executives, managers, and 

individual users of the system. When viewed from this perspective, the case data makes clear 

that the “IS project team” does mimic a stakeholder.  

There is little doubt that the evidence in the MBO case supports the eight principles of 

concept mutability. Each of the propositions seems necessary to achievement of concept 

specifications that are compatible for the participating stakeholders, which is to say that without 

the principles of mutability specifications would not be functional or complete for one or more 

stakeholders. The support of these propositions suggests the concept specification formulation 

and evolution within the MBO case was performed by a CAS. 
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3.8. Discussion and Implications 

This investigation explored CAS as a theory for understanding the formulation and 

evolution of IS artifact specifications. This investigation utilized a theory building with case 

studies process (Eisenhardt, 1989a) within a design science structural framework (Gregor & 

Jones, 2007) focused specifically on the design science component of artifact mutability. 

Mutability describes how artifacts emerge and evolve. The design science artifact under 

investigation is an IS artifact specification. Prior research finds at least some support for the 

application of CAS theory to IS projects utilizing agile methods, but there is little research 

linking CAS to IS projects utilizing traditional planned methods. In order to strengthen the 

argument for CAS as a broadly applicable (i.e., beyond projects utilizing agile methods) theory 

of IS artifact specification emergence and evolution, the selected is case is one that did not use 

agile methods and further, the selected case was unsuitable among available cases for agile 

methods. 

3.8.1. Discussion of Findings 

The research question of this investigation was examined. This study extended 

application domain findings (from Chapter 2) to the project domain. Application domain 

findings confirmed a Static Model of Concept and a Dynamic Model of Concept when 

application domain artifacts were specified. These models were input to this investigation and 

were confirmed by the case data. These findings provide an answer to the research question, 

which is that, IS development project teams are a CAS when the team is using a planned 

methodology and the project is an unlikely case for an agile method. These findings suggest that 

IS methodologies exist along a continuum of highly iterative highly emergent projects to lowly 

iterative lowly emergent projects both of which may be explainable under a single theoretical 



 

 151 

framework based on CAS. Further in combination with the prior application domain findings, 

this investigation suggests that IS are developed for CAS, by CAS. 

The organization of this investigation’s theoretical foundation based on design science 

aided the deduction control and observational control within the case analysis. The constructs 

from categorization theory (i.e., concept, label, and membership) and the artifact, physical 

surrogate, and stakeholder constructs were found to be viable for observational control. 

Categorization theory, providing the principles of form and function and as justificatory 

knowledge, was found to be a viable means of deduction control in the case. The use of function, 

completeness, and compatibility as testable propositions were found to be useful to control 

observations and deductions. The MBO case was found to be useful in providing examples of 

this investigation’s findings. The identification of artifact mutability as the aspect to be explored 

provided this investigation clarity and focus. 

The findings of this investigation are a contribution for research and practice. The 

findings fill a gap in the research suggesting CAS as a theory explaining the formulation and 

evolution of IS specifications (i.e., project domain knowledge). This finding is important as good 

theory advances scientific knowledge, guides research towards crucial questions, and enlightens 

practice (Van de Ven, 1989). In particular, a theory explaining how specifications of IS artifacts 

emerge and evolve could lead to improved IS development techniques, methods, and tools. 

This investigation has limitations. There are four problems to overcome when using a 

case study research methodology: controlling observations, controlling deductions, allowing for 

replication, and allowing for generalization (Lee, 1989). The control of observations and control 

of deductions is believed to be sufficient in this investigation though they could be improved 

with more formal instruments, protocols, and definitions. This investigation replicates findings 
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from Chapter 2, but as with the prior study a second investigator was not used to assure results 

can be replicated. As this investigation replicates results of a prior study, it suggests that the 

results are generalizable across both the application and project domains. As an early step in an 

ongoing theory building research stream, the primary aim of this investigation was to assess and 

refine the constructs and definitions suggested by the prior study. From that perspective the 

limitations are acceptable, but future research will need to address these limitations. 

3.8.2. Implications of Findings for Research 

The findings provide theoretical support for the methodological evolution that has 

occurred in IS. This evolution includes at least two characteristics. The first characteristic of 

methodology that has evolved in is that of iteration. Methodologies have evolved from a 

“waterfall” (Royce, 1987), through “spiral” (B. W. Boehm, 1988), to “agile” (Highsmith & 

Cockburn, 2001) approaches where each step increased the frequency of iteration. This study’s 

findings provide theoretical support in that the Dynamic Model of Concept explains stakeholders 

utilizing a specification, as encoded in an IS, measuring the consequences of its use, and then 

prioritizing and adapting the specification based on the experience of its use within a cycle of 

multi-stakeholder contribution and co-adaptation. This dynamic suggests a need for the 

stakeholders to utilize the IS before they can decide that it is sufficient. This need to utilize the 

specification leads to the second characteristic, which is prototyping. Prototyping has progressed 

in parallel with increases in iteration; as a result, an iteration often produces a prototype (Davis 

& Monroe, 1987; B. W. Boehm, 1988; Highsmith & Cockburn, 2001).  

The findings suggest a set of criteria for adaptive information systems. These criteria 

encompass both structural and dynamic aspects. An adaptive information system for a 

stakeholder must enable structural aspects of multiple competing specifications, artifacts 
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independent of those specifications, consequences of each specification utilization with an 

artifact, and a history of experience. From a dynamic aspect for a stakeholder, an adaptive 

information system must enable utilization of a specification to describe predict or behave, 

measurement of utilization consequences, prioritization of competing specifications, recording of 

experience, an ability to identify regularities in experience, and an ability to create or adapt 

specifications. These dynamic aspects must assume that all structural aspects are continuously 

fluid. In addition, an adaptive information system must enable the multi-stakeholder dynamics of 

contribution and co-adaptation and the structure enabling facet perspectives by stakeholder and a 

union perspective for the stakeholder network for each of the structural aspects of specification, 

artifact, consequence, and experience. Lastly, an adaptive information system must account for 

the concept that each stakeholder participates in multiple stakeholder networks simultaneously 

and that each stakeholder network mimics an individual stakeholder in its participation in 

multiple other stakeholder networks simultaneously.   

3.8.3. Implications of Findings for Practice 

This investigation has implications for practice. These findings have the potential to 

improve project practice (i.e., methodologies, techniques, tools, and processes). For example, 

these CAS characteristics suggest potential refinements to project methodology selection 

approaches (i.e., thresholds for methodology effectiveness across the eight propositions), 

governance techniques (i.e., when to limit the emergence of solutions through the CAS process), 

analysis tools (i.e., tools that enable collaborative multi-stakeholder specification formulation), 

and focused project management processes (i.e., guidance via focused time-boxed stakeholder 

groups instead of sequential steps). Lastly, this investigation implies that higher project success 

may be attained when project practices are tuned to this environment. 
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3.9. Future Research 

Future research should address limitations of this investigation in areas of assuring 

findings through replication and continuing to test the scope of generalizability. Additional 

investigations are needed to formalize the instruments and protocols to ensure the validity of 

these initial findings to permit replicability. As this investigation used only a single investigator, 

additional multi-investigator studies are needed to achieve higher-levels of replicability. Future 

research should extend the cases against which the propositions tested in this investigation are 

further tested to identify the boundaries of generalizability. 

Future research should address a finding that is not explained by the model. Case analysis 

suggests that there is a pattern associated with stakeholder concept specification interaction, but 

it was not identified. While the theories grounding the model do not explain this pattern, those 

theories also do not exclude the existence of a pattern characterizing the stakeholder concept 

specification interaction. Future investigations are needed to identify the pattern, or patterns, that 

enable stakeholder concept specification interaction to result in a compatible concept 

specification. This future research study is necessary to achievement of an adaptive information 

system of the type described in Section 3.8.2. 

Future research should continue to explore the structural and methodological 

requirements of a highly adaptive information system. Due to the potential scope, this research 

should heavily leverage prior research through synthesis from multiple disciplines. The initial 

goal is a theoretically grounded model of highly adaptive information systems. This model must 

account for the architectural, programmatic, data storage, and user interface paradigms required 

for an information system that will potentially be uniquely different with each utilization. This 
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model must comply with the criteria of highly adaptive information systems set forth in this 

investigation.  

3.10. Conclusions 

This investigation suggests that IS methodologies exist along a continuum of highly 

iterative highly emergent projects to lowly iterative lowly emergent projects both of which may 

be explainable under a single theoretical framework based on CAS. CAS explains how the 

specifications of IS artifacts (e.g., user interfaces, programs, and database tables) in development 

projects emerge and evolve. The identification of good theory is important because it advances 

scientific knowledge, guides research towards crucial questions, and enlightens practice (Van de 

Ven, 1989). In particular, a theory explaining how specifications of IS artifacts emerge and 

evolve could lead to improved IS development techniques, methods, and tools. This study 

extends prior CAS research in the application domain (in Chapter 2) suggesting that IS are 

developed for CAS by CAS. 
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CHAPTER 4: APPLICATION DOMAIN CONCEPTS: THEORY AND MODELS OF 

MULTIPLE SPECIFICATION FACETS 

 

 

There is an inadequate level of comprehension regarding application domain knowledge 

from the perspective of Information Systems (IS) development. This lack of comprehension is 

evidenced by observations made by the researcher on more than thirty IS projects that were 

carried out for seven firms of various sizes in four industries over a period of fifteen years. These 

observations suggest that there are a set of dimly perceived structural information patterns within 

the application domain from which IS requirements are determined that could not be elucidated. 

These patterns seemed to be ubiquitous to all thirty projects and were unaccounted for in the 

methodologies and best practices used in industry. As comprehension includes concept 

specification (Klausmeier & Feldman, 1975; Shimoda, 1993) and IS project analysts are tasked 

with capturing concept specifications as part of requirements determination (e.g., entities such as 

customer and product and states such as preferred customer and shipped order), then improving 

application domain comprehension may lead to improvements in communication, techniques, 

methods, and tools used by analysts. 

Comprehending the application domain through requirements determination has long 

been recognized as important (Taggert and Tharp 1975; Davis 1982). A lack of domain 

knowledge has been recognized as an issue (Curtis, Krasner et al. 1988) and necessary for 

application solution effectiveness (Blum, 1989a; Robert L. Glass & Vessey, 1992). Further, 

ineffective requirements are known to pose a significant risk to IS projects (Tiwana and Keil 

2004; Wallace, Keil et al. 2004). This situation suggests a need to focus research on the 
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application domain and there have been calls in the literature to perform that research (Zani 

1970; Glass and Vessey 1995; Glass and Vessey 1998).  

This investigation extends prior application domain research as part of an ongoing 

research stream. Prior research found that application domain knowledge is formed and evolved 

by a Complex Adaptive System (CAS) (in Chapter 2). However, another finding was that there 

are multiple facets to a specification, which are unaccounted for by CAS theory and not 

illuminated by IS research, which permit multiple stakeholders to interact, as illustrated in Figure 

38. This investigation therefore seeks to fill the research gap regarding multi-faceted 

specifications in the application domain. This investigation seeks to answer the following 

research questions:  

� What is the pattern of recurring facets in concept specifications? 

� Is there a theoretical grounding that explains the recurring facets? 
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Figure 38: CAS Stakeholders Interact and Contribute Facets to a Specification  

 

4.1. Research Methodology 

This investigation is performed within the context of an ongoing research stream. This 

investigation seeks to build theory using case studies which is highly iterative and tightly linked 

to data (Eisenhardt, 1989a). The flow of this manuscript demonstrates frequent iteration between 

data and the literature as is recommended by a theory building using case studies method.  

4.1.1. Theory Building with Case Studies 

A case study method develops understanding from the dynamics provided within single 

cases (Eisenhardt, 1989a). Case studies may collect data from multiple sources, for example 

archives, observations, interviews, and questionnaires. The data may be qualitative, quantitative, 

or both. A fundamental difference between case study research and other methods is the degree 

to which there is less a priori knowledge about what the independent and dependent variables 

are and how they are measured (Benbasat, Goldstein, & Mead, 1987). The data type in this 

investigation is qualitative and the sources of data are archival and observational. This 
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investigation is suitable for a case study research methodology as it seeks to identify a theory of 

multi-faceted application domain concept specifications, where a priori knowledge of variables 

is lacking.  

There are four stages of case research where the four stages are: drift, design, prediction, 

and disconfirmation (Bonoma, 1985). Drift describes the process that occurs upon entry into the 

research field where the investigator becomes familiar with the phenomena, makes initial 

literature connections, establishing some a priori knowledge about the phenomena’s function, 

and identifies critical phenomena components. Design occurs with the development of a tentative 

explanation of the phenomena. In design, the objective is to assess and refine the major areas of 

inquiry suggested by the preliminary explanation. Design is followed by prediction where 

generalization-formation occurs. Prediction seeks additional different, but similar, cases in order 

to determine the scope of the explanation. Lastly, disconfirmation attempts to disconfirm the 

findings with extreme cases where the generalization’s limits might be expected to be exceeded. 

This investigation is part of the drift stage of case research, where the goal is to gain an 

understanding, make initial literature connections, and identify components critical to application 

domain concept formulation and evolution.  

4.1.2. Research Stream Context 

This investigation is performed within the context of an ongoing research stream. As is 

characteristic of theory building using case studies (Eisenhardt, 1989a), the research stream 

proceeds through a series of steps that iterate between data and prior research. While working in 

industry, the author observed and participated in more than thirty IS projects over a period of 

more than fifteen years where patterns in specifications of both the application and project 

domains were dimly perceived. The research stream seeks a theory identifying and explaining 
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these dimly perceived structural patterns. Attempts to elucidate those patterns using outcome-

centric approaches in practice and in research (Woolridge, McManus, & Hale, 2007; Woolridge, 

Hale, & Hale, 2009) found that outcomes were necessary, but not sufficient to identify the 

patterns. This finding suggested a need for a more holistic approach. Studies resulting from this 

more holistic approach found that concept specifications, when explained by classical 

categorization theory, are formed and evolved by a CAS in both the application and project 

domains suggesting that IS are developed for CAS by CAS (in Chapters 2 and 3). However, 

neither classical categorization theory nor CAS explained the multi-faceted specification 

patterns, which are the focus of this research stream. This investigation therefore utilizes the 

prior research context and focuses on the specification construct seeking a theory that explains 

the multi-faceted specification patterns. 

4.1.3. Investigation Iterations 

A theory building with case studies methodology is highly-iterative and tightly linked to 

data (Eisenhardt, 1989a). Within the context of prior research (Section 4.2), this investigation 

performs multiple iterations within two major iterations. The first major iteration, discussed in 

Sections 4.3 and 4.4, develops the Specification Facet Pattern Model. These iterations are 

illustrated in Figure 39. The second major iteration, discussed in Sections 4.5 and 4.6, confirms 

the Specification Facet Pattern Model in case data. These iterations are illustrated in Figure 40. 

Section 4.2 of this manuscript presents the context and focus for this investigation. This 

investigation utilizes the Static Model of Concept from prior research to establish the structural 

perspective on a concept. This structural view was extended in prior research to a process 

perspective in the Dynamic Model of Concept. The focus of this investigation is on the 

specification construct within these two models.  
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Figure 39: Specification Facet Pattern Model Development Process 

 

The Specification Facet Pattern Model development iteration occurs within the context of 

the Dynamic Model of Concept (Section 4.2.2) and extends the concept specification construct. 

Multiple iterations in model development were performed as illustrated in Figure 39. The 

Dynamic Model of Concept confirmed in prior research is used as input to this process step. The 

research of four referent disciplines was searched seeking candidate patterns for concept 

specification facets. A pattern was selected as kernel pattern candidate utilized to initiate the 

model. Four constructs were identified and defined from the selected kernel pattern and each 

construct definition was refined based on reconciliation with the four referent disciplines 
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research. Those four constructs, as a set, were then reconciled with the four referent disciplines 

research seeking gaps, overlaps, and fit. This reconciliation resulted in identification of a gap, 

which was investigated utilizing the business process research as a referent discipline. The 

business process research identified four additional constructs and the refinement of one existing 

construct. The model resulting from completion of this process step provides a concept 

specification facet model that is confirmed in the next major iteration.  
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Figure 40: Specification Facet Pattern Model Confirmation Process 
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The Specification Facet Pattern Model confirmation iteration performs multiple sub-

iterations in case data as illustrated in Figure 40. The concept specification facet model 

developed in the prior process step is used as input to this process step. Evidence of the facet 
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model constructs were sought in the case data by asset management decision type. Disconfirming 

evidence of the constructs was also sought. Some overlap in subclasses of decision types was 

found in the case data (e.g., a subclass of maintenance decisions overlap somewhat with operate 

decisions and a subclass of decommission decisions share the characteristics of investigation 

decisions). The analysis resulted in refinement to constructs, additional specification of model 

limitations that were recorded in the model purpose and scope, and a new model was identified 

for future research. In addition, a variant model that shifts model focus such that the variant 

model shares the original models constructs, but also has additional constructs was also defined. 

The case data was also utilized to provide examples of the models. Completion of this process 

step provides a confirmed Specification Facet Pattern Model, a tentative definition of a variant 

model, and identification of a new model (i.e., one for a different purpose and scope) that can be 

pursued in future research of this research stream. 

Section 4.7 then discusses the findings from this investigation. The discussion includes 

the investigation’s findings, limitations, implications for research and implications for practice. 

The discussion is followed by a presentation of future research in Section 4.8 and conclusions 

drawn from the findings in Section 4.9.  

4.2. Prior Research Background 

This investigation is set within the context of two prior research models. These prior 

research models provide the foundation upon which this investigation is performed. The first 

model is a Static Model of Concept (from Chapter 2), which specifies the structural context for 

this investigation. The second model is a Dynamic Model of Concept (from Chapter 2), which 

specifies the process context for this investigation. This investigation takes the specification 
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construct from these prior models and seeks to identify sub-constructs, or facets, which compose 

a specification.  

4.2.1. Static Model of Concept 

The structural context of this investigation of specification is set within the notion of 

concept. Concept is based on classical categorization theory. Categorization theory provides the 

structural constructs of concept, one of which is specification.  

Categorization draws non-binding associations between entities based on simple 

recognition of similarities within a context across a set of entities (Jacob, 1992). Categorization 

is flexible and dynamic enabling individuals to modify concepts in response to variations in the 

environment (i.e., context) (Jacob, 2004). Categorization enables individuals to simplify their 

environment, reduce memory load, and aid information storage and retrieval. As a fundamental 

cognitive process, categorization is a major enabler in almost any intellectual endeavor 

(Markman, 1989 p.11). Individuals group artifacts in the world based on their sharing of some 

similar properties. Recognition of similarities enables individual comprehension within a 

complex environment (Jacob, 2004).  

Categorization is the process of determining that an artifact is a concept member (Jacob, 

2004). A concept construct is composed of three sub-constructs. A label names the concept. A 

specification identifies the concept’s intension and a membership identifies the concept’s 

extension. The process of categorization describes an individual, or stakeholder in terms of this 

study, who identifies an entity that is categorized (i.e., identified as a member of) a concept’s 

membership. 

The Static Model of Concept, illustrated in Figure 41, is theoretically based on 

categorization theory with extensions to enable empirical confirmation. The concept segment of 
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the model (#1) is composed of three sub-constructs and three relationships. The constructs are 

label, specification, and membership, and the relationships are intension, extension, and 

regulation. A label (#2) names the concept. A specification (#4) identifies the concept’s intension 

(#5) and regulates (#7) its membership. A concepts membership (#3) identifies the concept’s 

extension (#6). An intension (#5) is a summary representation of the artifacts in its extension 

(#6). Individual features of an intension are individually necessary and jointly sufficient to 

identify its extension (i.e., specification regulates membership). The testable propositions for a 

concept (#22) are directed towards concept specification, where a “good” specification is 

functional, complete, and compatible.  

Figure 41: Static Model of Concept Illustration 

 
Contained Image Source: U.S. Army Corps of Engineers (USACE, 2009c) 

The categorization segment of the model (#8 in Figure 41) is composed of two 

constructs. Those constructs are stakeholder and artifact. The process of categorization (#8) 
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describes an individual (#9), or stakeholder in terms of this study, who identifies an artifact (#10) 

that is categorized (i.e., identified as a member of) a concept’s membership. An artifact (#10) is 

an information object, which has no physical location, no mass or energy, no direct causal 

interactions, but may be encoded, or represented, in some physical object. An artifact is a 

concept member resulting from the propositional truth (i.e., truth of concept’s specification when 

applied to the artifact) invoking that membership. This leads to a circular definition in that an 

artifact, which is a member of some concept set, is considered for membership in some other 

concept set. In other words, there cannot be an artifact unless it is already an artifact. Resolution 

of this circular definition is provided by the artifact stopping rule.  

The artifact stopping rule segment of the model (#20 in Figure 41) is composed of two 

constructs and two relationships. The artifact stopping rule occurs at the level of artifacts for 

physical objects. Physical objects (#19) have location in time and space, a positive mass and 

energy, and may causally affect, or be affected by, other physical objects. This investigation will 

assume that each individual physical object is a member of a set such that the set contains one, 

and only one, member. This set will be termed a “physical surrogate” (#21) as it is a construct 

that will represent the physical object in the informational realm. Additionally, the “physical 

surrogate” sets are mutually exclusive; that is to say that, each physical object will be a member 

of one and only one physical surrogate set. Physical surrogates are a subtype of, and permit a 

stopping rule for, artifacts. 

4.2.2. Dynamic Model of Concept 

The process context of this investigation of specification is set within the Dynamic Model 

of Concept. The Dynamic Model of Concept is based on Complex Adaptive Systems (CAS) 

theory. CAS theory provides the related action constructs for specification.  
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In a CAS, individual agents (i.e., stakeholders in this investigation) are defined by their 

models of the world and these models are called schemas, where a schema is defined, as used in 

psychology, to mean a conceptual framework used to grasp information about the world and give 

it meaning (Gell-Mann, 1994 p.17). More specifically, a schema in psychology is a category 

(i.e., a concept in this investigation) and its associated knowledge (Chi, Feltovich, & Glaser, 

1981). Due to this alignment in definition, models of categorization theory and CAS theory are 

aligned by substituting the three sub-constructs of concept (i.e., category) into the CAS 

definition. Those three constructs are: label, specification, and membership. 

CAS stakeholders (#9 in Figure 42) acquire information about their environment, acquire 

information about their interaction with the environment, identify regularities in the information, 

convert the regularities into a specification (#4 which is named with a label #2), and act based on 

that specification (Gell-Mann, 1994 p.17). Acting based on a specification means that a CAS 

utilizes (#11) the specification to describe, predict, or interact with entities (i.e., behave) (#10) in 

the world. Results from that utilization are measured (#12) as consequences (#13). The 

utilization and consequences are recorded (#14) as experience (#15), which includes concept 

membership (#3). Consequences are used to determine concept fitness manifested as 

prioritization (i.e., promotion or demotion) (#16) in relation to other concepts (Gell-Mann, 1994 

p.24). CAS stakeholders maintain (#17) their concepts through creation and adaptation. Concepts 

are created based on identifying regularities in their experience (Gell-Mann, 1994 p.17). 

Concepts are adapted, or changed, based on experience (Holland, 1995 p.10).  
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Figure 42: CAS Stakeholder Operation Illustration 

 
Adapted from (Gell-Mann, 1994 p.25) 

Contained image source: U.S. Army Corps of Engineers (USACE, 2009c, 2009e, 2009f) 

A CAS is composed of multiple interacting stakeholders (Gell-Mann, 1994 p.17). Each 

stakeholder operates in the system as described by Figure 42. These stakeholders form a 

stakeholder network (as illustrated in Figure 43), where the network is part of each stakeholder’s 

environment. Stakeholders (#9 in Figure 43) change their concepts as their environment changes 

and one cause of concept change is in response to another stakeholder’s concepts, which is called 

co-adaptation (#18) (Holland, 1995 p.10). The creation of concepts through conversion of 

regularities into concept, the determination of concept fitness, and the adaptation of concepts 

through use and co-adaptation suggest this theory’s utility for explaining concept mutability (i.e., 

emergence and evolution of concepts). 
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Figure 43: CAS Stakeholder Network Operation Illustration 

 
Contained image source: U.S. Army Corps of Engineers (USACE, 2009c, 2009e, 2009f) 

The Dynamic Model of Concept is illustrated in Figure 44. The model superimposes 

three previously described models. Those models include: CAS Stakeholder Network Operation 

(Figure 43), CAS Stakeholder Operation (Figure 42), and Static Model of Concept (Figure 41). 

The focus of this investigation is to identify a facet (#24 in Figure 44) pattern of a specification 

union (#25) that enables diverse stakeholder interaction to form a compatible specification as 

was suggested by prior study findings (in Chapter 2).  
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Figure 44: Dynamic Model of Concept 

 

The CAS Stakeholder Network Operation (Figure 43) provides the multi-stakeholder 

dynamics, required in the Dynamic Model of Concept (Figure 44), that interact in the formation 

of the model’s constructs (i.e., specification (#4), artifact (#10), consequence (#13), and 

experience (#15)). Stakeholders (#9 in Figure 44) in the domain form a stakeholder network 

(#23), where the network is part of each stakeholder’s environment. Stakeholders change their 

concepts as their environment changes and one cause of concept change is in response to another 

stakeholder’s concepts, which is called co-adaptation (#18). This co-adaptation is based on 

contribution (#26) of each stakeholder as this contribution signifies communication. In the case 

of specification (as illustrated in the oval on the left of Figure 44), stakeholders contribute a 

specification facet (#24) to a combined specification union (#25), where specification facet and 

specification union are subtypes of specification (#4) that allow the differentiation of 

specifications contributed by individual stakeholders and the specifications resulting from the 
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union of those contributed specification facets. This contribution and co-adaptation also occurs 

for the artifact (#10), consequence (#13), and experience (#15) constructs in the model. 

Contribution and co-adaptation occurs in the stakeholder network as the stakeholder mimics 

(#27) individual stakeholder operation (as illustrated in Figure 42).  

The CAS Stakeholder Operation (Figure 42) provides the single-stakeholder dynamics, 

required in the Dynamic Model of Concept (Figure 44), that describe the interaction (i.e., utilize 

(#11), measure (#12), record (#14), prioritize (#16), and maintain (#17)) between the model’s 

constructs (i.e., specification (#4), artifact (#10), consequence (#13), and experience (#15)). CAS 

stakeholders (#9 in Figure 44) acquire information about their environment, acquire information 

about their interaction with the environment, identify regularities in the information, convert the 

regularities into a specification (#4 which is named with a label #2), and act based on that 

specification. Acting based on a specification means that a CAS utilizes (#11) the specification 

to describe, predict, or interact with artifacts (#10) in the world. Results from that utilization are 

measured (#12) as consequences (#13). The utilization and consequences are recorded (#14) as 

experience (#15), which includes concept membership (#3). Consequences are used to determine 

concept fitness manifested as prioritization (i.e., promotion or demotion) (#16) in relation to 

other concepts. CAS stakeholders maintain (#17) their concepts through creation and adaptation, 

where concepts are created based on identifying regularities in their experience and concepts are 

adapted, or changed, based on experience. 

The Static Model of Concept (Figure 41) is subsumed within the Dynamic Model of 

Concept (Figure 44). The sub-constructs of concept (#1 in Figure 41), including label (#2 in 

Figure 44), membership (#3 in Figure 44), and specification (#4 in Figure 44), are all included in 

the model. Label names the specification. Specification, including specification facets and 
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specification union, has already been described. Membership is stored as experience (#15). A 

stakeholder (#9) categorizes an artifact (#10) within the describe aspect of utilize (#11). 

Likewise, the artifact stopping rule (#20 in Figure 41) including physical object (#19 in Figure 

41) and physical surrogate (#21 in Figure 41) is still in effect, though not shown in Figure 44.  

4.2.3. Investigation Focus 

The prior studies that developed and confirmed the Static and Dynamic Models of 

Concept identified the need for further research seeking patterns within the specification union 

construct (#25 in Figure 44) (in Chapters 2 and 3). Case analysis within these prior studies 

suggested that there is a pattern associated with stakeholder concept specification interaction, but 

it was not identified. While the theories grounding the Static and Dynamic Models of Concept do 

not explain this pattern, those theories also do not exclude the existence of a pattern 

characterizing the stakeholder concept specification interaction. This investigation seeks to 

identify a pattern that enables stakeholder concept specification interaction to result in a 

compatible concept specification. 

4.3. Pattern Candidates Search in Prior Research 

Pattern candidates were sought in prior research. Four referent disciplines were reviewed 

in the search. Those disciplines included: IS, problem solving, ontology, and philosophy. Based 

on this search, Aristotle’s four causes appear to be a reasonable candidate as a pattern of 

structural concept specification facets and will provide the kernel on which the Facet Model of 

Specification will be developed. Discussion of reviewed pattern candidates is provided in the 

following sections. 
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4.3.1. Pattern Candidates in Prior IS Research 

The IS research literature seems to provide some potential pattern candidates in the 

application domain. IS project stakeholder literature suggests stakeholder roles represent facets 

(Woolridge et al., 2007). The IS architecture literature uses a standard set of questions as facets 

(i.e., who, what, when, where, why, and how) to specify facets (Sowa & Zachman, 1992). IS 

requirements and analysis methodology perspectives suggest facets based on goal-centric 

(Dardenne, van Lamsweerde, & Fickas, 1993), process-centric (Hammer & Champy, 1993b), 

data-centric (Martin, 1990), and object-centric (combines process and data) (Booch, 1994) 

approaches. The project success literature suggests facets of output, process, and resources 

(Lederer & Sethi, 1988). Therefore, there is support for multiple facets in IS research, but there is 

a lack of consensus.  

4.3.2. Pattern Candidates in Prior Problem Solving Research 

As it seems logical that the stakeholders use their concept specifications in problem 

solving, the problem solving literature was reviewed. A problem is defined as a description of a 

desired state, current state, and means of transformation (Reitman, 1965 p. 126, 128). A review 

of problem types (Reitman 1965; Rittel and Webber 1973; Simon 1973), problem type 

implications (Churchman 1967; Rittel and Webber 1973; Simon 1973; Buchanan 1992; Newell 

1993; Jonassen 1997; Mercan 2007), and problem solving techniques (Ackoff 1978; Brightman 

1980; George 1980; Schoennauer 1981; Brightman 1988; VanGundy 1988; Sternberg and 

Frensch 1991) fail to suggest specification facets.  

4.3.3. Pattern Candidates in Prior Ontology Research 

Another area of literature review seeking a pattern describing concept specification 

patterns was ontology. Given the seeming applicability of ontology to the issue of identifying 
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structural facet patterns for concept specifications, a review of the ontology literature was 

performed seeking specification facets, but little was found suggesting patterns of the scale 

required for this investigation (Quine, 1956, 1980; 1990; Bunge, 1979bb; Wand & Weber, 1990; 

Gruber, 1993; Artale, Franconi, Guarino, & Pazzi, 1996; Ashenhurst, 1996; Rosemann & Green, 

2000; Geerts & McCarthy, 2002; Holsapple, Jacob, & Rao, 2002; ; Fensel, 2003;  Jurisica, 

Mylopoulos, & Yu, 2004; Staab & Studer, 2004; Evermann & Wand, 2005; Mendes & Abran, 

2005;Bera & Wand, 2007c; 1979aa; Ding, Kolari, Ding, & Avancha, 2007; Djuric, Gasevic, & 

Devedzic, 2007; Sanchez, Cavero, & Martinez, 2007; Sharmon, Kishore, & Ramesh, 2007). This 

review of the literature suggests that while ontologies provide the primitives on which concept 

specifications are assembled, no overall structural facet pattern for concept specifications 

emerged. 

4.3.4. Pattern Candidates in Prior Philosophy Research 

Philosophy was then reviewed seeking consensus and theoretical grounding. Purpose was 

the first focus (Mackie, 1973; Quine, 1990; Schueler, 1989, 1995, 2003). However, it seems 

apparent that there was more to the concept specification facet pattern than a description of what 

the agent’s purpose. A broader review of the literature identified Aristotle’s four causes (from a 

translation by Hooker, 1996) as a potential pattern candidate. The four causes are: causa finalis, 

causa formalis, causa materialis, and causa efficiens. Aristotle defines causa finalis as purpose, 

causa formalis as “form and pattern”, causa materialis as “material”, and causa efficiens as “the 

person who advises an action”. Aristotle’s four causes appear to be a reasonable candidate as a 

pattern of structural concept specification facets and will provide the kernel on which the Facet 

Model of Specification will be developed.  
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4.4. Specification Facet Pattern Model Development 

Prior research in the research stream provides the Dynamic Model of Concept that 

establishes the context, which is extended by this investigation’s Specification Facet Pattern 

Model development. This investigation’s model focuses on the prior model’s specification 

construct and seeks to extend the specification construct with a theoretically grounded facet 

pattern model. The justificatory knowledge for the specification facet pattern is Aristotle’s four 

causes. Aristotle’s four causes, as a facet pattern candidate, suggest four constructs. The four 

causes include: causa finalis (Purpose), causa formalis (Form), causa materialis (Material), and 

causa efficiens (Mechanism).  

Aristotle’s four causes are used as a kernel upon which the specification facet pattern 

model is built. There is not a perfect fit between Aristotle’s four causes and other patterns found 

in the literature. The fit is impacted by overlaps and gaps with patterns in the other reviewed 

disciplines. The four constructs provided by Aristotle’s four causes overlap with constructs in 

other pattern candidates and the other pattern candidates suggest gaps in the coverage of the four 

constructs. The sections below will discuss the overlaps with the four constructs: Purpose, Form, 

Material, and Mechanism. In addition, the gaps suggesting additional constructs will also be 

discussed. These discussions lead to the refined the pattern candidate, which is named the 

Specification Facet Pattern Model.  

4.4.1. Purpose Construct Overlap Reconciliation 

Aristotle defines causa finalis as purpose (Hooker, 1996) and Heidegger illustrates using 

a silver chalice. The causa finalis of the silver chalice is the sacrificial rite for which the chalice 

is used (Heidegger, 1977). The IS project stakeholder literature would suggest that this facet is in 

the domain of a customer stakeholder, where a customer stakeholder is a stakeholder that is 
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served by the domain (Woolridge et al., 2007). The architecture literature standard questions 

would suggest that this facet is the answer to the question “why”, which provides the descriptive 

representations that depict motivation (Sowa & Zachman, 1992). The IS requirements and 

analysis methodologies literature would suggest that this facet is the goal-centric perspective, 

where a goal drives, justifies, and explains specification components (Dardenne et al., 1993). 

The project success literature does not specify this facet. The problem solving literature would 

suggest that this facet is an aspect of the “desired state”, where desired state is a description of 

something that is desired (Reitman, 1965). Additionally, this facet is suggested by the reasons, 

purposes, teleology, and desires concepts of the philosophy literature. In summary, the words 

finalis, purpose, serves, motivates, drives, justifies, explains, desire, reason, and teleology are 

used in describing or naming this construct. For purposes of this study, the construct will be 

named as Purpose. The proposition of this construct would thus be that a compatible concept 

specification requires Purpose as a facet that drives, motivates, justifies, or explains the concept. 

4.4.2. Form Construct Overlap Reconciliation 

Aristotle defines causa formalis as “form and pattern are a cause, that is to say the 

statement of the essence genera to which it belongs” (Hooker, 1996) and Heidegger expands 

upon the definition as the shape into which the silver material enters (Heidegger, 1977). There 

appears to be a lack of fidelity with regard to identifying a stakeholder for this facet in the IS 

project stakeholder literature as it could be argued that a subset of the stakeholders, or a superset 

of the stakeholders, are the domain of this facet. The architecture literature standard questions 

would suggest that this facet is the answer to the question “what”. However, a closer 

examination of the architecture definition for the “what” question reveals that this question is 

more closely related to Aristotle’s causa materialis than to causa formalis. Therefore, the IS 
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architecture does not seem to specify this facet. It is also unclear which of the IS requirements 

and analysis methodology perspectives is the domain of this facet. The project success literature 

suggests that this facet is described by the “output” category, where “output” is defined as being 

comprehensive and appropriate (Lederer & Sethi, 1988). The problem solving literature would 

suggest that this facet is an aspect of the “desired state”, but as “desired state” was also used to 

define Purpose, the problem solving literature does not illuminate this facet. In summary, the 

words formalis, form, pattern, shape, desired, output, comprehensive and appropriate are used in 

describing or naming this construct. For purposes of this study, the construct will be named as 

Form. The proposition of this construct would thus be that a compatible concept specification 

requires Form as a facet to define the properties making it appropriate for the identified Purpose. 

4.4.3. Material Construct Overlap Reconciliation 

Aristotle defines causa materialis as “material out of which a thing comes into being and 

which remains present in it” (Hooker, 1996) and Heidegger illustrates as the material out of 

which the chalice is made (Heidegger, 1977). There appears to be a lack of fidelity with regard to 

identifying a stakeholder for this facet in the IS project stakeholder literature as it could be 

argued that shareholder or external stakeholder, or more specifically supplier, are the domain of 

this facet. The architecture literature standard questions would suggest that this facet is the 

answer to the question “what”, which describes what the thing is made of (e.g., bill of materials) 

(Zachman, 1999). It is also unclear which of the IS requirements and analysis methodology 

perspectives is the domain of this facet, though in the information domain the material would be 

the data-centric perspective. The project success literature suggests that this facet is described by 

the “resource” category, where “resource” is defined as time, money, personnel, and 

management support (Lederer & Sethi, 1988). The problem solving literature does not illuminate 
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this facet. In summary, the words materialis, material, bill of materials, time, money, personnel, 

and management support are used in describing or naming this construct. For purposes of this 

study, the construct will be named as Material. The proposition of this construct would thus be 

that a compatible concept specification requires Material as a facet that defines the bill of 

material embedded in an identified Form and once embedded cannot be used independent of the 

identified Form as material to create other Forms in the future.  

4.4.4. Mechanism Construct Overlap Reconciliation 

Aristotle defines causa efficiens as “the person who advises an action, for instance, is a 

cause of the action; the father is the cause of his child; and in general, what produces is the cause 

of what is changed” (Hooker, 1996) and Heidegger illustrates as the silversmith who brings 

about the actual chalice (Heidegger, 1977). There appears to be a lack of fidelity with regard to 

identifying a stakeholder for this facet in the IS project stakeholder literature as it could be 

argued that internal stakeholder or external stakeholder, or more specifically supplier, are the 

domain of this facet. The architecture literature standard questions would suggest that this facet 

is the answer to the question “how” or “who”. However, a closer examination of the architecture 

definition for the “how” question reveals that this question is more closely related with process 

(i.e. input-process-output) (Zachman, 1999) and there is a lack of fidelity with regard to the 

“who” question, as this questions seems associated with the worker, as would fit this facet, and 

the person who would be responsible and have the authority as well (Sowa & Zachman, 1992). It 

is also unclear which of the IS requirements and analysis methodology perspectives is the 

domain of this facet, though the closest perspective is that of the process-centric approach. The 

project success literature suggests that this facet is described by the “resource” category, where 

“resource” includes personnel in its definition (Lederer & Sethi, 1988), but this assignment is 
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ambiguous since the “resource” category has already been assigned to the Material construct. 

The problem solving literature seems to have the same perspective as the architecture and 

methodology literature in that “transform”, defined as a means of transforming the world from 

the current state to the desired state, but this assignment is also ambiguous. In summary, none of 

the literature seems to support this facet; however, it seems likely that this facet is simply 

intertwined within the literature’s process dimensions. For purposes of this study, the construct 

will be named as Mechanism. The proposition of this construct would thus be that a compatible 

concept specification requires Mechanism as a facet identifying the person, perhaps by role, 

which creates an identified Form. 

4.4.5. Construct Gap Reconciliation 

The use of Aristotle’s four causes as the basis of the facet pattern candidate is not a 

perfect fit with patterns found in other literature. There are gaps in the coverage of the four 

constructs: Purpose, Form, Material, and Mechanism. These gaps, when identified, may provide 

the impetus to refine the pattern candidate.  

There is not a good fit between the IS project stakeholder literature and the facet pattern 

candidate. While there is some overlap between shareholder, customer, internal, and external 

stakeholders, there is no apparent fit with special interest or influencer stakeholders. In addition, 

there seems to be a lack of fidelity in the stakeholder definitions that prevent assignment of 

stakeholders to the Form construct and there seems to be a lack of fidelity between internal and 

external stakeholder and the Mechanism construct. As there is no apparent disagreement between 

the IS project stakeholder literature and the pattern candidate, the pattern candidate is assumed as 

a feasible solution from this perspective and resolution of the IS stakeholders to this, or another, 

pattern is left to future research.  
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There seem to be gaps between the IS architecture literature and the pattern candidate. 

While the IS architecture literature seems to provide support through the “why” question for the 

Purpose construct, it appears to have a lack of fidelity with regard to the “what” question and 

whether this question addresses the Form or the Material construct. Additionally, there seems to 

be a lack of fidelity, similar to the fidelity issue associated with the IS stakeholder literature, 

regarding the “who” question. On the other hand, the pattern candidate seems incomplete when 

the “how”, “when”, and “where” are analyzed. The pattern candidate seems to be identify the 

“how” (i.e., input-process-output) question by combining the Form (output), Material (input), 

and Mechanism (input), but the pattern candidate does not illuminate the “process” portion of 

this question. In addition, the pattern candidate constructs seem to be missing the questions 

“where” and “when”.  

There seem to be gaps between the IS analysis and requirements methodology literature 

and the pattern candidate. The IS analysis and requirements methodology literature seems to 

provide support through the goal-centric methodology for the Purpose construct. The pattern 

candidate seems to be identifying the process-centric methodology by combining the Form 

(output), Material (input), and Mechanism (input) but the pattern candidate does not illuminate 

the “process” portion of this question. The data-centric methodology does not seem to fit the 

pattern candidate. While it would seem that the data-centric methodology would describe the 

Material construct, the definition of the Material construct precludes its assignment. The Material 

construct assumes that material, once used to produce some Form, is henceforth unavailable for 

use in other future forms and this limitation is not true of data. Data is not consumed by its use 

and is available for future uses. The object-centric methodologies, combining process and data, 

do not offer any additional facet pattern insight.  
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The project success literature has limited coverage and lacks some fidelity, but it does 

support the constructs within the pattern candidate. The project success literature does not 

specify the Purpose construct, but while it lacks some fidelity, it seems to support the Form, 

Material, and Mechanism constructs. However, it suggests the same limitation in the pattern 

candidate with regard to process.  

The problem solving literature provides limited coverage and fidelity regarding the 

pattern candidate. The problem solving literature suggests three schemas: current, desired, and 

transformational. However, this literature provides no details regarding the structure of these 

schemas. The pattern candidate is attempting to specify the structure for the desired schema and 

it is assumed that the same structure may work for the current schema as well. Confirmation of 

this assumption will be left to future research. The transformational schema suggests the same, 

previously described, limitation in the pattern candidate with regard to process. 

The literature reconciliation suggests that a Process construct is required for the Facet 

Pattern Candidate. Reviewing the aspects of process provided in the so far reviewed literature 

does not reveal a particularly comprehensive or complete definition. Therefore an extended 

review of the business process literature suggests the combining of definitions to achieve a more 

comprehensive definition of process.  

A process is thus a specific ordering of work activities across time and place, with 

a beginning, an end, and clearly identified inputs and outputs: a structure for 

action. (Davenport, 1993) 

 

A process can be defined as the logical organization of people, materials, energy, 

equipment, and procedures into work activities designed to produce a specified 

end result (work product). (Pall, 1987) 
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 A business process is a collection of activities that takes one or more kinds of 

input and creates an output that is of value to the customer. In the case of, say, 

filling an order, the delivery of a good to the customer's hands is the value that the 

process creates. . . . The individual tasks within this process are important, but 

none of them matter one whit to the customer if the overall process doesn't work--

that is, if the process doesn't deliver the goods. (Hammer & Champy, 1993a) 

 

Reviewing process definitions reveals that many of the items are included in the already 

identified facets and reveals that some items are not included in the facets. One question raised 

by the overlap is that the construct process entails at least all of the identified concept 

specification facets suggesting that the identified pattern candidate is a process pattern candidate. 

However, this investigation is concerned with facets of declarative specification for a concept as 

described by a group of stakeholders as part of a shared mental model that is represented by a 

conceptual model. Therefore, the process pattern candidate notion will be set aside and relegated 

to future research and this investigation will focus instead on using the process definitions to 

identify additional facets that should be included in the declarative facet pattern candidate. Using 

those process definitions reveals the following list of candidate facets to be considered for the 

pattern as they are currently not covered by the facet pattern candidate.  

� energy and equipment  

� across time and place, with a beginning, an end  

� specific ordering of work activities (i.e., procedure)  

The literature reconciliation suggests the addition of four constructs and a definition 

refinement to a fifth construct. The construct whose definition is to be refined is Mechanism. The 

four additional constructs are: Energy, Time, Location, and Transformation. The initial definition 

of Mechanism identifies a facet of a concept specification identifying the person, perhaps by 

role, which creates an identified Form. The definition of Mechanism, suggested by the literature 

reconciliation, is a facet of a concept specification identifying the people and tools that direct the 
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application of energy necessary to create an identified Form. Energy, as a facet of a concept 

specification, specifies the energy necessary to perform the transformation creating the identified 

Form. Time, as a facet of a concept specification, identifies when to begin and when to end the 

transformation creating an identified Form. Location, as a facet of a concept specification, 

identifies where the Material, Mechanism, and Energy must be interactively collocated for a 

Time in order to enable the transformation creating an identified Form. Transformation, as a 

facet of concept specification, does not seem to have properties on its own, but instead is defined 

as a nexus mediating Material, Mechanism, Energy, Time, and Location to achieve a Form.  

Reflecting back on the facet pattern candidate basis suggests extensions to Aristotle’s 

four causes that are implied but unstated. The deviation of Mechanism (i.e. causa efficiens) from 

the “person who advises an action” (Hooker, 1996) to “the people and tools that direct the 

application of energy” is an extension to the more general definition of causa efficiens as “in 

general, what produces is the cause of what is changed” (Hooker, 1996). Additionally, it would 

be hard to argue against an extension to the four causes that would suggest that causa efficiens 

and causa materialis must be interactively collocated (i.e., Transform) in time (i.e., Time) and 

space (i.e., Location). Lastly, the addition of Energy to the four causes seems to be a benign 

extension. Therefore, it is accepted that the construct additions to the original four constructs are 

extensions that do not conflict with the original intent of Aristotle’s four causes, though the 

extensions suggest that there are eight causes instead of four. 

4.4.6. Specification Facet Pattern Model 

The refinement process resulted in eight constructs as illustrated in Figure 45. Each of 

these constructs requires a definition in order to control observations in the case analysis. The 

definitions will be derived from the original definitions provided by Aristotle and extended based 
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on constructs suggested by the IS, problem solving, and philosophy literature. In summary, the 

facet pattern candidate would suggest a model of concept specification composed of Form, 

Purpose, Transformation, Material, Mechanism, Energy, Time, and Location as illustrated in 

Figure 45. 

� Purpose - drives, motivates, justifies, or explains the Form 

� Form - properties of some object making it appropriate for the Purpose 

� Transformation – a nexus mediating, by some arrangement, Material, Mechanism, 

Energy, Time, and Location to create a Form 

� Material - the bill of material embedded in the Form  

o once embedded Material cannot be used independent of the Form  

� Energy - the energy necessary to perform the transformation  

� Mechanism - people and tools directing application of energy  

� Time – duration when Material, Mechanism, and Energy are interactively collated  

� Location - where Material, Mechanism, and Energy are interactively collated  

Figure 45: Specification Facet Pattern Candidate Model 
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The Specification Facet Pattern Candidate Model (abbreviated as “Facet Model”) 

suggests that specifications within the context of the Static and Dynamic Models of Concept 

have eight facets. Stated another way the Facet Model suggests that all of the lowest-level 

subordinate propositions will fit one or more of the eight facets such that no propositions can be 

found that do not fit within the eight facets. This model is confirmed in case data. 

4.5. Selection, Collection, and Control 

Observations and deductions within the case data are controlled in this investigation. 

Observations are controlled by focusing on understanding the formulation of concepts. The view 

towards the concepts will be ex post. That is to say that the methodology used does not follow 

the development of an instance of a formulated concept, but instead will start with an instance of 

a formulated concept and look back to identify its influences. This is an overt choice as the 

interest is in the specification fragments included in the final formulation and not the low-level 

details of the iterative process steps. Deductions are controlled through rigorous definition of 

constructs and identification of assumptions as discussed in Section 4.4. 

4.5.1. Case Selection 

The case used in this investigation was chosen because the phenomena of interest were 

transparently observable. The case scope is limited to the application domain to permit better 

control of observations. The data collection utilized an archive of documents generated by the 

case. The case data was analyzed seeking evidence of the conceptual model its coverage and 

suggesting variants that extend coverage. 

The data for this investigation was collected during the course of a problem domain 

framework project. While there was some future intent to develop software products to support 

the framework, the project’s intent was limited to the development of a model independent of 
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software support. Case analysis will be used to identify concept specification fragments that 

drive the formulation of concepts.  

The case used in this investigation is a project to develop an Asset Management 

Framework (AMF) for the United States Army Corps of Engineers (USACE). The scope of the 

AMF project included the full lifecycle investment strategy for the assets controlled by the 

USACE. These assets, and the watersheds they impact, are the artifacts analyzed in this case 

study. An example of a USACE asset is shown in Figure 46. The goal was to provide a 

framework through which the transparent integration of preservation, risk mitigation, budgeting, 

and resource allocation could be achieved across the range of asset lifecycle decisions. The range 

of lifecycle decisions included:  

� Operate – utilize an asset at a particular level of service 

� Maintain – perform maintenance action to maintain the asset’s level of service 

� Develop – create, or significantly change, an asset’s level of service 

� Decommission – cease utilization and dispose of the asset  

� Investigation – assess whether any asset lifecycle decision should be made  

Figure 46: Kaskaskia River Lock & Dam, Ill. 

 
Source: U.S. Army Corps of Engineers (USACE, 2009b)  
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4.5.2. Data Collection 

The AMF project began January 2007 and ended in May 2008. Researchers participated 

on this project which resulted in a report containing recommendations regarding the AMF being 

delivered to the USACE. This participation enhances the documented data of this investigation 

with context provided by meetings, presentations, and discussions. The project began with a 

review of archival documents to understand the current state of asset management, initiate the 

formulation of the AMF, and identify gaps between state of practice and the desired state. These 

gaps led to a series of nine site visits, fourteen conference calls, and two conference 

presentations. These broad audience activities were supplemented by individual telephone 

conversations, emails, and exchanges of working documents to create an electronic document 

repository containing information about the USACE business lines, budgets, processes, asset 

assessment methods, data sources, interview summaries, goals, risks, asset inventories, and asset 

management methods. In all, over one-hundred USACE executives, managers, and specialists 

representing a cross-section of the organization from a diverse set of organizational levels, 

functions, locations, and business lines with a variety of backgrounds and specialties participated 

in the process. The data in the electronic repository was the data used in this investigation. The 

design artifact to be analyzed in this investigation is the specification of physical objects that are 

managed as assets by the United States Army Corps of Engineers (USACE) (e.g., locks, dams, 

levees, etc.). 

4.6. Case Analysis 

The model (Figure 45) suggests eight facets found in a concept specification. These 

facets are based on a perspective for evaluating the propositional truth that an artifact is a 

member of a concept’s membership. The case analysis will seek confirmation in the data that 
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these, and only these, facets are found in concept specification. This confirmation will be 

obtained by seeking evidence that these facets are necessary for a concept specification to be 

functional and complete for a stakeholder and that these facets are necessary for a concept 

specification to be compatible for the set of stakeholders (i.e., functional and complete 

specification for each stakeholder in the set). The approach to the case data will be to analyze 

concept specifications for each of the five major asset lifecycle decisions.  

� Develop  

� Maintain  

� Decommission  

� Operate 

� Investigation  

4.6.1. Develop 

Develop asset management decisions create new assets, or significantly change an asset’s 

level of service. Examples of developing new assets would be to decide to build a new 

hydropower dam, levee, breakwater, bridge, etc. Examples of significantly changing an asset’s 

level of service include adding a new lock chamber to a lock and dam, increasing the height of a 

levee, and adding additional power generation capability to a hydropower dam. Reviewing the 

concept specifications used during these activities show evidence of the facet pattern model.  

Concept specifications associated with these decisions show evidence of all eight of the 

facet pattern model constructs. The specification of the new lock and dam include a purpose, for 

example to facilitate navigation of a segment of a river that otherwise would not permit the 

passing of barge traffic. This specification also includes the Form, a set of propositions that must 

be met with regard to the new lock and dam’s properties. For example, the lock and dam creates 
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a navigable pool of water upstream of the lock, includes lock chamber of a specific size, includes 

gates on either end of the chamber to permit the entry and exit of the barge, and includes a means 

of raising and lowering the water within the chamber to the height of the upstream pool and the 

downstream waterway. This specification describes the Material (e.g., concrete, steel gates, 

control panel, etc.), Mechanism (e.g., cranes, welders, service fleet, etc.), and Energy (e.g., 

diesel, gasoline, electricity, etc.) used in the transformation creating the lock and dam Form. The 

specification also includes the arrangement of Material, Mechanism, and Energy’s interactive 

collocation (i.e., Time and Location) describing the progression of Transformations that result in 

the lock and dam’s Form. For example, the Transformation specification orders excavation, 

which is the interactive collocation of excavation equipment (i.e., Mechanism), diesel fuel for the 

equipment (i.e., Energy) with the riverbank and riverbed (i.e., Material) at the appropriate spot 

on the river (i.e., Location) that must occur before the concrete can be poured and must be 

completed before next month in order to complete the project on time (i.e., Time).  

The evidence suggests that all eight facets are necessary to have a compatible 

specification for all the relevant stakeholders. While each individual stakeholder may focus on 

only a fragment of the specification, the fragments interact along the boundaries of the eight 

identified facets. No evidence was found in the case that development could be accomplished 

without all eight facets occurring in the specification. No evidence was found suggesting that the 

development of a new asset or the significant change an asset’s level of service decision 

specifications could be specified without all eight facets when all stakeholders were included and 

no evidence was found suggesting the presence of additional facets.  
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4.6.2. Maintain 

Maintain asset management decisions maintain the desired level of service of the asset. 

Examples of maintenance actions would be to decide to replace a broken or stressed hinge on a 

lock and dam gate, lubricate moving parts on a lock and dam, repair erosion damage on a levee, 

dredge a channel, etc. Reviewing the concept specifications used during these activities show 

evidence of the facet pattern model.  

Concept specifications associated with these decisions show evidence of all eight of the 

facet pattern model constructs. The specification of the gate hinge replacement on a lock and 

dam includes purpose, for example to facilitate navigation of a segment of a river that otherwise 

would not permit the passing of barge traffic. This specification also includes the Form, a set of 

propositions that must be met with regard to the lock and dam’s properties after the replacement 

has occurred. For example after the hinge is replaced, the lock and dam’s gate hinge has the 

same strength as specified when the gate was new and the gate can be opened and closed to 

permit entry and exit of barge traffic. This specification describes the Material to be used in the 

gate hinge replacement (e.g., the broken lock and dam gate, the new hinge, welding rods, etc.), 

describes the Mechanisms (e.g., crane, crane operator, service boat, welder, etc.), and describes 

the Energy (e.g., fuel for cranes and service boats, as well as electricity for the welding 

machines) used in creating the repaired lock and dam gate (i.e., Form). The specification also 

includes the Transformation that describes the arrangement of Material, Mechanism, Energy, 

Time (e.g., the repair must be completed before the end of the published downtime for the lock 

and dam), and Location (e.g., the upstream gate).  

The evidence does not illuminate any additional facets that are necessary to have a 

compatible specification for all the relevant stakeholders. While each individual stakeholder may 
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focus on only a fragment of the specification, the fragments interact along the boundaries of the 

eight identified facets. There was a subclass of decisions found in the Maintenance lifecycle 

decision class that appears to be an example of an Operate decision. One example of this class of 

maintenance decision is to exercise the gates on a dam (i.e., raise and lower the gates 

periodically as a maintenance action). Operation lifecycle decisions will be discussed in a later 

section. No evidence was found suggesting maintenance decision specifications could be 

specified without all eight facets when all stakeholders were included and no evidence was found 

suggesting the presence of additional facets.  

4.6.3. Decommission 

Decommission asset management decisions cease utilization of an asset and dispose of it 

through demolition, transfer of ownership, or mothballing. Examples of decommissioning assets 

include the demolition of dams that no longer fulfill their intended purpose, transferring 

ownership of levees to state governments, and the mothballing of structures that are not intended 

for use in the foreseeable future. Reviewing the concept specifications used during these 

activities show evidence of the facet pattern model. 

Concept specifications associated with demolition and mothballing decisions show 

evidence of all eight of the facet pattern model constructs. The specification of the demolished 

dam includes a purpose, for example to reduce the negative environmental impact caused by an 

impoundment. This specification also includes the Form, the set of propositions that must be met 

by the site after the dam has been demolished (e.g., including the clean up of rubble, removal of 

any hazardous waste, and in general the return of the site to its previous natural condition). This 

specification describes the Material that is to be used in the demolition (e.g., the dam itself), 

describes the Mechanism (e.g., heavy equipment, etc.), and describes the Energy (e.g., 
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explosives, fuel, etc.) used in the Transformation. The specification also includes the 

Transformation that describes the arrangement of Material, Mechanism, Energy, Time (e.g., the 

demolition must occur after the pool has been drained), and Location (e.g., where on the dam the 

explosives must be placed).  

The evidence does not illuminate any additional facets that are necessary to have a 

compatible specification for all the relevant stakeholders. The transfer of ownership decisions 

did not physically change the asset. Transfer of ownership decisions appear to be a specification 

of information as opposed to specification of a physical object and there seems to be a different 

set of patterns for the specification of information. With the exception of the transfer of 

ownership decision, no evidence was found suggesting decommissioning decision specifications 

could be specified without all eight facets when all stakeholders were included and no evidence 

was found suggesting the presence of additional facets. 

4.6.4. Operate 

Operate asset management decisions utilize an asset at a particular level of service. 

Examples of asset operation include the utilization of a hydroelectric dam to produce power, the 

utilization of a lock and dam to raise, or lower, a barge to navigate a river, the utilization of a 

levee to control flood waters, the use of a tract of land for grazing, and the use of a dam to create 

a pool of water for water supply and recreation. Reviewing the concept specifications used 

during these activities show evidence of the facet pattern model. 

Concept specifications associated with operation decisions show evidence of the facet 

pattern model constructs, but from a different perspective. The operation of assets appears to 

fulfill a role in one of two constructs: Mechanism or Location. The utilization of a hydroelectric 

dam to produce power for the community (i.e., Purpose) fulfills the role of Mechanism. At a 
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hydroelectric dam, Material is water that is above the dam before the Transformation and that 

water is below the dam after the Transformation (i.e., Form). Energy is stored in the water above 

the dam and that energy is focused by the dam (i.e., Mechanism) and utilized to turn a turbine 

that produces electricity (i.e., Form). This Transformation is enabled by the interactive 

collocation (i.e., Time and Location) of Material, Mechanism, and Energy creating the Forms 

“water below the dam” and “electricity” to distribute to the community. This same pattern is 

evident in the utilization of a lock and dam to raise or lower a barge. The utilization of a levee to 

control flood waters fulfills the role of Mechanism though this utilization implies that the 

Purpose is to prevent a Form (e.g., a tract of land is flooded). The use of a tract of land for 

grazing fulfills the role of Location where the grass and the livestock are interactively collocated. 

The use of an office building also fulfills the Location role where people and their office 

equipment are interactively collocated.  

The evidence does not illuminate any additional facets that are necessary to have a 

compatible specification for all the relevant stakeholders. However, utilization in operations 

seems to shift the focus from the declarative concept specification (i.e., the asset being 

described) to a procedural concept specification (i.e., the process in which the asset is utilized). 

In the case of operation decisions, no evidence was found that physically changing an asset could 

be accomplished without all eight facets.  

4.6.5. Investigate 

Investigation asset management decisions determine whether any lifecycle decision 

should be made for an asset. Investigations at the USACE identify large, potentially expensive, 

decisions that will require a specific allocation of budget. However, whether the investigations 

are large or small they all seem to fit a general pattern of concept specification. Examples of 
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investigations, using the expanded definition, include development of economic models for a 

river system to determine whether there is enough potential traffic to justify a system of locks 

and dams, performance of dam safety inspections to determine whether maintenance actions are 

required, environmental assessments to determine whether the demolition of a structure can be 

performed without significant environmental impact, and analysis of traffic patterns to determine 

when and for how long a lock and dam should be operated. 

Though there are similarities, investigation decisions do not seem to fit the facet pattern 

candidate. For example, an inspection is performed to judge the structural condition of a lock and 

dam. The lock and dam is not changed in any way (i.e., not Transformed), but measurements and 

observations are made of the lock and dam with the purpose of deciding whether a lock and dam 

meets the specification of some Form for some Purpose (e.g., to facilitate navigation of a 

segment of a river that otherwise would not permit the passing of barge traffic). Purpose seems 

to remain intact as a facet that drives, motivates, justifies, or explains the Form. Form also seems 

to remain intact as a definition of the properties for the identified Purpose. However, the result of 

an investigation may find that the requisite value for an attribute (i.e., a property) is not 

appropriate for the Purpose. For example, a crack may be found in a dam wall that is not the 

desired value for the “operational lock and dam” Form and the investigation does not change the 

dam to make it fit the Form. The definitions for Material and Mechanism do not fit 

investigations. Material is not Transformed as was found for other decision specifications. For 

example, observing a dam wall to identify a crack does not change the dam wall. Mechanism 

does not identify the people and tools that direct the application of energy necessary to perform a 

Transformation. While a dam inspection may use people and tools to perform the inspection, it 

does not apply the energy to the dam with the intent to change it, but it may apply energy to 
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power a sensor. Time and Location as definitions are equally problematic because of their 

references to transformation.  

The case analysis would therefore suggest that the facet pattern does not apply to the 

investigation class of decisions. This limitation of the facet pattern would suggest that the scope 

of the facet pattern fits the physical realm, but does not fit the information realm. The data does 

suggest that the investigation pattern has similarities with the physical change to a physical 

object, but future research is necessary to identify informational facet patterns.  

4.7. Discussion 

The findings of this investigation are a contribution for research and practice. The 

application domain has long been found to be important (Taggert and Tharp 1975; Davis 1982) 

and this investigation responds to a call for research in the area of application domain knowledge 

(Robert L. Glass & Vessey, 1992; 1998). Little IS research has focused on understanding how 

concepts emerge and evolve within the application domain. In practice, a lack of domain 

knowledge has been recognized as an issue (Curtis, Krasner et al. 1988) and necessary for 

application solution effectiveness (Blum, 1989a; Robert L. Glass & Vessey, 1992). Further, 

ineffective requirements are known to pose a significant risk to IS projects (Tiwana and Keil 

2004; Wallace, Keil et al. 2004). 

Research questions concerning a pattern of multifaceted specifications in the application 

domain were examined in this investigation. The approach to answering these questions included 

a review of potential patterns in the IS, problem solving, and philosophy literature, selecting a 

pattern and reconciling it with the literature, and confirming the pattern within an application 

domain case. This section will discuss this investigation’s findings, limitations, and implications.  
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4.7.1. Findings 

This investigation provides answers to the two questions driving this investigation. First, 

this investigation’s case analysis found empirical support for the Specification Facet Pattern 

Model, which identifies a pattern of recurring facets in concept specifications for physical 

objects in the application domain. Second, this investigation found theoretical support for the 

Specification Facet Pattern Model through a multi-disciplinary synthesis of prior research using 

Aristotle’s four causes as the kernel upon which the model was developed. The case data 

suggests that the scope of relevance for the Specification Facet Pattern Model is the description 

of physical objects and the model is therefore renamed to Physical Object Concept Specification 

Facets to capture this limitation. The evidence of this limitation was found within the 

investigation class of asset management decisions. The evidence suggests that all eight facets are 

necessary to have a compatible specification for all the relevant stakeholders for all cases of 

describing physical object concepts and there was no evidence in this case of additional facets 

when all stakeholders’ perspectives were included in the specification. While each individual 

stakeholder may focus on only a fragment of the specification, the fragments interact along the 

boundaries of the eight identified facets. The pattern model does not provide an explanation for 

all of the stakeholder interaction, so additional research will be required to fill the gap.  

The case data suggests an attitude towards Purpose, which is a construct in the Physical 

Object Concept Specification Facet Model. Attitude is defined as referring “solely to a person’s 

location on a bipolar evaluative or affective dimension with respect to some object, action, or 

event. An attitude represents a person's general feeling of favorableness or unfavorableness 

toward some stimulus object" (Fishbein & Ajzen, 1975 p. 216). The existence of attitude towards 

Purpose suggests a need to change the construct name from the favorable connotation to a name 



 

 204 

with a more neutral connotation such as Outcome. The refined model is illustrated in Figure 47. 

The case data suggests that some Outcomes are not wanted and are to be avoided while other 

Outcomes are desired and stakeholders endeavor to achieve them. For example, a “safe lock and 

dam”, as a Form, is associated with several Outcomes to be avoided including “avoid injured 

workers”, “avoid the dam’s catastrophic failure”, and “avoid damaged barges”. Likewise, a levee 

is constructed to avoid flooding of an area adjacent to a river, while an “operational lock and 

dam” supports the navigation of barge traffic, which is an Outcome that is desired. Sorting out 

the relationships and definitions between avoided and desired Outcomes is an area of future 

research.  

Figure 47: Physical Object Concept Specification Facets  
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The case analysis suggests an additional facet pattern model. There was evidence in the 

case of each previously described Physical Object Concept Specification Facets playing the role 

of Mechanism or Location for some artifact. Within this context where asset management at the 

USACE focuses on long-lived assets, these two roles can be understood, but it could easily be 

imagined in that in another context the Physical Object Concept Specification Facets could play 
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the role of Material or Energy. The facet pattern suggested by these observations does not 

invalidate or challenge the Physical Object Concept Specification Facets, but instead suggests 

that the pattern changes when the focus is shifted from a physical object as an artifact. The shift 

in focus is to the Transformation facet and this shift suggests a pattern herein named the Physical 

Action Concept Specification Facets (Figure 48).  

Figure 48: Physical Action Concept Specification Facets 
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Making this shift in focus would suggest concept specifications for events, would have a 

concept label when there is perceived regularity in events (Novak, 1990). An event is defined as: 

“That which follows upon a course of proceedings; the outcome, issue; that which proceeds from 

the operation of a cause; a consequence, result.” (OEDOnline, 1989). Using the same 

comparators as for Physical Object Concept Specification Facets, a compatible Physical Action 

(i.e., event) Concept Specification may be said to be compatible when for each stakeholder the 

concept specification is functional and complete. So given these definitions, the shift in focus 
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would suggest the Physical Action Concept Specification Facets would be that shown in Figure 

48. Future research will need to confirm this finding. 

The case analysis suggests that the facet pattern models described in this investigation do 

not apply to the information realm as described in Section 4.6.5. As the information realm is a 

major domain of information systems, this is a large gap that needs to be filled. The data does 

suggest that the information realm patterns have similarities with those presented in this 

investigation. Future research should therefore identify informational facet patterns using these 

patterns as a starting point. 

4.7.2. Limitations 

This investigation has limitations. A goal of this research is to improve application 

domain understanding and given the early exploratory nature of the investigation did not 

measure comprehension directly. In addition to this limitation, there are four problems to 

overcome when using a case study research methodology: controlling observations, controlling 

deductions, allowing for replication, and allowing for generalization (Lee, 1989). The control of 

observations and control of deductions is believed to be sufficient in this investigation though 

they could be improved with more formal instruments, protocols, and definitions. This 

investigation did not address replicability, as a second investigator was not used to assure results 

can be replicated, nor was generalizability addressed as the findings are based on a single case. 

As an early step in an ongoing theory building research stream, the primary aim of this 

investigation was to lay the foundation by identifying model constructs and a theory. From that 

perspective the limitations are acceptable, but future research will need to address these 

limitations. 
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4.7.3. Implications for Research 

The findings suggest potential for the enumeration of stakeholders within the application 

domain. While IS project stakeholder literature suggests stakeholder roles represent facets 

(Woolridge et al., 2007), to date the literature provides limited support for stakeholder 

identification as it provides only broad categories within which stakeholders may be identified. 

This investigation’s model suggests another, though currently limited, means of stakeholder 

identification, which would assume that there are one or more stakeholders for each facet of this 

investigation’s models. Using this approach would assume for example that there is a customer 

stakeholder whose interests are those of the Outcome facet, a supplier stakeholder whose 

interests are those of the Material facet, a producer stakeholder whose interests are those of the 

Mechanism facet, etc. However, this investigation’s model is incomplete as it does not address 

information stakeholders as the current model only suggests physical object and physical action 

stakeholder roles. Future research is needed to both pursue this possibility and address the 

current model limitations.  

The findings suggest an important element for adaptive information systems. Prior 

research has suggested a set of criteria for adaptive information systems. These criteria 

encompass both structural and dynamic aspects. One of those criteria is that an adaptive 

information system must enable the multi-stakeholder dynamics of contribution and co-

adaptation and the structure enabling facet perspectives by stakeholder and a union perspective 

for the stakeholder network for each of the structural aspects of specification, artifact, 

consequence, and experience. In the case of specification (as illustrated in the oval on the left of 

Figure 44), stakeholders contribute a specification facet (#24 in Figure 44) to a combined 

specification union (#25 in Figure 44). This investigation’s models suggest the specification 
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union pattern that permits multiple stakeholder interaction and enables a compatible specification 

for all stakeholders when the focus of the specification is a physical object or a physical action. 

Future research is needed to both pursue this possibility and address the current model 

limitations. 

4.7.4. Implications for Practice 

This investigation has implications for practice. The implication is that each physical 

object specification should include each of the eight facets of the Physical Object Concept 

Specification Facets focused on Form, where focus identifies what is being specified. When 

specifications are being developed that lack one or more of the facets, additional specification 

development is suggested and stakeholders able to provide the missing facet can be identified. 

The implication is that the specification of events in the physical realm should include the twelve 

facets of the Physical Action Concept Specification Facets focused on Transformation. While 

some of the facets may be out of scope for the project, for example the transformation of Energy 

(e.g., diesel fuel that powers a crane, as Mechanism, to create an attached gate on a lock 

chamber, as Form) may be a waste product that is of no interest to the project, the twelve action 

facets suggest the need to validate and verify with stakeholders those specification facets. The 

performance of this validation and verification may lead to higher specification compatibility.  

4.8. Future Research 

The evidence is sufficient to suggest this investigation’s findings, but there is a need to 

address this investigation’s limitations and expand upon the findings with future research. Future 

research should address limitations of this investigation in areas of assuring findings through 

replication and determining the scope of generalizability. Additional investigations are needed to 

formalize the instruments and protocols to ensure the validity of these initial findings to permit 
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replicability. As this investigation used only a single investigator, additional multi-investigator 

studies are needed to achieve higher-levels of replicability. Future research should extend the 

cases against which the model identified in this investigation is tested in order to identify the 

boundaries of generalizability.  

Future research is needed to both pursue the implications of this investigation and to 

address the current model limitations. The model suggests a means of identifying stakeholders, 

but does not provide an explanation for all of the stakeholder interaction, for example 

information stakeholders are not addressed by the model. The findings identify the existence of 

attitude regarding Outcome’s, but further research is required to sort out the relationships and 

definitions of avoided and desired Outcomes. This investigation identified a model for physical 

actions, but further research is required to confirm this finding. This investigation identified 

models describing physical object and physical action patterns, but also found that those models 

do not fit the informational realm, so research should begin to identify patterns in the 

informational realm. 

Future research should continue to explore the structural and methodological 

requirements of a highly adaptive information system. Due to the potential scope, this research 

should heavily leverage prior research through synthesis from multiple disciplines. The initial 

goal is a theoretically-grounded model of highly adaptive information systems that complies with 

the criteria set forth in prior research. This model of highly adaptive information should extend 

the specification facet patterns confirmed in this investigation to reduce impedance of multi-

stakeholder contribution and co-adaptation.  
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4.9. Conclusions 

This investigation extends research in an area that has had little IS research, but is 

recognized as important to the development of IS. The theoretically and empirically grounded 

models identified in this investigation begin to shed light on a set of dimly perceived structural 

information patterns within the application domain from which IS requirements are determined 

that previously could not be elucidated. These patterns were ubiquitous to thirty projects across 

seven firms and four industries that occurred over a period of fifteen years. These patterns were 

unaccounted for in the methodologies and best practices used in industry and were not elucidated 

in research. The patterns suggest additional methods, techniques, and tools that could 

significantly improve both the speed and effectiveness of IS requirements determination. For 

example, when the facets that must be specified are known then, identification of questions and 

stakeholders to ask them of is greatly simplified. In addition, the pattern suggests a mechanism 

for collaboration, communication, and integration that may significantly reduce the stakeholder 

communication impedance resulting in much higher levels of requirements determination 

effectiveness and efficiency. This investigation, as a step in an ongoing stream of research, 

identified a theoretically and empirically grounded set of application domain specification 

pattern models to be tested in future studies.  
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CHAPTER 5: DISCUSSION  

This investigation, as part of an ongoing stream of research, produced findings. These 

findings have limitations. The following sections discuss these findings and limitations. 

5.1. Findings 

This investigation is part of an ongoing stream of research to identify and define the 

patterns dimly perceived in practice. This investigation, as well as the research stream, used 

theory building using case studies as its research methodology. The building of theory with case 

studies is highly iterative and tightly linked to data (Eisenhardt, 1989a). This investigation 

produced findings from a number of iterations that are supported by the data. The iterations in 

the data are supported by iterations in the literature seeking theoretical grounding for the findings 

and seeking theoretically grounded constructs in the data. This investigation found answers to the 

following research questions: 

� What theory explains the notion of specification?  

� What model describes specification structure?  

� What theory explains the emergence and evolution of specification? 

� What model describes specification emergence and evolution? 

� What theory explains the specification pattern notion?  

� What model describes the observed specification patterns?  

The first study found a theory explaining the formulation and evolution of application 

domain knowledge as represented by specifications. First, this study found that application 

domain knowledge is formulated as a set of concepts, defined according to categorization theory, 
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by a set of interacting stakeholders. Second, this study found that concept specifications are 

formulated and evolve based on seven propositions. Lastly, this study found that formulation and 

evolution are understood using CAS theory such that application domain knowledge is 

formulated, and is evolved, by a CAS. 

The second study found that the findings from the first study are replicable in the project 

domain. The case selected to test was one less likely for the findings to hold because while there 

is some support in the literature for CAS theory to apply to projects utilizing an agile method, 

there is little research applying CAS theory to a project utilizing a traditional planned method. 

This study found that project domain knowledge is formulated and evolves based on the six 

propositions tested in this case. The finding that these six propositions hold in the case suggests 

that specification formulation and evolution is performed by a CAS. These findings when added 

to previous findings that application domain knowledge is performed by a CAS, suggests that IS 

are developed for CAS by CAS. 

The last study found a theoretically grounded structural information pattern that is 

utilized during the application domain specification formulation and evolution process. First, this 

study found that multifaceted specifications in the application domain fit the facet pattern 

candidate model theoretically grounded on Aristotle’s four causes. Lastly this study found that a 

variant of the declarative specification pattern model that fits procedural specifications.  

5.2. Limitations 

This investigation has limitations. There are four problems to overcome when using a 

case study research methodology: controlling observations, controlling deductions, allowing for 

replication, and allowing for generalization (Lee, 1989). The control of observations and control 

of deductions is believed to be sufficient in this investigation though they could be improved 



 

 218 

with more formal instruments, protocols, and definitions. This investigation did not address 

replicability, as a second investigator was not used to assure results can be replicated. 

Generalizability was addressed in a limited way as the findings regarding the structure, 

emergence, and evolution of specifications was confirmed in two domains (i.e., application and 

IS project domains). However, generalizability was not addressed regarding the specification 

pattern findings as they are based on a single case. As an early step in an ongoing theory building 

research stream, the primary aim of this investigation was to lay the foundation by identifying 

model constructs and a theory. From that perspective, the limitations are acceptable, but future 

research will need to address these limitations. 
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CHAPTER 6: IMPLICATIONS 

The studies in this investigation are a contribution to research and practice. This 

contribution is focused around the identification of specification structure, emergence, evolution, 

and patterns. From a research perspective, this investigation identifies theories and models that 

are grounded in prior research and case data. From a practice perspective, this investigation 

improves understanding regarding requirements inadequacy and volatility. The following 

sections will discuss some of this investigation’s implications for research and practice.  

6.1. Research Implications 

This investigation is a contribution to research. The contribution is made in areas of 

application domain, requirements determination, stakeholder collaboration, IS scientific 

investigation methods, and ontological modeling. These contributions will be discussed in the 

following paragraphs.  

There have been calls for research focused on the application domain (Zani 1970; Glass 

and Vessey 1995; 1998), where IS projects produce solutions for an application domain (Hale, 

Sharpe et al. 1999a; Khatri, Vessey et al. 2006). A lack of knowledge about the application 

domain is a major IS project issue (Curtis, Krasner, & Iscoe, 1988). This investigation provides 

three theoretically and empirically grounded model types composed of twenty-seven constructs 

and eighteen propositions. These models provide as avenues of study to improve understanding 

of the structure and dynamics found within the application domain. This understanding can lead 

to improved IS solutions to application domain problems.  
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Requirements determination (i.e., specification) has long been recognized as important 

(Taggert and Tharp 1975; Davis 1982) and IS requirements inadequacy and volatility are major 

IS project risks leading to failed, over budget, or over schedule projects (Tiwana & Keil, 2004; 

Wallace & Keil, 2004). The model types found in this investigation provide as avenues of study 

to improve understanding of the structure and dynamics found within the requirements 

determination process. This understanding can lead to improved IS requirements determination 

methods, techniques, and tools that may improve the IS project success rate. 

Effective diverse stakeholder collaboration produces synergistic solutions to complex 

problems (Carlile, 2004; Hardy, Lawrence, & Grant, 2005; Levina, 2005). The model types 

found in this investigation provide as avenues of study to improve understanding of the structure 

and dynamics governing stakeholder collaboration. Further, the specification patterns found in 

this investigation suggest a mechanism enabling stakeholder collaboration to result in a 

functional, complete, and compatible solution. Extensions of the physical patterns found in this 

investigation may lead to more effective collaboration outside of the physical domain.  

The nature of ontology from the perspective of its static and dynamic aspects is the 

subject of ontological research (Guarino, 1995; Kuhn, 2001). Further, open questions in ontology 

research include identifying how static and dynamic aspects can be captured in an ontology, 

identifying whether ontologies can be said to be sound and complete, and identifying how 

ontologies can be verified and validated (Sharmon, Kishore, & Ramesh, 2007). The models 

developed and confirmed in this investigation suggest the principles that impact the emergence 

and evolution of an ontology. The specification patterns for physical objects and physical actions 

begin to shed light on how to model both static and dynamic aspects in an ontology. The 

specification patterns also suggest guidance to determine function, completeness, and 
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compatibility of specification; as well as providing measures to aid in verification and validation 

of an ontology.   

This investigation suggests criteria to judge, as well as theories, models, and patterns for, 

a new class of IS. While limited, the theories, patterns, and models of this investigation have the 

potential to address the essence of the IS development problem through the development of 

Persistently Adaptive Information Systems (PAIS). This investigation suggests criteria for this 

new class of IS that are formed by the collaboration of multiple stakeholders, which are not 

crippled by requirements inadequacy and volatility because the constantly emerge and evolve.  

The utilization of case studies is one method of theory building research (Eisenhardt, 

1989a). Design science is a method to create artifacts that solve identified problems (Hevner et 

al., 2004). This investigation integrates these two methods. This investigation utilized design 

science tenets as an organizational framework that adds rigor to model development, identifies 

investigation boundaries, provides focus, guides deduction, and aids observation control. The 

utilization of design science together with theory building with case studies in this investigation 

suggests improvements to case research investigations by helping to address two limitations of 

case research, which are control of deductions and control of observations. 

6.2. Practice Implications 

This investigation is a contribution to practice. The contribution is made in areas of IS 

requirements inadequacy and volatility. IS requirements inadequacy and volatility are major IS 

project risks leading to failed, over budget, or over schedule projects (Tiwana & Keil, 2004; 

Wallace & Keil, 2004). These contributions will be discussed in the following paragraphs.  

This investigation contributes to understanding and suggests actions to address 

requirements inadequacy. The findings of this investigation suggest an explanation to an often 
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heard refrain from IS development teams: “The users do not know what they want. If they would 

just tell us what they want, we could build it.” The model describing the emergence and 

evolution of specifications (i.e., requirements) suggests that users do not know what they want 

and further, that they cannot know what they want. This is due to the specifications being the 

result of multiple stakeholder interaction, co-adaptation, and contribution, where the “goodness” 

of the specification cannot be known until after the consequences of its use have been measured 

by all the stakeholders who contributed. These consequences initiate another round of co-

adaptation and contribution towards a specification that is persistently changing. This 

investigation does suggest analysis tools to enable this stakeholder collaboration that can 

improve the specification change management. In addition, the investigation, through the 

specification pattern models, suggests criteria by which to judge the completeness of 

specifications.  

This investigation contributes to understanding the evolving approach to IS development 

in practice as a function of the basic nature of requirements volatility. This investigation provides 

theoretical support for the methodological evolution towards more iteration in IS development 

methodologies. In addition, this investigation provides theoretical support for the methodological 

evolution towards the increasing use of prototyping. The models of this investigation may 

suggest both additional explanations and areas of future evolution in methodologies.  
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CHAPTER 7: CONCLUSIONS 

The hardest single part of building a software system is deciding precisely what to 

build. . . . No other part of the work so cripples the resulting system if done 

wrong. No other part is more difficult to rectify later. (Brooks, 1987) 

 

Two decades later, the problem remains. Information System’s (IS) requirements 

inadequacy and volatility are major IS project risks leading to failed, over budget, or over 

schedule projects (Tiwana & Keil, 2004; Wallace & Keil, 2004). Brook’s often cited article 

(1987) points out that addressing the essence of the IS development problem requires addressing 

the problem of “fashioning of complex conceptual constructs”. 

As specification is an important aspect of construct “fashioning”, this investigation 

enables the understanding of construct “fashioning”. The understanding of construct 

specification is enabled by the proposed theoretically and empirically grounded integrated 

framework that is unaccounted for in research and practice. This integrated framework explains 

the structure, emergence, evolution, and patterns of specifications.  

The ongoing research stream, of which this investigation is a part, is useful and 

necessary. The implications of this investigation suggest future research to advance 

understanding and propose improvements in areas of application domains modeling, 

requirements determination processes and practices, stakeholder collaboration approaches, and 

integrating static and dynamic representations of ontologies. From a research methods 

perspective this investigation suggests the integration of design science with case research in 
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order to add rigor to model development, identify investigation boundaries, provide focus, guide 

deduction, and aid observation control.  

In addition and while limited, the theories, patterns, and models of this investigation have 

the potential to address the essence of the IS development problem through the development of 

Persistently Adaptive Information Systems (PAIS). This investigation suggests criteria for this 

new class of IS that are formed by the collaboration of multiple stakeholders, which are not 

crippled by requirements inadequacy and volatility because the constantly emerge and evolve.  
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