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ABSTRACT 
 

 

 

Component reuse is the use of components (e.g. subsystems or single objects) of one 

application in another application, and individual informal reuse has been common 

since the first programs were written. However, organization-wide component reuse, 

also known as Component-based Software Engineering (CBSE), has yet to gain 

universal acceptance despite the benefits having been recognized since the late 1960s. 

The initial barriers to its implementation were related to technical incompatibility. 

Applications were specifically written for a particular computer’s hardware/operating 

system and its components did not run on other systems. Research focussed on solutions 

to technology-related barriers. By the 1990s, many of the technical issues had been 

addressed, but the take-up rate of CBSE remained low, prompting an increased research 

interest into non-technical issues. The research question in this study is “What are the 

non-technical barriers to the organisation-wide adoption of CBSE and how do these 

barriers manifest themselves?”. The key non-technical barriers were identified as social 

interaction, human and organizational systems issues, which formed the basis of the 

three research questions.  

The research methodology utilized in this study was Evidence-based Software 

Engineering (EBSE). It has its origins in Evidence-based Medicine and has rapidly 

gained favour since its introduction in 2004. It comprises a two-stage process of first 

identifying and then validating a solution to a well-defined problem. The first stage is a 

focussed Systematic Review (SR) of the literature, usually by auto-searching electronic 

databases of related publications. The resulting candidate solution is then applied in an 

industry environment to validate it. For this thesis, a two-stage strategy, the Bi-Level 

Search strategy, was developed for the SR search. It utilized the recall strength of auto-

searching of databases with search strings (stage DB), combined with the precision of 

manual reference-based searching of bibliographies, with the addition of citation lists 

(stage BC). 

The database search of three major databases, IEEEXplore, ACM Digital Library and 

ScienceDirect yielded four relevant studies, while the bibliographic/citation search of 

those four studies yielded an additional three studies. A draft Social, Human and 

Organizational Factors for Reuse Adoption (SHOFRA) model was developed from 
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these seven studies, inspired by Keidel’s Organizational Design Framework and guided 

by Contingency Theory, Organizational Theory, Management Theory and Systems 

Theory. The draft model consisted of 12 attributes, each with three factors. Each factor 

represents autonomy, control or co-operation. The hypothesized influences of these 36 

factors were developed from the literature. The hypotheses were validated qualitatively, 

which facilitated a better understanding of the software development and changes to its 

processes than do quantitative methods. Data collection was by field oriented interviews 

that were not concerned with statistical generalizability.  Nine experienced software 

engineers were interviewed, the number of subjects having been determined using the 

data saturation method. Of the 36 hypotheses, 35 received at least a two-thirds support, 

with 20 hypotheses receiving unanimous support. Subsequent analysis identified 18 

factors with a favourable influence, 16 factors with an unfavourable influence and two 

factors that are neutral.  

The final SHOFRA Model can be applied to an organization to assess its ability to adopt 

CBSE, and areas found to be deficient can then be rectified. The model is designed to be 

customized to reflect the individual needs of the organization at the time of starting a 

reuse program. The resultant prepared organization has the best chance of successfully 

adopting CBSE. The typical prepared organization can be described as 11% 

autonomous, 33% controlling and 56% co-operative. 

Previous similar studies have not been based on organizational theories and have been 

coarse-grained. The major contribution of this thesis is that utilizing Keidel’s 

Organizational Design Framework allowed a much more fine-grained approach and the 

identification of 36 factors, resulting in a better understanding of the influences of non-

technical factors on the adoption of CBSE. Organizations can use the resulting 

SHOFRA Model to assess their capability of successfully adopting organization-wide 

CBSE, prior to starting the implementation process, and in this way they can more 

accurately estimate the costs of CBSE implementation.  

The outcome of this research has the potential for savings in time, money and effort for 

organizations embarking on the implementation of systematic component reuse, by 

increasing the success rate of such implementations. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Introduction 

The use of components in manufacturing first came into common use during the 

industrial revolution. It resulted in economical and speedy manufacture, as well as 

achieving a consistency in quality unobtainable previously.  

Perhaps the most widely known use of ‘manufacture-with-components’ is the motor 

vehicle. When cars were first developed, they too were bespoke, with the manufacture 

of the moving parts often undertaken separately from the rest of the vehicle, which was 

done by coachbuilders to the individual customer’s specifications. The first petrol-

powered vehicle was patented by Karl Benz in 1886. Only 15 years later, in 1901, 

Ransom Olds was producing the Oldsmobile Runabout from standardized components 

on a moving assembly line. By 1913, Henry Ford had adopted this production process 

for the Model T, and the customer price of motor vehicles plummeted. Within 20 years, 

manufacturers who did not use this method were going out of business. In the following 

decades, the explosion of different models at Ford, and the US motor vehicle industry as 

a whole, resulted in a decline in component reuse and a corresponding increase in 

manufacturing costs and the price for the customer; the opposite of what led to Ford’s 

initial success. Only in the 1990’s did Ford take steps to re-introduce component reuse 

in order to reverse this alarming trend (Nevins et al., 1999).  

In contrast, the first recognizably modern electrically powered computers were created 

in the 1940s, around the same time of the decline in the reuse of components in the US 

motor vehicle industry. Seventy five years later component reuse in software 

engineering has yet to gain universal acceptance. The reasons for the slow adoption 

were originally related to technical incompatibility and research concentrated on 

achieving component compatibility across platforms. By the 1990s, the more significant 

of these barriers had been addressed and technical progress took the form of improving 

rather than enabling. Despite this, organization-wide component reuse (also known as 
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CBSE, component-based software engineering) did not enjoy the expected popularity; 

there were still barriers to its adoption and these were non-technical in nature.  

The objective of this study is to identify and better understand the organizational and 

socio-cultural barriers to the adoption of CBSE, in order to develop a model that will 

assist in the successful adoption of CBSE 

A misunderstanding of the prior experiences and knowledge of the individuals involved 

in innovation adopted can lead to a misuse or complete failure of the innovation. Often, 

this also leads to failure of subsequent attempts of different but similar innovations 

(Rogers, 2003).  To that end, an historical perspective is adopted for the background of 

this research, because the cultural aspects of technology can often only be fully 

understood if the historical context is considered. 

 

This chapter first outlines the importance of component-based software engineering 

(CBSE) and briefly examines some of the reasons why its widespread adoption has been 

slower than expected (Section 1.2). Section 1.3 presents the research objectives, overall 

research problem and specific research questions. This is followed by the justification 

for the research (Section 1.4) and the motivations behind the study (Section 1.5). 

Section 1.6 describes various aspects of the research methodology, Section 1.7 outlines 

the study’s contributions, and Section 1.8 discusses the scope and key assumption of the 

research. Finally, Section 1.9 presents the thesis structure and Section 1.10 summarizes 

the contents of the chapters.  

 

1.2 Component-based software engineering (CBSE) 

The focus of this thesis is the implementation on an organization-wide basis of 

component reuse in software engineering. This is generally called component-based 

software engineering, or CBSE. Component reuse is defined as “components (e.g. 

subsystems or single objects) of one application reused in another application” 

(Dinsoreanu and Ignat, 2009, p. 218). 

The terms component-based software engineering, component-based software 

development (CBSD),  systematic component reuse and organization-wide reuse are 
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used interchangeably in this thesis, as is common with both researchers and 

practitioners (Haines et al., 1997). The reader is referred to Appendix 1 for a more 

detailed description of the application of component reuse. 

 

1.2.1 Relevance of CBSE 

The idea of, and indeed the prospective importance of, widespread component-based 

software engineering was first discussed in 1968 at the NATO Science Committee 

Conference on Software Engineering: Concepts and Techniques, at Garmisch, Germany 

(McIlroy, 1968). As predicted by McIlroy, software reuse has been shown through 

empirical studies to improve both the quality and productivity of software development 

(Barnes and Bollinger, 1991; Basili et al., 1996; Boehm, 1999; Lange and Moher, 1989; 

Lim, 1994). IEEE Standard 1517 (IEEE1517-1999:R2004) lists seven benefits of reuse: 

 Increase productivity 

 Shorten software development time 

 Move personnel, tools and methods more easily from project to project 

 Reduce software development and maintenance costs 

 Produce higher quality software products 

 Improve software product interoperability 

 Provide a competitive advantage to an organization that practises reuse. 

 

1.2.2 Barriers to the adoption of CBSE 

The process of adoption includes acceptance by staff. It is necessary, but not sufficient, 

for full implementation, which encompasses technical requirements, such as provision 

of appropriate resources, training and the creation of and access to reusable components. 

The majority of researchers in this field refer simply to ‘adoption’. 

Despite the availability of a wide range of advanced software development 

methodologies, techniques and tools, organization-wide adoption of CBSE seems to 

remain a major challenge, with the main barrier to the success of the process of reuse 

adoption being an over-emphasis on the technical factors with a corresponding under-

emphasis on the behavioural and administrative factors (Sherif, Appan et al., 2006). 
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Note: Although Sherif, Appan et al (2006) discuss reuse success factors, they do not 

provide any measures for reuse success. 

Other barriers include sub-culture differences that inhibit knowledge sharing and 

collaboration (Huang et al., 2002), the lack of well-defined reuse policies that cover the 

technical and manag erial aspects of reuse (Sherif and Vinze, 2003) and the absence of 

reuse from the organization’s life-cycle process (IEEE1517-1999:R2004). Kunda and 

Brooks (2000) identified 12 non-technical barriers (Section 5.5.3), several of which had 

been noted in earlier studies (Jaktman, 1998; Lynex and Layzell, 1997; Poltrock and 

Grudin, 1994). 

Researchers have addressed these barriers by developing various economic models 

(Lim, 1996) and frameworks such as Software Technology for Adaptable Reliable 

Systems program (STARS, 1996b) and the synthesis method (Clements, 1997). Most of 

the frameworks have been criticized for providing limited guidance to practitioners, as 

they are based on an idealized view of  the process of reuse adoption aiming to 

maximize the aggregate net benefits even if it “runs at a loss” from the point of view of 

individual projects (Fichman and Kemerer, 2001). 

 

1.2.3 Lack of research into non-technical barriers 

 

CBSE has not enjoyed the universal adoption that has been predicted for the past 40 

years. The major causes of software failure during that time have been related to human, 

social and organizational factors (Curtis et al., 1988; Le Quesne, 1988), rather than 

technical issues. Despite this, research and development focussed on the technical 

barriers to the implementation of CBSE and by the 1990s many of the technical issues 

had been addressed and component-based development then gained favour with 

developers and software engineering researchers (Hall, 1999). 

This led to some researchers investigating non-technical factors in CBSE adoption 

(Huang et al., 2002; Kunda and Brooks, 2000; Morisio et al., 2002; Sherif and Vinze, 

2003), but the few studies undertaken in this area have not used formal models. 

Furthermore, Sherif and Vinze (2003) found that, while researchers allude to non-
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technical problems with adoption, there is a dearth of empirical research between the 

relationships of reuse and the people, and reuse and the organization.  

Two major conferences illustrate the lack of formal research into non-technical barriers 

to the adoption of reuse: the Symposium on Component-based Software Engineering 

and the International Conference on Software Reuse. The former has been held since 

1998 and has had a number of name changes. Its first meeting was as part of ICSE’98 

and resulted in Brown and Wallnau’s (1998) paper, “The Current State of CBSE”, 

reporting on that first meeting. The conference is more than 95% concerned with 

technical issues (Maras et al., 2012). The latter, ICSR, is also primarily concerned with 

the technical side of components of reuse, but does include some socio-cultural and 

organizational research reports.  

 

1.3 Research objectives, problem and questions 

Published research (see Section 1.4) indicates that overcoming non-technical issues is 

the key to improving the adoption rate of CBSE. A more detailed discussion of the 

definition of CBSE is also provided in Appendix 1. The industry would be best served 

by a means of assessing the organization’s capability to adopt CBSE prior to embarking 

on an implementation program. In this way organizations could minimize the risk of 

failure that results from being unprepared. To date, no such method has been developed. 

The objective of this study is to develop a model of the non-technical factors that 

influence the adoption of CBSE, by identifying and understanding the organizational 

and socio-cultural barriers to the adoption of CBSE. These barriers are then aggregated 

into a model of organizational and cultural influences that are favourable, neutral or 

unfavourable to an organization’s capability to adopt CBSE. In order to achieve this 

objective, a draft Social, Human and Organizational Factors for Reuse Adoption 

(SHOFRA) Model was developed from published studies on the adoption of new 

technology, particularly CBSE. Comments by industry experts obtained from in-depth 

interviews were used to validate and refine the draft SHOFRA Model, resulting in the 

final SHOFRA Model. 

These research objectives are encompassed in the research problem: 
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What are the non-technical barriers to the organization-wide adoption of CBSE and 

how do these barriers manifest themselves? 

This problem leads, in turn, to three specific research questions: 

Research Question 1:  In what manner do social factors influence the organization-

wide adoption of CBSE? 

Research Question 2: In what manner do human factors influence the organization-

wide adoption of CBSE? 

Research Question 3: In what manner do organizational factors influence the 

organization-wide adoption of CBSE? 

 

1.4 Justification for the research 

This research is justified on three grounds. 

(1) The relative lack of take-up of organization-wide CBSE 

One of the major barriers is that software reuse is a disruptive information technology 

innovation; successful implementation requires changes in the architecture of work 

processes in the software development organizations (Sherif, Zmud et al., 2006).  

Initially, researchers and practitioners identified technical barriers to the successful 

adoption of CBSE, requiring enhancements to existing technology and the development 

and introduction of new technology. Technical barriers included difficulty in creating 

interoperable and flexible reusable components, and difficulty in understanding and 

adapting assets to fit new contexts (Apte et al., 1990; Kim and Stohr, 1998). Sherif, 

Appan et al. (2006, p. 70) observed that “very few organizations are able to materialize 

the promises set forth by the technology”, with the main barrier to success being the 

“overemphasis on the technical infrastructure at the expense of the behavioural and 

administrative aspects”. 

(2) The relative lack of published research into non-technical influences 

The main technical issues have been all but eliminated (Hall, 1999; Poulin, 1999). 

Despite increasing numbers of researchers turning to the investigation of non-technical 
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factors (Huang et al., 2002; Kunda and Brooks, 2000; Morisio et al., 2002; Sherif and 

Vinze, 2003), studies of the technical aspects of CBSE still outnumber those of 

organizational and cultural issues. Research into management and application of 

software engineering takes a minor role compared with the search for technical 

solutions, as is shown by ICSR publishing only 5% non-technical papers (Maras et al., 

2012). This is not just a CBSE phenomenon, but extends into software engineering 

research in general, which is technically, rather than behaviourally, focused (Glass et 

al., 2002).  

(3) The general call for a predictive model of reuse adoption. 

Lim (1996) reviewed 17 economic models of reuse adoption, finding that all the models 

were concerned with measuring the costs after implementation of reuse. He found no 

examples of models that describe measuring costs before implementation. Lim 

recommended that further research should be undertaken into more practical models 

that would focus on the prediction of the costs, return-on-investments and other 

indicators that would aid in successful implementation of systematic reuse.  

 

1.5 Motivation for this study 

The motivation for this study is twofold. First is the researcher’s prior IT industry 

experience as a programmer, analyst, project manager, systems development manager 

and finally IT quality manager for a large state government instrumentality, with over 

70 IT staff in a total of 12,000. Among other projects, the researcher was solely 

responsible for the quality assurance of what was then the largest computer-based 

security system in the southern hemisphere.  

In this position the researcher oversaw the development and implementation of a Reuse 

Component Library. He moved to academia in the early stage of implementation, soon 

after completion of training in the use of the library. He later learned that the library was 

not successfully used and indeed the attempt at introducing organization-wide reuse had 

failed. The reasons for failure were not formally reported, but it was widely believed to 

have been related to non-technical factors, particularly the lack of adoption of 

systematic reuse by the developers.  
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Ten years later, the researcher came across Kim and Stohr’s (1998) observation that the 

successful adoption of CBSE needed not just the availability of a component library, but 

also additional support services. This observation encouraged the researcher’s interest in 

the human side of software engineering. 

Second, the researcher became deeply involved in ISO in the development of standards 

in software engineering, ISO/IEC JTC1 SC7 during his time as an academic. He became 

the first Australian Convenor of a Working Group, specifically Working Group 12, 

which developed the first international standards on Software Functional Size 

Measurement. This experience gave the researcher an appreciation of the benefits of 

modelling and the formalization of processes and requirements. 

 

1.6 Research methodology 

1.6.1 Domain 

The domain of this research is Empirical Software Engineering, defined by Jeffrey and 

Scott (2002, p. 539) as “the scientific measurement, both quantitative and qualitative, of 

software engineering process and product”. Software engineering research activities 

typically aim to invent new phenomena, understand existing phenomena or facilitate 

inspirational education (Jeffrey and Scott, 2002). 

This work addresses the second of these activities, understanding existing phenomena. 

 

1.6.2 Philosophical approach 

The adopted Philosophical Approach is Pragmatism, wherein it “embeds all intellectual 

activity firmly within the practical contexts within which it occurs” and rejects the 

notion that philosophical (or scientific enquiry) should be value-neutral or disinterested 

(Weinberg, 2008, p. 28). Its core is the understanding of the social world and how it can 

be made better (Baert, 2005). Pragmatism concedes that all knowledge is imprecise, as 

it depends on how it was obtained (Menand, 1997). 

Wicks and Freeman (1998, p. 129) summarized pragmatism as being “useful in the 

sense of helping people to better cope with the world or to create better organisations”. 
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In other words, Pragmatic philosophy sees the benefit of knowledge as its usefulness in 

solving practical problems. 

 

1.6.3 Research method 

The methodology employed in this research was Evidence-based Software Engineering 

(EBSE) (Brereton et al., 2007; Kitchenham et al., 2004), a two-stage, two-technique 

paradigm. The first stage, a systematic review (SR), focuses on objective assessment of 

the current knowledge in the research area. The second stage integrates the findings 

from the literature with those of directly obtained evidence, which for this study were 

semi-structured interviews with experienced SE professionals using directed open-

ended questions. 

The research methodology is discussed in more detail in Chapter 3. 

 

1.7 Research contributions 

This study makes five main contributions: 

1. Better understanding of the influences of non-technical factors on the adoption 

of CBSE 

2. Development of a formal structure, the SHOFRA Model, for determining an 

organization’s capability of successfully adopting organization-wide CBSE, 

prior to the start of the implementation process 

3. Increased support for use of the evidence-based paradigm in Software 

Engineering research, by the utilization of EBSE as the research method and the 

development of the Bi-Level Search strategy for the Systematic Review 

component of EBSE  

4. Formalized details for more accurate estimating of the costs of CBSE 

implementation through application of the SHOFRA Model 

5. Further support for the data saturation method, specifically in estimating the size 

of a sample that will provide reliable results.  
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The relevance and quality of the SHOFRA Model is evidenced by the publication of an 

earlier draft version  in Lecture Notes on Computer Science, LNCS 6727  (Rehesaar, 

2011). 

 

1.8 Delimitations of scope and key assumptions 

1.8.1 Delimitations of scope 

CBSE has two basic implementations: build-with-reuse and build-for-reuse. Build-with-

reuse is the focus of this work and therefore within the scope of this work. Build-for-

reuse, on the other hand, is generally concerned with developing new components that 

are easy to reuse. The components can be of two types: (i) completely new, so reuse is 

not utilized and clearly this case is not relevant to this work; (ii) derived from existing 

components, so that the development is just a specific case of build-with-reuse and does 

not warrant special treatment, any more than other examples of reuse do. This work 

does not specifically exclude build-for-reuse when the process of building is one of 

reuse. However, if reuse is not utilized in its process, then it is excluded. Inclusion of 

build-for-reuse when it does not itself utilize reuse would result in an undesired and 

unjustifiable broadening of the scope of this work. It does, however, warrant further 

research in its own right. 

Fichman and Kemerer (2001) described six organizational forms for the implementation 

of organization-wide reuse: (1) library, (2) curator, (3) product centre, (4) expert 

services, (5) team producer and (6) reuse factory. This research focused on the ‘library’ 

form, where application teams do virtually all the work related to reuse, both creation 

and consumption, supported only by a passive library of components. Other 

organizational forms may yield different results. 

Change is often mandated in organizations. Mandating implies a lack of consultation 

with various relevant stakeholders. Mandating alone does not guarantee successful 

adoption. This work is not concerned with how the decision to implement CBSE is 

arrived at (mandate or consultative), but instead with the identification of conditions 

that support, or hinder, the adoption of CBSE.  

Components can be sourced from within the organization or from outside. Typically, 

these are referred to as internally sourced or externally sourced. Commercial off the 
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shelf (COTS) software is one specific instance of the latter. The source of the 

components is considered to not influence the adoption process and, in this work, no 

distinction is made as to the source of the component. This is further discussed in 

Section 2.1.3 

 

This work is centred on an organization that develops a variety of software for differing 

purposes and applications, typically an internal IT department. Specific instances of 

CBSE are further discussed in Section 2.1.3 and are outside the scope. Examples are 

object-oriented, software product line and service-oriented architecture.  

Reuse success has also been studied with a focus on the economics of developing 

software with reuse, with the resulting economic models requiring that reuse is already 

being utilised. They measure the profitability of its continued use and are forms of 

process improvement models. The model resulting from the research in this thesis is 

intended to be applied prior to the attempted adoption of CBSE. It is focussed on the 

viability of adopting reuse in terms of social, human, and organisational factors. For this 

reason, economic models fall outside the scope of this thesis. Economic models are 

further discussed in Section 2.3.2. 

 

1.8.2 Key assumptions 

This research incorporates four main assumptions. 

First, it is not concerned with the decision-making process involved in deciding to adopt 

or not adopt CBSE. Therefore, the underlying assumption is that the organization has 

made the decision to implement CBSE, and the reasons for it are outside the scope of 

this work. 

Second, some of the factors depend on attitudes and experience of the people. It is 

assumed that the key players are favourably disposed to the introduction of CBSE. In 

particular, where a player can have the power to hinder the take up of reuse if they were 

so inclined, it is assumed that the player is not so inclined. 
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Third, it is assumed that the organization has in place the technology to support 

organization-wide reuse. This includes component libraries and their associated search 

mechanisms, as well as appropriate training in the adopted technologies. 

Finally, the Organizational Design Profile (Keidel, 2005) provides the inspiration for 

the Social, Human and Organizational Factors for Reuse Adoption (SHOFRA) Model. 

The dimensions and factors in Keidel’s framework are based on a general organizational 

management environment of the 1980s, which, in many ways, differs from the software 

engineering environment. Nonetheless, to enable development of the draft Model, it is 

presumed that all core areas of management are covered. Keidel admits that his model is 

not complete for every organization, or even every situation in a given organization, and 

that it can be customized to fit any individual organization or situation, by deleting or 

adding factors as applicable. Such customization applies equally to the software 

engineering environment. While individual organizations may find additional attributes 

to be of use, it can be taken as true that the model presented here covers the core 

elements.  
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1.9 Structure of the thesis 

This thesis comprises 10 chapters, as outlined in Table 1.1. 

 

Table 1.1: Stages of this study and thesis structure 

 

Chapter Title Description 

1 Introduction Background to component-based software engineering 
and its importance to the software industry; research 
objectives, problem, questions and methodology; 
delimitations and assumptions 

2 Literature Review Literature related to adoption of CBSE; identification of 
criteria for developing the SHOFRA Model; 
development of the research questions 

3 Research Approach The chosen research methodology of Evidence-based 
Software Engineering (EBSE) and its four steps  

4 The Systematic Review 
Protocol  

Development of the Bi-level Search strategy for the 
Systematic Review and the review protocols 

5 Systematic Review 
Report 

Findings from the Systematic Review 

6 Development of the 
SHOFRA model  

Development of the draft SHOFRA Model, based on 
the results of the SR and the literature review 

7 Model Validation 
Methodology 

Method for selecting interview participants, and the 
interview format and questions for validating the draft 
model 

8 Findings from Validation 
of Model 

Results of the interviews  

9 Analysis and Discussion 
of Validation Findings 

Discussion and interpretation of aggregated findings 

10 Conclusions Summary of the study; implications, contributions and 
suggestions for further research 

 

1.10 Chapter summary 

This chapter set the scene for the study. It introduced the background literature to the 

research problem and questions. It briefly justified the research and described the 

methodology employed. The delimitations and key assumptions are followed by a 

description of the thesis structure. The following chapter is a review of literature 

relating to the adoption of CBSE.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

Chapter outline 

This chapter reviews the literature on CBSE. Section 2.1 describes CBSE and discusses 

its importance, specific CBSE tools and implementations, and how CSBE adoption and 

organizational change are inter-related. Section 2.2 identifies technical and non-

technical barriers to organization-wide adoption of CBSE. Section 2.3 then examines 

non-technical barriers in more detail, describing various models developed in recent 

research to examine the economic viability, process or execution of CBSE, and 

outlining how these existing models are unable to predict the likelihood of successful 

CBSE adoption. Section 2.4 details the criteria for the proposed model and finally, 

Section 2.5 presents the Research Problem and Research Questions. 

 

2.1 Component-based software engineering 

2.1.1 Description 

Reuse is a multi-facetted and complex area in Software Engineering that can be applied 

in two areas: lifecycle artifacts (application system reuse, application families, 

component reuse, function reuse and framework reuse) and knowledge (Appendix 1). 

This work is concerned with lifecycle artifacts, specifically component reuse, described 

as “components (e.g. subsystems or single objects) of one application reused in another 

application” (Dinsoreanu and Ignat, 2009, p. 218). 

Informal reuse has been common since the first programs were written. Of specific 

focus in this study is systematic or organization-wide component reuse, also known as 

Component-based Software Engineering (CBSE). Participants of the 1998 CBSE 

Workshop outlined the goals of CBSE as “the ability to: 

 embrace opportunities offered by new technologies in software delivery and 

deployment; 
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 encourage reuse of core functionality across applications; 

 enable flexible upgrade and replacement of system pieces whether developed in-

house, supplied by third parties, or purchased off-the-shelf; and 

 encapsulate organizational best practices such that they can be adapted as 

business conditions change” (Brown and Wallnau, 1998, p. 44). 

Many writers do not differentiate between component-based software development 

(CBSD) and component-based software engineering (CBSE) (Brown and Wallnau, 

1998; Haines et al., 1997). The key common character is the utilization of reuse, which 

is the basis of this research. In this thesis, the terms are used interchangeably, and reuse 

and component reuse are also used as synonyms for CBSE. Appendix 2 has additional 

definitions. 

 

 2.1.2 Importance of CBSE 

The idea of, and indeed the prospective importance of, component-based software 

engineering was first discussed in 1968 at the NATO Science Committee Conference on 

Software Engineering: Concepts and Techniques, at Garmisch, Germany (McIlroy, 

1968). McIlroy (p. 89) argued for a “software components industry that will offer 

families of routines for any given job”. Systems based on components would provide 

“considerably improved reliability and performance” (p. 93). Ultimately, components 

would become “a dignified branch of software engineering” (p. 95). 

Since then, additional claims have been made that CBSE can speed up development, 

improve quality, and reduce development and maintenance costs (Barnes and Bollinger, 

1991; Basili et al., 1996; Boehm, 1999; Lange and Moher, 1989; Lim, 1994).  

IEEE Standard 1517 (IEEE1517-1999:R2004, p. iii) lists seven benefits that can be 

expected from reuse: 

 Increase productivity 

 Shorten software development time 

 Move personnel, tools and methods more easily from project to project 

 Reduce software development and maintenance costs 

 Produce higher quality software products 

 Improve software product interoperability 
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 Provide a competitive advantage to an organization that practises reuse. 

All benefits confer a competitive advantage, with ‘time to develop’ and ‘increased 

quality’ forming basic benefits that incorporate the other five benefits as sub-sets, as 

illustrated in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Inter-relationships of the benefits of CBSE 

 

Time to develop: By reusing existing software components, fewer programs are written, 

and thus less time is spent in programming. Furthermore, because reusable components 

have usually already been carefully tested, less time is needed in debugging and testing, 

which are the difficult and time-consuming stages of programming (Brooks, 1995). Lim 

(1994) reported that in an H-P division, a nearly linear relationship existed between the 

percentage of reused code in the product and the productivity of programmers, as 

measured by LOC/pm (the number of lines of non-comment source lines of code 

produced by a programmer in a month).  

Quality of product: Basili et al. (1996) reported that the error density (errors per 

thousand lines of code) drops from 6.11 for systems developed without reuse to 0.12 for 

systems developed from reusable components. Similar formal evaluations on the 

contribution of reuse to the improved quality of software systems were reported by Lim 

(1994) and Thomas et al. (1997).  
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2.1.3 Specific CBSE tools and implementations 

The increasing popularity of component-based development has given rise to a number 

of specific CBSE tools and implementations, the most common of which are Object-

Oriented Technology (OOT), Software Product Line (SPL) and Commercial Off-The-

Shelf (COTS) software. This section discusses their roles in CBSE. 

The role of object-oriented technology (OOT) in CBSE 

Although the principles of object-oriented technology (OOT) and object technology 

(OT) are often used in order to maximize a good fit and minimize the need for extensive 

customization of interfaces, with inheritance being used to determine the fit of a 

component (Aalst et al., 2002), the extent and success of this is questionable as 

“software reuse is probably the most elusive promise of object oriented programming” 

(Dinsoreanu and Ignat, 2009, p. 217). 

Rather than software reuse relying on object technology, “techniques such as object-

orientation and software architectures often rely on software reuse as a unifying goal or 

objective” (Poulin, 1999, p. 98). Furthermore, while the development of software by 

reuse of components might use the principles and methods of OOT, it is noted that the 

development of the component itself need not have used OOT tools and languages 

(Hopkins, 2000).  

Sametinger (1997, p. 17) observed that “it is widely believed that object-oriented 

technology has a positive influence on software reuse. Unfortunately and wrongly, 

many also believe that reuse depends on this technology or that adopting object-oriented 

technology suffices for software reuse”. OOT does not automatically guarantee the 

creation of reusable objects (Johnson and Foote, 1991; Kozaczynski, 1994; Sherif and 

Vinze, 2003).   

These observations mirror those at the CBSE Workshop at ICSE 1998 (Brown and 

Wallanu, 1998, p. 39), where “participants agreed that object technology (OT) was a 

useful and convenient starting point for CBD, but, by itself, OT did not express the full 

range of abstractions needed by CBD, and it is possible to realize CBD without 

employing OT”. They summarized this by stating “object technology is neither 

necessary nor sufficient for CBSE”. 
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Therefore, because OOT is a particular tool only and does not in itself represent CBSE, 

it is outside the scope of this work. 

The role of software product line in CBSE 

A software product line is a particular type of reuse that is not so much reusing 

components to develop different systems, but rather is utilizing a common base with 

which to design and build systems. The concept of a software product line was 

introduced by the Software Engineering Institute. It is a set of software-intensive 

systems that shares a common, managed set of features, including common architecture, 

which is developed using a common set of core assets, satisfying a particular market 

segment (Northrop and Clements, 2004; Northrop et al., 2012; Wappler, 2000).  

Within the confines of manageability and maintaining of a clear focus, this thesis is 

limited to developing a framework that is intended for general software development, 

rather than a set of systems for a defined market and so SPL is outside the scope of this 

work. This limitation does not exclude SPL as part of a broader study in the future into 

the non-technical barriers to reuse in the SPL environment. 

The role of COTS in CBSE 

“CBSE is integration-centric, emphasizing the selection, acquisition and integration of 

components from in-house sources and/or external vendors. The latter may include the 

use of commercial off-the-shelf (COTS) products or open source components. In other 

words, components may be either ‘black box’ or ‘white box’ leading to significant 

variation in CBD processes and their assessment” (Stallinger et al., 2002, p. 319).  

CBD with COTS describes the process of application assembly, not application 

development, and requires clear documentation of the reuse assembly process (Brown 

and Wallnau, 1998). 

COTS in its various manifestations is one of the many ways that software components 

can be created, stored and accessed. A COTS vendor is simply an external creator of 

components. Apart from legal and trading conditions, there is little difference between 

whether the components are sourced externally or are created by a separate development 

unit within an organization that will utilize these components itself. While there can be 

process differences between COTS-sourced and internally sourced component 
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utilization, these do not affect the factors influencing reuse adoption. As such, COTS is 

not a specific focus in this work. 

2.1.4 CBSE adoption and organizational change 

By 1991, it was established that a systematic software reuse program consists of 

methodology and technology development together with transfer, assessment and 

training; in short it would be a planned and managed process of organizational change 

(Griss, 1991). STARS (1996a) described how component-based software engineering 

resulted in changes to both the work of software developers and to the organization as a 

whole. 

Brown and Wallnau (1998, p. 45) noted that “new management methods and tools will 

prove essential” as CBD brings with it “a dramatic change in software engineers’ 

primary roles and required skills. Some organizations moving toward CBD find they 

must rethink how they organize teams to concentrate on component provisioning within 

a well-defined component architecture. Finding people who can operate in this 

environment is proving to be a major challenge, and the lack of appropriate skills within 

an organization could severely hamper CBD’s adoption”. Thus, there is a need to focus 

on both the management strategies applied to direct and align peers’ behaviour (Purvis 

et al., 2001) and the cognitions of the peers expected to apply the technology (Lyytinen 

and Rose, 2003). 

Organization-wide reuse calls for a re-appraisal of the attitude of software engineers, the 

work organization, and the whole organization with corresponding changes in the way 

in which systems are analysed, designed, developed and maintained (Allen, 2001; 

Llorens et al., 2006; Stallinger et al., 2002).  

Furthermore, Sherif, Zmud et al. (2006, p. 339-340) described software reuse as “a 

disruptive information technology innovation” where a disruptive innovation is “a novel 

idea or behavior that, when introduced into organizational settings, causes dramatic 

changes in the architecture of work process”. Mellarkod et al. (2007, p. 616) considered 

the development and reuse of software assets a “paradigm shift”. How the various 

stakeholders react to the disruptive innovation directly relates to their perception of how 

the innovation affects their roles and tasks. If they are empowered, they will usually 

support its adoption. If the innovation affects the stakeholders negatively, they usually 

resist its adoption (Orlikowski, 1993). 
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Indeed, Sherif, Zmud et al., (2006, p. 340) suggested that “when coordination between 

conflicted peers is crucial in appropriating the potential benefits of the disruptive 

innovation, management must anticipate the likely goal conflicts and intervene in ways 

to resolve or at least reduce this divergence in stakeholder perspectives”. They also 

observed greater success in software reuse results from management interventions, thus 

highlighting the importance of social, human and organizational considerations for the 

successful adoption of reuse. 

 

2.2 Barriers to the organization-wide adoption of CBSE  

2.2.1 Introduction 

Component-based software engineering emerged as a significant force in the early 

1990s (Aoyama, 1998; Lynex and Layzell, 1997; Szyperski, 1998). Brown and Wallnau 

(1998, p. 42) suggested that this occurred for two reasons: “several underlying 

technologies have matured that permit building components and assembling 

applications from sets of those components [and] the business and organizational 

context within which applications are developed, deployed and maintained has 

changed” in favour of component reuse. Another reason for the interest was that 

“although an established topic amongst the research community, reuse technology still 

has to make its predicted impact on industry” (Lynex and Layzell, 1997, p. 339). It 

continues to grow in interest with researchers in the field of software engineering (Hall 

1999).  

Poulin (1999) identified four “critical barriers” to the successful implementation of 

CBSE: the existence of a reuse library, domain analysis, appropriate success metrics and 

management funding for creation of reusable components. He showed how they have 

been solved, concluding that “we know we have solved the issues … because we see 

reuse success stories all the time” (p. 100). 

Thirty years after McIlroy’s 1968 prediction, and despite the availability of a wide range 

of advanced software development methodologies, techniques and tools (Poulin, 1999), 

software development based on interchangeable parts had yet to become the norm on an 

organization-wide or systematic basis (Crnkovic and Larsson, 2002; Kim and Stohr, 

1998; Ravichandran, 1999; Sherif and Vinze, 2003). Furthermore, very few 
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organizations enjoy the expected benefits of reuse and organization-wide adoption of 

CBSE remains a major challenge (Sherif, Appan et al., 2006). 

Vinas (2002) described the situation in the early 21
st
 century. Despite the forecast by 

The Gartner Group that by 2003, 70% of all new applications will be developed using 

components, Charles Stack, the CEO of Flashline, which provides software reuse 

solutions, commented that one of his client companies had a goal to achieve 20% reuse 

by 2002. He added that the software industry was the only one to still develop anything 

from scratch. 

As discussed in Section 2.1.4, a major general barrier to the adoption of CBSE is that 

software reuse is seen “as a disruptive information technology innovation (i.e. one that 

requires changes in the architecture of work processes) in the software development 

organizations” (Sherif, Zmud et al., 2006, p. 339). When software life cycle processes 

do not address reuse, an organization will encounter major difficulties (IEEE1517-

1999:R2004), although adding reuse does not guarantee success (Mellarkod et al., 

2007). 

As recently as 2007, organizations were still experiencing problems in implementing 

CBSE “despite efforts to prescribe normative methods for the adoption of software 

reuse” (Mellarkod et al., 2007, p. 614). 

The question, then, is why has reuse not gained the popularity that it seems to deserve? 

 

2.2.2 Technical barriers 

Initially, researchers and practitioners identified the technical barriers to the successful 

adoption of CBSE, requiring enhancements to existing technology as well as the 

development and introduction of new technology. The importance of the following 

historical emphasis is that it shows the background to reuse and how it has developed 

with respect to research and practice, without downplaying the technical barriers which 

are many and varied. 

By 2003, the technical issues were no longer primary barriers, with empirical research 

by Sherif and Vinze (2003) determining that only one of the top four barriers to reuse is 

related to technical issues. These technical issues involve problems with development 
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methodology, problems attributed to the assets and problems with supporting tools. The 

three non-technical barriers are discussed in Section 2.2.3. 

Despite the apparent decrease in importance, research into technical issues continues at 

a seemingly unabated rate. The two major conferences relating to CBSE are the 

Symposium on Component-based Software Engineering and the International 

Conference on Software Reuse (ICSR). Both are A-grade conferences and are 

concerned almost entirely with technical issues. 

The Symposium has been held since 1998 and until 2004 was a part of ICSE in the form 

of a Workshop. Its first meeting resulted in Brown and Wallnau’s 1998 paper, “The 

Current State of CBSE”, reporting on the proceedings of that first meeting. In 2005, it 

became a Symposium and was independently organized. In its first 15 years, the 

conference has been more than 95% concerned with technical issues (Maras et al., 

2012). In the period 1998–2003 the proceedings were published as ICSE workshops and 

in the period 2004–2012 in digital libraries LNCS Springer and ACM. 

ICSR is also primarily concerned with the technical side of components but does 

include socio-cultural and organizational research reports. An early version of this study 

was accepted in 2011 (Rehesaar, 2011). The proceedings are published in Lecture Notes 

on Computer Science. 

The majority of the research accepted by these conferences does not describe the 

discovery or development of new technical processes, but rather refines existing ones. 

Such research provides the tools necessary for existing reusers to fine-tune their efforts 

and improve their reuse processes. However, these tools do not provide assistance for 

the initial successful implementation of organization-wide reuse nor do they necessarily 

facilitate an increase in the number of organizations utilizing CBSE. 

The answer to the question ‘why has reuse not gained the popularity that it seems to 

deserve?’ appears not to be one of technical barriers. 

 

2.2.3 Non-technical barriers 

As early as 1990, developers had noted that the main issues in implementing reuse are 

managerial and not technical (Apte et al., 1990). Little empirical research had been 
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undertaken in the ensuing decade to explain the interactions between the adoption of 

reuse, and the individuals involved and the organizational context (Sherif and Vinze, 

2003). This early reticence by researchers can be explained by non-technical issues 

being difficult to address at all levels (Kim and Stohr, 1998). 

In the general field of organizational design, Bernus (2003, p. 575) observed that 

disregarding available personnel and their individual characteristics and abilities to 

contribute positively when designing organizations “is likely to lead to inferior or even 

unworkable designs”. 

Empirical research by Sherif and Vinze (2003) identified that three of the top four 

barriers to reuse adoption are non-technical issues, namely top management, software 

developers and organizational issues. Table 2.1 lists the problems related to each of 

these barriers. 

 

Table 2.1: Non-technical barriers to reuse (adapted from Sherif and Vinze, 2003) 

 

Barrier to reuse Related problems 

Top management No significant short-term returns 

Costs of marketing 

Restructuring of organization to adapt to changes 

Reuse seen as  an overhead cost 

Lack of quantitative benefit/cost measures 

Software developers Belief that reuse will inhibit creativity 

Lack of trust is original producer 

Reuse seen as opportunistic 

Increase in dependence on full documentation 

Organizational barriers Lack of separate group to create/evolve assets 

Structure that inhibits inter-team collaboration 

Lack of incentives to reuse 

 

Sherif and Vinze (2003) concluded that successful implementations of technology 

require a clear understanding of the nature of relationships between the technology and 

the organizational elements. 

Early researchers in this area, Lynex and Layzell (1997), identified nine non-technical 

factors that hinder successful reuse. Kunda and Brooks (2000) developed a list of 12 

social, human and organizational issues. More recently, Chroust (2006) identified 29 
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motivational factors that present barriers to developers adopting CBSE. Mellarkod et al. 

(2007, p. 621) found that individual developer’s “perceptions of software reuse are 

important determinants of the behavioural intention to adopt” and thus the success of a 

reuse program. They added that nontechnical factors continue to present barriers, and 

strategies to manage them are difficult to implement. It has been suggested that the 

organization may have cultures that are not conducive to systematic reuse and may lack 

the means to change its infrastructure to support the processes of systematic reuse 

without major disruption to its business (IEEE1517-1999:R2004). Huang et al. (2002) 

identified sub-culture differences that inhibited knowledge sharing and collaboration. 

Indeed, the MIT Center for Information Systems Research (MIT, 2010) held a special 

session during its Summer Session, June 2010, to determine why companies do not 

reuse. The reasons they identified were not related to technology, but concerned 

behaviour, politics and corporate culture: 

 No one will pay for the initial development of a shared component. 

 The component was not initially designed to be reused – no broad requirements 

consideration, poor interfaces, lack of documentation. 

 The original builders are not recognized. 

 No one is willing to support it for other users. 

 How to find, use, customize, extend the reusable code is unclear. 

 Organizations are unwilling to accept less than 100% functional fit. 

 Organizations’ belief that a new thing is always better. 

 Workers’ belief that their job is to create things and that reusing code reduces 

their value. 

 Reuse reduces workers’ ability to be innovative. 

 Managers are unwilling to give up total control of the component’s design, 

building and operation. 

 There is a lack of incentives to create or use reusable code, designs, etc. 

 Organizational structures don’t motivate employees to talk, share and innovate 

outside of their business areas. 

Curtis et al. (1988) built on the work of Walston and Felix (1977), Boehm (1981, 1987), 

McGarry (1982) and Vosburgh et al. (1984), who had shown that behavioural factors 

had a substantial influence on software development. Further support was given by 

Weinberg (1971), Scacchi (1984) and DeMarco and Lister (1987), who have argued that 
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understanding how human and organizational factors affect the execution of software 

development tasks is necessary to more fully realize the benefits of adopting new 

technology. 

Curtis et al. (1988) developed a layered behavioural model of factors that affect 

psychological, social and organizational processes (Figure 2.2).  

 

 
 

Figure 2.2: The Layered Behavioural Model (Adapted from Curtis et al., 1988) 

 

At the simplest or lowest level, that of the individual re-user, the software development 

is analysed as an intellectual task subject to the effects of cognitive and motivational 

processes. As the task becomes more complex and requires the attentions of a team, 

social processes interact with cognitive and motivational processes in performing the 

task. As the task increases in size and complexity and the single task becomes many, 

the resultant project combines the efforts of several teams. Inter-team group dynamics 

join those of intra-team group dynamics. The fourth layer is concerned with aligning 

the software development with the organization’s goals, thus overlaying the influences 

of corporate politics, culture and procedures. The final layer adds the need for 

interaction with other organizations as dictated by clients, contractors and competitors. 

This layered behavioural model highlights the complexity of adopting organization-

wide reuse and encourages researchers to consider the relationship between individuals 

and teams, and team and projects in the overall organizational environment. 

Externalities 

Organisation 

Project 

Team 

Individual Cognition and Motivation 

Group Dynamics 

Organisational Behaviour 
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Sommerville and Rodden (1995) analysed software processes as human rather than 

technical processes, basing their work on that of Curtis et al. (1988) and Lehman 

(1987). They reinterpreted the three categories of Curtis et al. (cognition and 

motivation, group dynamic and organizational behaviour) as ‘human, social and 

organizational’ factors, and added national and organizational cultures to acknowledge 

their effects on the software development process. They stressed that too much 

emphasis is placed on the technical nature of software development, with this 

mechanistic approach almost ignoring the contribution of the developers as people.  

Kunda and Brooks (1999, 2000) adapted the work of Curtis et al. (1988) for component 

reuse by incorporating specific characteristics of component-based software 

engineering. They retained the three base factors of social, human and organizational 

and added environmental social and cultural factors (Mullins, 1996) (Figure 2.3).  

 
 

Figure 2.3: Non-technical factors (adapted from Kunda and Brooks, 2000) 

 

The key contribution by Kunda and Brooks to the layered model is the addition of 

intersections of the three layers. In this way they supported the findings of Sommerville 

and Rodden (1995), who observed that people do not act deterministically, but have 

constantly changing goals and objectives. They are influenced by a wide variety of 

factors in the workplace, such as fellow developers, lower and upper management, the 

culture of the other people in the organization and indeed the organization itself. 
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The answer to the question ‘why has reuse not gained the popularity that it seems to 

deserve?’ is one of non-technical barriers. Specifically, I propose that organization-wide 

reuse fails to be successfully adopted because of social, human and organizational 

barriers.  

The next section examines recent research into non-technical barriers.  

 

2.3 Recent research into non-technical issues 

2.3.1 Introduction 

Many of the technical barriers to implementing CBSE had been eliminated by the 

1990s, resulting in an increase in the investigation of non-technical factors relating to 

the adoption of CBSE (Huang et al., 2002; Kunda and Brooks, 2000; Morisio et al., 

2002; Sherif and Vinze, 2003). The focus on technical issues still continues, however, 

with the majority of the accepted papers in the two major component reuse conferences 

focusing on technical areas. 

Nonetheless, CBSE has not enjoyed the universal adoption that has been predicted for 

the past 40 years. The limited research investigating the non-technical issues has 

generally not used formal models. Most of the research frameworks used have provided 

limited guidance to practitioners, as they are based on an idealized view of the process 

of reuse adoption as aiming to maximize the aggregate net benefits while ignoring 

losses at the individual project level (Fichman and Kemerer, 2001).  

Recent research into non-technical factors can be grouped into three streams: (1) 

economic models, (2) capability maturity and process improvement models and (3) 

social, human and organizational barriers. The first two are discussed in the following 

sections, while the third is the focus of the Systematic Review (Chapter 5), providing 

further affirmation of the importance of this third stream. 
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2.3.2 Economic models 

An economic model in this context is a model that is suitable for the evaluation of 

strategic, tactical and operational financial decisions regarding the benefits or otherwise 

of reuse. 

Reuse economics gained favour in the late 1980s and early 1990s.  

Cruickshank and Gaffney (1994) presented a software economics model to demonstrate 

the cost effectiveness of re-using software components within a single software system. 

This model was based on earlier work (Cruickshank and Gaffney, 1991) on the 

economic benefits of reuse over multiple software systems. 

Cho and Carver (1996) presented five models of reuse support information and 

suggested that reuse effort for software development and maintenance could be reduced 

by creating reuse support documentation as part of software development.     

A review of 17 reuse economic models (Lim, 1996) observed that all the models 

described and analysed post-implementation reuse. Lim recommended that further 

research should be undertaken into models that would not just evaluate but, more 

importantly, predict the costs, return-on-investments and other indicators. The goal of 

my research was to develop a predictive model to assess the capability of the 

organization to successfully adopt organization-wide CBSE. 

More recently, Dinsoreanu and Igna (2009, p. 217) reported that “the lack of clear 

measurements often makes it impossible for a company to measure the degree of 

success in applying reuse and to estimate the organizational gains from applying 

systematic software reuse.” This is a barrier to the application of economic models for 

defining the success of reuse. 

All these models refer to success in terms of economic benefits. They are firmly based 

on implemented reuse programs, that is, reuse is already employed. But how many of 

the “economic failures” resulted from the implementation program not reaching full 

completion? The technical aspects might have been in place, but reuse was not fully 

adopted by the developers and consequently economic success would be unlikely. 

Economic models are used for only one purpose – to decide on whether the adoption of 

CBSE is economically viable. They are applied at two critical stages: first as part of the 
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initial decision to implement CBSE and later to determine if there is value in continuing 

CBSE. Economic models do not directly affect the process of adoption of CBSE and 

therefore are outside the scope of this thesis. 

The decision to exclude economic factors from the scope of this thesis is supported by 

Kim and Stohr (1998), who, in their categorizations of factors affecting the adoption of 

CBSE, placed economic issues into the ‘General Issues’ category, along with 

‘Definition and Scope”, and not into the ‘Non-technical’ category.  

 

2.3.3 Capability maturity and process improvement models 

Much research has been undertaken, specifically in the areas of Capability Maturity 

Models (CMM/CMMI for Software; SEI, Carnegie Mellon University) and Process 

Improvement Models (SPICE and ISO/IEC 15504). A systematic literature review 

carried out by Wangenheim et al. (2010) on software process capability/maturity models 

identified 52 models. Of these models, 50 were based on CMM/CMMI and/or ISO/IEC 

15504(SPICE). 

The Capability Maturity Model for Software (Paulk et al., 1993) was developed by the 

Software Engineering Institute (SEI) of Carnegie Mellon University to assist the US 

Defense Department in selecting contractors. It soon gained favour among practitioners 

and academics alike. Other process assessment methods were developed, for example 

by British Telecom, Bell Canada/Northern Telecom and Bellcore, for use in the 

management of risk in acquisition (Rout et al., 2007). 

The SPICE Project (Software Process Improvement and Capability dEtermination) had 

its beginnings in 1993 with the aim of advancing the state of the art in process 

assessment and improvement. Over the ensuing 14 years, it was responsible for the 

development of the five-part International Standard for Process Improvement, ISO/IEC 

15504 (Rout et al., 2007). A complementary project, OOSPICE (SPICE for Object-

Oriented/Component-based Software Development), began in December 2000 with the 

aims of amalgamating the disparate fields of object and component technology and 

delivering new processes, methods and tools (Stallinger et al., 2002). 

However, all such models have the aims of assessing and subsequently improving an 

existing process. In contrast, the model resulting from this research will predict the 
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likelihood of successful adoption of CBSE. This research is not concerned with the 

process or execution of CBSE. Therefore, the capability and process improvement 

models are not within the scope of this thesis. 

 

2.4   Criteria for the proposed SHOFRA model 

Literature suggests that a model for describing the factors that i+nfluence the adoption 

of CBSE must be: 

1. Representative of the non-technical factors as described by the categories of social, 

human and organizational (Curtis et al., 1988; Kunda and Brooks, 2000) 

2. Flexible, so it can be tailored to an organization’s individual needs and expectations. 

It will serve as a core model which can accommodate the addition and deletion of 

factors depending on the organization’s current reuse state and processes and their 

expectations of reuse, and thus provide a solution commensurate with those specific 

needs. (Keidel, 2005 p. 102; Lynex and Layzell, 1997)  

3. Practical, so it can be understood by and used in industry (Lim, 1996). Ideally, the 

model should be based on an already existing practical organizational model 

(Schultz and Hatch, 2005) 

4. Predictive, so that it can be used before implementation of reuse to assess the 

organization’s preparedness to undertake the change to being a reuse organization, 

and as a basis for cost determination (Bahsoon and Emmerich, 2003; Basili, 1990).   

 

2.4.1 Contingency Theory 

Contingency Theory covers a number of the characteristics identified in the CBSE 

literature. This section further investigates its applicability to a model for assessing 

CBSE adoption capability. 

The literature contains no report of Contingency Theory having been applied to 

Software Engineering. Specifically, a Google Scholar search of the words “contingency 

theory” and “software engineering” in the ‘title of the article’ yielded zero results. The 
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search was then expanded and a similar search for “contingency theory” and 

“information systems” yielded 11 unique results, including two PhD theses (Bays, 1994; 

Myers, 2003). Weill and Olson (1989) assessed the role of Contingency Theory in 

Management Information Systems.  

Contingency Theory has its origins in both organizational theory and systems theory. By 

the late 1950s, classical organizational theory’s long-held universal principle of “the one 

best way” to manage was less widely accepted, since empirical research was showing 

that the principle was not readily applied to industry. Work on Contingency Theory as a 

possible successor was growing and by 1970, the use of contingency theory dominated 

organizational theory research (Child, 1977). 

An earlier empirical researcher in industry was Woodward (1958), who found that 

similar types of production and technology led to similar management practices. Burns 

and Stalker (1961) extended this work to show that differences in an organization’s 

internal procedures and management generally depended on the particular industry, 

rather than the problem. Fiedler (1964) expanded on this idea that a single solution need 

not be the best in all situations, suggesting that an organizational model needs to predict 

the best solution in most cases in a given context. The basis for applying Contingency 

Theory to information technologies and information systems is the principle that no 

single information system can be universally applied to all organizations in all 

situations, nor are all the possible solutions equally effective (Galbraith, 1973; Otley, 

1980). Thus Contingency Theory could explain how, even though the goals of different 

organizations are the same, the way they go about achieving them will most likely be 

different and contingent on the differing internal and external influences on the 

organization (Kast and Rosenzweig, 1979). 

Contingency Theory is, in essence, a method for organizing knowledge in a particular 

discipline to predict or explain organizational events by the methodological 

investigation of factors (Umanath, 2003). Contingency Theory is also an extension of 

the earlier research on systems concepts which were based on the notion that 

organizations comprise a multitude of inter-related subsystems. Contingency models 

tend to be more concrete. They emphasize more precise features of organizations and 

depend upon the patterns of inter-relationships among subsystems (Reinking, 2012). 

At its centre, Contingency Theory allows for the development of organizational models 

that: 
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 focus on the inter-relations of the various subsystems of an organization  

 have the ability to predict the best solution for a given organization in a given 

situation, at a given time, for a given purpose, and 

 represent industry.  

These three qualities make Contingency Theory of special interest in this work for the 

development of a model of barriers to CBSE adoption. 

 

2.4.2 Organizational responsiveness to change 

The literature illustrates that the successful implementation of reuse necessitates major 

change in the organization’s structure and in the way it operates. This is not a new 

concept and is similar to the situation in the late 1950s when the advent of new 

electronic technology brought with it a need for organizations to adapt from conditions 

of stability to those of innovation and change. Organizations that had grown and 

prospered in an environment of stability with proven and well-established processes and 

procedures found it difficult to rise to the challenges of continuously changing 

technology. Burns and Stalker (1961) described two types of management organization, 

the Mechanistic and the Organismic (or Organic), as being at the two extremes of a 

continuum along which most organizations are placed. 

The Mechanistic organization is appropriate for stable conditions. It consists of areas of 

specializations in which individuals carry out well-defined tasks. There is little 

communication between the specializations and all interaction and communication is 

vertical. Control of knowledge and co-ordination rests with the top of the hierarchy. 

Obedience to superiors and loyalty is the norm.  

The Organic organization is appropriate for unstable conditions, for example the 

introduction of new technology such as can be experienced both in the implementation 

and continued practice of organization-wide reuse. These are typified by the emergence 

of new problems that cannot be broken down and given to existing areas of 

specialization. Rather than carrying out the same specialized tasks, individuals are 

called upon to contribute rather than follow, with their tasks being adjusted and 

redefined in accordance with the changing requirements. Rather than simply giving and 

taking orders, interactions and communications are increasingly concerned with 
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information and advice. Interactions can be at all levels and in all directions, resulting in 

a greater commitment to the aims of the organization.   

Burns and Stalker (1961) considered that deep-seated Mechanistic organizations would 

find it almost impossible to change into the fully Organic organizations at the opposite 

end of the spectrum, for a number of reasons. The most relevant to this research is staff 

culture, in particular individual commitment, within a Mechanistic organization. This 

takes two forms: commitment to the overall organization, and commitment to one’s 

specialist group and individual career. With the changes comes the need for new 

functions and resources. The lack of interaction and co-operation between such groups 

leads to power struggles for control of the new areas, diverting already strained 

resources from solving the problems to perpetuating the mechanistic structures and 

culture. Thus a Mechanistic organization responds to challenges not by changing how 

they do things, but doing more of the same. New specializations and departments are 

created to cope with the increasing and varied changes, and the corresponding increase 

in mechanistic management processes. This results in what is described as a 

‘mechanistic jungle’ and the organization finds itself moving further away from its 

desired goals. 

In a similar way to Keidel (1985), Burns and Stalker (1961) saw the organization as an 

amalgam of three social systems: the organization, which has the formal authority 

(control and centralized decision-making), the people’s co-operative (the individual’s 

need for recognition and advancement) and the political system (every individual and 

department competing for power). These are essentially three points of a triangle and 

any change or movement in one is affected by and affects each of the others. Forty-five 

years later, Burns and Stalker’s 1950s’ observations of organizations are still applicable 

(Laursen, 2001).   

 

2.5 Research problem and research questions 

The literature on reuse adoption shows that the successful implementation of CBSE is 

not solely the result of overcoming technical difficulties, but is dependent on a number 

of non-technical barriers being satisfactorily addressed. The literature therefore supports 

the research problem: 
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What are the non-technical barriers to the organization-wide adoption of CBSE and 

how do these barriers manifest themselves? 

Using the framework of Kunda and Brooks (2000), who categorized 12 factors into 

three groups – human, social and organizational factors (Section 2.2.3), the research 

problem was answered by addressing three research questions: 

Research Question 1:  In what manner do Social Factors influence the organization-

wide adoption of CBSE? 

Research Question 2: In what manner do Human Factors influence the organization-

wide adoption of CBSE? 

Research Question 3: In what manner do Organizational Factors influence the 

organization-wide adoption of CBSE? 

 

2.6 Chapter summary 

This chapter reviewed the literature on CBSE, highlighting that, although systematic 

reuse had been formally acknowledged in 1968, its implementation is far from 

universal. The Layered Behavioural Model of Curtis et al. (1988) shed light on why 

individual reuse was prevalent, and organizational-wide adoption of reuse was almost 

unattainable without an increased emphasis on the social and organizational behaviours. 

It had been acknowledged in the 1990s that non-technical factors were equal, if not 

greater, barriers than technical factors to the adoption of systematic reuse. In time, the 

initial technical barriers have been overcome and continuing research is concerned with 

fine-tuning. Despite this, the majority of continuing research into the non-technical 

issues has centred on economic models and capability maturity and process 

improvement models, rather than social, human and organizational issues. 

Four criteria for the development of the Model were identified: reuse factors that 

represent reality, flexibility, practicality (ideally resulting in a model that is based on an 

already existing organizational model) and predictiveness.  

These issues support the Research Problem and gave rise to the three research 

questions: 
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Research Question 1:  In what manner do Social Factors influence the organization-

wide adoption of CBSE? 

Research Question 2:  In what manner do Human Factors influence the organization-

wide adoption of CBSE? 

Research Question 3: In what manner do Organizational Factors influence the 

organization-wide adoption of CBSE? 

The research questions were the focus of the Systematic Review (Chapter 5). 
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CHAPTER THREE 

RESEARCH APPROACH 

 

Chapter outline 

This chapter first discusses previous unsuccessful research approaches (Section 3.1) and 

presents an overview of general research philosophies (Section 3.2). Section 3.3 

compares empirical philosophical stances relevant to software engineering. Section 3.4 

describes the chosen design approach of Evidence-based Software Engineering (EBSE) 

and the data collection methods undertaken to develop the draft Social, Human and 

Organizational Factors for Reuse Adoption (SHOFRA) Model. It also introduces the 

method of validating the SHOFRA Model, which forms part of the EBSE paradigm. 

Chapter 4 describes the Systematic Review and the use of the Bi-level Search strategy 

to collect data to develop the framework, and Chapter 7 describes the process for 

validating the framework.  

 

3.1 Early unsuccessful research approaches 

Research methodologies often depend on factors other than the researcher’s view of an 

ideal method. This is especially so when it involves industry (Easterbrook et al., 2008). . 

The following historical timeline illustrates the problems encountered in the data 

gathering .This research was initially planned as a constructivist/ethnographic study. 

The benefits were seen as providing a richness in data that would not otherwise be 

possible, enabling a deep understanding of the reasons behind the actions and needs of 

staff involved in the organization-wide adoption of reuse. This, however, proved to be 

not possible. 

Attempts to gain approval from organizations for a study that involved access to their 

personnel and documents and to be part of their software development process were 

made in 2008 and early 2009. The 12 organizations targeted were a multi-national 



38 
 

gaming machine manufacturer, two universities, a tobacco manufacturer, three software 

developers, an aeronautics manufacturer, two food manufacturers and two banks. 

Initial contacts were made through personal connections. In all cases, these were met 

quickly with positive responses, typically: 

“We pay money for this to be done. If you’ll do it for free, we have a deal.” 

“We have had close relationships with universities. Of course we’ll help out.” 

“Sounds good. Anything for a friend.” 

“We’ve been wondering how to do this. This is great.” 

“We’ve just finished a successful reuse project. I’d like formal, independent write-

up.” 

These initial contacts were at various levels in the organizations, including the IT 

Manager, Systems Software Manager, Team Leader and Technical Contracts Manager. 

Problems started when the request for co-operation went to the next level, up or down. 

Responses to these required many, many follow-ups and ultimately rejected my request. 

When the request went upwards, the response was long in coming and was along the 

lines of “no money for it at the moment”, “no time”, “inappropriate at the moment”. 

More often than not, the phrase “commercial in confidence” was added or used on its 

own.  

When it was the decision-maker who was contacted initially, the request for co-

operation was passed downwards. The responses were again long in coming and were 

generally “love to help, but too busy at the moment”. One response for documents was 

surprising in its frankness, “Yeah, that’s OK. But it will take a while. You can have the 

technical docs now. But I need to check the meeting reports first and ‘sanitize them’ for 

stuff we don’t want you to know”. Refreshing in its honesty, but of no help. 

Previous researchers had encountered similar difficulties. Often the “practical 

considerations of choosing a method force the researcher to change the original design 

in terms of the choice of method, data collection, and analysis procedures” (Easterbrook 

et al., 2008, p. 307). Industry based research has its own challenges, with access being 

the main constraint in selecting a research setting (McGrath et al., 1982). 

And so it was with this research. The need for confidentiality and the disinclination of 

these organizations to participate in a research project that is otherwise relevant to them 
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directed the ultimate choice of research approach and methods. This choice was based 

initially on identifying the appropriate research philosophy 

3.2 Research philosophies 

Two commonly used research philosophies are epistemology and ontology, and 

philosophers make a clear distinction between the two. Briefly, epistemology considers 

the nature of human knowledge and how we obtain it, while ontology considers the 

nature of the world irrespective of our attempts to understand it (Easterbrook et al., 

2008). These concepts are at the core of selecting a research approach (Cornford and 

Smithson, 1996; Falconer and Mackay, 1999; Guba and Lincoln, 1994). 

Central to epistemology is empiricism. Epistemology is “concerned with whether or 

how we can have knowledge of reality” (Sumner, 2006, p. 92) and draws a distinction 

between what is actually truth and what is believed to be truth.  

Empiricism maintains that the source of knowledge is from the external world, via the 

sensory perceptions of the observer, allowing for the formulation of general laws by 

inductive reasoning from the observed data. Knowledge is contextual and varies over 

time and space and between social groups. A criticism of this approach is that the 

knowledge necessarily holds true only for current observations and future observations 

might prove the general laws to be not true (Sumner, 2006). The counter argument is 

that, although truth is inherently uncertain, it is possible to know what is false or ‘not 

truth’ and discard it (Popper, 1959). In other words, that which cannot be falsified is the 

truth, or as near as possible to the truth. 

In contrast, central to ontology is rationalism. Ontology is “based upon the view that 

society is a separate entity, existing quite distinctly from the social actors that comprise 

a given society” (Barron, 2006, p. 202). Rationalism holds the view that “human 

rationality and cognitive processes make ontological knowledge possible through 

logical deduction from a priori principles. Knowledge is not limited to observable 

phenomena, but encompasses deeper reality which underpins observable appearances” 

(Sumner, 2006, p. 93).  

Ontology/rationalism is not congruent with this study, since this study is concerned with 

the interactions between CBSE and the various social actors involved in it. 

Consequently, this research adopted the epistemology/empiricism approach, which is 
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compatible with the goals of this study – to observe and thus gain knowledge of the 

interactions between CBSE and the various social actors involved in it. 

3.3 Empirical philosophical stances 

Easterbrook et al. (2008) summarized four dominant philosophical stances (Creswell, 

2003) that can assist software engineering researchers choose methods which will “lead 

to acceptable evidence in response to research question(s)” (p. 290): 

1. Positivism, or Reductionism, “states that all knowledge must be based on logical 

inference from a set of observable facts” (Easterbrook et al., 2008, p. 291). 

Research objects can be broken down into simpler components, which can be 

developed into hypotheses that can be tested in isolation, since “scientific 

knowledge is built up incrementally from verifiable observations, and inferences 

based on them” (Easterbrook et al., 2008, p. 291). Positivists believe that the 

phenomenon can be studied in isolation from its context. Positivism is usually 

associated with controlled experiments, but frequently with survey research and 

case studies.  

2. Constructivism, or Interpretivism (Klein and Myers, 1999), “rejects the idea that 

scientific knowledge can be separated from its human context” (Easterbrook et 

al., 2008, p. 291). Constructivists concentrate less on verifying theories, and 

more on understanding how different people make sense of the world, and how 

they assign meaning to actions. They choose methods that collect rich qualitative 

data about human activities, from which theories may emerge. These methods 

are usually associated with ethnographics, with some exploratory case studies 

and survey research. 

3. Critical Theory concerns the ability of scientific knowledge to separate people 

from restrictive systems of thought. In Software Engineering, it describes 

research that challenges existing perceptions about software practices, for 

examples the open source movement and the process improvement and agile 

communities. Data collection is by case studies and action research. 

4. Pragmatism is based on the premise that all knowledge is approximate and 

incomplete and does not exist apart from its environment. The methods 

employed to obtain the knowledge are intrinsic to its value, which is judged by 

its ability to solve practical problems (Menand, 1997). Wicks and Freeman 

(1998, p. 129) described pragmatism as being “useful in the sense of helping 
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people the better cope with the world or create better organisations”. Pragmatism 

is discussed in more detail in Section 3.4.1. 

 

 

Two more stances can be added: 

5. Grounded Theory, which develops theory iteratively from qualitative data 

(Glaser and Strauss, 1967). As interesting patterns emerge, the researcher 

repeatedly compares these with existing data, and collects more data to support 

or refute the emerging theory. Grounded theory favours ethnography, action 

research and case studies. 

6. Evidence-based Software Engineering (EBSE), the goal of which is “to provide 

the means by which current best evidence from research can be integrated with 

practical experience and human values in the decision-making process regarding 

the development and maintenance of software” (Kitchenham et al., 2004, p. 

274). EBSE comprises a Systematic Review (SR) focussing on the research 

questions and resulting in a candidate solution, which is subsequently validated 

in an industrial setting. The validation can be either qualitative or quantitative. 

The final step in EBSE is the application of an improvement program for 

subsequent utilizations of the method and does not apply to this thesis, as it is a 

one-off project. The SR ensures that the “research is firmly grounded in an 

objective assessment of the current state of the art” (Budgen and Brereton, 2006, 

p. 1051). EBSE is discussed in more detail in Section 3.4. 

 

3.4 Research approach 

3.4.1 Overview 

Pragmatism was the philosophical approach adopted in this research for three reasons.  

First, it “embeds all intellectual activity firmly within the practical contexts within 

which it occurs” and rejects the notion that philosophical (or scientific enquiry) should 

be value-neutral or disinterested (Weinberg, 2008, p. 28).  

Second, it adopts an engineering approach to research, using whatever methods are 

appropriate to obtain practical knowledge (Creswell, 2003; Easterbrook et al., 2008). 
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Finally, it facilitates definition of the investigative terms in a way that will best help to 

produce knowledge that will inform practical human actions at the personal, 

organizational or societal levels (Watson, 2006).  

The research design and data collection methodology chosen was Evidence-based 

Software Engineering (EBSE), comprising two major stages or techniques: 

1. Systematic review (SR), which “ensures that the research is firmly grounded in 

an objective assessment of the current state of the art” (Budgen and Brereton, 

2006, p. 1051) 

2. Validation of the findings from the SR in an industrial setting by conducting in-

depth interviews with industry experts. 

The following provides the rationale for choosing interviewing for validating the 

findings.  

Section 3.1 described the difficulties in accessing industry for data collection. This 

precluded the use of ethnography, action research and case study to collect data for the 

model validation. Surveys are the most commonly used data collection method for 

quantitative analyses, however, do not produce qualitative data. Furthermore, 

quantitative methods are seen to be insufficient for understanding software development 

and changes to its processes, which require qualitative data (Curtis et al., 1988; Morisio 

et al., 2002). Thus surveys were not used and the data collection method for the 

validation was the interview.  

The interviews were field oriented and not concerned with statistical generalizability. 

Interviewees were selected via purposive sampling, the most common type of non-

probabilistic sampling (Miles and Huberman, 1994). Patton (2002) has identified 16 

types of purposive sample, with the common element that the participants are selected 

according to predetermined criteria relative to the research objectives.  

‘Expert opinion’ was provided by interview participants, experienced software 

engineers with a variety of organizational and developmental experiences, both in 

Australia and abroad (Section 7.3). The use of ‘expert opinion’ supported the previous 

failed attempts at alternative methods of data collection as described in Section 3.1. The 

data gathered in this way were an expert’s internal aggregation of prior practical 

experiences expressed in general terms without reference to the explicitly described 
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course of events within a specific organization (Staples and Niazi, 2007). The criteria 

for choice and the number interviewed are detailed in chapters 7 and 8. 

Using more than one technique had the advantage of allowing “the researcher to 

triangulate even within a single method. If different kinds of data support the same 

conclusions, it strengthens the study” (Easterbrook et al., 2008). Implementation of this 

methodology was guided by the work of Kitchenham (2004), with additional reference 

to several experience reports (Babar and Zhang, 2009; Biolchini et al., 2005; Brereton et 

al., 2007; Budgen and Brereton, 2006; Staples and Niazi, 2007). 

 

3.4.2 History of the evidence-based paradigm 

The SR was first used in the early 1900s in medicine and the evidence-based (EB) 

paradigm became standard in medicine in the 1980s. Its utilization in medicine has 

grown dramatically since the late 1980s, increasing from one publication in 1992 to 

about 1,000 in 1998. By 2006, the EB was used in at least seven other domains: nursing 

and midwifery, primary care, criminology organic chemistry, empirical psychology, 

clinical medicine and education (Budgen et al., 2006). It is now well established, with 

six evidence-based journals specializing in systematic reviews (Sackett et al., 2000). 

Nevertheless, Budgen et al. (2006, p. 11) have observed that “while the use of 

Systematic Reviews is well established in medicine (Khan et al., 2003) and at least 

partially established in Information Systems research (Oates, 2006; Webster and 

Watson, 2002), such secondary studies are not commonly performed in software 

engineering”.  

EBSE was first introduced at the International Conference on Software Engineering ’04 

(Kitchenham et al., 2004) and since then a number of researchers have identified 

barriers to utilizing SRs that are specific to software engineering (Biolchini et al., 2005; 

Brereton et al., 2007; Budgen et al., 2006; Staples and Niazi, 2007). These barriers 

relate to a lack of centralized databases for ease of access to the publications, the 

difference in the search engine’s search algorithms and the lack of consistency in the 

structure and content of the abstracts. These barriers do not exist in the medical field. 

These identified barriers might be better referred to as ‘speed humps’ for they do not 

prevent the use of SRs, but merely slow them down. They highlight the immaturity of 

the software engineering discipline and the progressive addressing of these will be of 
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benefit to software engineering. Despite these speed humps, EBSE has had a remarkable 

take-up, experiencing a continuous increase in the number of software engineering 

researches performing SRs since its introduction in 2004. Special sections in premier 

journals feature SRs and a “significant number” of software engineering conferences 

seek SR-based submissions (Babar and Zhang, 2009). 

 

3.4.3 EBSE – a multi-technique approach 

The EBSE paradigm is five-step process (Kitchenham et al., 2004), as shown in Table 

3.1. 

Table 3.1: The five steps of Evidence-based Software Engineering (Kitchenham et al., 

2004) 

 

Steps Description 

1 Converting the need for information into an answerable question. 

2 Tracking down the best evidence with which to answer that question. 

3 Critically appraising that evidence for its validity, impact and applicability. 

4 Integrating the critical appraisal with software engineering expertise and with 
stakeholders’ values and circumstances. 

5 Evaluating effectiveness and efficiency in executing Steps 1-4 and seeking 
ways to improve them. 

 

This research study was a one-off exercise, and so Step 5 of Kitchenham et al. (2004), 

an appraisal of steps 1–4 as part of an improvement program, was not applicable. 

Therefore the EBSE paradigm applied in this research was a four-step process adapted 

from Kitchenham et al. (2004), as shown in Table 3.2. 

 

Table 3.2: The four steps of EBSE for this research study  

 

Steps Description 

1 Converting the research questions into searchable forms. 

2 Identifying published studies that answer the research questions. 

3 Critically appraising the published studies for their validity, impact and 
applicability and the development of a Report describing the evidence. 

4 Integrating the Report with the draft SHOFRA model. Validating the Model 
with additional data from software engineering experts.  
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The first three steps were part of the SR. Steps 1 and 2 described the design of the SR 

and are elaborated in more detail in Chapter 4. Step 1 converted the research questions 

into searchable forms. Step 2 was data collection and included a protocol for 

determining the sources of the articles and how to access them. It introduced the Bi-

level Search strategy, which was developed for this study. It is detailed in Section 4.1.3. 

Step 3 consisted of reviewing the results and writing a report that included details of the 

main areas of research of each study, with additional relevant information. 

The result of steps 1–3 was a report that detailed the procedures of the review and noted 

any deviations from expectations. The key section of interest to this study was reporting 

the findings, which included summaries of relevant primary studies (research 

articles/reports). To avoid redundancy, literature already identified as part of the 

literature review, outlined in Chapter 2, was not added to the findings from the SR. The 

report from steps 1–3 also provided data that were used in the development the draft 

Social Interaction, Human and Organizational Factors for Reuse Adoption (SHOFRA) 

Model to suggest the expected type of influence of each factor. The structure of the 

model drew from Keidel’s Organizational Design Framework. 

Step 4, the integration process, developed the draft SHOFRA Model and validated it in 

an industry environment. Support for the framework was sought via in-depth interviews 

with industry experts. Step 4 consisted of three phases: 

1. Development of the subject of validation, the draft SHOFRA Model (Chapter 6). 

This phase integrated the data from the literature review in Chapter 2 with data 

from the report in Chapter 5 

2. Design of the validation procedures (Chapter 7) 

3. Validation (Chapter 8). 

 

In summary, the four steps of the EBSE are complex and the following presents the 

cross-referencing of the EBSE process to the sections in the thesis that provide more 

detail. 

Steps 1 and 2 are further discussed in Chapter 4. 

Step 3 is the appraisal of the identified studies and the development of the resulting 

report. This is detailed in Chapter 5. 
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Step 4 has phases. The first phase, detailed in Chapter 6, describes the development of 

the draft SHOFRA Model from the report in Chapter 5 and the literature review of 

Chapter 2. The second phase describes in detail, in Chapter 7, the design of the 

validation of the draft SHOFRA Model. The third phase presents the results of the 

validation process in Chapter 8. 

3.4.4 Reference disciplines for adopted approach 

This dissertation is in the domain/field of empirical software engineering, which is 

acknowledged for making little reference to research methods or learnings from other 

disciplines. Glass et al. (2002) found that only 2% of published papers referred to other 

discipline.  

In contrast, this study borrowed heavily from a number of disciplines. The SHOFRA 

Model was built on the foundations of Contingency Theory, Organizational Theory, 

Management Theory and Systems Theory. 

 

3.4.5 Unit of analysis 

As required by Contingency Theory, the adoption of CBSE was approached from two 

levels: the organization and the individual. 

This research was concerned with the organization-wide adoption of reuse or CBSE, 

rather than reuse at an individual or project level. Therefore, of initial concern was the 

organization. The organization in this research was the IT Department servicing a larger 

organization, or the entire organization in the case of software development being the 

core of the business. The organization was the core of steps 2 and 3. 

The Unit of Analysis is a single organization. Since reuse is adopted by a single 

organization, the experiences encountered by a single organization (rather than a 

consortium, or a small group of developers) are of primary interest. In fact, the gathered 

data represents the experiences gained by the interviewees in a large number of 

organizations of varying sizes and in a number of countries. Full details are presented in 

Chapter 7. 

 

This research was also concerned with non-technical reasons for lack of successful take-

up of CBSE. These non-technical aspects include how the organization relates to its 
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staff, specifically the software developer, in areas including cultural, social and personal 

factors. Therefore, of concern also was the software developer, for it is the developer 

who re-uses the components. Of equal, but different concern, were the organization and 

the environment it presents to the developer. The developer was the core of Step 4, the 

validation of the model. 

 

3.5 Chapter summary 

This chapter has described earlier unsuccessful research approaches, and presented and 

justified the adopted research approach. The epistemological stance was Pragmatism, 

with Evidence-based Software Engineering as the research design and data collection 

methodology. This multi-technique method entailed a Systematic Review (SR), 

complemented by an industry-based validation of the resulting draft Social, Human and 

Organizational Factors for Reuse Adoption (SHOFRA) Model. The next chapter, 

Chapter 4, describes the design phase of the SR. The results of the review are presented 

in Chapter 5. The model development is discussed in Chapter 6, and the validation of 

the findings is the subject of chapters 7 and 8. 
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CHAPTER FOUR 

THE SYSTEMATIC REVIEW PROTOCOL 

 

Chapter outline 

This chapter presents the design stage of the systematic review. Section 4.1 outlines the 

limitations of current search strategies, describes the development of the protocol and 

the Bi-level Search strategy. The subsequent sections focus first on the SR questions, 

describing how their quality was ensured and presenting keywords and synonyms for 

the research problem and research questions (Section 4.2), and then on the definition, 

identification and evaluation of sources (Section 4.3). The final three sections of the 

chapter discuss the procedures for implementing the protocol. Section 4.4 describes the 

selection of studies and the criteria for inclusion or exclusion. Section 4.5 discusses the 

information extraction procedures, and the summary and results are presented in Section 

4.6. 

 

4.1 Introduction 

Systematic reviews have been employed since the early 1900s and have been known by 

a variety of names, including systematic literature review, research review, research 

integration, systematic overview, systematic research synthesis and integrative research 

review (Biolchini et al., 2005). There are many strategies for undertaking a systematic 

review, with no agreed standards (Biolchini et al., 2005). Therefore, as an introduction 

to this recently adopted research method, the following is a summary of the various 

strategies that have been employed in systematic reviews.  

Kitchenham et al. (2004) adopted the systematic review from evidence-based medicine 

(Sackett et al., 2000), which uses automated search string analyses of databases. 

Automated searches of electronic databases must overcome several problems (Biolchini 

et al., 2005; Jørgensen and Shepperd 2007; Staples and Niazi, 2007), for example a lack 

of standardized terminology; non-standard databases that give different results 
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depending on the search method, such as basic or advanced search; identical searches on 

the same database on different days that yield different results; different database search 

engines needing specific search strings; and limits on the search strings, such as the 15-

item limit for IEEEXplore and the 10-item limit for ACM Digital Library. 

Consequently, alternative methods have been developed and used successfully for the 

execution of a systematic review in software engineering, including manual searching 

using a pre-determined list of candidate journals (Brereton et al., 2007: Jørgensen and 

Shepperd, 2007; Kitchenham et al., 2009) and the reference-based strategy, a manual 

search of interconnected bibliographies (Skoglund and Runeson, 2009).  

 

4.1.1 Limitations created by SR and PhD requirements 

Review points 

By its nature, an SR is complex and very time consuming. This is exacerbated by the 

requirement for a large number of review points, which entail the checking or 

replicating of the work by another member of the review team. Examples of review 

points are search term pilot reviews, protocol reviews, initial selection reviews, final 

selection reviews, data extraction reviews and data analysis reviews (Staples and Niazi, 

2007). While the importance of these review points is not questioned, they present two 

impediments to this work.  

1. These review points require close collaboration within a team of at least two 

members. The input of the candidate and the other team member are of equal 

amount and importance. All members of the review team need to take an active 

part in developing the review protocol (Brereton et al., 2007). However, a PhD 

is the sole work of the candidate 

2. The calendar time taken by the reviews – both their duration and when they can 

be held – is impossible to predict with any degree of accuracy (Staples and 

Niazi, 2007). However, a PhD Work Plan is developed to reflect set time limits 

of a PhD programme. 

As a consequence, the review points are omitted from the SR implementation in this 

work. The threats to validity of such action are considered negligible due to the strategy 

to use the Bi-level design for the SR. 
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Assessment of the quality of the identified research 

Kitchenham (2004) described a process for assessing the quality of research papers 

identified by the SR. However, three years later, this process was observed to be 

impractical (Brereton et al., 2007; Staples and Niazi, 2007, and others), an observation 

supported by Kitchenham et al. (2009). See further discussion in Section 4.3.1. 

For this reason, the process adopted by Brereton et al. (2007), rather than that advocated 

by Kitchenham (2004), was used in this work.  

 

4.1.2 Development of SR protocol 

A systematic review “follows a very well defined and strict sequence of methodological 

steps, according to an aprioristically developed protocol” (Biolchini et al., 2005, p 1). 

The protocol is in practice a hybrid document. It is a well-defined detailed plan of what 

the researcher is intending to do with the instructions on how to do it. At the same time, 

it contains much of the simpler, straight-forward preliminary work that forms part of the 

preparation. For example, the researcher is to decide, and offer justification for, the time 

period to be searched. The same applies to which databases are to be searched. Both of 

these must be determined before the actual search begins and can be part of the 

preliminary tasks of developing the protocol. Subsequently, the protocol is combination 

of past and future tenses.  

Despite many attempts at refining the SR guidelines to better suit software engineering, 

many aspects of the SR, as well as the limitations and requirements set by a PhD 

dissertation, make strict adherence to these guidelines not possible for a work such as 

this.  

The bespoke protocol, the Bi-level Search strategy (Section 4.1.3), satisfies the needs of 

this work. It incorporates the work of Babar and Zhang (2009), Brereton et al. (2007), 

Budgen et al. (2006), Dybå et al. (2005), Kitchenham et al. (2004), Staples and Niazi 

(2007), Zhang and Babar (2010) and, in particular, the review protocol template 

developed by Biolchini et al. (2005) and the reference-based strategy of Skoglund and 

Runeson (2009). 
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In planning for the review, it was accepted that the setting of a protocol is by its nature 

an iterative process that requires piloting, specifically the search terms, selection criteria 

and data extraction procedures (Kitchenham, 2004). Such a pilot would uncover 

mistakes in the data collection and result in changes to the methodology (Staples and 

Niazi, 2007). It is expected that the planned protocol is not necessarily sequential and 

these changes could be made at any stage. Indeed, Staples and Niazi reported changing 

their selection criteria as late as the data extraction stage, in order to further refine the 

identified studies.  

 

4.1.3 The Bi-level Search strategy 

The difficulties encountered by using search-strings in databases are described in 

sections 4.1 and 4.1.1. 

To mitigate these difficulties, this study developed a new strategy, the Bi-level Search, 

which combines the strategies of searching databases with search-strings and that of 

reference-based searching. The first level, Level DB, is a database search using high-

level search-strings. The second level, Level BC, is a reference-based search using the 

bibliographies and citations lists of the selected studies from Level DB, based on the 

Reference-based Strategy of Skoglund and Runeson (2009). The Bi-level Strategy 

enhances this strategy by adding citation searching. 

The ideal search strategy must be able to capture as much relevant material as exists 

(recall), while excluding as much irrelevant material as possible (precision), so as to 

reduce the time necessary to manually exclude them (Skoglund and Runeson, 2009). 

The goal is to choose a search strategy that has the maximum (100%) for both measures. 

This is impossible to forecast, since it requires an intimate pre-knowledge of how much 

relevant material there is. The Bi-level Search is an attempt to maximize both recall and 

precision. First, recall is maximized by spreading a wide net with a high-level search-

string analysis of databases and then manually selecting the final relevant studies. 

Second, these final relevant studies are subjected to a focussed reference-based search 

so as to maximize the precision and minimize the subsequent manual selection time. 

The manual selection of the final relevant studies for both levels will reference the same 

selection criteria. The final list of selected studies is the aggregation of the final lists 

from Levels DB and BC. 
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By not relying on any one strategy, it is possible to simplify both the search-string and 

reference-based strategies, while retaining the inherent advantages of a more complex 

process. The aim is to enable complex questions to be researched without the need for a 

multi-member team, thus bringing Systematic Reviews, both simple and complex, 

within the economical grasp of individuals. 

 

4.2 Question formulation 

The terminology and format used in this protocol is based on those of Brereton et al. 

(2007), Biolchini et al. (2005) and Skoglund and Runeson (2009). 

 

4.2.1 Question focus 

The focus of this research is the discipline of Software Engineering and related 

disciplines. The sub-set is component-based software reuse and the outcome is a better 

understanding of the reasons for its apparent slow adoption by industry. In particular, 

the SR focused on the non-technical barriers to the adoption of organization-wide 

component reuse. 

 

4.2.2 Question quality  

Problem 

The research problem is:   

What are the non-technical barriers to the organization-wide adoption of CBSE and 

how do these barriers manifest themselves? 

Questions 

The research problem is addressed by answering the following three research questions: 

Research Question 1:  In what manner do Social Factors influence the organization-

wide adoption of CBSE? 
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Research Question 2: In what manner do Human Factors influence the organization-

wide adoption of CBSE? 

Research Question 3: In what manner do Organizational Factors influence the 

organization-wide adoption of CBSE? 

Keywords and synonyms 

The keywords used for the search correspond to the research problem and research 

questions. The synonyms are from alternative terms for these keywords that were 

encountered in the literature review (Chapter 2). They were used in the manual selection 

of studies in both Levels DB and BC. 

Keywords and synonyms relating to the research problem 

Keywords    Synonyms 

software engineering   software development 

component    asset, modular 

reuse     (nil) 

organization-wide   systematic 

adoption    implementation, application 

barrier     obstacle, resistance, factors, inhibitor 

non-technical    social, human, organizational 

Additional keywords for Research Question 1 

Keywords    Synonyms 

Social:     co-operation, communication 

Additional keywords for Research Question 2 

Keywords    Synonyms 

Human:    personal, cultural, individual, motivation 

Additional keywords for Research Question 3 

Keywords    Synonyms 

Organizational: political, business strategy, positional power, 

authority, decision-making, communications  

Decision-making:   mandating, delegation, consultation 

Reward(s):    incentive(s), (de)motivator(s) 
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Intervention 

The intervention is the evaluation of previous research into (a) the non-technical barriers 

to organization-wide adoption of CBSE and (b) factors in the successful organization-

wide adoption of CBSE. 

Control 

This describes the baseline or initial data set. It is the result of the findings in Chapter 2 

and was the source of the specific research questions, the keywords and their synonyms. 

Effect 

The expected results of the SR are identification of (a) the non-technical barriers to 

organization-wide adoption of CBSE and their effects on the adoption, and (b) factors in 

the successful organization-wide adoption of CBSE and their effects on the adoption. 

Outcome measure 

The metrics to measure the effect are the number and types of non-technical barriers and 

positive factors. 

Population 

The population group to be observed is publications regarding barriers to adoption of 

CBSE. These were selected by first running search-string based searches on selected 

databases and then analysing bibliographies and citations lists of the resulting papers.  

Application 

The application of the SR is this thesis. The findings will be used to develop the draft 

SHOFRA model. 

 

4.3 Sources selection 

4.3.1 Sources selection quality criteria definition 

This defines the characteristics that make a source acceptable for inclusion in the review 

selection (Section 4.1.1). In this case, it defines the quality of the sources material. 
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Kitchenham (2004, p. 10) observed that there “is no agreed definition of study quality”. 

Formal attempts to assess the quality of the identified papers have not been successful.  

Kitchenham et al. (2009) used the following four criteria to assess the quality of 20 

reviews: 

1. Are the review’s inclusion and exclusion criteria described and appropriate? 

2. Is the literature search likely to have covered all relevant studies? 

3. Did the reviewers assess the quality/validity of the included studies? 

4. Were the basic data/studies adequately described? 

Only two papers (10%) passed on all four criteria. 

Staples and Niazi (2007) assessed quality on the basis of publication bias, internal 

validity and external validity. They judged 46 papers simply on their mention of these 

three attributes and not on whether they had been addressed appropriately. The result 

was that only four papers (9%) passed on all three attributes. 

Consequently, this work adopted a more practical approach to quality assessment that 

also directed the choice of journals and databases to be searched. 

Establishing the quality of this research was based on the work of Brereton et al. (2007), 

who extracted their primary sources solely from archival journals, because they could 

not determine any clear quality criteria for inclusion in their study. That such 

publications were refereed was taken by default as evidence of the requisite quality. 

They limited their search strategy to specifying the archival journals to be used and the 

years which would be searched. Many other researchers who use SR have adopted a 

similar strategy (Jørgensen and Shepperd, 2007; Kitchenham et al., 2009; Sharp et al., 

2008; Wangenheim et al., 2010).  

The Bi-level Search strategy used in this study was limited to published and refereed 

journal articles and conference proceedings, with the addition of refereed books, such as 

handbooks and specialist encyclopaedias which appear in the major established online 

databases. This criterion is referred to as publication type. 

 

4.3.2 Studies languages 

Only primary studies written in English were accepted. 
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4.3.3 Period covered by the systematic review 

Discussion of the concept of component in software engineering was a major part of the 

Symposium on Component-based Software Engineering in 1998. At this conference, 

consensus was reached on the definition of component (Brown and Wallnau, 1998). It 

can be assumed that subsequent research is focussed on this definition of component or 

close variations.  

The starting time for the SR therefore depended on when a universal agreement was 

reached on the definition of the term component within software engineering 

community, namely 1998. A similar criterion has been used previously by researchers in 

software engineering (Brereton et al., 2007; Kitchenham et al., 2009; Sharp et al., 2008). 

Searching only from 1998 to 2009 ensures that the results will reflect current barriers, 

rather than those which were identified earlier and may well have been addressed. If the 

earlier barriers still exist, they would be present in current studies, which also include 

barriers that have emerged in the past 12 years. In doing so, it is acknowledged that this 

time period is nonetheless an artificial constraint and that relevant papers might have 

been published before 1998. These will need individual consideration during the 

selection process. 

The SR covers the 12 years from 1998 to 2009, inclusive. 

 

4.3.4 Sources identification 

Sources search method 

This systematic review utilized the Bi-level Search strategy (Section 4.1.3). 

Level DB search-strings 

The aim of database searches is to maximize the recall, the number of relevant studies in 

the source list. Therefore, the search-strings must be general enough to not exclude 

relevant studies, yet specific enough to exclude those that are not relevant (Skoglund 

and Runeson, 2009). 
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To achieve consistency among the database searches, the number of items in the search-

strings is limited to ten as being the limit of the ACM Digital Library. This means that 

the database searches will be relatively general. The proposed search-strings are 

software engineering, software reuse and component-based. When added to the date 

period (an additional two search items) the proposed search-strings total eight search 

items, allowing another two to be added should testing suggest the need. 

Level BC take-off papers 

The take-off papers will be the final selected studies resulting from Level DB. 

Sources list for Level DB 

The sources list is the results of applying the search-strings to the selected databases.   

Considering the strictures imposed on this work and the time it takes to undertake an 

exhaustive SR (Staples and Niazi, 2007), guidance for the choice of database/search 

engine is taken from Zhang and Babar (2010). They identified 38 SRs published in 

software engineering and analysed the sources interrogated by these studies. In all, they 

identified ten search engines and sources. The search engines that were used by more 

than 50% are IEEEXplore (92%), ACM Digital Library (81%) and ScienceDirect 

(58%). The remaining seven databases ranged from 38% to 8%. 

The selected databases to be searched are IEEEXplore, ACM Digital Library and 

Science Direct. 

Sources list for Level BC 

The final selected studies list from the database search (Level DB) provides the take-off 

studies. The bibliographies and citations lists from each of these studies make up the 

sources list. 

. 

4.3.5 Sources selection after evaluation 

For both levels DB and BC, each study in the initial sources list is evaluated according 

to the following criteria: paper title, publication year, publication type – see Section 

4.3.1. If there is any doubt as to the acceptability of the study, the abstract will also be 

read. In addition, it might necessary to read the full text of the study. 
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4.4 Studies selection 

4.4.1 Studies definition 

Studies inclusion and exclusion criteria 

The following inclusion and exclusion criteria will be applied to both Level DB and 

Level BC. 

Quality criterion 

1. The selected papers are limited to those appearing in refereed journals, 

conferences proceedings and books. This is referred to as the Publication Type. 

Acceptance criteria 

2. The studies to be selected are only those that describe primary research into the 

effects of the adoption or attempted adoption of organization-wide component 

reuse. Studies describing already published primary research are excluded.  

3. It is not uncommon for the same primary research data to be presented in a 

different structure, different primary authors and in different publications. These 

are judged on their content and, if found to be based on similar primary data, are 

deemed to be duplicate studies and subsequently excluded. 

4. Studies can appear on several databases, bibliographies and citation lists. Only 

the first identified occurrence will be recorded. All subsequent occurrences will 

be excluded. 

5. Studies published within the 12-year period, 1998 to 2009, will be included. 

6. Only studies in English will be included. 

7. Studies must focus on the social, human and organizational barriers to 

organization-wide adoption of component-based reuse, or CBSE. All other 

studies will be excluded. 

Studies type definition 

Only primary studies are selected and they could be qualitative or quantitative. Personal 

experience reports, aggregation reports of previous studies and personal opinions, 

editorials and secondary studies are excluded. 
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Procedures for studies selection 

Level DB 

The initial source selection consists of the studies identified by the search-strings. These 

studies are subjected to the selection criteria (Section 4.4.1). With respect to Criterion 7, 

initially selection will be made on the content of the title and abstract. If ambiguity 

results, then the full text will also be read, where available, to confirm the decision to 

include or exclude. In these cases, if full text is inaccessible, then the study is excluded. 

Level BC 

The initial source selection consists of the bibliographies and citations lists of all papers 

in the final selected studies list resulting from the database search in Level DB. These 

papers are subjected to the selection criteria (Section 4.4.1). With respect to Criterion 7, 

initially selection will be made on the content of the title and abstract. If ambiguity 

results, then the full text will also be read, where available, to confirm the decision to 

include or exclude. In these cases, if full text is inaccessible, then the study is excluded. 

 

4.4.2 Selection execution 

Initial studies selection 

This reports on how many initial studies are in each of the databases and take-off 

papers. 

Final studies selection 

This evaluation lists those studies that completely satisfy all inclusion and exclusion 

criteria. Separate lists are presented for Levels DB and BC. 

Selection quality criteria review 

This review reports on whether Criterion 1, the quality criterion (Section 4.4.1), might 

exclude any studies that would otherwise qualify for inclusion. 
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Selection acceptance criteria review 

This review reports on whether criteria 2–7, the acceptance criteria (Section 4.4.1), 

might exclude any studies that would otherwise qualify for inclusion. 

 

4.5 Information extraction 

4.5.1 Information inclusion and exclusion criteria definition 

For a study to be included, its major focus must be social, human and organizational 

barriers to organization-wide adoption of component-based reuse, or CBSE. 

 

4.5.2 Data extraction forms 

A sample of the form for the collection of data from the selected studies is in Appendix 

3. 

 

4.5.3 Extraction execution 

The following information is recorded for each selected study for Levels DB and BC. 

Study code 

A code is allocated to each selected study to clearly separate those resulting from Level 

DB and Level BC. These have the prefix of DB or BC plus a consecutive number. 

Study identification 

Standard APA6 format is used to identify the selected studies. 

Study methodology 

This section briefly describes the methodology was that was used by the authors of the 

selected study. 
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Study results 

This section briefly describes the key results of the selected study as they apply to this 

thesis.  

Quality criteria 

This section states whether the quality criteria were met by the selected study. 

Acceptance criteria 

This section states whether the selection criteria were met by the selected study. 

 

4.6 Results summary 

4.6.1 Results presentation in tables 

Tables will be used to analyse the findings as input to the development of the SHOFRA 

Model (Chapter 6). 

 

4.6.2 Final comments 

Number of studies 

This reports the number of initial studies and final selected studies. 

Search, selection and extraction bias 

This identifies any such biases present. 

Results application 

The search results will be applied to developing a model of social, human and 

organizational factors in the adoption of CBSE. 
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4.7 Chapter summary 

This chapter has described the design phase of the systematic review.  

The bespoke protocol developed for this research, the Bi-level Search, was based on the 

procedures of Kitchenham et al. (2004) and Biolchini et al. (2005) and the reference-

based search strategies of Skoglund and Runeson (2009). The quality of the research 

identified by the SR was determined using the process adopted by Brereton et al. 

(2007).  

The first level, DB, of the Bi-level search strategy is a high-level search-string analysis 

of selected databases. The second level, BC, is a focussed reference-based search of the 

bibliographies and citations lists of the studies identified in Level DB. The aim of this 

strategy is to maximize both the recall and precision rates.  

The SR focuses on primary studies of organization-wide adoption of CBSE, to identify 

(i) non-technical barriers to adoption and (ii) factors in successful adoptions. The results 

of the implementation of the SR protocol are detailed in Chapter 5 and are applied in 

Chapter 6 to developing a model of social, human and organizational barriers to the 

adoption of CBSE. 
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CHAPTER FIVE 

SYSTEMATIC REVIEW REPORT 

 

Chapter outline 

This chapter presents the findings of the SR (Step 3 of EBSE) and discusses deviations 

from the plan experienced in executing the review. Section 5.2 identifies the studies 

from the Bi-level Search strategy, and Section 5.3 outlines the key elements of the 

selected studies. Section 5.4 is a short summary of the key features of the SR, and 

Section 5.5 presents detailed synopses of the final selected studies. 

 

5.1 Introduction  

This chapter describes the execution of the Protocol developed in Chapter 4. The two 

chapters are complementary, as sections that were already defined in Chapter 4 are not 

duplicated in this chapter. It is intended that chapters 4 and 5 be read in concert. This 

chapter is also complementary with Chapter 2, a review of the background and 

development of component-based reuse, while this chapter focusses on non-technical 

barriers to adoption of organization-wide reuse. 

 

5.2 Studies selection execution 

5.2.1 Initial studies selection 

This section lists the number of initial studies resulting from each of levels DB and BC. 

The output (final studies) from Level DB is the input (initial studies) to Level BC. 

Level DB 

The proposed search-string items were software engineering, software reuse and 

component-based. Piloting these strings revealed that the deletion of software 
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engineering increased the recall rate. For example, Science Direct yielded 90 source 

studies when searching with (software engineering AND software reuse) OR (software 

engineering AND component-based). This increased to 498 source studies, when 

software engineering was deleted from the search-strings. 

Therefore, the final search strings were software reuse OR component-based. To ensure 

that the correct syntax was used, the auto search function of each database was utilised, 

rather than a manual input of the parameters. 

IEEEXplore   174 

ACM Digital Library 255 

Science Direct   498 

Total 927 

Level BC 

Kunda & Brooks (1999 and 2000)   48 

Mellarkod et al. (2007)    11 

Morisio et al. (2002)     99 

Sherif and Vinze (2003)    29 

Total  187 

Note: The protocol for selection (Section 4.4.1) excludes studies that are duplicates 

from the final selections only. Kunda and Brooks (1999) and (2000) use common data. 

Therefore, Kunda and Brooks (1999) is excluded from the final selections. However, in 

order to widen the search, both studies are included in Level BC, the reference-based 

search, as their citations lists are different.  

 

5.2.2 Final studies selection 

The following studies completely satisfied all inclusion and exclusion criteria. 

Level DB 

1. Kunda, D., & Brooks, L. (2000). Assessing organizational obstacles to 

component-based development: A case study approach. Information and 

Software Technology, 42, 715-725.   
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2. Mellarkod, V., Appan, R., Jones, D. R., & Sherif, K. (2007). A multi-level 

analysis of factors affecting software developers’ intention to reuse software 

assets: An empirical investigation. Information and Management, 44, 613-625.   

3. Morisio, M., Seaman, C. B., Basili, V. R., Parra, A. T., Kraft, S. E., & Condon, 

S. E. (2002). COTS-based software development: Processes and open issues. 

Journal of Systems and Software, 61, 189-199. 

4. Sherif, K., & Vinze, A. S. (2003). Barriers to adoption of software reuse: A 

qualitative study. Information and Management, 41(2), 159-175. 

Level BC 

5. Chroust, G. (2006). Motivation in component-based software development. In 

C. Ghaoui (Ed.), Encyclopedia of human computer interaction (pp. 414-421). 

Hershey, PA and London, UK: Idea Group. 

6. Huang, J. C., Newell, S., & Galliers, R. D. (2002). The impact of organizational 

sub-cultures on the implementation of component-based development: A case 

study of an international investment bank. Proceedings ECIS (pp. 219-228). 

Poland.  

One additional study was included, as explained in Section 5.2.4: 

7. Lynex, A., & Layzell, P. J. (1997). Understanding resistance to software reuse. 

Proceedings of Software Technology and Engineering Practice. (pp. 339-349) 

IEEE Computer Society. 

 

5.2.3 Selection quality criteria review 

All of the final selected studies conformed fully to the quality requirements  Sections 

4.1.1, 4.3.1 and 4.4.1 present details of the quality requirements.  

 

5.2.4 Selection acceptance criteria review 

Six of the final selected studies conformed fully to the quality requirements (Section 

4.4.1). 
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One paper, by Lynex and Layzell (1997), was included even though it was published 

outside the specified time period for inclusion. It was included because it was only one 

year outside the specified period and identified nine factors that inhibited the adoption 

of CBSE. Four were related to management’s initial decision to adopt CBSE, while five 

focussed on the barriers to adopting systematic reuse as they relate to this thesis. 

 

5.3 Information extraction execution 

The study codes DB and BC refer to the results of Level DB and Level BC, 

respectively. 

Study Code:  DB1 

Study Identification: Kunda, D., & Brooks, L. (2000). Assessing organizational 

obstacles to component-based development: A case study 

approach. Information and Software Technology, 42, 715-725. 

Study Methodology: Grounded Theory and a case study approach were used with in-

depth interviews in three organizations in the UK, one each from 

the business areas of manufacturing/engineering, 

finance/banking and retail/wholesale. 

Study Results: Twelve barriers were identified to the adoption of CBSE.  

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 

Study Code:  DB2 

Study Identification: Mellarkod, V., Appan, R., Jones, D. R., & Sherif, K. (2007). A 

multi-level analysis of factors affecting software developers’ 

intention to reuse software assets: An empirical investigation. 

Information and Management, 44, 613-625.   

Methodology: Thirteen hypotheses, consisting of nine factors, were tested via a 

structured questionnaire to 13 project managers and 207 



69 
 

software developers in multinational IT companies 

headquartered in India. 

Results: Six of these factors were found to positively relate to 

developers’ intention to re-use software components. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 

Study Code:  DB3   

Study Identification: Morisio, M., Seaman, C. B., Basili, V. R., Parra, A. T., Kraft, S. 

E., & Condon, S. E. (2002). COTS-based software development: 

Processes and open issues. Journal of Systems and Software, 61, 

189-199. 

Methodology: Fifteen projects covering 30 COTS packages were examined at 

the Software Engineering Laboratory (SEL) at NASA to identify 

essential differences between reuse and traditional software 

development.  

Results: Seven barriers to CBSE adoption were identified. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 

Study Code:  DB4   

Study Identification: Sherif, K., & Vinze, A. S. (2003). Barriers to adoption of 

software reuse: A qualitative study. Information and 

Management, 41(2), 159-175. 

Study Methodology: This was a three-stage study. Five cases from three diverse 

industries – oil and gas, telecommunications and software 

consulting – were analysed to develop a framework of 

propositions. A panel of four experts in the software industry 

commented on the framework, which was then applied to a 

number of information technology research projects. 
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Study Results: Seven barriers to CBSE adoption were identified. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 

Study Code:  BC1 

Study Identification: Chroust, G. (2006). Motivation in component-based software 

development. In C. Ghaoui (Ed.), Encyclopedia of human 

computer interaction (pp. 414-421). Hershey, PA and London, 

UK: Idea Group. 

Study Methodology: Analysis of the motivation of developers based on Maslow’s 

five-level Hierarchy of Needs (Maslow, 1943). 

Study Results: Twenty-nine Human factors were identified that present barriers 

to the adoption of CBSE. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 

Study Code:  BC2 

Study Identification: Huang, J. C., Newell, S., & Galliers, R. D. (2002). The impact 

of organizational sub-cultures on the implementation of 

component-based development: A case study of an international 

investment bank. Proceedings ECIS (pp. 219-228). Poland. 

Study Methodology: An interpretive approach was used in a series of semi-structured 

interviews at the investment arm of a multinational banking 

corporation, which had failed to achieve the expected potential 

of CBD. 

Study Results: Eight barriers to CBSE adoption were identified. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: All criteria were satisfied. 
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Study Code:  BC3 

Study Identification: Lynex, A., & Layzell, P. J. (1997). Understanding resistance to 

software reuse, Proceedings of Software Technology and 

Engineering Practice, 339-349, IEEE Computer Society Press. 

Study Methodology: Interviews with selected senior IT personnel at five British 

organizations with large IT requirements and questionnaires 

with a further 14 companies.  

Study Results: Nine factors were identified that prevent or inhibit CBSE 

implementation. Four were related to the initial decision by 

management to adopt systematic reuse. Five were barriers 

directly related to the adoption of CBSE. 

Quality Criteria: All criteria were satisfied. 

Acceptance Criteria: Date of publication is outside the specified time period by one 

year, but the study is considered highly relevant. 

 

5.4 Results summary 

5.4.1 Number of studies 

Level DB had 927 initial studies, which resulted in four final studies. 

Level BC had 187 initial studies, which resulted in three final studies. 

The Bi-level Search strategy resulted in a total selection of seven final studies, almost 

doubling that of using only a search-string database strategy. 

 

5.4.2 Search, selection and extraction bias 

A purpose for multiple reviewers is to minimize bias. As a sole reviewer, a PhD 

candidate must take additional care to avoid the presence of bias (Section 4.1.1). This 

was controlled for the search and selection procedure by keeping closely to the set 

inclusion and exclusion criteria. The extraction bias is no more than that encountered in 
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a traditional literature review, such as that in Chapter 2, and needs no special additional 

attention. 

 

5.4.3 Results application 

The search results are applied in Chapter 6 to develop a model of social, human and 

organizational factors in the adoption of CBSE. 

 

5.5 Detailed synopses of the final selected studies 

This section summarizes the findings of each of the final selected studies as they apply 

to this thesis. Chapter 6 describes how these relate to Keidel’s Organizational Design 

Framework and were used to develop the draft SHOFRA Model. 

5.5.1 Chroust (2006) 

Chroust (2006) noted that the type and quality of systems is considerably influenced by 

the motivational factors of systems developers (Arbaoui et al., 1999; Kumar and Bjoern-

Andersen, 1990) and based his analysis of the motivation of developers on Maslow’s 

five-level Hierarchy of Needs (Maslow, 1943): 

1. Basic physiological needs (survival) 

2. Security (physical, economic etc) 

3. Social environment 

4. Recognition 

5. Self-fulfilment. 

By applying these five levels to CBSD, Chroust identified 29 human factors that often 

account for the slow uptake of CBSE.  

Note that the following citations are those given by Chroust to support his findings.  

 

1. Basic physiological needs (survival) 

Generally, this factor has little bearing on CBSE adoption. However, DeMarco and 

Lister (1985) found that physical infrastructure (such as floor space, noise, privacy 
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and interruptibility), when inadequate, can have an adverse effect on developer 

performance. 

2. Security (physical, economic etc) 

2.1. Losing the job or position 

 Job redundancy – this is perceived as a real risk since CBSE promises 

higher productivity and the development of the components can be easily 

outsourced or sourced off-the-shelf.  

 Implementing vs Composing – the difference between implementing 

(programming in the small), which requires a systems view, and composing 

(programming in the large) can make traditional patterns of work obsolete, 

even counter-productive (deRemer, 1976). 

 Changed job profile – integrating existing components requires a different 

mindset, abilities and qualifications (Vitharana, 2003). 

 Loss of knowledge and “guru” status – much of a developer’s accumulated 

knowledge and experience can become irrelevant when integrating 

components. 

 De-skilling – takes place at the lower level of software development. The 

increased skills that result from the higher-level compositions are often not 

recognized or appreciated. 

2.2. Loss of low-level flexibility 

 Pre-conceived expectations – components do not always deliver the 

specified functions. This leads to working out a compromise solution 

(Vitharana, 2003) or simply accepting that the solution will be of a good 

enough quality as opposed to the best (Bach, 1997; ISO/IEC25000, 2005). 

 Revision of requirements – alternatively, a mismatch in requirements and 

components can also lead to changes in requirements (Vitharana, 2003). 

 Uncertainty about functionality of components – often the developer is not 

aware of internal structure of a component (especially COTS) (Bachmann 

et al., 2000) and the developer must rely on the provider’s description and 

claims (Crnkovic and Larsson, 2001a; Vitharana, 2003). 

2.3. Lack of confidence 

 Distrust in component quality – past experiences with poor quality 

components have created a general distrust for software developed by 

someone else, especially when the internals are not disclosed (Heineman et 

al., 2000; Vitharana, 2003). 
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 Questions about usability – because of problems with portability and 

interoperability, especially with COTS (Vecellio and Thomas, 2001), 

confidence in using the component is further reduced. 

 Loss of control of system – the ‘black-box’ character of components leads 

to a reduction in the understanding of the ‘why and how’ of the designed 

system. 

2.4. Effort for reuse vs new development 

 Uncertainty concerning the outcome of the selection process – difficulties 

on searching for appropriate components can result in delays in the 

development schedule and lost effort in the search process. 

 Effort estimates – the initial effort to become familiar enough with the 

system to make changes, the learning curve and the difficulty and 

unwillingness to familiarize with someone else’s work results in 

underestimating effort needed to build a system ‘from scratch’ and an 

overestimation of effort to adapt a system. 

3. Social environment 

3.1. Reluctance to utilize outside intellectual property – plagiarism to the extent of 

reusing someone else’s ideas and intellectual achievements is objected to and 

usually not sanctioned (Kock, 1999; Sonntag and Chroust, 2004). 

3.2. Immorality of copying – most people have been taught from a young age that 

using someone else’s work is wrong. This might persist to later life, resulting on 

a reluctance to share knowledge and use someone else’s achievements 

(Disterer, 2000). 

3.3. Adopting a new technology – the adoption of CBSE can be delayed by the 

tendency of software developers to be introverts (Riemenschneider et al., 2002) 

and that the adoption of a new technology “starts with a few early adopters and 

then others follow primarily because of personal communication” (Chroust, 

2006, p.417). 

3.4. Change of work organization – CBD requires the organization to change its 

areas of responsibility, power distribution and status (Allen, 2001; Chroust, 

1996; Cusumano, 1991; Wasmund, 1995), resulting in changes to the social 

climate and established conventions. 
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4. Recognition 

4.1. Glueing vs doing – recognition is for a technical achievement and there is little 

recognition, hence less prestige, for simply ‘glueing’ together existing 

components. 

4.2. Shift of influence and power – CBD results in organizational change, with 

changes to influence, power and prestige, bringing with it a threat to established 

hierarchy (Allen, 2001; Kunda and Brooks, 1999). 

4.3. The CBD water carrier – to a large extent, component development concerns 

making existing components reusable (Allen, 2001), rather than developing 

‘from scratch’. This is seen as a form of maintenance (Basili, 1990) and 

consequently is seen as less prestigious.   

4.4. Contempt for the work of others – the low quality of many software products 

and people’s belief that they can always do a better job can lead to developers 

having contempt for anyone else’s work.   

4.5. Rewarding searching over writing – inappropriate measures for reward (for 

example, lines of original code produced) means that searching for and 

incorporating components will be seen as less attractive. 

4.6. Accounting for lost search effort – since there is no guarantee that even a 

thorough search will yield reusable components (Vitharana, 2003), management 

must allow for such lost effort (Fichman and Kemerer, 2001). 

5. Self-fulfilment 

5.1. Not invented here – a strong motivator for developers is the creation of original 

systems, making it difficult to accept others’ work in the form of components 

(Disterer, 2000). 

5.2. No more gold plating – a common trait among developers is that of ‘gold-

plating’. This is the tendency to be dissatisfied with one’s product and 

continuously wanting to improve it. Externally sourced components (COTS) 

usually cannot be modified (that is, ‘improved’) because the code is not 

available.   

5.3. No creative challenge – the creativity of developing new code is not matched by 

reusing components, despite reuse involving the creative processes of finding 

best-fitting components, restructuring the system and modifying requirements. 

5.4. No more lone artist – CBSE is a team effort involving the work of many, 

including the developers of the original components, and so the individual’s 

effort is not as well regarded. 
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5.5. Lack of freedom – the use of existing components and the processes involved in 

integrating them restricts the freedom of development and limits creativity. 

Chroust concluded that “understanding the basic state of emotion of software 

developers will support efforts to overcome developers’ reluctance to accept CBSE”, 

leading to “a new level of professionalism in software development and would allow 

CB methods to be utilized fully in the field of software engineering” (p. 418). 

 

5.5.2 Huang et al. (2002) 

Huang et al. (2002) investigated the impact of organizational sub-cultures on the 

implementation of component-based development. Sub-culture indicates “a set of 

norms, beliefs, values and practices shared by a group of organizational members that is 

distinctive from the norms, beliefs, values and practices of other groups within the 

organization” (p. 224). 

Using an interpretive approach, a series of semi-structured interviews were held at the 

investment arm of a multinational banking corporation (Invebank) that had failed to 

achieve the expected potential of CBD. Interviewees commonly indicated that the main 

impediments related to human issues. Huang et al. found that “while CBD requires 

extensive knowledge sharing and collaboration, sub-cultural differences between groups 

within Invebank meant that this proved difficult to enact” (p. 219). 

Technologists had resisted the introduction of CBD because they perceived it as a 

threat, believing that the requirement for expert technologists would be reduced as 

inventory of reusable components grew. 

Despite managers having emphasized the importance of cultivating a collaborative 

culture to ensure the success of CBD, interviewees highlighted the problem of a lack of 

collaboration and component sharing across the entire Technology Division. This was 

partly due to the existence of organizational silos. One of the technologists suggested 

that internal politics was the central issue: “I guess it is all about politics in the bank. 

You’ve got to go through a lot of hoops to get anything done, a lot of sign-offs, a lot of 

bureaucracy” (p. 223). 
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Different mind-sets were evident in different groups, with the main sub-cultural 

differences being the result of the different groups doing different tasks. Individuals’ 

expectations also resulted in differences in attitudes, for example “I have been in this 

job twenty-five years and will retire in five years. Why do I want to change?” (p. 224). 

There was also a cultural divide between contractors and permanent staff. Some 

permanent staff considered contractors not to be part of Invebank and argued that they 

should not receive additional benefits from the firm. Even though some systems were 

developed in-house, one contractor found it very difficult to obtain adequate 

information and training about them, stating “it had been very unpleasant to be involved 

in the CBD initiative, particularly due to poor relationships with permanent staff” (p. 

225). 

The sub-cultural differences that were clearly evident in Invebank were a source of 

inter-group tension and conflict and resulted from different task requirements, different 

abilities to control resources, and differences in the length and nature of employment. It 

is noted that both groups and individuals displayed sub-cultural differences.  

 

5.5.3 Kunda and Brooks (2000) 

Kunda and Brooks (2000), utilizing Grounded Theory and a case-study approach, held 

in-depth interviews in three organizations in the UK, one each from the business areas 

of manufacturing/engineering, finance/banking and retail/wholesale. All were 

experienced in CBD. 

Taking guidance from Curtis et al. (1988) and following on from Kunda and Brooks 

(1999), they identified 12 factors in three groups: Social/Interaction, Human and 

Organizational-level factors. 

1) Social/Interaction factors 

a) Different perception – individuals, even those working in the same group, can 

have different biases and perceptions about what is required for good software. 

Informal communications and more formal seminars and workshops can 

mitigate these barriers to successful reuse. 
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b) Different goals – individuals, even those working in the same group, can have 

different needs, objectives and goals which can impede successful reuse 

adoption.  

c) Interactions and communications – lack of internal group harmony and formal 

and informal communications, both within and among groups are barriers to 

systematic reuse success. 

2) Human factors 

a) Customer ownership and participation – the case studies highlighted the need for 

user involvement in the development process in order to minimize user 

resistance and maximize delivery of the users’ needs, especially when changing 

requirements are a concern.  

b) Motivation and gradient of enthusiasm – these are factors that “induce a person 

to act in a particular way” and are “expressed in terms of the person’s drives and 

needs”. The biggest challenge was found to be that of selling the idea of CBD 

within the organization, “to get people buy in” (p. 720). 

c) Incentives – it was found that the way incentives were given to developers 

discourages reuse. Short-term goals and being paid per lines of code written 

were cited. This applies to both developers and managers. Systematic reuse 

takes time to reap benefits and the incentives should reflect this. 

d) Cognitive skills – the migration from structured programming to reuse requires a 

change in skills, knowledge and mind-sets for the organization, managers and 

developers. One participant reported that knowledge is “fairly important. If 

people are unaware of the approach and what components are available to use, 

the tendency is that they go away and write their own code” (p. 721). 

3) Organizational level factors 

a) Political issues – these refer to decisions made by people of power, authority or 

status that are not in the best interests of advancing CBSE, but rather reflect a 

personal choice. 

b) Organizational and business strategy – short-term strategies and the need for 

greater adaptability can be barriers to the adoption of systematic reuse, since the 

benefits of reuse are not apparent in the short term. Reuse of existing 

components does not necessarily lend itself to ease of adaptation. 

c) Organizational resources and support – work overload, skill shortages and 

budgetary pressure can be barriers leading to lack of management support. 
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d) Organizational setting and management style – these should be based on co-

operation, rather than competition, in order to support reuse. Autonomous 

development units are especially a barrier. 

e) Organizational culture – this relates to the resistance to change in the way 

software is developed. Change is often seen as a threat to continued 

employment. 

Building on from the work of Curtis et al. (1988), Kunda and Brooks (2000) developed 

one of the earliest formal frameworks for identifying the non-technical barriers to reuse. 

The 12 factors provided the most comprehensive list at the time by covering 

social/interaction, human and organizational areas. 

 

5.5.4 Lynex and Layzell (1997) 

Lynex and Layzell (1997) identified nine factors preventing or inhibiting reuse 

adoption, by means of interviews with selected senior IT personnel at five British 

organizations with large IT requirements and questionnaires with a further 14 

companies.  

The motivation for the study was that the bulk of the reported successful reuse 

adoptions were in small development teams in niche areas of IT-focused organizations. 

Therefore, they focused on determining “what effort, if any, was being made within 

large non-IT companies to follow these successes in their in-house IT functions” (p. 

339). 

All participants reported informal reuse within development teams and it was suggested 

that formalizing reuse would reduce its effectiveness and it would be difficult to 

mandate. [This supports the Curtis et al. (1988) Layered Behavioural Model, Figure 2.2 

– H.R.]   

Of the nine areas identified, four were related to the initial decision by management to 

adopt systematic reuse or the ongoing decision to continue with reuse and thus outside 

the scope of this thesis. The remaining five areas focussed on the barriers to adopting 

systematic reuse as they relate to this thesis: 

1. Organizational structure. Communication and co-operation problems are most 

likely to occur in companies with autonomous or physically split business units. 



80 
 

Such a structure supported competition amongst business units and an 

unwillingness to co-operate or share information. 

2. IT structure. Fafchamps (1994) showed that a structure of separate component 

producers and users is ideal. One of the reasons given is that it reduces the 

developers’ disincentives to adopt reuse. The companies surveyed did not have 

this structure as the upper management was reluctant to commit upfront funds 

for the production of reusable components. Even so, reusing existing 

components will require co-ordination and management, usually with 

restructuring to make use of a reuse manager. The wrong type of structure would 

not encourage the identification of common areas between overlapping projects. 

3. Inertia. The higher priority of current projects did not allow for additional time 

and money for developer training in reuse and introduction of new reuse 

technologies.  

4. Knowledge. This related to a lack of knowledge by the developers of the 

advantages and processes of reuse. Other techniques such as RAD and JAD had 

received a higher profile among both developers and client base. Reuse was seen 

as benefitting only IT internally, with no corresponding benefits to the client or 

the company as a whole. 

5. Disincentives. Two reasons were offered for business units not re-using 

components developed in other units. The ‘not-invented-here’ syndrome 

highlights the distrust that developers have of components built by others – 

quality and not fulfilling the specified functions were cited fears. The other, less 

common, factor is that developers prefer to build the component themselves than 

simply integrate existing ones into the applications. 

Alluding to Contingency Theory and the need for flexibility in the set of barriers, Lynex 

and Layzell concluded that each company that embarks on implementing CBSE will 

experience its own barriers to adoption depending on their expectations of the 

technology and their current organizational and IT state and processes. Furthermore, the 

solutions to these barriers will vary from organization to organization. 

 

5.5.5 Mellarkod et al. (2007) 

Mellarkod et al. (2007) investigated factors related to management initiatives to reuse 

software and the intention of individual software developers to re-use software, whose 
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acceptance is essential to successful adoption of CBSE. They noted that the adoption of 

component-based reuse, while having potential benefits, was challenging. This they 

attributed to a research focus on project-level and organizational factors, rather than 

considering factors relating to the adoption of reuse by developers.  

Eight factors were tested by administering a structured questionnaire to software 

professionals in multinational IT companies in India. Six factors were found to be 

positively related to the developer’s intention to re-use, as shown in Figure 5.1. Three of 

the factors are related to two other factors and are underlined.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.1: Factors influencing the intent to re-use (created from Mellarkod et al., 2007) 

 

Three of the six factors were found to positively influence intentions to re-use: 

1. Perceived usefulness of reusable assets 

2. A positive predetermined mindset towards reusable assets 

3. Perceived self-efficacy. 

Four of the six factors were found to positively relate to perceived usefulness of 

software assets: 

Intention 
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1. Perceived ease of re-using software assets 

2. Perceptions about the availability of reuse compatible infrastructure 

3. Reuse-related experience 

4. Self-efficacy. 

Two of the six factors were found to positively relate to perceptions regarding the ease 

of reusing software assets: 

1. Perceptions about the availability of reuse compatible infrastructure 

2. Reuse-related experience. 

In summary, the developer’s perceptions of the component’s usefulness and ease-of-use, 

and of self-efficacy as well as a positive mindset regarding reuse, were found to be the 

major factors in a software developer’s intention to adopt component reuse. 

 

5.5.6 Morisio et al. (2002) 

Morisio et al. (2002) described an investigation of the COTS-based software 

development within the Flight Dynamics Division (FDD) at NASA/GSFC and 

identified essential differences between reuse and traditional software development. 

Morisio et al. examined the process of using COTS after reuse had been adopted, as part 

of the overall reuse implementation. While the majority of the work was on technical 

aspects, it included some non-technical aspects that are of interest in this thesis.  

More than 15 projects were examined and more than 30 COTS packages were involved. 

The COTS that were used “ran the gamut from a COTS product that completes the 

entire function of a telemetry processor, to fourth-generation languages that must be 

delivered with the system to maintain it” (Morisio et al, 2002, p. 191). 

Three types of differences were identified between traditional and component-based 

projects: 

1. New activities: component evaluations, component familiarization, component 

creator interaction, which require new professional skills and guidance 

2. Reduced activities: coding, debugging, unit testing, code inspections 
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3. Modified activities: design focused more on how to fit pieces together rather 

than the internal workings of different modules. Architecture issues 

(compatibility, configuration and integration) must be considered. 

Several non-technical barriers to CBSE adoption were identified. 

First, unavailable, incomplete or unreliable documentation on the component and an 

unpredictable learning curve with the component were common barriers to adoption. 

There was a lack of bi-directional communication between the component creator and 

component user, namely questions about the component not being answered. This 

applied to all phases of the development. A close relationship with the component 

creator was the risk mitigation strategy of choice.  

Second, flexibility in requirements was cited as a “must”. When a component is 

selected, “some requirements are immediately satisfied, some other requirements 

become easy to implement, and others become difficult if not impossible to obtain” 

(Morisio et al, 2002, p. 195). Morisio et al. argued that, since the typical goal of reuse is 

to reduce any or all of cost, effort and schedule, the project must be prepared to be 

flexible on the requirements. In effect, the selected component will have a degree of 

control over the delivered requirements. 

Third, major conflicts were reported when developers had little control over system 

requirements or choice of components; that is, one or both had been mandated. In order 

to avoid subsequent conflicts between requirements and delivered functionality, Morisio 

et al. warned against ignoring the team’s expertise and experience. 

Morisio et al. claimed that the decision whether or not to build the components can be 

made based solely on non-technical issues, flexibility in requirements and the 

willingness to rely on a reusable component. They concluded by noting that qualitative 

data, rather than quantitative data, were required to fully understand the changes 

required in the adoption of reuse.  

 

5.5.7 Sherif and Vinze (2003) 

Sherif and Vinze (2003) found that barriers occur at both the individual and 

organizational level, with the interaction of barriers caused at the organizational level 
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adversely affecting those at the individual level. Citing Apte et al. (1990), Hooper and 

Chester (1991) and Frakes and Fox (1994), Sherif and Vinze noted that, despite the 

importance of non-technical factors like human nature and personal characteristics, 

there was no empirical evidence to explain interactions among reuse, the individuals 

involved and the organizational context. 

For the study, Sherif and Vinze selected five cases from three diverse industries – oil 

and gas, telecommunications and software consulting. The goal was to better understand 

the relationships between reuse adoption and the elements of an organization. The 

results of the study are a framework of propositions, six of which are related to this 

thesis. The framework underwent a two-stage validation process. In the first stage, a 

panel of four experts in the software industry commented on the framework. In the 

second stage several information technology research projects which resulted in the 

successful adoption of new technology were analysed. 

The findings are presented as two types: 

1. Barriers to reuse 

1.1. A business philosophy focusing on the short-term goals of delivering projects 

on time is the main cause of barriers to reuse adoption. 

1.2. The lack of a promotional program that promotes existing assets and their use is 

a barrier to reuse adoption. 

1.3. The lack of support to assist asset utilizers’ access, understand and integrate 

reusable assets is a barrier to reuse adoption. 

2. Impact of business philosophy on the existence of barriers 

2.1. A visionary reuse champion can moderate the impact of business philosophy on 

the existence of barriers. 

2.2. Asset creators with experience in the domain of focus and necessary skills to 

analyse and design the domain can moderate the impact of business philosophy 

on the existence of barriers. 

2.3. Active communication between asset creators and asset utilizers can moderate 

the impact of business philosophy on the existence of barriers. 

The failure to adopt a business philosophy that supports reuse appears to be the main 

non-technical cause of barriers to reuse. In turn, these barriers can be mitigated by 

restructuring the organization to allow for reuse champions and greater communication 

opportunities among more experience and skilled developers. 
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5.6 Chapter summary 

This chapter has presented findings from a systematic review of the non-technical 

barriers to the organization-wide adoption of CBSE. It utilized a new search strategy 

designed specifically for this study, the Bi-Level Search strategy, a combination of 

database searching with search-strings and the reference-based strategy of 

bibliographies and citations. 

For the first level, DB, 927 initial studies identified four final studies. For the second 

level, BC, 187 initial studies identified an additional three final studies. The Bi-level 

Search strategy resulted in a total selection of seven final studies, almost doubling that 

of using only a search-string database strategy. 

The final accepted seven studies all conformed fully to the quality requirements, which 

are described fully in sections 4.1.1, 4.3.1, 4.4.1 and 5.2.3. The studies were first 

presented as brief summaries (Section 5.3) as part of the Systematic Review, as well as 

in more detail (Section 5.5) to provide support for categorizing the barriers to CBSE 

adoption as social, human and organizational, and enable development of the SHOFRA 

Model in Chapter 6.  
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CHAPTER SIX 

DEVELOPMENT of the SHOFRA MODEL 

 

Chapter outline 

This chapter draws on the findings from the literature (Chapter 2) and the Systematic 

Review (Chapter 5) and describes the development of the draft SHOFRA Model. The 

first sections discuss the procedure for choosing the organizational model that will serve 

as the inspiration (sections 6.1 and 6.2). The rest of the chapter is devoted to discussing 

the development of the 36 hypotheses. First it presents the three-tier structure of a 

generalized reuse organization: three dimensions that can be broken down to 12 

attributes, each of which consists of a triad of factors (Section 6.3). The discussion then 

focuses individually on the three dimensions and their associated research questions and 

hypotheses: Social Interaction dimension (Section 6.4), Human dimension (Section 6.5) 

and Organizational Systems dimension (Section 6.6). Finally, the draft SHOFRA Model 

is presented in Section 6.7. 

 

6.1 Introduction 

During the 1990s, the relevance of academic management research was being 

questioned to the point that both the Academy of Management Journal in 2001 and the 

British Journal of Management in 2001 ran special issues (AMJ, 2001; BJM, 2001). 

They recommended that if academic research were to have a significant role and 

influence, it would need to come closer to the actual concerns of practitioners. This has 

become particularly important in management research, where the day-to-day concerns 

of managers have become increasingly distant from the academic work and the 

practitioners who drive the development and change in managerial practice. It can be 

argued that a focus on practice can help to address the problem of the relevance of 

managerial research.  

Some management researchers stress the need for theoretical integration and multi-

disciplinary research, accompanied by a focus on addressing the pragmatic concerns of 
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management practitioners. Relevant research will provide managers with simple 

integrated frameworks that enable them to link the organization, developers and related 

business functions (Schultz and Hatch, 2005). 

The criteria for the SHOFRA Model were described in detail in Section 2.4, and are 

reiterated briefly here. 

The literature suggests four characteristics of a model for describing the barriers to 

successful adoption of organization-wide software component reuse:  

1. Non-technical and specifically related to social, human and organizational 

factors (Curtis et al., 1988; Kunda and Brooks, 2000). 

2. Flexible, so it can be customized to adapt to the changing needs of an 

organization (Keidel, 2005), and according to Contingency Theory provide the 

best solution for a given circumstance (Lynex and Layzell, 1997).  

3. Practical, so it can be used by industry as well as academics (Lim, 1996). 

Ideally, it should be based on an existing organizational model or framework 

(Schultz and Hatch, 2005).  

4. Predictive, so that it can be used before the implementation of reuse to assess the 

capability of the organization to undertake the reuse implementation project and 

provide a basis for economic costing (Bahsoon and Emmerich, 2003; Basili, 

1990).   

 

6.1.1 Organizational Design Framework 

The Organizational Design Framework (Keidel, 1985) was developed in the 1980s and 

shares many characteristics of Contingency Theory, which rose in popularity at that 

time. These include the ability to predict outcomes of changes, the flexibility to 

customize the changes contingent on both the subject organization and the expected 

benefits of the planned change, and to be of practical use to industry. Keidel’s 

Organizational Design Framework is based on the theoretical framework of 

Thompson’s (1967) three forms of task interdependency: pooled, sequential and 

reciprocal. It also finds synergy with Galbraith’s (1973) generic organizational design 

strategies – creation of self-contained tasks, investment in vertical information systems 
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and creation of lateral relations. Keidel also identified a close parallel with Ouchi’s 

(1979, 1980) three control mechanism of markets, bureaucracies and clans. 

The Organizational Design Framework was tested in industry (Keidel, 1985) prior to 

publication and has been used successfully by Keidel in his consultancy practice 

(Robert Keidel and Associates) to assess an organization’s current status and 

subsequently to assist the organization to successfully implement an organizational 

change. Keidel’s philosophy was that the only way to become what you want to be is to 

start with knowing what you are (Keidel, 1988).  

Keidel proposed a two-stage process of analysis: the organization’s current design and 

its mission. The procedure is to determine the organization’s initial design before 

starting the proposed organizational change. The nature of the ‘desired state’ of the 

organization that would support the proposed organizational change is then determined 

using the same framework. When the two states are compared, the difference defines 

‘what’ must be done to move the organization into the ‘desired state’ before attempting 

to implement the change, that is, become a prepared organization. Keidel contended 

that, by starting with the organizational design, a systematic framework and vocabulary 

is established, and this can be applied throughout the implementation and post-

implementation to determine the changing state of the organization. This provides a 

dynamic assessment of the organization’s continuing capability to implement the 

proposed changes. 

The Organizational Design Framework in itself does not prescribe the ‘how’, which is 

contingent on a number of factors, both internal and external to the organization. What 

it does is facilitate the determination of the ‘what’, that is, details of the organizational 

and behavioural changes necessary to best prepare an organization for implementing an 

organizational change project. 

The development of the framework was guided by the understanding that variety in 

organizations, as it is in nature, is defined by a few critical dimensions within a core 

framework. This framework facilitates both the definition of what is common among 

organizations and what sets individual organizations apart in terms of their structure and 

goals (Keidel, 1988). In this way, not all variables in the framework apply to all 

situations, and some situations will require the addition of a few strategic variables to 

explain specific individualistic changes. Rehesaar (2011) described a successful early 

draft adaption and subsequent implementation of this framework to CBSE. 
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The attraction of Keidel’s diagnostic framework, the Organizational Design Framework, 

is that it is designed to: 

 Identify the characteristics of the organization prior to the implementation of any 

desired process change 

 Determine what changes the organization must make in order to prepare itself 

for subsequent process changes. This entails comparing its current state with an 

ideal state, with the resulting gap being that which needs change to make the 

organization more prepared for the process change 

 Provide the characteristics of a core structure, the factors of which can be added 

to or deleted according to the organization’s specific needs 

 Be of practical use to organizations.  

The Organizational Design Framework thus contains the key characteristics of the 

proposed model (Section 2.4). Its vision of the organization comprises 12 factors, each 

of which is considered under the conditions of autonomy, control and co-operation. 

Keidel provided support for this triadic view of an organization by listing no fewer than 

208 organizational models that also are based on triads (Keidel, 2005, Appendix 2). In 

the development of the Organizational Design Framework, Keidel adhered to the 

organization-theory injunction that “structure should follow strategy”, thus aligning it 

with the German Bauhaus School and the U.S. Cranbrook School, which espoused the 

philosophy that designs should reflect their purpose (Keidel, 1985). 

The 12 factors of the ODF are: 

1. Constituencies  

2. Cultural Bias 

3. Organizational Expectation 

4. Individual Expectation 

5. Developmental Pattern 

6. Capabilities 

7. Organization Chart  

8. Layout  

9. Interdependence 

10. Reward System 

11. Meeting System 

12. Decision System. 
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The ODF’s predictive nature enabled organizations, for the first time, to assess their 

capability to implement change prior to embarking on implementation, and so to 

determine what must be done to maximize the likelihood of successful change 

implementation. The economic feasibility of such implementation can then be 

calculated.  

The next section supports the choice of Keidel’s Organizational Design Framework as 

the base organizational framework. 

 

6.2 Comparison of research into social/human/organizational 

barriers 

6.2.1 Introduction 

Section 5.5 provided summaries of seven research reports into non-technical barriers to 

CBSE adoption. This section succinctly lists the main barriers from each researcher and 

compares these barriers, in a four-stage process.   

In the first stage (Section 6.2.2), the reasons are given for choosing the study to be the 

baseline for the initial comparison. In the second stage (sections 6.2.3 to 6.2.8), each of 

the remaining six writers’ barriers are compared individually against this baseline. In 

the third stage (Section 6.2.9), results of these comparisons are aggregated to show the 

similarities, or otherwise, among all seven writers. In the fourth stage (Section 6.2.10) 

the baseline is compared with Keidel’s Organizational Design Framework to determine 

its degree of fit to be used as the inspiration for the draft model. 

 

6.2.2 Choice of baseline 

The model presented by Kunda and Brooks (2000) was chosen as the baseline for the 

following reasons: 

1. It used data from a variety of industries, namely manufacturing/engineering, 

finance/banking and retail/wholesale. 

2. All case study organizations were experienced in CBSE. 
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3. A formal framework was developed comprising 12 factors in 3 categories: 

social/interaction, human and organization-level factors. 

4. The framework was built on a previously published model (Curtis et al., 1988). 

The baseline to be used in the comparison is shown in Table 6.1. 

 

Table 6.1: Barriers to CBSE Adoption – Kunda and Brooks (2000) 

 

Non-technical Barriers to CBSE Adoption 

Category Barriers 

Social factors Different perception 

Different goals 

Interactions and communication 

Human factors Customer ownership and participation 

Motivation and gradient of enthusiasm 

Incentives 

Cognitive skills 

Organizational factors Political issues 

Organizational and business strategy 

Organizational resources and support 

Organizational setting and management style   

Organizational culture 

 

6.2.3 Chroust (2006) 

Chroust (2006) identified 29 barriers to reuse adoption: 

1. physical infrastructure 2. job redundancy 

3. implementing vs composing 4. changed job profile 

5. loss of knowledge and “guru” status 6. de-skilling 

7. pre-conceived expectations 8. revision of requirements 

9. uncertainty about functionality of 

components 

10. distrust in component quality 

11. questions about usability 12. loss of control of system 

13. uncertainty concerning the outcome 

of the selection process 

14. effort estimates 
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15. reluctance to utilize outside 

intellectual property 

16. immorality of copying 

17. adopting a new technology 18. change of work organization 

19. glueing versus doing 20. shift of influence and power 

21. the CBD water carrier 22. contempt for the work of others 

23. rewarding searching over writing 24. accounting for lost search effort 

25. not invented here 26. no more gold plating 

27. no creative challenge 28. no more lone artist 

29. lack of freedom  

Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.2). 

 

Table 6.2: Comparison of Kunda and Brooks (2000) with Chroust (2006) 

 

Category Barriers 

 Kunda and Brooks (2000) Chroust (2006) 

Social factors Different perception 3,7,10,11,15,16,19,21
22,25,26,27,28,29, 

Different goals 4,28 

Interactions and communication 1,9,12,13,17,28,29 

Human factors Customer ownership/participation 7,8 

Motivation and gradient of enthusiasm 2,5,11,12,16,17,21,26
27,28,29 

Incentives 16,21,23,24,27,28 

Cognitive skills 3,4,3,5,6,14,19,21, 

Organizational 
factors 

Political issues 18,20 

Organizational and business strategy - 

Organizational resources and support 6,13,14,23,24,27,28 

Organizational setting and management style   1,18 

Organizational culture 5,10,16,18,19,21,222
5 

 

Note that, not surprisingly, there are no factors in “Organizational and business 

strategy”, since that is the only category that does not include Human or Social factors.   
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6.2.4 Huang et al. (2002) 

Huang et al. (2002) identified eight barriers to reuse adoption: 

1. Threat to employment 

2. Organizational silos that create lack of collaboration and sharing 

3. Bureaucracy and political issues concerning communication 

4. Different mind-sets evident in different groups 

5. Individual’s expectations resulting in different attitudes (equivalent to ‘different 

goals’ in the Kunda and Brooks framework) 

6. A cultural divide between contractors and permanent staff 

7. Different abilities to control resources 

8. Difficulty of obtaining adequate information, even though some systems were 

developed in-house. 

9. The sub-cultural differences that were clearly evident in Invebank were a source 

of inter-group tension and conflict and resulted from different task requirements, 

and differences in the length and nature of employment. It is noted that both 

groups and individuals displayed sub-cultural differences. 

Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.3). 
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Table 6.3: Comparison of Kunda and Brooks (2000) with Huang et al. (2002) 

 

Category Barriers 

 Kunda and Brooks (2000) Huang et al. (2002) 

Social factors Different perception 4 

Different goals 5 

Interactions and communication 8 

Human factors Customer ownership/participation - 

Motivation and gradient of 
enthusiasm 

1, 6 

Incentives 1 

Cognitive skills - 

Organizational factors Political issues 3 

Organizational and business 
strategy 

- 

Organizational resources and 
support 

- 

Organizational setting and 
management style   

2, 7 

Organizational culture 6 

 

6.2.5 Lynex and Layzell (1997) 

Lynex and Layzell (1997) identified nine barriers to reuse adoption: 

1. Preference by developers to build over reuse 

2. Autonomous development units promoting competition and creating barriers to 

communication and co-operation 

3. Physically split development units creating barriers to communication 

4. Need for a “reuse manager” to identify and co-ordinate common areas for reuse 

5. Need to separate creator and user of components to reduce disincentives to adopt 

reuse 

6. Availability of upfront funds to create components 

7. Short-term goals 

8. Lack of knowledge by managers and developers about reuse processes and 

benefits 

9. Distrust of components developed by others; poor quality and functions. 
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Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.4). 

 

Table 6.4: Comparison of Kunda and Brooks (2000) with Lynex and Layzell (1997) 

 

Category Barriers 

 Kunda and Brooks (2000) Lynex and Layzell 
(1997) 

Social factors Different perception 9 

Different goals - 

Interactions and communication 9 

Human factors Customer ownership/participation - 

Motivation and gradient of 
enthusiasm 

8, 9, 10 

Incentives 1, 5, 7 

Cognitive skills 1, 5, 8 

Organizational factors Political issues - 

Organizational and business 
strategy 

6, 7   

Organizational resources and 
support 

4, 8 

Organizational setting and 
management style   

2, 3, 5 

Organizational culture 1, 8, 9 
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6.2.6 Mellarkod et al. (2007) 

Mellarkod et al. (2007) identified six factors relating positively to reuse adoption: 

1. Perceived usefulness of reusable assets. 

2. A positive predetermined mindset towards reusable assets. 

3. Perceived self-efficacy. 

4. Perceived ease of reusing software assets. 

5. Perceptions about the availability of reuse compatible infrastructure.  

6. Reuse related experience.  

Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.5). 

 

 

Table 6.5: Comparison of Kunda and Brooks (2000) with Mellarkod et al. (2007) 

 

Category Barriers 

 Kunda and Brooks (2000) Mellarkod  

et al. (2002) 

Social factors Different perception 1, 3, 6 

Different goals - 

Interactions and communication - 

Human factors Customer ownership/participation - 

Motivation and gradient of 
enthusiasm 

1, 2, 3 

Incentives - 

Cognitive skills 4, 6 

Organizational factors Political issues - 

Organizational and business 
strategy 

- 

Organizational resources and 
support 

5 

Organizational setting and 
management style   

5 

Organizational culture - 

 

  



98 
 

6.2.7 Morisio et al. (2002) 

Morisio et al. (2002) identified seven barriers to reuse adoption: 

1. Inadequate documentation on the component 

2. Unpredictable learning curve with the component 

3. Lack of communication between the component creator and component user 

4. Mandating of system requirement or components 

5. Team’s expertise and experience being ignored 

6. Developers’ loss of control 

7. Flexibility in requirements. 

Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.6). 

 

 

Table 6.6: Comparison of Kunda and Brooks (2000) with Morisio et al. (2002) 

 

Category Barriers 

 Kunda and Brooks (2000) Morisio et al. (2002) 

Social factors Different perception - 

Different goals - 

Interactions and communication 1,3 

Human factors Customer ownership/participation 7 

Motivation and gradient of 
enthusiasm 

5 

Incentives 6 

Cognitive skills 2 

Organizational factors Political issues 4, 6 

Organizational and business 
strategy 

- 

Organizational resources and 
support 

- 

Organizational setting and 
management style   

3, 4, 5, 6 

Organizational culture - 
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6.2.8 Sherif and Vinze (2003) 

Sherif and Vinze (2003) identified seven barriers to reuse adoption: 

1. A business philosophy of short-term goals 

2. Lack of promoting existing assets and their use 

3. Lack of support to assist developers to access components 

4. Lack of support to assist developers to understand components 

5. Lack of support to assist developers to integrate components 

6. Lack of a visionary reuse champion 

7. Lack of active communication between component creator and utilizer. 

Each of these is now matched with the barriers in the SHO framework (Kunda and 

Brooks, 2000) (Table 6.7). 

 

 

Table 6.7: Comparison of Kunda and Brooks (2000) with Sherif and Vinze (2003) 

 

Category Barriers 

 Kunda and Brooks (2000) Sherif and Vinze 
(2003) 

Social factors Different perception 4, 5 

Different goals - 

Interactions and communication 2, 4, 7 

Human factors Customer ownership/participation - 

Motivation and gradient of 
enthusiasm 

2, 3, 4, 5  

Incentives 3, 4, 5 

Cognitive skills 4, 5 

Organizational factors Political issues 6 

Organizational and business 
strategy 

1, 2 

Organizational resources and 
support 

2, 3, 4, 5  

Organizational setting and 
management style   

2, 3, 4, 5, 6, 7 

Organizational culture 6 
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6.2.9 Aggregated comparison 

Table 6.8 compares the findings of these researchers. All of the factors identified in the 

literature were able to be placed within the factors of the SHO framework (Kunda and 

Brooks, 2000).  

 

 

Table 6.8: Aggregated comparison of barriers to CBSE adoption 

 

Barriers C H K&B L&L Mel Mor S&V 

Social factors        

Different perception      -  

Different goals    - - - - 

Interactions and 
communication 

    -   

Human factors        

Customer ownership  -  - -  - 

Motivation and 
gradient of 
enthusiasm 

       

Incentives     -   

Cognitive skills  -      

Organizational 
factors 

       

Political issues    - -   

Organizational and 
business strategy 

- -   - -  

Organizational 
resources and 
support 

 -    -  

Organizational 
setting and 
management style   

       

Organizational 
culture 

    - -  

 
Key to Table 6.8. 
C: Chroust, 2006 
H: Huang et al., 2002 
K&B: Kunda and Brooks, 2000 
L&L: Lynex and Layzell, 1997 
Mel: Mellarkod et al., 2007 
Mor Morisio et al., 2002 
S&V: Sherif and Vinze, 2003 

 



101 
 

6.2.10 Comparison of Kunda and Brooks with the ODF 

Section 6.1.1 discussed the appropriateness of Keidel’s Organizational Design 

Framework (ODF) as a basis for developing the SHOFRA Model. The final step is to 

determine the degree of fit between list of barriers from Kunda and Brooks (2000) and 

the factors of the ODF. For an explanation of the ODF factors see Section 6.1.1. 

Keidel’s ODF has a degree of redundancy by design (Keidel, 2005). A single 

organizational aspect may be the focus of one or more factors, thereby minimizing the 

chances of missing out on an important area of concern as illustrated in Table 6.9. 

 

Table 6.9: Comparison of ODF with Kunda and Brooks 

 

Kunda and Brooks’s barriers Keidel’s ODF factors 

Social factors  

Different perception 2  3  4   

Different goals 2  4  5   

Interactions and communication 2  7  8  9  11  12 

Human factors  

Customer ownership 1  6 

Motivation and gradient of 
enthusiasm 

2  4  5  7  10  12 

Incentives 4  5  10 

Cognitive skills 2  3  4  5 

Organizational factors  

Political issues 1  7  12   

Organizational and business 
strategy 

3  6  10 

Organizational resources and 
support  

3  5  8  10   

Organizational setting and 
management style   

2  7  8  9  12 

Organizational culture 2  3  4  5 

 

The barriers from Kunda and Brooks have already been shown to match with those of 

the other six studies (Section 6.2.8). Table 6.9 shows that all of the barriers from Kunda 

and Brooks are addressed by the ODF. Therefore, the Organizational Design 
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Framework is chosen as the existing organizational model which inspires the SHOFRA 

Model. 

 

6.3 Adapting the Organizational Design Framework 

Some of the required changes to Keidel’s ODF are a consequence of IT and SE 

peculiarities, while others are because Keidel’s original 1985 framework is a mirror of 

its time. Keidel himself modified the framework over successive publications to better 

reflect the contemporary state of practice. 

Keidel’s framework is a general management model for use by any organization. The 

organization that Keidel referred to was, in the main, the entire company, whereas in the 

case of CBSE it is only the IT department that is treated as an autonomous organization. 

More specifically, it is an IT department that is intending to embark on reuse. For that 

reason, the term Reuse Organization is used in this work when describing the 

organization for which the SHOFRA Model is applicable. 

Table 6.10 shows the changes in nomenclature from Keidel’s ODF to SHOFRA. 

 

Table 6.10: Changes in nomenclature 

 

ODF factors SHOFRA attributes 

1  Constituencies Stakeholders 

2  Cultural Bias Organizational Culture 

3  Organizational Expectation Organization’s Expectation 

4  Individual Expectation Employee’s Expectations 

5  Developmental Pattern Development Plan 

6  Capabilities Customers’ Expectations 

7  Organization Chart Reporting Lines 

8  Layout Physical Layout 

9  Interdependence Information Flow 

10  Reward System Reward System 

11  Meeting System Meeting System 

12  Decision System Decision-making System 
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In developing the SHOFRA Model, the main departures from Keidel’s Model were the 

distribution of the factors among the newly identified Social Interaction, Human and 

Organizational Systems dimensions (Section 6.11) and in the naming conventions. The 

terminology used in the Organizational Design Framework needed alignment with 

software engineering. As much as practically possible, the Software and Systems 

Engineering Vocabulary Database (SEVocab) (ISO/IEC/IEEE 24765:2010) was used as 

the source of terminology and naming conventions in order to bring the language in line 

with current SE practices. The SEVocab is a project of the IEEE Computer Society and 

ISO/IEC JTC1/SC7. SEVocab sources its definitions from the relevant publications of 

ISO/IEC, IEEE and PMI, particularly current ISO/IEC and IEEE software engineering 

standards, as well as the Glossary of the Project Management Institute (PMI), A Guide 

to the Project Management Body of Knowledge (PMBOK® Guide). 

 

6.3.1 Hypothesis development 

The 36 hypotheses developed from the three research questions form the SHOFRA 

Model. This section describes the hypotheses development procedure. 

The generalized reuse organization can be represented by a three-tiered structure (Table 

6.11). The first tier consists of three dimensions: (A) Social Interaction, (B) Human and 

(C) Organizational Systems. 

In the second tier, each dimension is further broken down into attributes: three attributes 

for the Social Interaction dimension, three for the Human dimension and six for the 

Organizational dimension.  

Finally, in the third tier, each attribute is a triad that comprises three factors. The factors 

represent (a) autonomy, (b) control and (c) co-operation. 

Each dimension corresponds with one of the three research questions presented in 

Chapter 1: 

Research Question 1:  In what manner do Social Interaction factors influence the 

organization-wide adoption of CBSE? 

Research Question 2: In what manner do Human factors influence the organization-

wide adoption of CBSE? 



104 
 

Research Question 3: In what manner do Organizational factors influence the 

organization-wide adoption of CBSE? 

 

 

Table 6.11: Three-tiered structure of the generalized reuse organization 

 

Dimension Attributes Factors 

A. Social Interaction 1. Reporting lines a. Flat/clear   

b. Steep/clear   

c. Flat/amorphous 

2. Information flow a. Pooled   

b. Sequential   

c. Reciprocal 

3. Physical layout a. Independent action  

b. Programmed action  

c. Spontaneous action 

B. Human 4. Stakeholders a. Customer/end-user 

b. Managers 

c. Developers 

5. Customers’ expectations a. Differentiation  

b. Cost  

c. Flexibility 

6. Employees’ expectations a. Opportunity 

b. Security 

c. Community spirit 

C. Organizational Systems 7. Organization’s 
expectations 

a. Self-reliance 

b. Compliance 

c. Collaboration 

8. Organizational culture a. Diversity of approach 

b. Uniformity of identity 

c. Complementarity 

9. Development plan a. Development from outside 

b. Development from inside 

c. Development in partnership 

10. Reward system a. Individualistic  

b. Hierarchical  

c. Mutual 

11. Meeting system a. Forum  

b. Decision-making    

c. Work-in-progress 

12. Decision-making system a. Delegatory 

b. Mandatory  

c. Shared 
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Each of the 36 factors has a corresponding hypothesis, which describes the influence of 

that factor on the adoption of CBSE. Research Question 1 therefore gives rise to nine 

hypotheses (Section 6.4); Research Question 2 also gives rise to nine hypotheses 

(Section 6.5); and Research Question 3 gives rise to 18 hypotheses (Section 6.6). 

Each hypothesis could have one of three possible alternatives: 

1. Factor X can have a favourable influence on the organization-wide adoption of 

CBSE. 

2. Factor X can have an unfavourable influence on the organization-wide 

adoption of CBSE. 

3. Factor X does not have an influence on the organization-wide adoption of 

CBSE. 

 

6.3.2 Empirical support for the hypotheses 

Factors that have been identified in the literature as presenting barriers to the successful 

adoption of CBSE were discussed in Chapter 5. These barriers form the attributes of the 

SHOFRA Model, each of which can be broken down into what Keidel (2005) saw as the 

three core elements of an organization. These three core elements represent autonomy, 

control and co-operation. This triadic structure of an organization is shared by the 

management and organizational communities; indeed, Keidel (2005, pp. 153–167) listed 

208 writers who have also adopted their interpretations of the theoretical triad into their 

representations of the organization. 

While the attributes of the SHOFRA Model described in the literature are founded on 

empirical research, the same cannot be said for the factors, which are founded on 

theoretical triads. Limitations of the search engines employed by the databases used in 

the SR allowed for searching at the attribute level, but did not facilitate drilling down 

into the software engineering literature to the factor level. The results of the SR at the 

attribute level were therefore manually analysed for relevance at the corresponding 

factor level. The results show that very little literature exists in software engineering or 

its related disciplines that relates to the SHOFRA Model at the factor level. Therefore, 

in developing the SHOFRA Model, reliance has been placed on disciplines other than 

software engineering to provide background and support for the 36 factors that make up 

the model. 
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The breakdown of the factors identified in the literature, corresponding to the attributes 

of the SHOFRA Model, extends current knowledge of the barriers to successful 

adoption of CBSE. Support for this extension, in the current literature, is at a theoretical 

level. For this study, empirical support was sought by means of in-depth interviews with 

software engineering professionals. This process is described in Chapter7. 

 

6.4 Social Interaction dimension 

The Social Interaction dimension corresponds to the first research question: 

Research Question 1:  In what manner do Social Interaction factors influence the 

organizational-wide adoption of CBSE? 

In the SHOFRA Model, the Social Interaction dimension consists of three attributes, 

each of which is a triad and consists of three factors, as shown in Table 6.12. Each 

factor has a corresponding hypothesis that addresses its potential to influence the 

organization-wide adoption of CBSE. 

 

Table 6.12: Attributes and factors of the Social Interaction dimension 

 

A.  THE SOCIAL INTERACTION DIMENSION 

ATTRIBUTE FACTORS  

1.  Reporting Lines 

Describes the form of the 
vertical reporting relations 

1a.  Flat/clear Reporting Line Autonomy 

1b.  Steep/clear Reporting Line Control 

1c.  Flat/amorphous Reporting Line Co-operation 

2.  Information Flow 

Describes the horizontal flow 
of information 

 

2a.  Pooled Information Flow Autonomy 

2b.  Sequential Information Flow Control 

2c.  Reciprocal Information Flow Co-operation 

3.  Physical Layout 

Describes the interaction the 
physical design encourages. 

. 

3a.  Independent Action Physical 
Layout 

Autonomy 

3b.  Programmed Action Physical 
Layout 

Control 

3c.  Spontaneous Action Physical 
Layout 

Co-operation 
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6.4.1 Attribute 1: Reporting Lines 

The Reporting Lines attribute represents the hierarchical or vertical reporting relations. 

It is similar to the Organizational Chart. Figure 6.1 illustrates the triad formed from the 

three factors of the Reporting Lines attribute. 

 

1b.  Steep/Clear  

(Control) 

 
 
 
 
                                                              REPORTING                        LINES 
 
 
 
 

(Autonomy)               (Co-operation) 

                                               1a.  Flat/Clear        1c.  Flat/Amorphous  

 

Figure 6.1: Reporting Lines attribute 

  

These three reporting lines are competing forces. In the general terms of autonomy, 

control and co-operation, Flat/clear exhibits the most autonomy, Steep/clear holds 

control and Flat/amorphous represents co-operation, as discussed in more detail below. 

Factor 1a: Flat/Clear Reporting Lines 

Flat/Clear Reporting Lines represents autonomy. It refers to a chart that promotes 

individual and team achievement.  

Such reporting lines can be found in the Mechanistic organization, which is not suited to 

an environment of change, such as is created by the introduction of new processes or 

technologies (Burns and Stalker, 1961). Component-based software engineering 

introduces both new processes and technologies. In this type of organization, vertical 

communication is emphasized and individuals are assigned specific, well-defined tasks, 

leaving little opportunity to share knowledge and experiences outside their team and 

area of specialization. Free communication is a requisite for reuse adoption (Morisio et 

al. 2002; Sherif and Vinze, 2003). 
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The Flat/Clear Reporting Lines structure does not promote nor even support cross-team 

communication. As communication is essential in the successful adoption of reuse, it is 

likely that this structure will not support the adoption of CBSE. 

 

HYPOTHESIS H1a: 

Factor 1a, the Flat/Clear Reporting Lines, can have an unfavourable influence 
on the organization-wide adoption of CBSE. 

 

Factor 1b: Steep/Clear Reporting Lines 

Steep/Clear Reporting Lines represents control. It refers to formal, “long-linked work 

flow that embodies sequential task interdependence” (Keidel, 2005, p. 67), depressing 

co-operation and promoting a mandatory style of decision-making. 

Steep/Clear Reporting Lines are characteristic of a Mechanistic organization (Burns and 

Stalker, 1961). The introduction of organization-wide reuse is an innovative and 

disruptive exercise for which Mechanistic organizations are not suited, as it does not 

promote or even support cross-team communication. All communication is intended to 

be vertical, with any horizontal communication occurring only at the top level of 

management (Burns and Stalker, 1961). Such a bureaucratic structure is time-

consuming and inefficient (Huang et al., 2002). 

Steep/Clear Reporting Lines tend to lead towards over-management. In 1990, the 

workforce at General Motors was 77.5% white-collar/salaried and 22.5% employed in 

production (Rosecrance, 1990). Such an environment does not encourage consultation 

between the management and the ‘workers’, and results in the adoption of reuse being 

mandated by management rather than by mutual consent. Mandating of any change 

leads to opposition by those implementing the change.  

Since this reporting line depresses co-operation, it is unlikely that this Reporting Line 

can support the adoption of CBSE. 
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HYPOTHESIS H1b: 

Factor 1b, the Steep/Clear Reporting Lines, can have an unfavourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 1c: Flat/Amorphous Reporting Lines 

Flat/Amorphous Reporting Lines represents co-operation. It refers to ambiguous and 

unclear reporting relationships and promotes dense and varied interactions among 

individuals and teams. 

Flat/Amorphous Reporting Lines are characteristic of an Organic organization (Burns 

and Stalker, 1961), which, in general terms, is well-suited for unstable conditions 

presented by the introduction of organization-wide reuse. Interactions can be at all 

levels and directions and are concerned with information and advice (Burns and Stalker, 

1961). It is supported by the Factor 3c, the Spontaneous Action Physical Layout, which 

encourages free communications and is seen as supporting component reuse (Katz and 

Allen, 1997). 

Keidel (2005, p. 68) observed that “the team as a whole reports up the hierarchy, 

although there may be a point person in the form of a leader or liaison”. The role of the 

individual is unclear and creates an environment that not only supports, but indeed 

promotes, the organization-wide adoption of CBSE.  

 

HYPOTHESIS H1c: 

Factor 1c, the Flat/Amorphous Reporting Lines, can have a favourable 
influence on the organization-wide adoption of CBSE. 

 

6.4.2 Attribute 2: Information Flows 

Information Flows refers to the horizontal or sideways flows of information between 

peer groups, both individuals and teams. This contrasts with the Organizational 

Reporting Line, Attribute 1, which represents the vertical flow of information, and 
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includes the reporting functions. Figure 6.2 illustrates the triad formed from the three 

factors of the Information Flows attribute. 

 

 
2b.  Sequential 

(Control) 

 
 
 
                                                           INFORMATION                     FLOWS 
 
 

 

 
                                                          (Autonomy)              (Co-operation) 

                                                   2a.  Pooled           2c.  Reciprocal 

 

Figure 6.2: Information Flows attribute 

 

These three Information Flows are competing forces. In the general terms of autonomy, 

control and co-operation, Pooled exhibits the most autonomy, Sequential holds control 

and Reciprocal represents co-operation. 

 

Factor 2a: Pooled Information Flow 

Pooled Information Flow represents autonomy. It refers to each team or project making 

a discrete contribution. This factor is concerned with communications within a team of 

project, but there is no synergy, nor even communication, between teams or projects. 

When a team, department or project takes responsibility for the development and 

ownership of a particular component, the external communication becomes limited. 

This, in turn, creates fewer opportunities for reuse (Kotlarsky et al., 2008; Kunda and 

Brooks, 2000; Lynex and Layzell, 1997; Mellarkod et al., 2007). 

Since adoption of organization-wide reuse requires a great deal of co-operation among 

teams and projects, Pooled Information Flow appears to not support CBSE. 
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HYPOTHESIS H2a: 

Factor 2a, Pooled Information Flow, can have an unfavourable influence on 
the organization-wide adoption of CBSE. 

 

Factor 2b: Sequential Information Flow 

Sequential Information Flow represents control. It refers to each task being dependent 

on completion of the previous task. 

It is an extension of Factor 2a, Pooled Information Flow, but the responsibility here is 

for a part of a project. Each unit is solely responsible for their part of a project. The 

work follows a sequential pattern with each part having little choice about what they do 

and how they do it. Each part is dependent on the previous task being completed before 

it can do its task (Keidel, 2005). This follows the pattern of the original Waterfall Model 

of software development, which does not allow for feedback, and is related to Factor 3b, 

Programmed Action. 

There is little opportunity or need for communication with anyone outside the unit, and 

opportunities for reuse are not promoted (Kunda and Brooks, 2000; Lynex and Layzell, 

1997; Mellarkod et al., 2007). The unit is not concerned with anything outside its own 

specific sphere of influence, including organization-wide adoption of CBSE. 

 

HYPOTHESIS H2b: 

Factor 2b, Sequential Information Flow, can have an unfavourable influence on 
the organization-wide adoption of CBSE. 

 

Factor 2c: Reciprocal Information Flow 

Reciprocal Information Flow represents co-operation. It refers to free interaction and the 

sharing of ideas, solutions and components. 

Here the parts interact freely and the result is synergy and joint contributions. The 

corporate performance is greater than the sum of the parts. A weakness in one part is 
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counteracted by a corresponding strength in another, exemplified by the sharing of ideas 

and solutions (Keidel, 2005).  

It promotes communication and flow of ideas and information to-and-fro between 

developers, especially about availability and usefulness of components for reuse (Kunda 

and Brooks, 2000; Mellarkod et al., 2007; Morisio et al., 2002). It is one of the 

characteristics of the Organic organization that makes this type of organization so 

suitable for the introduction of CBSE (Burns and Stalker, 1961). 

 

HYPOTHESIS H2c: 

Factor 2c, Reciprocal Information Flow, can have a favourable influence on 
the organization-wide adoption of CBSE. 

 

6.4.3 Attribute 3:  Physical Layout 

The Physical Layout Attribute refers to an organization’s “physical configuration – the 

ways in which people, machines, buildings, transportation lanes, and other facilities are 

arranged” (Keidel, 2005, p. 69). Figure 6.3 illustrates the triad formed from the three 

factors of the Physical Layout attribute. 

 

3b.  Programmed Action 

(Control) 

 
 
 
                                                                PHYSICAL                          LAYOUT 
 
 

 
 

(Autonomy)            (Co-operation) 

3a.  Independent Action             3c.  Spontaneous Action 

 

Figure 6.3: Physical Layout attribute 

 

These three physical layouts are competing forces. In the general terms of autonomy, 

control and co-operation, Independent Action exhibits the most autonomy, Programmed 

Action holds control and Spontaneous Action represents co-operation. 
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The Physical Layout’s main influence on the adoption of reuse is on the promotion, or 

otherwise, of communication. The basic premise is that people will communicate only 

with those who are near them. 

Empirical research has shown the importance of communication between the creators of 

reusable components, their utilizers and the decision-makers (Sherif, Zmud et al., 2006), 

and previous studies have identified three requirements for effective communication: 

1. Developers need to be made aware of the available components and their 

advantages.  

2. Creators of reusable assets should provide appropriate support for their use 

(Sherif, Zmud et al., 2006). 

3. Developers should provide feedback to the decision-makers to assist in future 

decisions, and also to creators in order to help improve future components. 

Furthermore, information flow within boundaries is easier and more natural that across 

boundaries. The increased difficulties presented by boundaries cannot be mitigated by 

modern information and communications technologies (Bernus, 2003). 

 

Factor 3a: Independent Action 

The Independent Action Physical Layout represents autonomy. It refers to a physical 

layout that does not encourage communication and supports independent star 

performers. 

This physical layout encourages star performers, those who stand out as individual high 

achievers. Interaction is not actively encouraged. Taken to its extreme, Keidel (2005) 

called it an archipelago. In this case, interaction is actively discouraged. This is most 

often seen in organizations housed in tall buildings, a physical layout that has been 

shown to actively discourage communication. Alexander et al. (1977) found that one 

flight of stairs is the equivalent of 100 feet of horizontal separation, while two flights 

are the same as 300 feet. Organizational units (people or divisions) separated by two or 

more flights of stairs will have almost no contact with each other. Organizational 

structures that do not encourage developers to talk, share and innovate outside their own 
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business areas hinder reuse (Huang et al., 2002; Kunda and Brooks, 2000; Lynex and 

Layzell, 1997; MIT, 2010). 

As the adoption of reuse requires a good degree of communication (Sherif, Zmud et al., 

2006), the Independent Action structure would have an unfavourable influence on the 

adoption of component reuse. 

 

HYPOTHESIS H3a: 

Factor 3a, Independent Action Physical Layout, can have an unfavourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 3b: Programmed Action 

The Programmed Action Physical Layout represents control, and refers to a layout that 

separates the people doing different tasks. Communication is one-directional and 

existence and non-existence of lines of communication are set by the sequence in which 

tasks are executed. This is seen as a barrier to reuse (Kunda and Brooks, 2000; Lynex 

and Layzell, 1997) 

Often this is complemented by other environmental factors such as noise and distance. 

Taken to its extreme, Keidel (2005) called it a chain-link fence, and communication is 

designed to be in one direction only. The case presented by Keidel described new 

product development and its relevance to software development: “R&D designs a 

product, then lobs its conception over the wall to manufacturing, which is expected to 

make the product and then lob it over the yet another wall to sales/marketing – which is 

expected to sell it” (p. 71). 

Kotlarsky et al. (2008), in their study of globally distributed development environments, 

observed that inter-site communication was limited when each site took responsibility 

for the development and ownership of a particular component. This in turn created 

fewer opportunities for reuse. 

Characteristics of communication that support reuse are sideways and feedback (Sherif, 

Zmud et al., 2006). Programmed Action does not support these types of communication 

and so is unlikely to support reuse. 
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HYPOTHESIS H3b: 

Factor 3b, Programmed Action Physical Layout, can have an unfavourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 3c: Spontaneous Action 

The Spontaneous Action Physical Layout represents co-operation. It refers to a layout 

that relies on proximity of staff to each other and actively encourages people to meet 

and communicate. 

Several previous studies have investigated this type of workplace co-operation. This 

structure promotes free exchange of information and knowledge and thus sharing 

(Keidel, 2005; Lynex and Layzell, 1997). Taken to its extreme, Keidel called it a traffic 

circle, representing chaotic, unbridled and unwanted communication, giving as an 

example a department located between two departments that need to communicate. This 

unfortunate department “becomes inundated from both (all) ends” (p. 72). Therefore, 

care must be taken to not allow it to degenerate into a traffic circle.  

Allen (cited by Peters and Waterman, 1982) showed that there is a 25% probability of 

communicating with someone once a week if the person is no more than 5 metres away. 

This diminishes to 9% if 10 metres away.   

Spontaneous Action layout is desirable for adoption of component reuse (Katz and 

Allen, 1997; Kunda and Brooks, 2000). This factor is complementary to the more 

formal work-in-progress meeting (Factor 11c) and serves very much the same purpose. 

 

HYPOTHESIS H3c: 

Factor 3c, Spontaneous Action Physical Layout, can have a favourable 
influence on the organization-wide adoption of CBSE. 
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6.4.4 Summary of Social Interaction dimension 

Table 6.13 summarizes the nine hypotheses that correspond to Research Question 1. 

The investigation of these propositions provides an insight into the manner and extent of 

the influence of Social Interaction dimension on the organization-wide adoption of 

component-based software engineering. 

 

Table 6.13: Research Question 1 and associated hypotheses 

 

Research Question 1:   

In what manner and to what extent do Social Interaction factors influence the 
organization-wide adoption of CBSE? 

FACTOR 
ID 

HYPOTHESIS 
ID 

HYPOTHESES 

1a H1a Flat/Clear Reporting Lines can be unfavourable for the 
organization-wide implementation of CBSE. 

1b H1b Steep/Clear Reporting Lines can be unfavourable for the 
organization-wide implementation of CBSE. 

1c H1c Flat/Amorphous Reporting Lines can be favourable for the 
organization-wide implementation of CBSE. 

2a H2a Pooled Information Flow can be unfavourable for the 
organization-wide implementation of CBSE. 

2b H2b Sequential Information Flow can be unfavourable for the 
organization-wide implementation of CBSE. 

2c H2c Reciprocal Information Flow can be favourable for the 
organization-wide implementation of CBSE. 

3a H3a Independent Action Physical Layout can be unfavourable for the 
organization-wide implementation of CBSE. 

3b H3b Programmed Action Physical Layout can be unfavourable for 
the organization-wide implementation of CBSE. 

3c H3c Spontaneous Action Physical Layout can be favourable for the 
organization-wide implementation of CBSE. 

 

6.5 Human dimension 

The Human dimension corresponds to the second research question. 

Research Question 2: In what manner do Human Factors influence the organization-

wide adoption of CBSE? 

In the SHOFRA Model, the Human dimension consists of three attributes, each of 

which is a triad and consists of three factors, as shown in Table 6.14. As with the first 
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dimension, discussed above, each factor has a corresponding hypothesis that addresses 

its potential to influence the organization-wide adoption of CBSE. 

 

Table 6.14: Attributes and factors of the Human dimension 

 

B.   HUMAN DIMENSION 

ATTRIBUTE FACTORS 

4.  Stakeholders 

Those who control and 
benefit from the 
organization’s output 

4a.  Customer/End-user Autonomy 

4b.  The Managers Control 

4c.  The Developers Co-operation 

5.  Customers’ 
Expectations 

Describes how the 
organization competes 
externally 

5a.  Differentiation Autonomy 

5b.  Cost Control 

5c.  Flexibility Co-operation 

6.  Employee’s 
Expectations 

From the organization 

6a.  Opportunity Autonomy 

6b.  Security Control 

6c.  Community spirit Co-operation 

 

6.5.1 Attribute 4: Stakeholders 

A stakeholder is an “individual or organization having a right, share, claim, or interest 

in a system” (ISO/IEC 12207:2008). Figure 6.4 illustrates the triad formed from the 

three factors of the Stakeholders attribute. 

 

 
4b.  Managers 

(Control) 

 

 
                    THE                    STAKEHOLDERS 

 

 

 
 (Autonomy)                 (Co-operation) 

                                          4a.  Customer/End-user       4c.  Developers 

 

Figure 6.4: Stakeholders attribute 
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These three stakeholders are competing forces. In the general terms of autonomy, 

control and co-operation, Customer/End-user exhibits the most autonomy, Managers 

holds control and Developers represents co-operation. 

A problem may arise when the customer/end-user is also the manager. This is the case 

when the customer/end-user employs sub-contractors to develop a part or whole of the 

system. The customer/user pays the sub-contractor, but is also the end-user. This is not a 

problem in the case of an organization employing the sub-contractors, because the roles 

of customer/end-user and manager are most likely to be filled by different people or 

indeed different sections of the organization. However, problems can arise if only one 

person is involved in both roles. In such cases, the roles are to be treated separately and 

the person can be described as “wearing two hats”. 

 

Factor 4a: Customer/End-user 

The Customer/End-user represents autonomy. The term refers to those stakeholders who 

either pay for the development (Customer) or who will ultimately use the system for its 

intended purpose (End-user), or both. 

The Customer/End-user could benefit from a number of possible outcomes of reuse, 

particularly the shortening of software development time, the reduction in software 

development and maintenance costs, and the production of higher quality software 

products (IEEE1517-1999:R2004). It seems reasonable that they would want to attempt 

to influence the adoption of reuse in order to reap the benefits. 

“Customers are also concerned with product issues, particularly how to specify 

requirements effectively, but they focus more on commercial issues, as opposed to 

production-oriented concerns (Brereton and Budgen, 2000, p. 56). This observation was 

shared by Sherif and Vinze (2003, p. 169): “Clients [Customers/End-users] are not 

driven by the concept of reuse, being interested only in getting a system that fits their 

requirement specifications on time and within budget”. Yet if reuse improved the 

chances of delivering their system on time and within budget, they would certainly 

promote reuse as best they could. However, the desire to effect a change is rarely 

sufficient; one must also have the necessary power to make it happen.  
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Stakeholders and Customers/End-users can influence the decision to adopt reuse, but 

when doing so, they should consider both the prospective benefits and the limitations 

relative to existing procedures (Katz and Allen, 1997). Note that this discussion 

concerns the decision to adopt, not the actual process of adopting CBSE. The 

Customer/End-user can ask for reuse, perhaps even mandate it, for their own project. 

However, any one Customer/End-user cannot extend their personal requirements 

beyond their own project to be organization-wide, since another Customer/End-user 

might want the opposite, namely NO reuse. In particular, the Customer/End-user can 

influence only their own project; that influence does not extend organization-wide. 

If the Customer/End-user is a sole Customer/End-user or is large enough to exert 

control over processes, then this is the equivalent of the organization itself being a 

contractor. In such an instance, the Customer/End-user is concurrently also the 

Manager. This situation was discussed in the introduction to this section.  

Therefore, the Customer/End-user has no influence on the organization-wide adoption 

of CBSE. 

 

HYPOTHESIS H4a: 

Factor 4a, the Customer/End-user, does not have an influence on the 
organization-wide adoption of CBSE. 

 

Factor 4b: Managers 

The Managers represents control over the infrastructure, policies, training, and career 

paths (Mellarkod et al., 2007). They also control and oversee the day-to-day processes 

of a software development project. 

There is no doubt that managers could enjoy all of the benefits listed in IEEE 1517 

(Section 2.1.2). Managers can influence the decision to adopt reuse (Katz and Allen, 

1997), as they control the means by which growth in component reuse is enabled 

(Mellarkod et al., 2007). Thus, managers are ideally placed to influence, guide and even 

enforce the adoption of CBSE. 
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It is important that managers are aware, when promoting CBSE, not only of the 

prospective benefits, but also the limitations relative to existing procedures (Katz and 

Allen, 1997). They must also take care to not prioritize cost savings over productivity 

and employee satisfaction as this can lead to fears of staff cuts among the developers. 

(Lientz and Rea, 2004). Chroust (2006), in his study of motivation in CBSD, identified 

several factors that are within the domain of the manager and can have an adverse effect 

on the developer if managed poorly: job redundancy, uncertainty concerning the 

outcome of the selection process, immorality of copying, change of work organization, 

shift of influence and power, rewarding searching over writing, and accounting for lost 

search effort.  

Managers have the capacity to influence the adoption of CBSE, either favourably or 

negatively. A good manager, who is in favour of CBSE, has the capacity to greatly 

assist and even champion CBSE adoption (Mellarkod et al., 2007). The reverse is true 

for a manager who is not in favour of CBSE (Section 1.8.2, second assumption). 

  

HYPOTHESIS H4b: 

Factor 4b, the Managers, can have a favourable influence on the organization-
wide adoption of CBSE. 

 

Factor 4c: Developers 

The Developers represent co-operation. They are individuals who perform development 

activities (including requirements analysis, design, testing through acceptance) during 

the software life-cycle process. 

Developers must work co-operatively in order to achieve the goals set out for them by 

the managers and end users. If reuse has been chosen as the process to provide the 

greatest benefit, then the developers should work together to achieve it. Indeed, 

individual attitudes are an important determinant of success of reuse (Sherif and Vinze, 

2003).  

A major study of developers’ attitudes by Mellarkod et al. (2007) found several factors 

are favourably related to the intention to reuse, including perceived usefulness of 
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reusable software assets, a favourable predetermined mindset towards reuse, perceived 

self-efficacy, perceptions about the availability of reuse infrastructure, and reuse-related 

experience. 

The same study found other factors that were not favourably related: perceived ease of 

reusing software assets, perceptions about the appropriateness of resource allocations to 

software reuse, and perceptions about social support for reuse. 

Lientz and Rea (2004) noted typical reactions by IT personnel to change. If previous 

attempts at change have failed, then employees are less inclined to support another 

attempt at change. Examples include fear of job loss as a result of management’s 

emphasis on cost savings that previously led to payroll savings but actual job losses; 

feelings of resentment from previous experience with badly planned change programs 

resulting in unproductive interruptions to normal work; confusion and resistance 

resulting from not being included in the consultative and planning process; or using 

resistance to combat an unwelcome change if that strategy has been successful in the 

past. 

Chroust (2006, p. 414) summed it up: “The influence of an individual’s motivation, 

ability, productivity, and creativity has the biggest influence by far on the quality of 

software development, irrespective of the level of technological or methodological 

support”. 

Hence, a developer base that is in favour of reuse is essential for the successful adoption 

of CBSE. 

   

HYPOTHESIS H4c: 

Factor 4c, the Developers, can have a favourable influence on the 
organization-wide adoption of CBSE. 
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6.5.2 Attribute 5: Customers’ Expectations 

Customers’ Expectations describes the characteristics the Customer/Enduser expects 

from the software product. Figure 6.5 illustrates the triad formed from the three factors 

of the Customers’ Expectations attribute. 

 

5b  Cost 

(Control) 

 
 
 
                                                            CUSTOMERS’                      EXPECTATIONS 

 
 
 
 
                                                                (Autonomy)                      (Co-operation) 

                                                  5a  Differentiation             5c Flexibility 

 

Figure 6.5: Customers’ Expectations attribute 

 

These three Customers’ Expectations factors are competing forces. In the general terms 

of autonomy, control and co-operation, Differentiation exhibits the most autonomy, 

Cost holds control and Flexibility represents co-operation. 

 

Factor 5a:  Differentiation 

Differentiation represents autonomy. It refers to the product’s capability of being 

distinctive and distinguishable from others in the market.  

With respect to the Customers’ Expectations it is “the extent to which a product 

distinctively meets or exceeds the expectations of the most knowledgeable and selective 

Customers/Endusers” (Keidel, 2005, p. 57). This can be the way the product performs, 

or a characteristic such as quality. Differentiation also refers to those features that the 

organization wishes to advertise as being special and/or unique to their products. 

IEEE1517-1999:R2004 lists among its benefits of reuse (Section 2.1.2) two benefits that 

relate directly to Differentiation: 
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 Produce higher quality software products. 

 Improve software product interoperability. 

Reuse, by its nature, promotes similarity of products. This can include the ‘look and 

feel’ of the interface, the functions and how they are accessed, and various 

characteristics of quality. 

As with most of these Factors, there is danger in over-emphasizing one characteristic to 

the detriment of other often equally important characteristics. Tinkering is the result of 

one such over-emphasis on quality. “As quality-leader Craftsmen change into Tinkerers, 

quality, which had been the means of satisfying customers, becomes an end in itself. 

Quality alone is credited with past success; everything else is ignored. So Tinkerers start 

to devise indestructible products or pristine services that no one really wants” (Miller, 

1990, p. 33). 

In particular, reuse allows for repetition of those features that the company wishes to be 

associated with, whether they are style, performance or uniqueness. Differentiation 

provides incentives for the reuse of successful components. Therefore, Differentiation 

can have a favourable influence. 

 

HYPOTHESIS H5a: 

Factor 5a, Customers’ Expectation of Differentiation, can have a favourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 5b: Cost 

The second factor of the Customers’ Expectations attribute, Cost, represents Control. 

The Customers’ Expectation is for the lowest cost possible, while still delivering on 

quality and functionality. 

Cost is the total amount paid for a product and, with respect to reuse, it has two 

components (Keidel, 2005): 

1. Purchase price. Reuse has the potential to lower the purchase price of a product, by 

increasing productivity, and reducing software development (IEEE1517-1999: 
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R2004). If the components can be reused with a minimum of effort and cost, then 

the development costs are lower and the selling/purchase price can be lower, 

provided that the organization decides to pass this saving on to the customer. It is 

more relevant to the decision to adopt reuse than to the adoption of component 

reuse. 

2. Operating/Maintenance costs. Reuse also has the potential to lower the 

operation/maintenance costs (IEEE1517-1999:R2004). Care must be taken not to 

prioritize cost savings over productivity and employee satisfaction as this can lead 

to fears of staff cuts among the developers (Lientz and Rea, 2004).  

Cost-driven organizations aim for generic processes and consistent outputs (Keidel, 

2005). Reuse by its nature results in products that promote these characteristics and, 

therefore, can have a favourable influence on costs. 

 

HYPOTHESIS H5b: 

Factor 5b, Customers’ Expectation of Cost, can have a favourable influence 
on the organization-wide adoption of CBSE. 

 

Factor 5c: Flexibility 

Flexibility represents co-operation and is the ability to cater for the individual needs of 

the Customer/End-user. Components are intrinsically not flexible (Crnkovic and 

Larsson, 2001b; Morisio et al., 2002). With respect to reuse, flexibility has two 

components (Keidel, 2005): 

1. Responsiveness, the capacity to react favourably to the Customers’ initiatives and 

changing needs. Responsiveness would suffer from the adoption of reuse. Since 

reuse applies existing modules, it is inherently not responsive to customers’ 

changing needs 

2. Malleability, the capacity to change as problems/opportunities emerge. Malleability 

is much the same as responsiveness. For development to be malleable, it would 

need a high degree of freedom for design and custom development of components. 

Reuse does not allow for this. It is noted that the IEEE1517-1999:R2004 list of 

benefits of reuse does not include any benefits that relate to flexibility. Flexibility 
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would require capabilities that are the antithesis of reuse, and therefore the 

requirement for would have an unfavourable influence on CBSE adoption. 

 

HYPOTHESIS H5c: 
Factor 5c, Customer Expectation of Flexibility, can have an unfavourable 
influence on the organization-wide adoption of CBSE. 

 

6.5.3 Attribute 6: Employees’ Expectations 

Employees’ Expectations describes the behaviour that the employee expects the 

organization to reward and the work conditions which an employee expects the 

employer to provide. It is thus the duty of the organization to provide an environment 

that favours the adoption of reuse. Figure 6.6 illustrates the triad formed from the three 

factors of the Employees’ Expectations attribute. 

 
 

6b.Security 

(Control) 

 
 

 
  EMPLOYEES’                     EXPECTATIONS 

 
 
 
                                                        

 (Autonomy)                     (Co-operation) 

6a.Opportunity               6c.Community Spirit 

 

Figure 6.6: Employee’s Expectations attribute 

 

These three Employee’s Expectations are competing forces. In the general terms of 

autonomy, control and co-operation, Opportunity exhibits the most autonomy, Security 

holds control and Community Spirit represents co-operation. 
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Factor 6a: Opportunity    

Opportunity represents autonomy. It refers to the situation where individual excellence 

is promoted by promotions, financial commissions and other recognition. Opportunity is 

“the quid pro quo for self-reliance” (Keidel, 2005, p. 55) (Factor 7a). 

Opportunity suits an individual character, not a team player, and does not support an 

organization’s attempt at reuse adoption (Huang et al., 2002). In exceptional cases, it 

could allow an individual achiever to act like a team player, such as when the 

organization has set its opportunities to reflect an individual’s contribution to 

organization-wide adoption of reuse. In general, however, reuse relies on co-operation, 

rather than autonomous achievements (Kunda and Brooks, 2000). 

Therefore, the organization that continues to provide an environment of opportunity will 

create an unfavourable environment for reuse adoption, and an individual who expects 

opportunity exerts an unfavourable influence on the adoption of component reuse. 

 

HYPOTHESIS H6a: 

Factor 6a, Employee’s Expectation of Opportunity, can have an unfavourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 6b: Security 

Security represents control. It is the near opposite of opportunity and represents an 

expected payoff for compliant behaviour. 

Reuse is a change in the way software is developed and is often met with resistance, 

since change is seen as a threat to employment (Chroust, 2006, Kunda and Brooks, 

2000). Compliance creates a secure environment that removes this threat (Kunda and 

Brooks, 2000). It means keeping your job, because you follow the organization’s 

expectations. If the organization’s expectations are that reuse is the norm, then it is 

appropriate for the organization to retain those who follow the norm.  

Furthermore, security promotes defensive action and does not promote individual 

excellence, a quality that is unfavourable to reuse adoption.  
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The organization that continues to provide security in return for compliance will create 

a favourable environment for reuse adoption. An individual who expects security exerts 

a favourable influence for the adoption of component reuse. 

 

HYPOTHESIS H6b: 

Factor 6b, Employee’s Expectation of Security, can have a favourable 
influence on the organization-wide adoption of CBSE. 

 

Factor 6c: Community Spirit 

Community Spirit represents co-operation. It refers to a sense of belonging and the 

desire, fuelled by appropriate rewards, to take a personal interest in one’s work and 

organization. 

In return for spending extra time and energy at work, the employee expects the 

organization to provide an environment that is conducive to working in harmony with 

colleagues. This is can include providing extra benefits and social activities. This leads 

to a satisfied employee, which is a precursor to the co-operation that is necessary for 

successful adoption of reuse (Arbaoui et al., 1999; Chroust, 2006; Kumar and Bjoern-

Andersen, 1990; Lientz and Rea, 2004).  

Conversely, if the organization does not provide for community spirit, contrary to 

employees’ expectations, then it is likely that the employee will not make the necessary 

effort to perform as the organization expects. This is equally applicable to the developer 

and the facilitator. In its extreme, it could lead to sabotage of new initiatives such as 

component reuse or even resignation. Mellarkod et al. (2007) have shown that the 

expectation of a component being used many times has a favourable influence on the 

adoption of CBSE. A lack of sharing between developers creates an unfavourable 

environment for reuse (Huang et al., 2002). 

The organization that continues to provide a community spirit will create a favourable 

environment for reuse adoption. An individual who expects a community spirit exerts a 

favourable influence for the adoption of component reuse. 
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HYPOTHESIS H6c: 

Factor 6c, Employee’s Expectation of Community Spirit, can have a 
favourable influence on the organization-wide adoption of CBSE. 

 

6.5.4 Summary of Human Factors dimension 

Table 6.15 summarizes the nine hypotheses that correspond to the second research 

question. The investigation of these propositions provides an insight into the manner of 

the influence that Human Factors have on the organizational-wide adoption of 

component based software engineering (CBSE). 

 

Table 6.15: Research Question 2 and associated hypotheses 

 

Research Question 2:   

In what manner do Human Factors influence the organizational-wide adoption of 
CBSE? 

FACTOR 
ID 

HYPOTHESIS 
ID 

HYPOTHESES 

4a H4a The Customers/End-users can be neutral for the organization-
wide implementation of CBSE. 

4b H4b The Managers can be favourable for the organization-wide 
implementation of CBSE.  

4c H4c The Developers can be favourable for the organization-wide 
implementation of CBSE.  

5a H5a The Customers’ Expectation of Differentiation can be favourable 
for the organization-wide implementation of CBSE. 

5b H5b The Customers’ Expectation of Cost can be favourable for the 
organization-wide implementation of CBSE. 

5c H5c The Customers’ Expectation of Flexibility can be unfavourable for 
the organization-wide implementation of CBSE. 

6a H6a The Employee’s Expectation of Opportunity can be unfavourable 
for the organization-wide implementation of CBSE. 

6b H6b The Employee’s Expectation of Security can be favourable for the 
organization-wide implementation of CBSE. 

6c H6c The Employee’s Expectation of Community can be favourable for 
the organization-wide implementation of CBSE. 
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6.6 Organizational Systems dimension 

The Organizational Systems dimension corresponds to the third research question. 

Research Question 3: In what manner and to what extent do Organizational Systems 

influence the organization-wide adoption of CBSE? 

Organisational Systems constitute the soft wiring of design. They are 

the less visible aspects that nonetheless play a crucial role in 

determining organizational behaviour and performance. Indeed, given 

the choice of manipulating either structure or systems, most 

experienced organizational consultants would probably choose the 

latter. (Keidel, 2005, p. 77) 

 

Table 6.16: Attributes and factors of Organizational Systems dimension 

 

C.  ORGANIZATIONAL SYSTEMS 

ATTRIBUTE FACTORS  

7.  Organization’s 
Expectations 

From its employees. 

7a.  Self-reliance Autonomy 

7b.  Compliance Control 

7c.  Collaboration Co-operation 

8.  Organizational Culture 

Describes the organization’s 
culture. 

 

8a.  Diversity of Approach Autonomy 

8b.  Uniformity of Identity Control 

8c.  Complementarity Co-operation 

9.  Development Plan 

Describes how the 
organization grows. 

 

9a.  Development from Outside Autonomy 

9b.  Development from Inside Control 

9c.  Development in Partnership Co-operation 

10.  Reward System 

What behaviours are 
reinforced financially and non-
financially? 

10a.  Individualistic Autonomy 

10b.  Hierarchic Control 

10c. Mutual Co-operation 

11.  Meeting System 

For what reason do people get 
together? 

11a.  Forum Autonomy 

11b.  Decision-making Control 

11c.Work-in-progress Co-operation 

12.  Decision-making System 

How does the organization 
exercise authority? 

12a.Delegatory Autonomy 

12b.Mandatory Control 

12c.  Shared Co-operation 
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In the SHOFRA Model, the Organizational Systems dimension consists of six attributes, 

each of which is a triad and consists of three factors, as shown in Table 6.16. Each 

Factor has a corresponding hypothesis that addresses its potential to influence the 

organization-wide adoption of CBSE. 

 

6.6.1 Attribute 7: Organization’s Expectations 

Organization’s Expectations describes the behaviour that the organization rewards. 

Often these are unwritten. Figure 6.7 illustrates the triad formed from the three factors 

of the Organization’s Expectations attribute. 

 

7b.  Compliance 

(Control) 

 
           
 
                                                     ORGANIZATION’S                       EXPECTATIONS 

 

 
                                                                 (Autonomy)                      (Co-operation) 

7a. Self-reliance             7c. Collaboration 

 

Figure 6.7: Organization’s Expectations attribute 

 

These three Organization’s Expectations are competing forces. In the general terms of 

autonomy, control and co-operation, Self-reliance exhibits the most autonomy, 

Compliance holds control and Collaboration represents co-operation. 

 

Factor 7a: Self-reliance 

Self-reliance represents autonomy. It refers to an environment where employees are 

expected to stand on their own and take risks.  

The result is promotion of individual effort and competition between individuals, and 

individuals and teams. Reuse is based on sharing, but self-reliance does not support for 

this (Lynex and Layzell, 1997). Furthermore, self-reliance promotes ‘stars’. This could 
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be favourable for individual reuse, if the individual is given the choice to reuse or not. 

However, the individuality displayed by a ‘lone artist’ does not have a place in 

organizational adoption of CBSE (Chroust, 2006). Thus it is suggested that self-reliance 

would have an unfavourable effect on CBSE adoption. 

 

HYPOTHESIS H7a: 

Factor 7a, Organization’s Expectation of Self-reliance, can have an 
unfavourable influence on the organization-wide adoption of CBSE. 

 

Factor 7b: Compliance 

Compliance represents Control. It refers to an organization in which standards, and 

strict adherence to them, are important. Such an organization expects its employees to 

‘toe the line’. Adoption of reuse, or any methodology for that matter, always benefits 

from the application of standards to ensure uniformity of approach and execution, as 

well as an understanding of the procedures to be followed. Reuse is a change in the way 

software is developed and is often met with resistance, since change is seen as a threat 

to employment, (Chroust, 2006, Kunda and Brooks, 2000). Compliance creates an 

environment that removes this threat (Kunda and Brooks, 2000). 

On the plus side, reuse is often seen as providing a competitive advantage to the 

organization that has implemented it. A certain amount of secrecy can only help reap 

the potential benefits of CBSE adoption. 

Therefore, an organization that practises compliance provides a favourable environment 

for the adoption of component reuse. 

 

HYPOTHESIS H7b: 

Factor 7b, Organization’s Expectation of Compliance, can have a favourable 
influence on the organization-wide adoption CBSE. 
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Factor 7c: Collaboration 

Collaboration represents co-operation. It refers to an environment where employees are 

encouraged to look for ways to help each other. It is similar to complementarity (Factor 

8c), with the added attribute of actively seeking uses for new ideas and processes, and 

of course components. “When something goes down, people ask me how they can help. 

Nobody sits around. Every minute you are down, it’s like dollars out of your back 

pocket. So everybody really hustles” (Zilles, quoted by Levering et al., 1984, p. 246). 

Reuse thrives in an environment of co-operation and collaboration (Kunda and Brooks, 

2000; Morisio et al., 2002). 

Therefore, an organization that practises collaboration provides a favourable 

environment for the adoption of component reuse. 

 

HYPOTHESIS H7c 

Factor 7c, Organization’s Expectation of Collaboration, can have a favourable 
influence on the organization-wide adoption of CBSE. 

 

6.6.2 Attribute 8: Organizational Culture 

Keidel (2005) relates Organizational Culture to the behaviours that the organization 

rewards. It is often described as “the way we do things around here” and many of the 

rules and procedures relating to this are unwritten. Adherence to the Social Values is a 

major part of a harmonious workplace. Figure 6.8 illustrates the triad formed from the 

three factors of the Organizational Culture attribute. 

 

8b  Uniformity of Identity 
(Control) 

 
 

 
                                                  ORGANIZATIONAL                        CULTURE 

 
 
 
 
                                                                  (Autonomy)                    (Co-operation)                

                                       8a  Diversity of Approach         8c  Complementarity 
 

Figure 6.8: Organizational Culture attribute 
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These three Organizational Culture factors are competing forces. In the general terms of 

autonomy, control and co-operation, Diversity exhibits the most autonomy, Uniformity 

holds control and Complementarity represents co-operation. 

 

Factor 8a: Diversity of Approach 

Diversity of Approach represents autonomy. It refers to the ability to see things 

differently, to approach problems and their solutions in a unique way, and requires 

flexibility, which is seen as a barrier to reuse (Morisio et al., 2002). 

As such it is expected that it would encourage new components, in favour of reusing 

existing components. The reasons are that existing components would require a great 

deal of customization, at greater cost, longer development and testing times, and 

consequently greater costs than for developing new components. 

It is noted that the IEEE1517-1999:R2004 list of benefits of reuse does not include any 

benefits that relate directly to Diversity of Approach. Achieving the benefits relies on 

the components being reused with a minimum of change, a condition that does not 

apply to fulfilling the needs of Diversity. Such an outcome goes hand in hand with the 

authority (given by the manager) to make changes on one’s own, to be creative and 

express oneself. Such an organization will reward individual expertise and achievement. 

Reuse is seen as the opposite of diversity as it promotes an ultimate move towards 

conformity. Therefore an organization that has a culture of diversity does not encourage 

reuse. 

 

HYPOTHESIS H8a: 

Factor 8a, the Organizational Culture Factor of Diversity of Approach, can 
have an unfavourable influence on the organization-wide adoption of CBSE. 
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Factor 8b: Uniformity of Identity 

Uniformity represents control. It represents the ability to present the same face to the 

world, regardless of the environment and what the customer wants. Its goal is consistent 

results and does not necessarily consider whether past processes led to better results. 

Uniformity promotes the continuance of tried and proven methods and products and is 

exemplified by monolithic thinking and structures (Morisio et al., 2002). This leads to 

uniformity in its internal processes and ideas, which then work in synergy with the 

external identity. In practice, the internal and external identities work in unison to 

reinforce each other. 

In some industries and some instances this can be of benefit. McDonalds started out 

with this goal and proved to be successful. However, even they have had to re-assess 

their policy over time in the light of environmental and social differences in their 

markets. The burgers are no longer the same world-wide. In Italy, the tomato sauce is 

replaced with tangy salsa. In Japan, the patty is saltier with a hint of soy sauce. In 

Ireland, the cheese is a matured cheddar style. In Australia, they introduced the McCafé. 

With respect to the adoption of CBSE, Allen (2001, p. 220) noted that “Systematic, 

institutionalized CBD needs a change in the attitude of software engineers, different 

work organization, and a different organization of the whole enterprise”. It is unlikely 

that Uniformity of Identity could be maintained with such changes. 

A cultural bias towards uniformity does not support the flexibility to support the 

changes that are required to implement CBSE. Indeed, it would appear to work against 

it. 

 

HYPOTHESIS H8b: 

Factor 8b, the Organizational Culture Factor of Diversity of Uniformity of 
Identity, can have an unfavourable influence on the organization-wide 
adoption of CBSE. 
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Factor 8c: Complementarity 

Complementarity represents co-operation. It refers to a culture where it is acknowledged 

that nothing exists on its own and things can be reused. It should be promoted by the 

organization. 

Although a need is not seen immediately for something, a need will eventually arise and 

a benefit reaped. This appears to be an ideal situation for reuse. Abrahamson (2000, p. 

78) noted that the “companies must be willing to noodle with [work out how to use - 

HR] what already exists – and invent from scratch only as a last resort … Companies 

need cultures that value creative imitation”, as opposed to simple plagiarism, which is 

seen negatively (Chroust, 2006). Components for reuse can be specifically designed for 

reuse or can emerge over time from an existing component (Saidi et al., 2009). Both 

have a place in the successful adoption of component reuse. To achieve similar 

functionality, reuse of components that were not specifically designed for reuse can take 

longer to integrate and not yield all of the expected benefits of reuse (Chroust, 2006). 

But there is a balance: they cost less to produce.  

Mellarkod et al. (2007) have shown that the expectation of reuse has a favourable 

influence on the adoption of CBSE. If an organization aligns its opportunities to reuse, 

then it will create a favourable environment for reuse adoption (Chroust, 2006; Lientz 

and Rea, 2004). In 3M, “solutions are as likely to drive the search for problems as the 

other way around” and “somewhere in 3M someone will be able to use almost 

anything” (Smith,1980, p. 91). 

A culture of Complementarity has a favourable effect on component reuse since it 

promotes both reuse and the expectation of reuse. 

 

HYPOTHESIS H8c: 

Factor 8c, the Organizational Culture Factor of Diversity of Complementarity, 
can have a favourable influence on the organization-wide adoption of CBSE. 
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6.6.3 Attribute 9: Developmental Plan 

An organization’s Developmental Plan refers to how an organization will grow, develop 

and renew itself. This includes recruitment and changes in processes (for example, 

CBSE), goals and philosophies. Figure 6.9 illustrates the triad formed from the three 

factors of the Developmental Plan attribute. 

 

9b. From Inside 

(Control) 

 
 

 
                                                        DEVELOPMENT                       PLAN 
 
 
 
 
 
                                                                 (Autonomy)                   (Co-operation) 

9a.  From Outside           9c.  In Partnership 

 

Figure 6.9: Development Plan attribute 

 

These three Development Plans are competing forces. In the general terms of autonomy, 

control and co-operation, Development from Outside exhibits the most autonomy, 

Development from Inside holds control and Development in Partnership represents co-

operation. 

 

Factor 9a: Development from Outside 

Development from Outside represents autonomy. It refers to the sourcing of new 

employees and ideas from outside the organization, including the use of contractors and 

consultants. The knowledge and experience of existing employees and internal ideas are 

not valued (Lientz and Rea, 2004), which could lead to distrust in the quality of 

internally developed components (Chroust, 2006). 

The external sourcing of new employees and ideas and emphasis on the use of 

consultants occurs even when the expertise exists within the organization. In the case of 

CBSE adoption, this has the advantage of potentially employing new staff who are in 

favour of reuse, in preference to existing employees who are not. However, it has a 
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corresponding disadvantage. A mix of new and old employees, and even teams of new 

employees, could experience difficulties in co-operation and co-ordination, and 

uncertainty about their qualification, experience and professionalism and the quality of 

the software they produce (Galin, 2004; Huang et al., 2002; Lynex and Layzell, 1997). 

The organization must change in order to accommodate the special needs of 

implementing CBSE (Allen, 2001; Kunda and Brooks, 1999). This creates a change in 

the normal ‘pecking order’, with changes in individuals’ levels and spheres of influence, 

power and prestige (Chroust, 2006). Quite justifiably, employees will feel they are 

being undervalued and that their expertise and experience is of little interest to the 

organization. The influx of new employees could create among existing employees a 

fear of demotion or loss of position, with outsiders taking the better positions, resulting 

in a resistance to adoption of CBSE (Chroust, 2006; Lientz and Rea, 2004). 

This type of organization is more likely to adopt a new process such as CBSE if others 

have already done so (Chroust, 2006). Indeed, if organizations were to employ new 

developers from the outside (rather than promoting from within), CBSE would need to 

be an established practice in the industry – which it is not yet – for there to be a pool of 

experienced developers from which to choose.  

The overall effect of developing from outside is to hinder the early adoption of CBSE 

and its easy assimilation into the organization. 

 

HYPOTHESIS H9a: 

Factor 9a, the Development Plan of Development from Outside, can have an 
unfavourable influence on the organization-wide adoption of CBSE. 

 

Factor 9b: Development from Inside 

Development from Inside represents control. It refers to promotion from within the 

organization and the hiring of new employees to fill the lower level vacancies. 

Such organizations are highly horizontally integrated. Promoting internally ensures a 

continuance of the corporate knowledge and culture. “Managers must provide ... career 

paths that enable growth in the field of software assets” (Mellarkod et al., 2007, p. 621). 
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The effects described by Galin (2004) in Factor 9a are minimized in this case, because 

the new employees are brought in at a lower level and so the subsequent disruption is 

less and easier to mitigate. 

Developing from Inside, rather than outside, can mitigate a number of barriers to 

adopting CBSE, such as loss of knowledge and ‘guru’ status, and fear of redundancy 

(Chroust, 2006). Employees are most likely to adopt reuse if the notion originates from 

within. It also applies to materials and services that are produced within the organization 

or a subsidiary. This is an ideal environment for the adoption of reuse. The organization, 

including employees, is predisposed to that which is internally produced. Because that 

which is internally produced is inherently good, it would then be easy to reuse the 

components (Chroust, 2006).  

The effect of Developing from Inside on the adoption of reuse is favourable. 

 

HYPOTHESIS H9b: 

Factor 9b, the Development Plan of Development from Inside, can have a 
favourable influence on the organization-wide adoption of CBSE. 

 

Factor 9c: Development in Partnership 

Development in Partnership represents co-operation. It refers to joint ventures and 

partnerships, and includes take-overs. 

This attribute is a combination of the better parts of the other two factors in this 

attribute. In Factor 9a, co-operation is restricted largely to outside the organization, to 

the detriment of those within. In Factor 9b, co-operation is restricted largely to within 

the organization, while not taking advantage of what is to offer from outside.  

Provided that reuse has already been adopted, or is at least being considered in a 

favourable light by the partner organizations, then it will promote the acceptance and 

therefore successful adoption within such an organization (Chroust, 2006). There is a 

risk that the developers will lose control (Morisio et al., 2002), but this can be mitigated 

by ensuring that the new employees are chosen carefully so as to blend in with the 
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existing culture and procedures. Otherwise the problems described in the previous 

section may result. 

 

HYPOTHESIS H9c: 
Factor 9c, the Development Plan of Development in Partnership, can have a 
favourable influence on the organization-wide adoption of CBSE. 

 

6.6.4 Attribute 10: Reward System 

Reward System refers to behaviours that are reinforced formally, either financially or 

non-financially. This attribute should not be confused with the related Organization’s 

Expectations (Attribute 3). While there are those who prefer to reward only the product, 

with little or no concern about the process that produced it, there is a general consensus 

that appropriate rewards must be in place for success to be self-maintaining 

(Abrahamson, 2000; Kunda and Brooks, 2000). Figure 6.10 illustrates the triad formed 

from the three factors of the Reward System attribute. 

 

 

10b.  Hierarchical Rewards 

(Control) 

 
 
 
                                                                  REWARD                         SYSTEM 
 
 
 

 
(Autonomy)            (Co-operation) 

                              10a.  Individualistic Rewards                10c.  Mutual Rewards 

 

Figure 6.10: Reward System attribute 

 

These three Reward Systems are competing forces. In the general terms of autonomy, 

control and co-operation, Individualistic exhibits the most autonomy, Hierarchical holds 

control and Mutual represents co-operation. 
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Factor 10a: Individualistic Rewards 

Individualistic Rewards represents Control. It refers to rewarding individuals for 

individual performance 

Often subordinates earn more than their managers. While this may result in a few 

champions of reuse, the successful adoption of reuse requires more than a few 

champions. Since a team effort is not rewarded, each employee will strive to achieve his 

best on his own. This leads to an environment of non-sharing, whereas reuse, by its very 

nature, requires sharing (Chroust, 2006; Lynex and Layzell, 1997). If the reward system 

is extended to treat a team as an individual, then it can result in certain teams adopting 

reuse. However, this describes the Mutual system.  

Alternatively, the reward could be given to the Source, the developer of reusable 

components, for creating the component that can be reused. However, the development 

of reusable components is outside the scope of this work.  

Individual Rewards can have an unfavourable influence on the organization-wide 

adoption of reuse. 

 

HYPOTHESIS H10a: 

Factor 10a, Individualistic Rewards, can have an unfavourable influence on 
the organization-wide adoption of CBSE. 

 

Factor 10b: Hierarchical Rewards 

Hierarchical Rewards represents Control. This factor refers to rewarding according to 

one’s position on the organizational chart and it is often not directly performance 

related. 

While this form of reward may result in rewarding those who decide to adopt reuse (if 

indeed this decision is the right one), this is by coincidence rather than by design. It is 

related to the decision to implement, rather than the actual adoption of reuse, and thus is 

unlikely to have an influence on reuse adoption. 
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HYPOTHESIS H10b: 

Factor 10b, Hierarchical Rewards, does not have an influence on the 
organization-wide adoption of CBSE. 

 

Factor 10c: Mutual Rewards 

Mutual rewards systems represent co-operation. This factor refers to rewarding for co-

operation, collaboration and collective performance. In other words, the combined work 

of a team is the basis of the rewards. 

Its aim is to “encourage collective performance” (Keidel, 2005, p. 80). Individual star 

performers are not rewarded. In a typical scenario, a team who successfully adopts reuse 

is rewarded as a team. Any differences between the team members’ achievements are 

calculated at the team level. The key principle is that the overall reward is on the basis 

of co-operation and teamwork. This is essential for organization-wide adoption. The 

team who is rewarded in this way serves as an exemplar for individuals and other teams. 

There are risks in this reward system in that it can exaggerate teamwork and co-

operation, to the detriment of attracting talented individuals. When Next Computer was 

launched by Steve Jobs, there were only two pay scales; individual high flyers were not 

acknowledged in the pay system. Recruiting top talent was compromised and the system 

was scrapped (Deutschman, 1994). 

Applied with the appropriate discretion, the Mutual Rewards System encourages co-

operation and trust amongst the employees, which are key requirements for the adoption 

of reuse. Mutual Rewards can have a favourable influence on the adoption of reuse. 

 

HYPOTHESIS H10c: 

Factor 10c, Mutual Rewards, can have a favourable influence on the 
organization-wide adoption of CBSE. 
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6.6.5 Attribute 11: Meeting System 

The Meeting System considers the reasons for which people get together. Although it is 

undeniable that meetings are often thought as being simply a waste of time or even 

having an unfavourable effect on one’s work output, there are valid reasons for holding 

meetings that lead to favourable results.  

It is noted that the initial decision to adopt an organization-wide implementation of 

reuse is not part of the Meeting Systems, as this decision is assumed to have already 

been made. It is further discussed in Section 10.5.2. Figure 6.11 illustrates the triad 

formed from the three factors of the Meeting System attribute. 

 

11b.  Decision-making 

(Co-operation) 

 
 
 
                                                                   MEETING                        SYSTEM 
 
 

 
 

(Control)               (Autonomy) 

                                                       11a.  Forum              11c.Work-in-progress 

 

Figure 6.11: Meeting System attribute 

 

These three Meeting Systems are competing forces. In the general terms of autonomy, 

control and co-operation, Forum exhibits the most autonomy, Decision-making holds 

control and Work-in-progress represents co-operation. 

 

Factor 11a: The Forum Meeting 

The Forum Meeting represents autonomy. It refers to an airing of ideas with no 

particular purpose or goal and with no decisions being made. It tends to be a general 

meeting, rather than one directed to any particular project. 

It is “an opportunity for individuals with different values, concerns, and experiences to 

share their perspectives” (Keidel 2005, p. 82). It is essentially an exchange of ideas, 

characterized by divergence rather than convergence. Reuse does not really support or 
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want such differences. What is desired is a team spirit where individuals share the same 

ideals and work together towards the goal of reuse. While everybody’s ideas are as 

welcome as anybody else’s, they are not acted upon. No decision is made that varies 

from the original proposition. Rather, the outcome is simply a set or series of ideas and 

issues.  

In a typical forum meeting, when employees raise legitimate issues and questions, these 

concerns are acknowledged but not addressed. The employees feel that their opinions 

are not valued and that management will continue with their own agenda ignoring the 

employees’ concerns (Chroust, 2006; Huang et al., 2002; Lientz and Rea, 2004). The 

result is that forum meetings can have an unfavourable influence.  

 

HYPOTHESIS H11a: 

Factor 11a, the Forum Meeting, can have an unfavourable influence on the 
organization-wide adoption of CBSE. 

 

Factor 11b: The Decision-making Meeting 

The Decision-making Meeting represents Control. It refers to meetings where problems 

and proposed solutions are debated with the outcome being a decision to accept, reject 

or holdover. Various ideas, opportunities, strategies and the like are introduced 

(possibly those resulting from a previous forum). These issues are debated as 

appropriate and alternatives are accepted or rejected. 

Keidel (2005) warns that care must be taken to not allow such a meeting to deteriorate 

into absolute control by the convenor. He cites the case of a CEO of a Fortune 500 

corporation who “always did a lot of work ahead of you so that ... meetings were held 

not to figure out what to do, but tell you what to do” (Censits, quoted by Darlin, 1984, 

p. 10). This type of meeting is also seen as promoting the solving of specific project 

problems (Katz and Allen, 1997).   
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HYPOTHESIS H11b: 

Factor 11b, The Decision-making Meeting, can have a favourable influence on 
the organization-wide adoption of CBSE. 

 

Factor 11c: The Work-in-progress Meeting 

The Work-in-progress Meeting represents co-operation. It refers to meetings that 

recognize and develop group capabilities and promote a united team effort. It is 

different from the forum meeting in that the participants have similar goals and aims, 

and are more likely to be working on similar projects. It is much less formal than the 

decision-making meeting and is not intended to result in any formal decisions.  

It provides an environment for developers to catchup with the progress of the various 

similar projects, find out what other developers have done and are going to do, and to 

discuss what is available, especially in relation to components. These are essential for 

successful reuse adoption (Kunda and Brooks, 2000; Mellarkod et al., 2007; Sherif and 

Vinze, 2003) “Such a meeting may also help instil a sense of togetherness and a 

commitment to collective performance, especially with regard to an agreed-upon path” 

(Keidel, 2005, p. 83). In the case of this ‘agreed-upon path’ being the adoption of reuse, 

then this type of meeting would have a favourable effect on the success of the goal. 

This factor is complementary to the informal Spontaneous Action Layout (Factor 3c) 

and appears to support CBSE. 

 

HYPOTHESIS H11c: 

Factor 11c, the Work-in-progress Meeting, can have a favourable influence on 
the organization-wide adoption of CBSE. 

 

6.6.6 Attribute 12: Decision-making System 

The Decision-making System attribute describes the type and degree of authority in 

decision-making exercised by the organization, managers and developers, once the 
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decision has been made to implement reuse. It is noted that the initial decision to adopt 

an organization-wide implementation of reuse is not part of the Decision-making 

Systems, as this decision is assumed to have already been made. It is further discussed 

in Section 10.4.2. Figure 6.12 illustrates the triad formed from the three factors of the 

Decision-making System attribute. 

 

 
12b. Mandatory 

(Control) 

 
 
                                                     DECISION-MAKING                  SYSTEM 

 
 
 
 

(Autonomy)                 (Co-operation) 

12a. Delegatory           12c.Shared 
 

Figure 6.12: Decision-making System attribute 

 

These three Decision-making Systems are competing forces. In the general terms of 

autonomy, control and co-operation, Delegatory exhibits the most autonomy, 

Mandatory holds control and Shared represents co-operation. 

 

Factor 12a: Delegatory Decision-making 

Delegatory Decision-making represents Autonomy. It refers to the passing on of some, 

or even all, decision-making to a sub-ordinate who is closer to the action. 

Its advantages are three-fold. First, the authority is passed on to someone closer to the 

action. Second, there is an increase in the feeling of ownership by the sub-ordinate. 

Whether this is real depends on the authority being real. Third, it leaves the delegator 

with more time to do other things, provided again that the passing on of authority really 

happens. For delegation to achieve its goals, it requires both the delegator and delegate 

to ‘buy in’. If either does not really want it to happen, then it will not. Furthermore, it 

assumes the competence of the sub-ordinate to take over authority, and also that of the 

delegator to truly ‘let go’. The delegate must also have the respect of his/her team and 

also of those with whom sideways interaction is required. This will be enhanced by 
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having been given a delegation, as will the delegate’s perceived self-efficacy, which is 

seen as positively influencing intentions to re-use (Mellarkod et al., 2007). Provided that 

these conditions are met, Delegatory Decision-making has the potential to greatly 

enhance the successful adoption of reuse. 

  

HYPOTHESIS H12a: 

Factor 12a, Delegatory Decision-making, can have a favourable influence on 
the organization-wide adoption of CBSE.  

 

Factor 12b: Mandatory Decision-making 

Mandatory Decision-making represents Control. It refers to the unilateral enforcement 

of a decision, often at a high level, and is also known simply as mandating. 

There is often little, if any input, from those who have to implement the decision, 

resulting in a feeling of or actual loss of control. In the case of reuse, this can result in 

unsuccessful adoption (Chroust, 2006; Morisio et al., 2002), except if by chance the 

decision is one with which all agree. Even then, the success will be hindered by the lack 

of feeling of ownership by those who must implement it. In 1990, General Motors had a 

3:1 ratio of management to production workers. There was little consultation between 

the two groups and the adoption of reuse was subsequently mandated, resulting in 

opposition to the change by those charged with carrying it out (Rosecrance, 1990). 

Lynex and Layzell (1997) reported that when reuse was used informally by all within a 

development team, it was felt that “formalising this would actually reduce its 

effectiveness” as it was reliant on the experience and knowledge of the developers and 

“as such very hard to mandate as part of the development process” (p. 343). Mandating 

tends to ignore the complexities of organization-wide adoption which adds group 

dynamics and organizational behaviour to that of the individual’s cognition and 

motivation (Curtis, 1988). 

Lientz and Rea (2004) also found that, in concert with a lack of effective consultation, 

Mandatory Decision-making presents an obstacle to effective adoption of CBSE It is 

noted that the mandatory adoption of CBSE is not within the scope of this work 
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(Section 1.8.1). On the whole, since successful change management (in this case, CBSE 

adoption) requires co-operation of all those involved, mandatory decision-making can 

have an unfavourable influence. 

 

HYPOTHESIS H12b: 

Factor 12b, Mandatory Decision-making, can have an unfavourable influence 
on the organization-wide adoption of CBSE. 

 

Factor 12c: Shared Decision-making 

Shared Decision-making represents collaboration. It refers to a presentation and 

consideration of the opinions of all involved and then commitment by all to implement 

the chosen course of action. 

It is the most time-consuming decision process, but also the one with the most potential 

for lasting success, with ownership transferred automatically to all those involved, thus 

maximizing acceptance of reuse (Kunda and Brooks, 2000; Morisio et al., 2002). It can, 

however, be very difficult if the group size is overly large and it would ideally be used 

by a project group rather than an organization-wide group. The risk in adopting this 

style is that the collaboration may result in an unwanted decision, namely the rejection 

of organization-wide reuse. However, rejection of CBSE could in fact be the right 

decision under the circumstances. Provided the group size is manageable, this decision-

making style has can have a most favourable influence. 

This style will result in a favourable outcome regardless of whether the group decision 

is to accept or reject CBSE. If it accepts CBSE, then the adoption has a good chance of 

success. If it rejects CBSE, then it would have failed anyway, even it had been forced 

upon the group. That is, CBSE adoption will not be attempted. This is better than a 

failed attempt. 
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HYPOTHESIS H12c: 

Factor 12c, Shared Decision-making, can have a favourable influence on the 
organization-wide adoption of CBSE. 

 

6.6.7 Summary of Organizational Systems dimension 

Table 6.17 summarizes the 18 hypotheses that correspond to the third research question. 

The investigation of these propositions provided an insight into the manner and extent 

of the influence that Organizational Systems have on the adoption of organizational-

wide component based software engineering (CBSE). 
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Table 6.17: Research Question 3 and associated hypotheses 

 

Research Question 3:   

In what manner and to what extent do Organizational Systems affect the 
organizational-wide adoption of CBSE? 

FACTOR 
ID 

HYPOTHESIS 

ID 

HYPOTHESES 

7a H7a The Organization’s Expectation of Self-reliance can be 
unfavourable for the organization-wide implementation of CBSE. 

7b H7b The Organization’s Expectation of Compliance can be favourable 
for the organization-wide implementation of CBSE. 

7c H7c The Organization’s Expectation of Collaboration can be 
favourable for the organization-wide implementation of CBSE. 

8a H8a The Organizational Culture of Diversity can be unfavourable for 
the organization-wide implementation of CBSE. 

8b H8b The Organizational Culture of Uniformity can be unfavourable for 
the organization-wide implementation of CBSE. 

8c H8c The Organizational Culture of Complementarity can be favourable 
for the organization-wide implementation of CBSE. 

9a H9a The Organization’s Plan of Development from Outside can be 
unfavourable for the organization-wide implementation of CBSE. 

9b H9b The Organization’s Plan of Development from Inside can be 
favourable for the organization-wide implementation of CBSE. 

9c H9c The Organization’s Plan of Development in Partnership can be 
favourable for the organization-wide implementation of CBSE. 

10c H10c Mutual Rewards can be favourable for the organization-wide 
implementation of CBSE. 

11a H11a The Forum Meeting can be unfavourable for the organization-wide 
implementation of CBSE. 

11b H11b The Decision-making Meeting can be favourable for the 
organization-wide implementation of CBSE. 

11c H11c The Work-in-progress Meeting can be favourable for the 
organization-wide implementation of CBSE. 

12a H12a Delegatory Decision-making can be favourable for the 
organization-wide implementation of CBSE. 

12b H12b Mandatory Decision-making can be unfavourable for the 
organization-wide implementation of CBSE. 

12c H12c Shared Decision-making can be favourable for the organization-
wide implementation of CBSE. 
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6.7 The draft SHOFRA Model 

Table 6.18 presents the draft Social, Human and Organization Factors for Reuse 

Adoption Model. 

 

Table 6.18: Draft SHOFRA Model 

 
Dimension Attributes Factors Influence 

A. Social 
Interaction 

1. Reporting lines a. Flat/clear   Unfavourable 

b. Steep/clear   Unfavourable 

c. Flat/amorphous Favourable 

2. Information flow a. Pooled   Unfavourable 

b. Sequential   Unfavourable 

c. Reciprocal Favourable 

3. Physical layout a. Independent action  Favourable 

b. Programmed action  Unfavourable 

c. Spontaneous action Unfavourable 

B. Human 4. Stakeholders a. Customer/end-user No Influence 

b. Managers Favourable 

c. Developers Favourable 

5. Customers’ 
expectations 

a. Differentiation  Favourable 

b. Cost  Favourable 

c. Flexibility Unfavourable 

6. Employees’ 
expectations 

a. Opportunity Unfavourable 

b. Security Favourable 

c. Community spirit Favourable 

C. Organizational 
Systems 

7. Organization’s 
expectations 

a. Self-reliance Unfavourable 

b. Compliance Favourable 

c. Collaboration Favourable 

8. Organizational 
culture 

a. Diversity of approach Unfavourable 

b. Uniformity of identity Unfavourable 

c. Complementarity Favourable 

9. Development 
plan 

a. Development from outside Unfavourable 

b. Development from inside Favourable 

c. Development in 
partnership 

Unfavourable 

10. Reward system a. Individualistic  Unfavourable 

b. Hierarchical  No Influence 

c. Mutual Favourable 

11. Meeting system a. Forum  Unfavourable 

b. Decision-making    Favourable 

c. Work-in-progress Favourable 

12. Decision-
making system 

a. Delegatory Favourable 

b. Mandatory  Unfavourable 

c. Shared Favourable 
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6.8 Chapter summary  

In this chapter, the decision to use Keidel’s Organizational Design Framework was 

defended and the structure of the SHOFRA model was developed. The Organisational 

Design Framework was used as the inspiration for the SHOFRA Model, because of its 

close fit to the Social/Human/Organization framework and its origins in Contingency 

Theory. The list of barriers identified from the literature is internally consistent (Section 

6.2) and, following on from the work of Fichman and Kemerer (2001), this suggests that 

the barriers can be expected to represent the commonly encountered barriers in industry 

as a whole. 

The empirical foundations for each of the hypotheses were presented for the Social 

Interaction dimension (Section 6.4), the Human dimension (Section 6.5) and the 

Organizational Systems dimension (Section 6.6). These three dimensions together make 

up the draft Social, Human and Organization Factors for Reuse Adoption Model 

(Section 6.7). The following chapter (Chapter 7) describes the methodology for 

validating the draft model by interviewing expert software professionals, while Chapter 

8 presents the findings of the validation. 
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CHAPTER SEVEN 

MODEL VALIDATION METHODOLOGY 

 

Chapter outline 

This chapter describes the methodology for validating the draft SHOFRA Model. 

Section 7.1 provides an introduction to the chapter in the form of a brief overview, 

followed by the pre-testing of the methodology (Section 7.2) and the criteria for 

selecting participants (Section 7.3). The interview logistics are discussed in Section 7.4, 

specifically the location, format, length and recording, followed by a description of the 

interview structure in Section 7.5. Data analysis is described in Section 7.6 and ethical 

approval in Section 7.7. The limitations of the validation methodology are considered in 

Section 7.8. The chapter concludes with sample interview questions in Section 7.9 and a 

summary in Section 7.10. 

 

7.1 Introduction 

The SHOFRA Model hypotheses were developed from data collected by other 

researchers, both in the area of reuse and many others not connected with reuse or even 

Software Engineering. The validation serves the purpose of confirming, or not, the 

hypotheses that emerged as a result of developing the model. 

The validation data comprised expert opinions, collected by means of semi-structured 

interviews with suitably experienced software engineering professionals. Rather than 

seeking their expert opinion, which could be based on second hand information, the 

interviews were directed at eliciting the first hand personal experiences of the 

interviewees,  

For those factors for which support was not found, the results are equally usable as they 

show where the draft model is incorrect and supply the correct interpretation of the 

factor. Participants were not made aware of the actual SHOFRA Model, but of the more 

general Keidel Model. This was so that participants’ responses were not influenced by 

an attempt to please the interviewer (Zikmund, 1997). 
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A number of informal interviews were held to pre-test various features of the model and 

final testing procedures. The results of the pre-test interviews were incorporated into the 

final interview method and questions. 

7.2 Pre-test 

Pre-testing of the data collection instrument prior to actual data collection has the 

benefits of qualitatively determining construct, conclusion and external validity, as well 

as the reliability (Straub, 1989). In its role of a ‘dry run’, the pre-test also facilitated the 

determination of logistical factors and the textual content of the interviews. 

Two participants from the list of eligible experts were chosen at random to take part in 

the pre-test of the interview method and questions. These participants were also further 

consulted as required in the fine-tuning of the data collection process. The data 

collection instrument was tested at two levels – the logistics, that is, the administration 

of the interview process, and the textual content, that is, the questions to be asked. The 

Information pack (Appendix 4) and Consent Form (Appendix 5) were also included in 

the pre-test. These areas were addressed prior to the data collection, as part of the 

methodology development. 

The pre-test confirmed the appropriateness of (1) the strategy of using semi-structured 

interviews with follow-up interviews and (2) the benefits of using saturation to achieve 

a small, but relevant, sample size. These allowed the interviewer to confirm the 

correctness of the participant’s understanding of the questions and of his own 

interpretation of the responses both during the interview and at follow-up interviews. 

 

In particular, the pre-testing concentrated on aspects of logistics and content: 

 Logistics. Four aspects were considered: 

1. Location 

2. Format 

3. Length of interview 

4. Data recording. 

 Textual content. During the pre-test interviews and subsequent discussions, 

special attention was paid to the following six-item checklist in relation to the 
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terminology used in the questions and the explanations (adapted from Dillman, 

1978; Revenaugh, 1992): 

1. Are the terms used in line with industry standards and practice? 

2. Is the assumed knowledge of the participant accurate? 

3. Are the questions open-ended? 

4. Are the questions clear and unambiguous? 

5. Do the descriptions lead the participant? 

6. Do the descriptions accurately portray the meanings of the questions? 

 

7.3 Participants 

7.3.1 Selection of participants 

Participants were experienced software engineers with a variety of organizational and 

developmental experiences, both in Australia and abroad. It has been found that expert 

opinions are based on “an expert’s internal aggregation of prior practical experiences” 

and are expressed in general terms without reference to a specific organisation (Staples 

and Niazi, 2007, p. 1428). 

The interviews in this research were field oriented and not concerned with statistical 

generalizability. As such, the study used non-probabilistic samples, the most common 

being purposive (Miles and Huberman, 1994). The common element of purposive 

sampling is that the participants are selected according to predetermined criteria relative 

to the research objectives (Patton, 2002). 

The following criteria were used to select participants:  

 The target participant group consisted of tertiary-qualified software engineers in 

medium to large organizations engaged in software development. A minimum of 

ten years’ experience was required at the level of software engineer, software 

architect or a manager of development teams. Section 7.3.2 details the rationale 

behind these criteria. 

 Participants were identified through professional networks of the involved 

researchers.  
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 Those personally known to the researchers were contacted and asked if they 

could recommend someone who might be willing to take part in the research due 

to their professional interest in the area of study. 

 The recommended software engineers were then contacted by phone to 

determine if they were interested and willing, in principle, to take part in this 

research. It was made clear at this stage that the participants would not be 

representing their current employees in this research. For that purpose, 

participants were chosen for their variety of work experience. 

 If the approached potential participant was interested then an Information pack 

(Appendix 4) and Consent Form (Appendix 5) were sent to them to gain their 

formal consent. 

Two of these participants were chosen at random to take part in the pre-test of the 

interview method and questionnaire. 

 

7.3.2 Participants’ credentials as experts 

Research has suggested that adoption of innovation, such as CBSE, is related to the 

level of professionalism of the stakeholders (Rogers, 1995). Indicators of 

professionalism include prior knowledge of software engineering methods (Fichman, 

1995), formal education (Frank et al., 2001; Rogers, 1995), SE experience (Leonard-

Barton, 1987) and competence in execution of their duties (Perry and Danziger, 1980). 

In order to determine a participant’s credentials to be in included in the Expert Group, 

data were collected on four aspects of the participant’s background, forming the 

Participant’s Professional Profile (PPP). These four elements were selected because 

they had a direct relationship with a participant’s adoption of new technology, and 

because during the pre-testing these elements were found to be least confronting and 

consequently elicited honest answers: 

1. Highest level of education and whether it is related to SE 

2. Length of SE experience 

3. Number and size of organizations for which participants worked  

4. Countries in which SE experience was gained. 
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To further increase the validity of the responses, these questions were asked at the end 

of the interview, in line with the findings of Morrel-Samuels (2002) and Roberson and 

Sundstrom (1990). Morrel-Samuels found that participant-centric questions placed at 

the beginning of data collection can “dramatically depress” the responses, and advised 

that asking the questions at the end minimizes the chance of a negative reaction at the 

start of the survey. Similarly, Roberson and Sundstrom (1990) found that moving such 

questions to the end of an employee survey improved response rates by around 8%. 

 

Participants’ highest level of education 

The reasons for gathering data about a participant’s education level is that the likelihood 

of adopting new technology is relative to the number of years of formal education 

(Frank et al., 2001; Rogers, 1995) and that acceptance of formal processes is influenced 

by educational exposure to methodologies, in particular as they relate to software 

engineering. Participants were selected on their level of education. Therefore, it was 

expected that the higher the level of SE education, the more likely they would be to 

have an interest in and be in favour of the adoption of CBSE. The lowest level for 

inclusion in the Expert Group was set at a tertiary qualification. 

Table 7.1 shows the highest educational qualification for each participant. All 

participants were tertiary qualified, two at Masters level (MBA), seven with a Bachelors 

degree and one with a diploma. Four qualifications were directly related to SE, three 

were in engineering and two were in management.  

Table 7.1: Participants’ highest educational qualification 

 

Participant Id Highest educational 
qualification 

P1 BCompSc 

P2 BE (Aero) 

P3 BSc(Mngt) 

P4 BE (Elec)(Hons), MBA 

P5 DipElecEng 

P6 BEng (Elec and Comp) 

P7 MBA 

P8 BCompSc 

P9 BCompSc 
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Length of participants’ SE experience 

Past technology experience has been found to be a major enhancer of the adoption of 

new processes (Leonard-Barton, 1987) and in particular of IS innovations (Mustonen-

Ollila and Lyytinen, 2003) and reuse adoption (Mellarkod et al., 2007). The more 

experienced professionals would be more aware of the potential benefits of the new 

processes and so would react more favourably to their introduction (Leonard-Barton, 

1987). The shortest length for inclusion in the Expert Group was set at ten years. 

 

Table 7.2 shows the years of SE experience for each participant. Seven participants had 

10–14 years’ experience in SE, which corresponds to the sample used by Frakes and 

Fox (1995). One had 25 years’ experience and one had 40 years’. The mean was 16.5 

years. All participants were software developers at varying levels, often depending on 

the particular project, with experience in CBSE. No-one was management only. 

 

Table 7.2: Participants’ years of SE experience 

 

Participant Id Years of SE experience 

P1 12 

P2 10 

P3 40 

P4 25 

P5 12 

P6 14 

P7 10 

P8 13 

P9 13 

 

Number and size of organizations for which participants worked  

Adoption of innovations has been shown to be influenced by an organization’s size 

(Rogers, 1995; Swanson, 1994; Zmud, 1982), the typical measure of size in IS research 

being the number of employees (Goode, 2001). Furthermore, the number and size of 
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organizations worked for are indicators of a participant’s general competence and level 

of SE knowledge and for this reason it was included. It is related to the third indicator, 

countries in which SE experience was gained. For inclusion in the Expert Group 

participants had to have a varied experience.  

Table 7.3 shows the size of organizations in which each of the participants had worked. 

All participants had worked for several organizations and had experience in 

multinational companies. Eight of the participants were currently employed by 

multinationals, while one was a consultant for SMEs. All except P5 and P7 had 

experience in a wide range of organizational sizes. Both P5 and P7 had experience in 

several departments within a multi-national organization. 

 

Table 7.3: Participants’ number and size of organizations 

 

Participant Id Number and size of organizations 

P1 A number of organizations ranging from 20 to 90 software 
developers, currently a multinational organization 

Plus own software development company 

P2 Five organizations ranging from 10 to 50 people, currently a 
multinational organization 

P3 Many ranging up to 1,000 employees, including multi-
nationals. 

Currently a consultant for SMEs 

P4 Ranging from small (5–10) to multinational organizations 

P5 Several different departments in one multinational 
organization 

P6 One organization of about 100 employees and currently a 
multinational 

P7 Several different departments in one multinational 
organization 

P8 Several SMEs and currently a multinational organization 

P9 One organization of about 40 software developers and 
currently a multinational organization 

 

Countries in which SE experience was gained 

Differences in the levels of adoption of new process in different countries has been the 

subject of investigation by researchers such as Biro et al. (2002), Borchers (2003), Dutta 

et al. (1998) and Frank et al. (2001). All these studies found that cultural differences 

influenced the adoption of innovative technologies and processes. They found that low 
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uncertainty avoidance and low individualism were favourable to adoption. It is of 

interest to relate these findings to Australia, the location of this research. Australians 

exhibit low uncertainty avoidance and are thus favourably disposed to adopting 

innovation. However, they also exhibit high individualism, which is unfavourable to the 

adoption of innovation (Mahoney et al., 2001). This apparent anomaly emphasizes the 

importance of Human factors in the adoption of CBSE. Interviewing participants with a 

wide range of experience minimized these effects. As it was not feasible to limit the 

selection of individual participants on the basis of multi-national experience (Section 

3.1), the criterion was deemed to have been satisfied if the Expert Group as a whole 

exhibited multi-national characteristics. 

The country experience was evenly split between Australia and Europe, with all 

participants currently working in Australia. Four had also worked in Europe: one in the 

UK, one in the UK and Israel, one in The Netherlands, and one participant’s major 

single experience (seven years) had been in Germany (Table 7.4). All had, or were, 

employed by multi-national organizations. It is noted that there was no-one with Asian 

or USA experience. This Australian and European bias may affect the results and would 

certainly be a subject for further research. 

 

Table 7.4: Participants’ countries of SE experience 

 

Participant Id Countries of SE experience 

P1 Australia, UK and Israel   

P2 Australia 

P3 Australia and UK 

P4 Australia 

P5 Australia and Germany 

P6 Australia 

P7 Australia 

P8 Australia 

P9 Australia and The Netherlands. 

 

Conclusion 

As all the participants have fulfilled the criteria, they are deemed to have the credentials 

to be included in the Expert Group for the purposes of validating the SHOFRA Model. 
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7.3.3 Number of participants 

The number of participants interviewed was determined by the data saturation method 

(Marshall, 1996; Metcalf, personal communication, May 2010). The data saturation 

method has “become the gold standard by which purposive sample sizes are determined 

in health science research” (Guest et al., 2006, p. 60) and, as EBSE was inspired by 

evidence-based medicine, data saturation was chosen for this study. Furthermore, 

“saturation is the key to excellent qualitative work (Morse, 1995, p. 147). 

The data saturation method entails analysing the responses from the interviews and 

looking for the point at which no new or conflicting data is being presented by 

participants. “In practice, the number of required subjects usually becomes obvious as 

the study progresses, as new categories, themes or explanations stop emerging from the 

data (data saturation)” (Marshall, 1996, p. 523), and there is no benefit to be gained by 

continuing the interview process.  

Each interview was analysed immediately after the interview. Responses in relation to 

the hypotheses were noted and compared with the previous responses to identify any 

variations. It became evident after six interviews that the participants were providing 

similar responses, with only minor differences in expression. In order to confirm that 

data saturation had indeed been reached, three further interviews were conducted, 

increasing the number of interviews by 50%.   

In total there were nine interviewees, which is congruent with the observations of 

Marshall (1996) that for simple questions and complex problems the expected number is 

likely to be less than ten. The focus of this research satisfies both of these conditions. 

The SHOFRA Model is a complex representation of an organization implementing 

reuse, which has been simplified by its breakdown into 36 factors. 
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7.4 Interview logistics 

7.4.1 Location 

Participants did not take part in this research in their capacity as an employee of any 

particular organization. The intention was to seek the participant’s own expert opinion, 

based on experience, rather than the view of his/her employer. In this way, the 

participant’s full range of experience could be accessed, thus increasing the variety of 

projects that are represented in the collected data. 

Since the questions related to the participant’s personal experiences as a whole and not 

specifically to the organization, special authorization from the participant’s organization 

was not required. 

To emphasize to the participant that personal answers were being sought, the face-to-

face interviews took place in a neutral environment, that is, not at their place of 

employment or at the university, for two reasons. First, ethical clearance had not been 

sought for the interviews to be at the place of employment and, second, it was 

anticipated that Nathan campus would not be convenient for the participants, as most 

were not resident in Brisbane. A coffee shop or café near the participant’s workplace 

was expected to be the most convenient venue. 

 

7.4.2 Format 

Data collection consisted of semi-structured interviews with open-ended questions. 

While questions were pre-determined by the hypotheses (Section 7.9 presents sample 

questions), it was felt that adhering strictly to the questions would inhibit the free flow 

of the discussion and risk the participant being led. Therefore, the exact wording and 

order of the question varied according to the direction taken by the participant. A Check 

List (Appendix 6) was employed to ensure all areas were covered in the time allowed 

and provide the interviewer with prompts to keep the discussion flowing.  

The questions were based on the projective techniques described by Zikmund (1997). 

The reasoning behind projective techniques is that participants often disguise their true 

feelings about the question because their answers may reflect badly on their self-

concept, they want to please the interviewer, or they are simply unaware of unconscious 
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feelings and can therefore not discuss them. True feelings are more likely to be 

expressed if the question is disguised in some way. Zikmund (1997) described four such 

techniques: 

1. Word association 

2. Sentence completion 

3. Third-person technique and role playing 

4. Thematic apperception test (TAT). 

This level of detail was not scripted, but depended on each participant’s responses to the 

opening questions. The interview was allowed to proceed in as natural a manner as 

possible and was not controlled by the interviewer. The researcher gained experience in 

framing such questions during the test interviews. The fourth technique, TAT, was not 

appropriate for this study and was not included. 

The interviewer explained each characteristic and its component factors to the 

participant, who was then asked which of the factors would favourably, or otherwise, 

influence the organization-wide implementation of CBSE, or reuse. No hints were given 

as to the expected results, as shown in the model. 

 

7.4.3 Length of interview 

The interviews were restricted to 60 minutes, which was convenient for participants as 

interviews could be held over a lunch-time, or after work without detaining the 

interviewees for too long before they could go home. This is in line with Bogen’s 

(1996) findings that shorter questionnaires were associated with higher response rates. 

The interviewer considered giving the participant a copy of the questions before the 

interview, so that answers could be prepared and the interview would be less likely to 

extend over the expected 60 minutes. This was trialled in the pre-test and found to 

lengthen the interview time. The written questions evoked more requests for 

explanations about the questions than when the questions were not handed out 

beforehand. This was interpreted as the desire of the participant to give an answer that 

would be as accurate and complete as possible. The result was that less time was 

available for the actual interview, or the interview would take longer to cover the same 

material. Consequently, questions were not handed out before the interview. 



164 
 

 

7.4.4 Data recording 

Rather than taking notes manually during the interviews, all interviews except one were 

recorded electronically and then transcribed. This had the benefits of promoting an 

uninterrupted, smooth flow of conversation, collecting more data in the time allocated 

and ensuring the accuracy of the record. Because of technical difficulties, one interview 

was not recorded. In this case, clear notes were taken during the interview and rewritten 

with more details immediately afterwards. 

A standard method of ensuring that the participant’s responses have been understood by 

the interviewer is for the responses to be paraphrased. This has been found to not have 

the desired effect and, indeed, to adversely affect the integrity of the responses (Arbor, 

1976). For this reason, the interviewer did not clarify responses during the interview. 

Prior to analysis, a transcript of the interview was sent to each participant for 

confirmation, thus clarification of the responses was done later during the validation of 

the transcript. 

The interviews were recorded using a Sony PCM-D50. This professional recorder had 

the advantage of being able to slow down the playback to better understand the 

recording and aid in the transcription, without the disadvantage of lowering the pitch of 

the speaker’s voice so it becomes indecipherable, as can occur with less sophisticated 

recording devices.  

 

7.4.5 Interview transcript verification and follow-up 

In the interest of a smooth flowing interview, interrupting to confirm the participant’s 

responses was kept to a minimum during the interview. Verification of the interview 

record was undertaken as a separate task.  

To verify the interview records, each participant was sent a copy of their transcript for 

verification, so they could ensure that the transcript did not misrepresent their 

intentions. The process of confirmation involved discussions between the researcher and 

the participant in order to clarify what was said and the intended meaning and for a 

consensus to be reached.  
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Follow-up interviews were held if, during the initial interview, any of the factors had 

not been adequately covered or clarification of responses was necessary. While the test 

interviews had indicated that it could be possible to cover all the factors in one hour, the 

reality proved otherwise. Some participants were talkative and willing to extend the 

interview longer, in one case to two-and-a-half hours. Most participants, however, were 

not willing to extend past the first hour and, as a result, not all factors were discussed.  

Another problem was misunderstanding by the participant, which led to answers that 

were inconsistent or ambiguous. Sometimes a participant did not address a particular 

factor or discussed it in terms other than the implementation of CBSE. In these cases, it 

was queried immediately, but if not clarified, was not pursued further during the 

interview, in order to maintain the flow. 

The initial interviews were designed to allow participants a reasonable ‘free rein’ to 

discuss areas that they felt were pertinent, by minimizing the amount and level of 

guidance given. However, follow-up phone calls were conducted to address factors that 

had not been discussed during the initial interviews. Participants were therefore directed 

to elicit responses to specific factors. In all cases, the participants were willing to spend 

whatever time was necessary to ensure that all factors had been covered by phone. 

Second follow-up interviews were not required. For technical reasons, the phone 

follow-ups were not audio-recorded. The interviewer made notes and then transcribed 

them more fully at the end of the telephone interview. Because the questions were 

directed and the responses confirmed during the phone interview, transcripts were not 

sent out to the participants for further verification. 

 

7.5 Interview structure  

The interview began by welcoming and thanking the participant, and referring to the 

Information pack (Appendix 4), which ensured that the participant was aware of the 

purpose of the interview, how it would be conducted, including recording, and the 

feedback mechanism. Finally, the participant’s signature on the Consent Form 

(Appendix 5) was obtained. 
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The interview took the form of questions intended to elicit the participant’s experiences 

and opinions about the re-use of components in software development, specifically in 

relation to the factors in the draft SHOFRA Model. It was not intended to relate these 

experiences to any specific organization.  

The purpose of the interview was to determine factors only, not remedial action. If the 

participant offered any details of remedial action, this was recorded (by default) but 

omitted from the analysis. 

Factors can take a variety of forms. Most common are those that relate to the 

organization’s and individual’s technical abilities, the organizational culture and 

structure, the organization’s relationship with the client (internal or external), quality 

and financial concerns. While only experiences relating to the social interactions, 

human and organizational culture, structure and systems were sought, data relating to 

other factors were also recorded (by default), though not used as part of the final 

analysis. 

Since the purpose of the data collection was to attempt to validate a draft model, the 

interviews were semi-structured (Section 7.9).  

The interview concluded with the participant being asked if there was anything more to 

add. The participant was thanked, the feedback/confirmation procedure confirmed and a 

date for the acceptance of the transcript agreed upon. 

 

7.6 Data analysis 

The collected data are qualitative and the use of statistical methods is inappropriate. The 

qualitative tool NVivo was trialled but proved to be both uneconomical and 

unnecessary, because of the small sample size.  

In order to maintain a smooth flow and make best use of the limited time available, 

verification of the participant’s responses during the interview was kept to a minimum. 

Verification of the interview responses was in the form of the transcript being signed off 

by the participant and is detailed in Section 7.4.5.  

The interview responses were analysed after the verification of the transcripts and 

consisted of keyword recognition using the Find facility of MSWord. The transcript was 

analysed by reading and highlighting responses relevant to each factor, using the ‘Find’ 
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facility in MSWord to ensure all relevant responses were accounted for. The primary 

search was based on keywords and synonyms for each factor. These are detailed below.  

 

Keywords for Research Question 1. 

Keywords     Synonyms 

Social:      co-operation,  

communication 

Reporting lines:    communication,  

organisational chart 

Information flow(s):    communication 

Physical layout:    open plan 

 

Keywords for Research Question 2. 

Keywords     Synonyms 

Human:     personal,  

cultural,  

individual,  

Stakeholder(s):    customer,  

end-user,  

manager,  

developer  

Customer expectations:   software flexibility,  

customised software 

Employee expectations:   opportunity,  

security,  

community,  

rewards, 

      recognition,  

acknowledgement, 

(de)motivator(s) 

 

Keywords for Research Question 3. 

Keywords     Synonyms 

Organisational:    political,  

business strategy,  

positional power 

Organisation expectations:   rewards,  

compliance,  

collaboration  

Organisational Culture:   diversity,  

uniformity,  

complementarity 

‘the way things are done’ 

Development:     promotion 

mentor(ing),    

 recruit(ment),  

      partner(ship) 

      takeover(s) 

joint-venture(s),  

contractor(s),  

consultant(s) 
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Reward(s):     incentive(s),  

      (de)motivator(s), 

acknowledgement,  

recognition 

Meeting(s):     communication(s),  

decision-making,  

work-in-progress 

Decision-making:    mandating,  

delegation(s),  

consultation,  

authority 

 

The participants were not given a copy of the factors but the SHOFRA model had been 

introduced in sufficient detail for the participants to understand it and relate the various 

factors to each other. In general, the factors were introduced into the interviews in the 

order in which they appear in the SHOFRA Model. However, this was not always the 

case. Because of the unstructured nature of the interviews, the interviewer was able to 

vary the order to respond to how the participant was discussing the factors. This allowed 

for the participant’s logical flow and created a more relaxed atmosphere of discussion 

rather than the formality of ‘question and answer’. Although the factors had been 

introduced individually into the interview, participants often referred to previous factors 

in later discussions and also pre-empted a question by referrals to factors that had not 

yet been introduced in to the interview process, but the participant felt was related. 

The flexibility of the MSWord Find facility allowed for customization of the searches 

based on each participant’s speech patterns and word usage and suited the unstructured 

nature of the interviews. This ensured that a maximum number of relevant responses 

were identified. 

 

7.7 Ethical clearance 

Approval for ethical clearance for interviewing people was required by the university. 

This was sought and granted. A copy of the approval letter is included in Appendix 7. 

Ethical clearance required following a set procedure and the distribution of an 

information pack (Appendix 4) to participants prior to the interviews. It also required 

that participants sign a consent form (Appendix 5).  
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7.8 Limitations of validation methodology 

7.8.1 Introduction 

Validity and reliability are the two major characteristics of research measurement. 

While they are complementary, they are two opposite ends of a continuum (Kidder and 

Judd, 1986).  

Lincoln and Guba (1985) introduced new guidelines for qualitative researchers by 

replacing the quantitative concepts of validity and reliability with the notion of 

trustworthiness or the truth of the findings. This consisted of: 

 Credibility or completeness 

 Dependability, the consistency or repeatability of the research 

 Transferability, or applicability outside the specific context 

 Confirmability, the extent to which the respondents shape the research 

findings. 

Later, Morse et al. (2002) argued that validity and reliability were still essential in 

qualitative research, and it is these characteristics that are discussed here. 

The following definitions are based on Kidder and Judd (1986) and are consistent with 

Campbell and Stanley (1963), Cook and Campbell (1979), Cronbach and Meehl (1955) 

and Judd and Kenny (1981). 

Construct validity – To what extent are the constructs of theoretical interest successfully 

operationalized in the research? 

Internal validity – To what extent does the research design permit us to reach causal 

conclusions about the effect of the independent variable on the dependent variable? 

External validity – To what extent can we generalize from the research sample and 

setting to the populations and settings specified in the research hypothesis? 

Reliability – To what extent is the collected data accurate and consistent and reflective 

of that which we intend to measure. 

While it is accepted that threats to validity cannot be entirely negated, they can be, and 

should be, minimized, ideally to the level where they do not adversely affect the results 

of the research. 
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7.8.2 Construct validity 

The subject of the testing procedure was the Social, Human and Organizational Factors 

for Reuse Adoption Model. The SHOFRA Model was developed from literature on the 

barriers and enablers of systematic organizational component reuse. This was a two-

stage process. Stage 1 was the traditional literature review, which provided the basis for 

the model and set the parameters for Stage 2. Stage 2 was a Systematic Review, 

designed to focus the literature search on specific aspects of reuse as highlighted by the 

SHOFRA Model, namely the factors influencing reuse adoption. 

Each of the resulting 36 factors in the model, the independent variables, influences the 

adoption, successful or otherwise, of systematic component reuse, the dependent 

variable. Thus the construct validity of the model is supported. 

 

7.8.3 Internal validity 

The SHOFRA Model was developed as a 36-factor model of the variables that influence 

the successful adoption of organization-wide component reuse. The influences are 

described as favourable, unfavourable or neutral. The factors were identified from 

published research on organization-wide component reuse adoption, specifically on the 

barriers and enablers to its adoption.  

Finally, pre-testing of the data collection model (Straub, 1989) lent further support to 

the internal validity of the SHOFRA Model. 

 

7.8.4 External validity 

The selection procedure for the expert participants ensured that they had wide range of 

experience in software development. The experience was recorded in the Participant’s 

Professional Profile (PPP). Undertaking interviews with expert participants minimized 

the effects of national culture and corporate governance. 
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The list of factors identified in the literature, which was incorporated into the SHOFRA 

Model, has a high level of internal consistency. Following on from Fichman and 

Kemerer (2001), this suggests that the barriers in the SHOFRA Model can be expected 

to represent the commonly encountered barriers in industry as a whole. 

 

7.8.5 Reliability 

Staff at different levels within an organization may display inconsistencies of responses 

(Weinberg, 1995; Wilson et al., 1995) and it is possible that some respondents might not 

be sufficiently knowledgeable about the various organizational practices of their current 

organization. The participants were specifically not asked questions about the 

organization in which they were currently employed. Instead, they were asked to answer 

according to their own experiences spread over their full period of employment in IT. In 

addition, one of the selection criteria for inclusion in the list of experts is that they were 

at a management level, or equivalent. This created a limitation, but ensured consistency 

in their responses, commensurate with their current level within the industry. 

Research by Khurana et al. (1996) found responses to questions that related to a 

participant’s current work were invariably unreliable. Therefore, additional care was 

taken not to elicit answers relating to the participant’s current work, but rather to answer 

in a more general sense as a ‘mix’ of all their experiences. Furthermore, special 

attention was directed towards each participant’s answers. If the participant started to 

answer in reference only to the current employment, the discussion was steered towards 

previous experiences. This strategy also minimized a participant’s tendency to 

experience ‘evaluation apprehension’. This describes the phenomenon of respondents 

wishing to show their current employers in a more positive light and giving ‘correct’ 

answers or responses that they think the interviewer is seeking (commonly, and 

incorrectly, referred to as the Hawthorn Effect). 

The reliability of the collected data was further enhanced by the electronic recording of 

the interviews and subsequent transcript verifications and follow-up interviews. 
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7.9 Sample interview questions 

Asking the same question in differing ways allowed for a check on the validity of the 

answers, while following a standardized path for the questions and the general structure 

of the interview put the interviewee at ease and so was more likely to elicit frank and 

honest answers (Zikmund, 1997). It is the belief of this researcher that putting the 

interviewee at ease is the preferred method. 

The questions were in two parts. The initial question established the participant’s 

experiential opinion about the factor. The subsequent questions asked for more detail. 

These questions required a certain amount of flexibility, since they were based on 

specific responses. 

QUESTION 1: In your experience, is the influence of “Factor X” favourable, 

unfavourable or neutral for the successful adoption of CBSE? 

Depending on the participant’s own word usage, ‘CBSE’ was sometimes interchanged 

with ‘organization-wide reuse’. If the participant did not have personal experience of a 

particular situation, then they were asked to imagine it or compare it with a similar one 

(Section 7.4.2). They may also have been asked to relate to how someone else might 

react in a particular situation (Section 7.4.2). The absence of a strict script allowed for 

flexible framing of the question to better match the mood and direction of the interview. 

Each factor was described in sufficient detail for each participant to understand it. The 

response to this question could be one of three options. 

1. The factor is favourable to the implementation. 

2. The factor is unfavourable to the implementation. 

3. The factor is neutral to the implementation. 

Unless the participant had already provided additional explanations, this was followed 

by two questions.  

QUESTION 2: Could you describe the effect of Factor X in your experience? 

QUESTION 3: Could you give specific examples from your experience? 

Depending on the responses, further discussion followed. The details of this discussion 

depended on the nature of the responses and were, of necessity, tailored to each 

response. 



173 
 

7.10 Chapter summary 

This chapter has detailed the procedures for validating the draft SHOFRA Model. This 

entailed interviews with experienced software engineers, whose expertise was 

determined by their highest level of education, length of SE experience, number and 

size of organizations worked for and the countries in which their SE experience was 

gained. Collectively, these have been called the Participant’s Professional Profile (PPP). 

The interview logistics – location, format, length, recording of data, and transcript 

verification and follow-up – and question structure were discussed and developed with 

the aid of pre-tests. The methodological considerations construct, internal and external 

validity, and reliability were supported. The chapter concluded with a justification of the 

interview structure and questions. 
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CHAPTER EIGHT 

FINDINGS FROM VALIDATION OF MODEL 

 

Chapter outline 

The previous chapter detailed the “what and how” of the validation process. This 

chapter presents the results of the validation process. Section 8.1 presents the 

participants’ responses in relation to the 36 factors of the SHOFRA Model. The findings 

from these validation procedures are summarized in Section 8.2.  

 

8.1 Participants’ responses 

The following sections present the results of the interviews for each of the 36 factors.  

The responses are presented in one of three ways: 

1. full support for the hypothesis 

2. qualified support for the hypothesis 

3. non-support for the hypothesis. 

The discussion for each factor includes examples of interviewees’ responses. Some 

responses were unnecessarily verbose and were interspersed with comments that did not 

relate to reuse. These have been appropriately edited. Similar comments by several 

participants have been grouped for simplicity. Quotations have been included where 

they contribute to better understanding the participant’s response or if they are 

expressed in a particularly lucid manner. 

 

8.1.1 Attribute 1: Reporting Lines 

The Reporting Lines attribute describes the hierarchical or vertical reporting relations. 

This contrasts with Information Flow, Attribute 2, which represents the horizontal flow 

of information, and does not include the reporting functions.  
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This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 1a: Flat/Clear Reporting Lines (Autonomy) 

This factor refers to a structure that promotes individual and team achievement, but does 

not promote cross-team reuse. It has relatively few levels, resulting in relatively large 

numbers of people or units reporting to a given individual. 

H1a: Flat/Clear Reporting Lines can have an unfavourable influence on 

the organization-wide implementation of CBSE. 

Eight participants fully supported the hypothesis: 

 If it did not promote communications between developers, then it would not 

work. [P1] 

 This structure was good for loners, but not wider reuse. [P2] 

 “Groups worked independently under separate managers on separate projects. 

Each manager made their own rules and procedures. No information flow 

between groups. Some managers would deploy a reuse toolkit, but this was 

constrained to within their own groups.”  [P3] 

 This did not and could not promote “widespread reuse”. [P5] 

 This is OK for intra-team reuse but does little to allow for reuse across teams. 

[P6] 

 Reuse was promoted by ease of access to other developers. This did not allow 

for that. [P7] 

 Just communicating only within your own team does not promote reuse on an 

organization basis. [P8] 

 “You want to encourage team work. You don’t want to have littler islands within 

the team that do their own work. Then you are not going to have reuse at all.” 

[P9] 

One participant supported the hypothesis with qualifications: 

 Even though a structure might not promote cross-communications, if you 

wanted to communicate you still could, with modern technology. [P4] 

In summary, eight participants fully supported the hypothesis, while one supported with 

qualifications. 
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Factor 1b: Steep/Clear Reporting Lines (Control) 

This factor refers to formal, long-linked communication flows, which depresses co-

operation and promotes a mandatory style of decision-making. 

H1b: Steep/Clear Reporting Lines can have an unfavourable influence on the 

organization-wide implementation of CBSE. 

Seven participants fully supported the hypothesis: 

 “If the communication is vertical only, that is it goes up to the top and then 

across and then back down again to the actual developers, it does not work. The 

people at the top do not know, or care about, the details of what is being done.”  

[P1] 

 This structure, though creating good records, hindered the free flow of thought 

and knowledge. [P2] 

 This structure would result in “Chinese whispers”, where the meaning changes 

as the message goes through multiple channels. [P3] 

 “My manager came up and said now you’ve got to re-use these components 

some way. And I don’t know any of them, I don’t know whether they’ve done 

good or a bad job. I can’t talk to them properly because I have to go through all 

sorts of processes to actually get anything.” [P5] 

 This structure added too many layers and so would not be used to exchange 

information about components. [P6] 

 “Having a structure where you can only go up to get down, I think that’s only 

going to inhibit things way too much. And again not just reuse but just generally, 

it makes it difficult to communicate.” [P8] 

 “Going up the chain and if you need to talk to someone else, then you have to go 

to my manager first, it would not work. It would be too hard and you just would 

not do it. [P9] 

Two participants supported the hypothesis with qualifications: 

 This structure did not allow for adequate sideways discussions, but you could 

get around that with electronic means. [P4] 

 “If all these teams are working on one product it’s a lot more visible to have that 

come through the reporting channels. Now when I say reporting, I don’t 
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necessarily mean going through the management level, I’m talking at technical 

lead. And that’s informal. But will it help general reuse? Not particularly.”  [P7] 

In summary, seven participants fully supported the hypothesis, while two supported 

with qualifications. 

Factor 1c: Flat/Amorphous Reporting Lines (Co-operation) 

This factor refers to ambiguous and unclear reporting relationships and promotes dense 

and varied interactions among individuals and teams. 

H1c: Flat/Amorphous Reporting Lines can have a favourable influence on the 

organization-wide implementation of CBSE. 

Eight participants fully supported the hypothesis: 

 “The comms has to be at the level of the developers because they know and 

understand the details.”  [P1] 

 “Definitely needs good communications between the different departments 

which would enable it [reuse].”  [P2] 

 “Good communications between teams and individuals is important.” [P3] 

 “I find that the best communication is usually between developers.” [P5] 

 “I’ll ask my colleague, have you got anything that does this. If he says yes, I 

grab it and use it straight up.” [P6] 

 Reuse requires ease of communication among developers. [P7] 

 “The key is communication. If you’re putting in barriers to communicate, it’s 

not going to work.” [P8] 

 “Day-to-day communication should be just sideways. I do not have to go to my 

manager and find out or ask a question of another engineer on a team and have 

to go up the chain and back down again. It would be silly. That would not 

work.” [P9] 

One participant supported the hypothesis with qualifications: 

 While this structure is ideal, today’s electronic communications allow for 

dialogue at any level, whether sanctioned or not. [P4] 

In summary, eight participants fully supported the hypothesis, while one supported with 

qualifications. 
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8.1.2 Attribute 2: Information Flow 

The Information Flow attribute represents the horizontal or sideways flows of 

information between peer groups, both individuals and teams. This contrasts with the 

first attribute, Reporting Lines, which represents the vertical flow of information and 

includes the reporting functions.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 2a: Pooled Information Flow 

Pooled Information Flow refers to each team or project making a discrete contribution. 

There is no synergy or communication between them. 

H2a: Pooled Information Flow can have an unfavourable influence on the 

organization-wide implementation of CBSE. 

Seven participants fully supported the hypothesis: 

 Universal reuse is hard enough without placing extra barriers to it. [P1] 

 “Groups worked independently under separate managers on separate projects. 

Each manager made their own rules and procedures. No information flow 

between groups. Some mangers would deploy reuse toolkit, but this was 

constrained to within their own groups.” [P3] 

 “There is the awareness problem and that’s a really big barrier.” [P4] 

 This factor would not support organization-wide reuse. [P6] 

 This factor would hinder the spread of reuse through the organization. However, 

if the unit were big enough then reuse could be said to be organization wide, 

especially if each unit made non-compatible systems. But then he added that this 

is very rare, and he should not have mentioned it. [P7] 

 “Working as a team, one’s probably got the most chance of reuse because people 

will discuss everything that they’re going to do …But if there are lots of teams 

and they keep to themselves, then it won’t spread.” [P8] 

 “Like having a shared component that only is used by one team is it really a 

shared component?” [P9] 

Two participants supported the hypothesis with qualifications: 
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 The official separation of units could be mitigated by informal communications: 

“And if someone’s been out there and done it, it’s good to be able to leverage off 

other people’s experience and information. I do that by talking to different 

people. People here seem to be good at the informal chats and exchange of 

information. You always see people talk about different ways to do things and 

better ways to do things, so I see the informal part of it here quite a bit.” [P2] 

 Even if cross-team communications were not officially promoted, individuals 

would still get together and share reuse experiences. This could result in an 

undercurrent which could bring about organizational change. [P5] 

In summary, seven participants fully supported the hypothesis, and two supported with 

qualifications. 

Factor 2b: Sequential Information Flow 

Sequential Information Flow refers to each task being dependent on completion of the 

previous task. This is similar to the original Waterfall Model. It is the practical side of 

Assembly Line, Factor 8B. 

H2b: Sequential Information Flow can have an unfavourable influence on 

the organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 

 This would have an adverse effect on reuse as it is contrary to the basic idea of 

reuse. [P1] 

 It is not relevant, since that is not how software is being developed, irrelevant of 

reuse. [P2] 

 “That would not help organization-wide reuse. Or even individual for that 

matter.” [P3] 

 “If you don’t have communication between the various stages, it’s a problem for 

reuse. By the way, I am not sure anyone still develops this way.” [P4] 

 “You can’t re-use it, if you don’t know where it came from or how it was used.” 

[P5] 

 You cannot reuse components without full and free interactions at all stages. 

[P6] 
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 “Without knowledge of what came before and goes after, it would not be 

particularly successful.” [P7] 

 “You mean like the old Waterfall? Not relevant, really, and would not support 

reuse anyway.” [P8] 

 This would hinder reuse because reuse needs communication throughout the 

organization. [P9] 

In summary, all participants fully supported the hypothesis. 

Factor 2c: Reciprocal Information Flow 

Reciprocal Information Flow refers to free interaction and the sharing of ideas, solutions 

and components. 

H2c: Reciprocal Information Flow can have a favourable influence on the 

organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 

  “It is better when everyone knows something about everything. You have 

experts for different parts of the project and as long as you know who is expert 

in what, then you can talk to them. It is essential to have good communications 

between peers.” [P1] 

 “I know the people and what they’re good at and what they do. So if I need help 

in a particular area I can just go, look, how’d you do this, how’d you do that and 

people are usually pretty happy to share their information, their experiences. 

And that works for reuse.” [P2] 

 “Good communications between teams and individuals is important.” [P3] 

 Lack of interaction has consequences: “There’s stuff out there but you just didn’t 

know.” [P4] 

 “Yeah. We already have a reuse ethic. If we couldn’t talk to anyone, then it 

would be extremely difficult.” [P5] 

 “I’ll ask my colleague, have you got anything that does this. If he says yes, I 

grab it and use it straight up.” [P6] 

 Open communications among developers are beneficial for all types of 

development and essential for reuse. [P7] 
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 “You’re looking for ideas and you bounce them off other people in the office, 

and if everybody’s doing that, then people go oh you know, another person was 

telling me about this component they re-used, go and have a chat to them, you 

have a chat to them. I guess that’s where I’m going with it, that’s a way of 

sharing information.” [P8] 

 “As long as the infrastructure is in place so that everyone knows what is the 

shared component and also what’s the intention.” [P9] 

In summary, all participants fully supported the hypothesis. 

 

8.1.3 Attribute 3: Physical Layout 

The Physical Layout Attribute represents “the physical configuration – the ways in 

which people, machines, buildings, transportation lines and other facilities are arranged” 

(Keidel, 2005, p. 69).  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 3a: Independent Action Physical Layout 

Independent Action Physical Layout refers to a physical layout that does not encourage 

communication and supports independent star performers. 

H3a: The Independent Action Physical Layout can have an unfavourable 

influence on the organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 

 “Communication between units is difficult even if you want it to happen. An 

example is between head office and a unit outside. They have talked about 

getting together, but 12 months later it still has not happened.” “Often, distance 

makes it difficult to know what components are available.” [P1] 

 Working on your own does not promote sharing of knowledge and therefore 

reuse. [P2] 

 “There are some good people in the organization that know exactly what to do to 

get a great enterprise wide enterprise solution. These good people who exactly 
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what to do, they don’t really have the ear of the right group because they are still 

operating within their own little silo within the organization.” [P3] 

 Distance prevents reuse. Even if they wanted to share they would not be able to. 

It would be too formal. [P4] 

 You are more likely to share information with someone you can talk to when 

you want to. [P5] 

 When there are physical barriers you tend to work on your own and reuse does 

not spread. [P6] 

 “Sometimes people just work well by themselves. They’re less likely to re-use 

because if you work by yourself, you don’t necessarily know what’s going on 

around you. Similarly if you work by yourself you’re less likely to develop 

something that someone could re-use.” [P7] 

 The easier the communication, the easier the reuse. [P8] 

 “Having a shared component that only is used by one team is it really a shared 

component?”  [P9] 

In summary, all participants fully supported the hypothesis. 

Factor 3b: Programmed Action Physical Layout 

Programmed Action Physical Layout refers to a layout that separates people who are 

doing different tasks. Communication is one-directional, and existence or non-existence 

of lines of communication are set by the sequence in which tasks are executed. 

H3b: The Programmed Action Physical Layout can have an unfavourable 

influence on the organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 

 Programmed Action would not work since reuse needs communication between 

creator and user. [P1] 

 “It might be OK for singular reuse but I cannot see it for organization-wide. You 

need to know what others have done.” [P2] 

 He had seen this once, but it did not produce better software let alone better 

reuse. [P3] 

 Programmed Action might work for individual reuse but would not promote 

organization-wide reuse. [P4] 
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 “You really need to know who made the component so you can talk to them 

about how they did it, and the intention.” [P5] 

 “The best reuse comes from knowing who wrote the component. Also how it 

was intended to be used.” [P6]  

 “So how are you supposed to find out about the components other people 

write?” [P7]  

 “It wouldn’t be any good for systematic reuse because you would only know 

about what has been done in your own area.” [P8] 

 Programmed Action would not promote reuse because you need to know if the 

components exist and their make-up. [P9] 

In summary, all participants fully supported the hypothesis. 

Factor 3c: Spontaneous Action Physical Layout 

Spontaneous Action Physical Layout refers to a physical layout that encourages people 

to meet and communicate. 

H3c: The Spontaneous Action Physical Layout can have a favourable 

influence on the organization-wide implementation of CBSE. 

Eight participants fully supported the hypothesis: 

 “It is much easier to talk to local people, those in the same room. Over a coffee 

is the best way to find out about components. It is much better if you know the 

person behind the component. It assures co-operation.” [P1] 

 “I think talking between each other is actually a good way to do things, just 

informally. You go have your coffee, have a bit of a whinge about what you’re 

doing and it’s someone who’s been possibly in a similar situation or who you 

know has done something similar. And if someone’s been out there and done it, 

it’s good to be able to leverage off other people’s experience and information. I 

do that by talking to different people.” [P2] 

 “Need good communications among developers to avoid duplication.”  [P3] 

 If communication is not easy and instant then reuse of others’ components is 

often too hard to bother with and you do it yourself. You might still reuse, but it 

would be your own component. [P4] 
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 “You still need quite a bit of knowhow to actually use it properly. And we find 

that as soon as there’s no-one there that has that sort of knowledge or it’s easily 

available, for example, in our case if there’s a time difference and you can’t 

always call someone to say how do I do this, how do I do that, or if the 

documentation is not readily available, a lot of people simply turn around and 

say no! I’m going to do it myself, I can’t be bothered.” [P5] 

 “I have reasonable faith in his work, but he sits next to me. I go to a project two 

cubicles down, it’s almost exponential faith in the reuse where someone who’s 

not next to you.”[P6] 

 “The communication’s got to be a two way street. Different buildings and 

different floors might be more difficult than being together on one floor, but the 

time zone makes a difference for a start. This is a personal thing for me, I prefer 

to stand up and go and talk to somebody.” [P8]  

 “I think where it is local it is a lot easier because you can just go to the people 

across the room from you. Whereas, if you have team in different localities like 

India, you have time differences. So there is always a delay. So if there is no-one 

available, I still have to continue my work, and I’ll just go my merry way …The 

environment we have today where you sit with a group of people encouraged 

you to interact with them, more freely and if you have an idea you just spit it out 

and have a conversation there and then. If it’s across the hall or on a different 

level you might not do that as quick. You need to set up a meeting, like a forced 

meeting.” [P9] 

One participant supported the hypothesis with qualifications, stating that electronic 

communications can sometimes work as well: 

 “There are definitely advantages to the water cooler type discussion. Because it 

happens all the time … It also depends on the size of the team. If you’ve got a 

small team it’s a lot easier to manage.  As your teams get bigger and actually 

physically separated I think this is where sometimes the physical separation gets 

into it that, you know, things can spread out. We have so many different 

communication mediums now that we are able to transcend that physical. You 

need the right support. You need people with a mindset of being able to 

transcend that boundary.” [P7] 
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In summary, eight participants fully supported the hypothesis, while one supported with 

qualifications. 

 

8.1.4 Attribute 4: Stakeholders 

The Stakeholders Attribute represents those people or groups of people who benefit 

from the work carried out by the organization.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 4a: Customers/End Users 

Customers/End Users refers to those stakeholders who either pay for the development 

(customer) or who will ultimately use the system for its intended purpose (end-user), or 

both. 

H4a: The Customers/End-users do not have an influence on the 

organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 

 “The client does not really know the details of how the system is developed, just 

the outcomes. Nor does the client really care about those details, just as long as 

it is delivered on time and within budget (or cheaper and quicker). It is unlikely 

that they would push for reuse of components from a previous project. And they 

cannot ask for reuse from someone else’s project.” [P1] 

 “Have you done what we want you to do? It’s more on that kind of level.” [P2] 

 “Customers were able to dictate whether reuse was used or not since they would 

say that they wanted parts of the new system to be the same as the old one.” [P3] 

 “The supplier says, ‘you will usually use this component ‘cause we know this 

component, we developed this component. It’s already integrated into our other 

systems from a compatibility or compliance with our internal requirements. And 

we know that if you use this you’ll get it’.” [P4] 

 “The customer might come and say we want you to use this component. They 

might come and say we don’t want you to use this one, it’s too expensive, use a 

cheaper one.” [P5]  
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 “So they’re saying our current business model works where we do this here and 

this here. We don’t want to change that. We don’t want to retrain people, but we 

need something to connect up these bits together. That’s where I can see a 

customer saying they want reuse.” [P6] 

 “The customer cannot influence the organization’s reuse of components. Their 

own project, yes, but not the organization.” [P7] 

 If it’s under the covers and it’s all new, I can’t imagine that they’d know the 

difference. As long as it does what it’s supposed to do, looks the way that they 

want it to look, even on a custom solution, the way that it happens to be done 

under the covers you know, it’s probably less of an issue.” [P8] 

 There’s a distinction between an external customer and one from within the 

organization, with the request for reuse by the external customer being more 

likely to be granted: “I think if a client says, “look I have this shared component. 

I want you to use that within whatever you build for me”, I definitely think that 

would happen. It would a lot easier than if came from internally, because the 

client is paying. If it comes from internally, you would say like I don’t like the 

guy, I do it my way. If it comes from the client, then it might be a more obvious 

that you have to do it. [P9] 

It is noted that a number of participants distinguished between a new development and 

an extension of current systems. A customer could request, or even require, that certain 

components be reused in order to maintain a look and feel of a system or provide 

compatibility with a continuing system and minimize re-training. However, such a 

requirement for reuse would apply to the customer’s project only and not to the 

organization as a whole. Thus, the customer would not have an influence on the 

organization-wide implementation of CBSE. 

In summary, all participants fully supported the hypothesis.  

Factor 4b: The Managers 

The Managers are those people who “provide the infrastructure, policies, training, and 

career paths” (Mellarkod et al., 2007). They also control and oversee the day-to-day 

processes of a software development project. 

H4b: The Managers can have a favourable influence on the organization-

wide implementation of CBSE. 
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All participants fully supported the hypothesis, interpreting ‘Manager’ from CEO down 

to Team Leader: 

 “Basically, management needs to support it … Decisions for reuse should be 

made at the bid stage for reuse to be organization-wide, otherwise it ends up 

being individual reuse only.”  [P1] 

 “It’s the team leader’s choice.” [P2] 

 “You need the CEO to be actively involved in making this happen and you need 

the business unit managers actively involved to make this happen.” [P3] 

 “Management tend to rely on the whole concept of reuse, in fact it critical that 

they do.” [P4] 

 “If management doesn’t support it, then no-one’s going to do it.” [P5] 

 “You have got to start with team leaders or whatever structure you have, you get 

your senior analysts and it’s got to filter down. You’ve got to lead by example.” 

[P6] 

 “If you don’t have the backing of your managers for reuse it won’t work.” [P7] 

 The manager’s support is essential to reuse implementation. [P9] 

Two participants added that the influence of a manager who was opposed to reuse 

would be unfavourable: 

 “Managers can have a strong unfavourable effect if they are opposed to reuse.” 

[P3] 

 If a manager is opposed to it, then this support would not be forthcoming and 

success would be unlikely. [P4] 

One participant, while supporting the hypothesis, differentiated between administrative 

managers and technical managers: 

 “From a management point of view, I’d say that the best thing is to encourage 

and sponsor good programming practices. Now there’s not a lot they can do, 

because unless the manager’s come from a technical background, a lot of things 

are mainly just words to them. They are going to need to rely on their senior 

technical developers.” [P8] 

In summary, all participants fully supported the hypothesis.  
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Factor 4c: The Developers 

‘The Developers’ refers to an individual who “performs development activities 

(including requirements analysis, design, testing through acceptance) during the 

software life-cycle process” (ISO/IEC 25040:2011). 

H4c: The Developers can have a favourable influence on the 

organization-wide implementation of CBSE. 

Six participants fully supported the hypothesis: 

 “Reuse should be done by people who know the details of the development.” 

[P1] 

 “I would get people’s ideas who are actually going to be going about it.” [P2] 

 “From the practitioner’s [developer’s] side you have technical requirements and 

managers, whether it’s project managers, line managers, department managers, 

will have goals for cost and schedule and possibly reuse. But if it doesn’t meet 

the technical requirements, then it can’t be mandated.” [P4] 

 “The actual driving of the reuse, I believe is done in the engine room.” [P6] 

 “It would have to be at the architect sort of level or at the design level.” [P8] 

 Reuse could not work without developer support. [P9] 

Three participants supported the hypothesis with qualifications. Of these, one 

participant, a team-leader/manager, turned the tables on the hypothesis by stating that if 

the developers felt that reuse could be detrimental, then by justifying this belief, the 

result would still be a favourable influence: 

 “I’d say I want you to re-use, if you think it can’t, if you don’t want to, give me 

a good reason and that’s fine.” “If you see a problem with a particular 

component, come and see me and we’ll find a solution.” [P5] 

Another qualified it by emphasizing the need for organizational support: 

 “If a bunch of developers decided to do it, or saying yeah we can do it, it’s not 

going to work unless they’re actually given the time, the rewards in their 

reviews.” [P3] 

One participant, while recognizing the need for developer support, recognized a 

possible risk in passing decision-making to developers: 
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 “Pushing the decision-making further down could potentially dilute the vision. 

Or the ability to reuse. But I think you can mitigate some of that risk by making 

sure that the people that are being given these opportunities already have the 

right qualities in them.” [P7] 

In summary, six participants fully supported the hypothesis and three supported with 

qualifications.  

 

8.1.5 Attribute 5: Customers’ Expectations 

The Customers’ Expectations Attribute describes how the organization competes in the 

market.    

In the initial interview, one participant did not support any of the hypotheses. He felt 

that a customer’s expectations were not relevant to any organization-wide change and 

therefore the Attribute was not relevant to the adoption of CBSE. The other participants 

had the more commercially accepted view that keeping customers happy and providing 

what they expect is paramount to the organization’s continued viability. The 

differentiation appears to be of interpretation: whether this attribute is concerned with 

one particular customer or with customers in general. Eight participants took the latter 

view. In the follow-up interview, the interpretation of “customer” in this research was 

more fully explained to the other participant in the follow-up interview; he accepted the 

interpretation of the majority and amended his responses. These amended responses are 

recorded here as part of the discussion of the three factors of this attribute.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 5a: Customers’ Expectations of Differentiation 

Differentiation refers to the product’s capability of being distinctive and distinguishable 

from others in the market. This can be the way the product does what it does, or a 

characteristic like quality. 

H5a: Customers’ Expectations of Differentiation can have a favourable 

influence on the organization-wide implementation of CBSE. 
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Seven participants fully supported the hypothesis: 

 “Consistency would promote reuse. If you do something well or a particular 

way, then re-using those components that created it, will be the cheapest way to 

continue having that feature. If the organization is product driven, that is, it 

maintains a product line that is constantly improved, then reuse is beneficial.” 

[P1] 

 “Reuse enhances reputation therefore good for Differentiation. [P3] 

 “So it’s like brand recognition. I know that that’s a factor if you can say if it 

comes from product X and product X is really successful”. [P4] 

 “If the company wanted to kind of say okay, we’ve got this really cool product 

and no-one else can do it, but we can do it in all shapes and sizes but without 

going off the underlying layout so we can reuse, but we can adjust it, you know, 

yeah, absolutely.” [P5] 

 If you want to retain a look-and-feel, then reuse will help. [P7] 

 “But yeah, the more you re-use, the more reliable that part of the code is. 

There’s less code for anything to go wrong, it’s faster. That could be a 

differentiator. Or if we have a particular feature in the front end of it and it’s 

really user friendly and that’s why people come, and we keep doing the same 

thing.” [P8] 

 “And if you had this product uniqueness that said ‘you know it’s ours’. That 

would encourage reuse, because if you use the same component, you get the 

same result.” [P9] 

Two participants supported the hypothesis with qualifications: 

 While differentiation could benefit from reuse, it was not necessarily a driver of 

reuse. [P2] 

 There’s a need to communicate the existence of shared components to take 

advantage of the cost savings: “So we’re a premium product. That’s our 

differentiation. Our main guarantee is to be able to charge more. We are losing a 

lot of business because of our infrastructure. We cost too much to build stuff, to 

design, develop and build. By getting visibility of what our other team members 

are doing worldwide, it then opens the potential to share things.” [P6] 

In summary, seven participants fully supported the hypothesis and two expressed 

qualified support.  
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Factor 5b: Customers’ Expectations of Cost 

Cost is characterized by market value, lifetime cost, and the cost of obtaining and 

disposing of the product. Benefits of reuse include increased productivity and decrease 

in software development costs (IEEE1517-1999:R2004). 

H5b: Customers’ Expectations of Cost can have a favourable influence on 

the organization-wide implementation of CBSE. 

Seven participants fully supported the hypothesis: 

 “Personally, I want to write new stuff because it will be better, but reuse might 

be quicker.” [P1] 

 “They would have saved so much money and time if they’d put the basics in to 

enable that re-use.” [P2] 

 Reuse is one of the best ways to save development costs and maintain quality. 

[P4] 

 We cost too much to build stuff, to design, develop and build. By getting 

visibility of what our other team members are doing worldwide, it then opens the 

potential to share things.” [P6] 

 Reuse can make it cheaper to develop. [P7] 

 “Cost and speed definitely is there and time to market definitely.” [P8] 

 “For quick development you would have to re-use, because then you could have 

shared components that you can just put together and build something new.” 

[P9] 

Two participants supported the hypothesis with qualifications: 

 Reuse would cost more to set up, but would result in net cost savings. [P3] 

 “That’s one of the main drivers why we try to introduce to re-use again and 

again. What the management problem is though is that they expect cost savings 

to be instant. Whereas reuse only gets cheaper after the say third project.” [P5] 

In summary, seven participants fully supported the hypothesis and two expressed 

qualified support.  

Factor 5c: Customers’ Expectations of Flexibility 

Flexibility is the ability to cater for the individual needs of the customer/end-user. 
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H5c: Customers’ Expectations of Flexibility can have an unfavourable 

influence on the organization-wide implementation of CBSE. 

Eight participants fully supported the hypothesis: 

 In an environment that is project driven, where each project is more or less 

unique, reuse is of little value. [P1] 

 “I’ve never been in a situation where you’ve been able to re-use when 

developing a bespoke system, because your requirements are so vastly 

different.” [P2] 

 Flexibility is not usually a characteristic of reuse. [P3] 

 Reuse promotes a certain degree of sameness, while flexibility requires 

innovation. Innovative reuse is an interesting concept, but does not really 

achieve what is needed. [P4] 

 It would make it more difficult if you needed to be flexible and change things a 

lot. [P5] 

 Flexibility of development won’t work for reuse, because you are looking for 

similarities not differences. [P6] 

 Reuse will certainly not support flexibility. [P7] 

 “Flexibility actually works against reuse. Flexibility means changing things or 

making new things. So you cannot re-use. You would lose the benefits, like 

reliability.” [P8] 

One participant supported the hypothesis with qualifications: 

 “In general, flexibility does not support reuse. However, it does promote 

‘componentizing your application’ and hence reuse. The degree of reuse could 

range from zero to almost 100%, depending on how many suitable components 

were available. The rest would of course need to be built from scratch. [P9] 

In summary, eight participants fully supported the hypothesis and one gave qualified 

support. 
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8.1.6 Attribute 6: Employee’s Expectations 

The Employee’s Expectations Attribute represents those actions that the employee 

expects the organization to reward and work conditions that the employee expects the 

employer to provide.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses. 

Factor 6a: Employee’s Expectations of Opportunity 

Opportunity refers to the situation where an individual can achieve promotions and 

other recognition for individual excellence. 

H6a: The Employee’s Expectations of Opportunity can have an 

unfavourable influence on the organization-wide implementation of 

CBSE. 

Six participants fully supported the hypothesis: 

 “If you create something that could be re-used on your own, and no-one knows 

about it, then it cannot be re-used [by anyone else]. You do not get any credit for 

that.” [P2] 

 “This will not work with reuse.” [P3] 

 “It’d be a minus.” [P5] 

 “If you put a financial or positional incentive there, there’s a risk with that, 

because people will re-use when it’s not appropriate.” [P6] 

 “If you work on your own, you might re-use things out of a standard set of 

reusable components that everybody knows about, but you’re not going to know 

what your next door neighbour’s doing and whether he’s got something he can 

re-use. I can’t see that one being the most useful one.” [P8] 

 “I see no benefit in having an individual in a team. If he doesn’t share the vision 

and he is by himself, he is the only one who does reuse.” [P9] 

One participant supported the hypothesis with qualifications: 

 “Rewarding the individual would work if it includes [organization-wide] reuse, 

but will not work if it does not.” [P1] 



195 
 

Two participants did not support the hypothesis: 

 “Personal rewards are important, e.g. feelings of achievement. If we re-use 

component X we’ll get all this stuff for free. And that’s hours you don’t need to 

spend working overtime. The more individual reuse there is, the more it will 

spread.” [P4] 

 “I think that these people are intrinsically motivated. They get the most 

satisfaction by knowing that something that they have done is being re-used by 

some other team So if they re-use, and get rewarded, then others might follow 

and also re-use. They have made a difference.” [P7] 

In summary, six participants fully supported the hypothesis, one supported with 

qualifications, and two did not support it. 

Factor 6b: Employee’s Expectations of Security 

Security refers to the opposite of Opportunity. Here rewards are the result of compliant 

behaviour. 

H6b: The Employee’s Expectations of Security can have a favourable 

influence on the organization-wide implementation of CBSE. 

Five participants fully supported the hypothesis: 

 Compliant behaviour should be promoted because it would dissuade developers 

from “doing their own thing” without reference to accepted procedures, such as 

reuse. [P2] 

 The introduction of reuse is very dependent on compliant behaviour. [P4] 

 If you “did as you were told” and did not raise any issues, you could expect 

security. [P5] 

 Anything that gave the worker a better feeling of security as positive and would 

result in better reuse. [P6] 

 You should be recognized if you do what you are told to do, for example reuse. 

[P8] 

One participant supported the hypothesis with qualifications: 
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 “‘Toeing the line’ or ‘keeping your nose clean’ means accepting what the 

organization expects. This can be good, but blind acceptance might be a problem 

in the long term because mistakes can go unnoticed.” [P1] 

Three participants did not support the hypothesis: 

 “So basically the developers, they are kind of under the thumb and often being 

pushed quite hard to get things ... they don’t really have time to think or 

anything, they just do what they have to do, following the rules they’ve got, 

following the processes that are in place and using the tools that are provided to 

them. And often these don’t allow much time for re-use. It’s fairly obvious that 

it’s a good investment in the long run, but just for any particular programmer 

who is desperately busy, sometimes working after hours just to get the job done, 

and it’s quicker for him just to do what he’s always done. But it’s not a good 

investment of course, it’s not good for the organization, but for the individual, 

they don’t have too much choice about it.” [P3] 

 “Yeah, I think the people that sort of go with the flow, so to speak, they don’t 

necessarily expect to be recognized for doing that.” [P7]    

 “If you’re just a person in a team who just sits there and gets told what to do and 

has no ideas for themselves and just does what he gets told, that person won’t 

encourage reuse.” [P9] 

In summary, five participants fully supported the hypothesis, one supported with 

qualifications, and three did not support it. 

Factor 6c: Employee’s Expectations of Community Spirit 

Community Spirit refers to a sense of belonging and the desire, fuelled by appropriate 

rewards, to take a personal interest in one’s work and organization. 

H6c: The Employee’s Expectations of Community Spirit can have a 

favourable influence on the organization-wide implementation of CBSE. 

Five participants fully supported the hypothesis: 

 Community spirit should be promoted because it would encourage developers 

from working together, resulting in better reuse. [P2] 

 “You actually extract joy from your work while doing it because you learn how 

to do something. If you don’t enjoy writing software you’re probably in the 
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wrong business. You get a sense of achievement, hey I’ve done it. That includes 

reuse. And, yeah, you like to get some recognition as well” [P6] 

 “We got it done but we also implemented some new way of testing it 

automatically and having a new regression test bed that we weren’t asked to do 

but we did because we thought we saw value in that it could be re-used by 

anyone else. You know, that’s the type of person that might not necessarily 

expect it but it is better for moral if they are recognized for it.” [P7] 

 “Community spirit meant doing your best for the organization and if that means 

reuse, then that is what you do, you buy into that. Of course, you need some 

compensation for the extra effort.” [P8] 

 “What you want is someone who feels involved and puts in that extra mile and 

the shares it. I think you said Community Spirit?”  [P9] 

Two participants supported the hypothesis with qualifications: 

 The developer should take an active role in alerting management of the extra 

work done in order to reap appropriate benefits: “Anybody is doing any kind of 

useful work for the organization, and I include reuse, they should be filling in on 

their timesheet. And so the reward for that is that what would otherwise have 

been totally invisible, suddenly gets on to the radar and management can see that 

this particular person, apart from all the other good things that he’s been doing 

has been doing this useful stuff for the organization and that will spread.” [P3] 

 “Or if they don’t get appreciated at all, then at least if they do something 

themselves, they’ve got the satisfaction of seeing that they’ve done it.” [P5] 

Two participants did not support the hypothesis: 

 “Rewarding an employee’s care for the organization is OK but the employee 

might have his own idea/standards of what is good for the organization. Even 

though the organization might promote reuse the individual might think that 

reuse is not good, and so will not do it.” [P1] 

 It is not particularly relevant for reuse. While reuse without community spirit 

would have difficulty working, community spirit did not necessarily result in 

reuse behaviour. [P4] 

In summary, five participants fully supported the hypothesis, two supported with 

qualifications, and two did not support it. 
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8.1.7 Attribute 7: Organization’s Expectations 

The Organization’s Expectations Attribute describes the behaviour that the organization 

rewards. Often these are unwritten.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 7a: Organization’s Expectations of Self-reliance 

Self-reliance refers to an environment where employees are expected to stand on their 

own and take risks. The result is promotion of individual effort. 

H7a: The Organization’s Expectations of Self-reliance can have an 

unfavourable influence on the organization-wide implementation of 

CBSE. 

All participants fully supported the hypothesis: 

 Organizational reuse needs more than just one re-user. [P1] 

 “So an individual really can’t just say, ‘look, I know this is the procedure but I 

think this was better the way I’m doing it so I’ll just do it’.” [P2] 

 “Self-reliance will not work since it favours heroes who leave and take the 

knowledge with them.” [P3] 

 At best, Self-reliance would result in individual reuse. [P4] 

 “Individuality would be a minus for reuse.” [P5] 

 Someone who was self-reliant would be unlikely to re-use someone else’s work, 

nor promote reuse as a whole. [P6] 

 “If you’ve got someone that works on their own they’re less likely to be doing a 

lot of re-use. Similarly if you work by yourself you’re less likely to develop 

something that someone could re-use.” [P7] 

 “Working as an individual, you wouldn’t have an organizational pattern. Each 

individual would do things their way. It might also detract from the 

communication that allows people to know that there’s something they can 

reuse, because everyone’s in their own little silo.” [P8] 

 “You want to encourage team work. You don’t want to have littler islands within 

the team that do their own work. Then you are not going to have reuse at all … 
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[A star performer] is by himself. If he doesn’t share the vision and he is by 

himself, he is the only one who does re-use.” [P9] 

In summary, all participants fully supported the hypothesis. 

Factor 7b: Organization’s Expectations of Compliance 

Compliance refers to an organization in which standards, and strict adherence to them, 

are important. 

H7b: The Organization’s Expectations of Compliance can have a 

favourable influence on the organization-wide implementation of CBSE. 

Five participants fully supported the hypothesis: 

 “Engineers should provide reasons if they do not re-use.” [P1] 

 “You’ve got to go through proper channels to do it, you can’t just go randomly. 

It needs to be an approved way and approved procedure to use it. Otherwise you 

just really shoot yourself in the foot.” [P2] 

 “So training people, to be told what they’re expected to do, that’s just part of 

following the company’s policies and procedures. So there would certainly be 

some part of the documented methodology that’d be talking about how we do 

reuse. So it would be identification and documentation of what it is that we 

mean by reuse, how it is supposed to be done within this particular organization 

… Any code that’s written has to be reviewed and if there should have been 

some reuse taking place and that hasn’t been taking place, then that’s 

immediately picked up as part of the review comments and this thing doesn’t 

proceed.” [P3] 

 “By creating these standards it allows them to re-use. You’ve got to instil a 

culture in people to go to the search engine first.” [P6] 

 “So it can only be favourable in the sense of, if re-use was the thing that people 

wanted to promote and someone said that we did this really nicely, we followed 

the rules, we followed the standards of the organization, here it is.” [P7] 

Two participants supported the hypothesis with qualifications: 

 Compliance is good, as long as what you are complying with is good. [P4] 

 There is a risk of complying in order to avoid change and this should be 

managed. [P5] 
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Two participants did not support the hypothesis: 

 “To do what you’re told is generally something that’s coming from a manager 

who’s not technical, so I can’t see there being any sort of technical benefit in 

that one. They’ll be re-using things they’re not designed to be re-used for.” [P8] 

 Anyone who simply complies is not looking for better ways of doing things and 

this can be counterproductive. [P9] 

In summary, five participants fully supported the hypothesis, two supported with 

qualifications, and two did not support it. 

Factor 7c: Organization’s Expectations of Collaboration 

Collaboration refers to an environment where employees are encouraged to look for 

ways to help each other. 

H7c: The Organization’s Expectations of Collaboration can have a 

favourable influence on the organization-wide implementation of CBSE. 

Eight participants fully supported the hypothesis: 

 “People should be encouraged to put components into a repository, so that 

people know what exists. Knowledge of what there is available will promote 

individual reuse. And this can promote a general culture of reuse. Most 

engineers want to re-use. Management should provide support for reuse, in the 

form of the overhead cost of creating a reusable component.” [P1] 

 “It is definitely a cultural thing. It needs an emphasis, from the people that 

you’re working for, to look for situations for the reuse in the first place.” [P2] 

 “… and one of the big problems was the lack of any culture that encouraged the 

reuse of code.” [P3] 

 “It’s important that people creating the reuse component think about the needs of 

the people doing the re-using. If you don’t put the resources into providing 

reusable components, then reuse doesn’t happen.” [P4] 

 “So I believe that the keys here are for, let’s say it’s management driven, it’s to 

drive the culture of assessing the code to reuse. So finding out if it is suitable.” 

“We’ve got to do this, I’ve seen this module, the person responsible for that, link 

them to that module and say okay you can re-use that.” [P6] 
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 “You do need that collaborative aspect. If you’re thinking with a collaborative 

mindset you’re more likely to tend towards reuse.” [P7] 

 “Oh that change, that was interesting. You should share that with the team in the 

next meeting. Something needs to be there to encourage that culture where 

people are thinking that way.” “Collaboration sounds like it would be the 

optimum of the three for reuse.” [P8] 

 “Reuse is all about sharing with other people. Management needs to create the 

infrastructure so that everyone knows what is the shared component and also 

what’s the intention.” [P9] 

One participant supported the hypothesis with qualifications: 

 This factor would be favourable for reuse, but it requires management 

recognition and support for it to happen: “If I did a really good job of saving say 

a library component and re-using a lot of software, of course I’d like, you know, 

to be appreciated, obviously. I think the main reason why there is trouble is that 

people feel that if they re-use they’re not as appreciated as if they do something 

new for themselves.” [P5] 

In summary, eight participants fully supported the hypothesis, and one supported with 

qualifications. 

 

8.1.8 Attribute 8: Organizational Culture 

The Organizational Culture Attribute is often described as ‘the way we do things around 

here’. Many of the rules and procedures relating to this are unwritten. Adherence is a 

major part of a harmonious workplace.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 8a: Organizational Culture of Diversity of Approach 

Diversity of Approach is the ability to see things differently, to approach problems and 

their solutions in a unique way. 
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H8a: The Organizational Culture of Diversity of Approach can have an 

unfavourable influence on the organization-wide adoption of CBSE. 

All participants fully supported the hypothesis: 

 “[Diversity of approach] promotes the writing of new documents.” [P1] 

 It is often too difficult to get diversity if you re-use, and vice versa. [P2] 

 While you could achieve diversity through reuse, the amount of customization 

required would negate any possible benefits. [P3] 

 Reuse works best when there was minimal if any diversity. You do not want to 

make many changes to proven components. [P4] 

  “It’d be a minus”. [P5] 

 It is hard to re-use if you want diversity. [P6] 

 Diversity is similar to Uniformity of Identity as far as reuse is concerned – they 

do not go together. [P7] 

 Diversity has little chance of promoting reuse. [P8] 

 Diversity cannot promote reuse; diversity is otherwise useful because it 

promotes progress. [P9] 

In summary, all participants fully supported the hypothesis. 

Factor 8b: Organizational Culture of Uniformity of Identity 

Uniformity of Identity is the ability to present the same face to the world, regardless of 

the environment and what the customer wants. Its goal is consistent results and it does 

not necessarily consider whether past processes led to better results. 

H8b: The Organizational Culture of Uniformity of Identity can have an 

unfavourable influence on the organization-wide adoption of CBSE. 

Eight participants fully supported the hypothesis: 

 Uniformity relates to doing things the same way. It does not necessarily promote 

reuse of components. [P2] 

 “Basically the developers are often being pushed quite hard to get things done. 

They don’t really have time to think or anything. They just do what they have to, 

following the rules they’ve got, follow the processes that are in place and using 

the tools that are provided for them. And often these processes, the tools don’t 

allow for reuse.” [P3] 
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 “You can get caught up in reusing something because it was good for previous 

projects and not kind of realizing that this one is not the same project. [P4] 

 There is a risk that if reuse results in uniformity, then it would be unfavourable 

for the organization because it would not develop. [P5] 

 Reuse requires change and doing things the same way would be unfavourable to 

CBSE. [P6] 

 “Uniformity and reuse are opposites.” [P7] 

 “Reusing for the sake of uniformity. No. You re-use if it works better. There has 

to be a choice to re-use only if it’s appropriate.” [P8] 

 While uniformity is good for image, it could, and probably would, hinder the 

development of the organization. [P9] 

One participant did not support the hypothesis: 

 “Uniformity of Identity/Approach has the potential to promote reuse. If the 

current processes are good, they should be re-used. So this could promote 

reuse.” [P1] 

In summary, eight participants fully supported the hypothesis and one did not 

support it. 

Factor 8c: Organizational Culture of Complementarity 

Complementarity refers to a culture where it is acknowledged that nothing exists on its 

own. 

H8c: The Organizational Culture of Complementarity can have a 

favourable influence on the organization-wide adoption of CBSE. 

All participants fully supported the hypothesis. 

 “Knowledge of what there is available will promote reuse. Management should 

provide support for reuse, in the form of overhead costs for creating a reusable 

component.” [P1] 

 “It is definitely a cultural thing. It needs emphasis, from the people that you’re 

working for, to look for situations for the reuse in the first place.” [P2] 

 “You want re-use in fact to be just part of the work, right?” [P3] 

 “It’s important that people creating reuse components think about the needs of 

the people doing the re-using. The best and only significant reuse that I’ve seen 
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has been when someone has explicitly set out with the purpose of creating 

reusable components and funded it as such … One of the things is the 

expectation of the company that you will re-use this stuff where it is possible.” 

[P4] 

 “I’ll ask my colleague, have you got anything that does this. If he says yes, I 

grab it and use it straight up … If you can get the people to know the stuff’s 

there, you can create the culture and recognition for it. You’ve got to instil a 

culture in people to go to the search engine.” [P6] 

 “What I would attribute to reuse is how your organization is set up. Is it set up to 

share pieces of technology? We have that mindset that we want to re-use. We 

don’t want to be doing it more than once.” [P7] 

 “If people don’t code for reuse, if everything is always written specifically, you 

won’t be able to re-use, obviously.”  

 “You can aim to make as much of the underlying infrastructure reusable or re-

use things for the underlying infrastructure, and that’s definitely possible. So I’d 

be leaning more towards that as encouraging reuse.” [P8] 

 “We would definitely look at the option where you assume it is going to be re-

used. You know that over the next few years, you will save money because 

you’ve done the work up front.” [P9] 

 Complementarity is not as common as it should be: “I think if I did a really good 

job of saving, say a library component and re-using a lot of software, of course 

I’d like to be appreciated, obviously. And I think the main reason why there is 

trouble is that people feel that if they re-use, they’re not as appreciated as if they 

do something new for themselves.” [P5] 

In summary, all participants fully supported the hypothesis. 

 

8.1.9 Attribute 9: Developmental Plan 

The Developmental Plan Attribute refers to how an organization will grow, develop and 

renew itself. This includes recruitments and changes in processes (for example, CBSE), 

goals and philosophies.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  
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Factor 9a: Development from Outside 

Development from Outside refers to the sourcing of new employees and ideas from 

outside the organization, including the use of contractors and consultants. 

H9a: The Development Plan of Development from Outside can have an 

unfavourable influence on the organization-wide implementation of 

CBSE. 

Eight participants fully supported the hypothesis. 

 “If the organization grows from outside, then the new people might not have a 

culture of reuse.” [P1] 

 Participants 2 and 3 referred to the phenomenon of people leaving when they 

miss out to an outsider: “There are lots of knowledge that is lost when people 

leave. ‘What exactly did you mean here? What drove your decision to do this?’ 

You just lose that when people leave.” [P2] “This will not work with reuse since 

the individual heroes will leave.” [P3] 

 Anyone coming in from outside would need longer to get used a new way of 

doing things and might never. [P5] 

 “Contractors get paid by the hour. If reusing is quicker, they won’t do it.” [P6] 

 “When we hire people the interview process that we use we have got some 

questions on reuse. Those are ideals in people’s minds at that stage. It’s not until 

you put them into practice that they really come into play. So really at the time 

of hiring I think it’s very hard.” [P7] 

 “They’re going to come in green, no matter what, and in terms of reuse if you’ve 

got a library of stuff, they’re not going to know your library.” [P8] 

 “If you bring in new people, they have their own ideas and they might not buy in 

straight away with the reuse part. They would need to be trained up if they come 

from companies where there was no reuse, just cowboys.” [P9] 

One participant did not support the hypothesis: 

 “If you are bringing people in from outside, then they are probably in a better 

position to know about things other than the things you’re already reusing. 

Reuse opportunities that you haven’t thought of yet and you see that all the time. 

A new person coming into the group brings in new knowledge of new resources 

that you hadn’t even seen before.” [P4] 
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In summary, eight participants fully supported the hypothesis, and one did not support 

it. 

Factor 9b: Development from Inside 

Development from Inside refers to promotion from with the organization and the hiring 

of new employees to fill the lower level vacancies.  

H9b: The Development Plan of Development from Inside can have a 

favourable influence on the organization-wide implementation of CBSE. 

Seven participants fully supported the hypothesis: 

 “The advantage of promoting from within is that people already know what’s 

going on. The senior people can help the juniors and knowledge is retained in 

the organization.” [P1] 

 A loss of knowledge results from people leaving when they miss out on a 

promotion: “You just lose that when people leave. At different phases of the 

project, there is knowledge loss. ” [P2] 

 Promoting from within stops the loss of knowledge. [P3] 

 “If you’re growing people up internally, then those people are going to be more 

familiar with the organizational resources and therefore in a better position to 

reuse those things that they already know about and that already exist.” [P4] 

 Promoting from inside means that they already know about the culture and 

reuse. [P5] 

 “My opinion is definitely moving people up based on their knowledge, the 

people who are most competent, giving them a bit more responsibility and 

having the new people start under people who have got more experience.” [P8] 

 “I think that moving people within the organization, moving them up because 

they are already familiar with whatever you are producing. I think if you want to 

grow the company, it’s better to choose within your company and move those 

people up and just hire new grads to grow your company.” [P9] 

One participant supported the hypothesis with qualifications: 

 It would work provided that there was some recruitment from outside to 

positions of influence, or knowledge transfer took place with 

contractors/consultants. [P6] 
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One participant did not support the hypothesis: 

 An organization must recruit from outside if it is to truly develop, and this 

includes reuse. [P7] 

In summary, seven participants fully supported the hypothesis, one supported with 

qualifications, and one did not support it. 

Factor 9c: Development in Partnership 

Develop in Partnership refers to joint ventures and partnerships, and includes take-

overs. 

H9c: The Development Plan of Develop in Partnership can have a 

favourable influence on the organization-wide implementation of CBSE. 

One participant supported the hypothesis with qualifications: 

 The outcome depends on the attitude of the staff on both sides. If these were 

managed successfully it could work. [P6] 

Eight participants did not support the hypothesis: 

 “Going into a partnership has several problems. There might not be a reuse 

culture and the partners would not be familiar with the reuse components. There 

is also the question of ownership of the code resulting from the partnership or 

joint venture.” [P1] 

 This is similar to From Outside and would present cultural compatibility 

problems. [P2] 

 “In partnership could be a problem if trying to re-use across different 

organizations – can have compatibility problems. We have two different 

methodologies coming together. Even if these guys did good reuse it may not 

continue and if it does then how are we going to make it happen.” [P3] 

 “You end up with culture blocks. That’s around trying to integrate two 

completely separate cultures. And you’ve got to integrate the two internal 

communication systems. That kind of culture position I think would be much 

harder.” [P4] 

 “Could work really well, it depends on how you go about it. You can either 

motivate people to do something maybe a bit different than how they’ve done it 
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before, or you can build up resentment, now you’re using all their stuff, for 

example.” [P5] 

 One participant had never seen mergers contribute towards a harmonious 

software engineering environment. [P7] 

 “Whenever we get a brand new team, a whole team, work basically stops while 

they learn.” [P8] 

 “We still need to train the new people, if they are going to work as a team.” [P9] 

When the participants did not support the hypothesis, they were asked the reasons. In 

this case, the questions were directed specifically towards discovering the conditions 

under which a partnership could work. 

The participants were of a similar opinion about the underlying reason. Partnerships 

might have a chance to work, if the reasons for the partnership were based on the best 

technical solution. However, none had experienced this. In their opinion, all joint 

ventures and partnerships were based on ‘political’ grounds, that is management and/or 

financial. IT simply had to try to make the best of this. Participants 3 and 4 stated that 

this was even more so in the case of take-overs. 

In summary, no participants fully supported the hypothesis, one supported with 

qualifications, and eight did not support it. 

 

8.1.10 Attribute 10: Reward System 

The Reward System Attribute describes the way that employees of the organization are 

rewarded.  

First, this section discusses some general observations, and then discusses the three 

factors of this attribute in turn, reporting participants’ level of support for each 

hypothesis and presenting some of their responses.  

General observations 

Two general observations or warnings were noted by participants. Three participants, 

P1, P4 and P6, commented that rewards in general have to be treated with care, because 

they have the potential of leading to unfavourable behaviour and results: 
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 “If the organization gives a bonus for reuse it might lead to misuse. An 

‘artificial reuse’, just for the sake of reuse. The risk is that people will re-use 

components that are not appropriate, because they are supposed to re-use.” [P1] 

 “I think you would end up seeing people re-using inappropriately, pretending to 

re-use, re-using a little bit, not really thinking clearly about whether it was 

appropriate to re-use or not.” [P4] 

 “By offering a reward to do that, it may be that reuse is inappropriate for the 

particular task you’re on, but people may tend to re-use because of the incentive. 

So you could get some really bad stuff coming out of it, low quality, bad 

performance.” [P6] 

The same three participants, P1, P4 and P6, warned that different types of rewards can 

be either more or less appropriate and effective: 

 “A bonus for it is inappropriate. What is needed is that reuse is made easier and 

more accessible so that the right decision to re-use is made.” [P1] 

 “Rewards are important, but the traditional money only reward is far less than 

expected.” [P4] 

 “Money’s not so much a motivator of people.” [P6] 

Factor 10a: Individualistic Reward System 

Individualistic Rewards refers to rewarding for individual performance. 

H10a: Individualistic Rewards can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Six participants fully supported the hypothesis: 

 “Your salary is based on measurable objectives. If the objective is that a certain 

percentage of your output must be reuse-based, then it can lead to the wrong 

reuse.” [P1] 

 “I think the reward structure is actually good particularly if you’re getting things 

moving. If they will be relying on heroes and individuals and then they go off, 

you don’t want that, so you want it not to be the hero process. [P3] 

 “If it becomes a case where one person gets a financial incentive and the other 

team members don’t, then it’ll become a competition and either it’ll become 
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dysfunctional. I’m not sure, but there are so many ways that you can get it 

wrong.” [P4] 

 “That’s simple. If you pay an individual to re-use, then you get individual 

reuse.” [P5] 

 “You have to be very careful with recognition, it’s a hard thing because you get 

people that kind of go well how come he got recognized for this but I’ve been 

working just as hard.” [P7] 

 “So having a star performer who is seen to be rewarded for reuse will not 

encourage other people to re-use, because he is by himself.” [P9] 

Three participants did not support the hypothesis: 

 “It will work as long as you get recognition. Gift vouchers. Stuff like that are 

good. Works for both an individual or team basis. Whatever’s appropriate for 

that situation.” [P2] 

 An individual employee (as opposed to a contractor) could serve as a motivator 

for others under certain circumstances: “I personally believe people should be 

rewarded for their overall job. So if someone can show a good application of 

reuse, then yes. It would be a better motivator if it was visible, a motivator to 

others who aren’t doing that, to show basically a shining example of how to do 

stuff. It’s probably a bit like primary school, ‘look at so-and-so’.” [P6] 

 Individual rewards are OK as long as it is “just a compliment, a thing which 

isn’t a huge”. [P8] 

In summary, six participants fully supported the hypothesis, while three did not support 

it. 

Factor 10b: Hierarchical Reward System 

Hierarchical Rewards refers to rewarding according to one’s position on the 

organizational chart and is not performance related. 

H10b: Hierarchical Rewards do not have an influence on the 

organization-wide adoption of CBSE. 

All participants fully supported the hypothesis. P1, P2, P4, P6, P7, P8 and P9 stated that 

it would have no effect on adoption of organization-wide reuse as the rewards are not 

related to actual reuse. 
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Two participants gave their support in a rather convoluted way: 

 It is not relevant to reuse since the rewards are not related to actual reuse; 

however, if the recipient were in favour of, and supported, reuse, then there 

could be a benefit. [P3] [This actually describes a different situation from 

hierarchy: HR] 

 It could be of benefit only if the rewards were matched with management 

support for reuse. “But then, that would no longer be based on hierarchy. So I 

guess it really does not count.” [P5] 

In summary, all participants fully supported the hypothesis. 

Factor 10c: Mutual Reward System 

Mutual Rewards refers to rewarding for co-operation, collaboration and collective 

performance. 

H10c: Mutual Rewards can have a favourable influence on the 

organization-wide adoption of CBSE. 

Seven participants fully supported the hypothesis: 

 “It will work as long as you get recognition. Gift vouchers. Stuff like that are 

good. Works for both an individual or team basis. Whatever’s appropriate for 

that situation.”[P2] 

 “I think you’re doing the rewards basically for productivity and it would be team 

productivity.” [P3] 

 Support for hypothesis, but it’s important not to single out individuals: “You’d 

have to be very careful about how you rewarded the group, the team, rather than 

having superstars who were rewarded for all the stuff and then you cause 

problems with the team dynamics”. [P4] 

 Reuse in itself is not as satisfying as writing your code, and that is what you 

would do if you had the time. There would need to be an appropriate reward for 

re-using. And this is probably better as a team, so that everyone does it. [P5] 

 Having already stated that rewarding reuse is good at an individual level (Factor 

10A) as it serves as a motivator, it is as good, perhaps even better, at a team 

level. This is because if more people are seen to be re-using then it is more 

acceptable, especially if they all get rewarded. [P6] 
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 We have some informal initiatives where if a team has done some particularly 

good work, the manager or the director will send out an email recognizing that 

this team’s done a good job, keep up the effort guys. Doing it at a team level has 

its benefits because it motivates a group of people rather than just that one 

person. [P7] 

 “And the team one is important because then you encourage the team to work as 

a team. You don’t want to have littler islands within the team that do their own 

work. Then you are not going to have reuse at all.” [P9] 

One participant supported the hypothesis with qualifications: 

 While rewards are appropriate, they do not need to be money or the like. A 

simple acknowledgement of a job well done is sufficient. And it does not matter 

whether it is to an individual or a group. [P8] 

One participant did not support the hypothesis, and was not in favour of rewards in any 

form: 

 “Engineers want to re-use anyway. A bonus for it is inappropriate.” [P1] 

In summary, seven participants fully supported the hypothesis, one supported with 

qualifications, and one did not support it. 

 

8.1.11 Attribute 11: Meeting System 

The Meeting System Attribute considers the reason why people get together formally.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 11a: Forum Meeting 

The Forum Meeting refers to an airing of ideas with no particular purpose or goal and 

with no decisions being made. It tends to be a general meeting, rather than one directed 

to any particular project. 

H11a: The Forum Meeting can have an unfavourable influence on the 

organization-wide implementation of CBSE. 
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Seven participants fully supported the hypothesis: 

 “In practice it does not really work. It tends to be more chatty and gossipy than 

informational and lacks details that are needed for reuse to result from it.” [P1] 

 There is no point to a meeting that itself did not have a point”. [P2] 

 Any meeting that is general and not focussed on the specific needs of the 

developers, would be of little, if any, benefit. [P3] 

 “Sometimes they organize kind of road shows that show what people have done. 

But these are too general and you do not get a chance to really find out how they 

work. And usually they are not related at all to what you are doing. A waste of 

time really.” [P4] 

 While these could have the potential to uncover reuse components, in practice 

they do not. [P7] 

 You rarely have the time to attend these things if they were not directly 

concerned with what you are doing. [P8] 

 These meetings are generally a waste of time, since nothing actually comes from 

it. [P9] 

One participant supported the hypothesis with qualifications: 

 Sometimes you hear of things you would not normally, but in general these 

meetings were not worth the time they take. [P5] 

One participant did not support the hypothesis: 

 “So a second focus of these international workshops is sharing our knowledge, 

sharing our methods, sharing our techniques. So by getting visibility of what our 

other team members are doing worldwide, it then opens the potential to share 

things.” [P6] 

In summary, seven participants fully supported the hypothesis, one supported with 

qualifications, and one did not support it. 

Factor 11b: Decision-making Meeting 

Decision-making Meeting refers to meetings where problems and proposed solutions 

are debated, with the outcome being a decision to accept, reject or hold-over. 
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H11b: The Decision-making Meeting can have a favourable influence on 

the organization-wide implementation of CBSE. 

Four participants fully supported the hypothesis. 

 “I would team discuss it and get people’s ideas who are actually going to be 

going about it. I’m better talking about things because I like seeing different 

people’s points of view and then from that, coming up with the best way 

forward. It’s how I make decisions. So I guess you’d call it a decision-making 

meeting. It’s the team leader's choice. Maybe they’ve got stuff going on that 

they understand outside that sphere.” [P2] 

 “We have a process and part of that process is to get approval from key 

stakeholders, managers, architects, leads, so on and so forth and it is the 

responsibility of those members to make sure that whatever work is being 

scheduled or planned follows through those good principles, reuse is one of 

them … We send options out to all the architects and the leads and we vote on it. 

So it’s a democratic system. It’s something that’s encouraged by our managers 

and it has other advantages because it means that any decisions that are made 

about the product are persistent, they get documented, we know who voted on 

them, we know what the options were at the time and we also put in there the 

reasons why, so we have pros and cons for each one … So reuse does factor in 

there, because we say should we do it the same way we were doing it before and 

take this thing or should we do it from scratch, whatever.” [P7] 

 This type of meeting is favourable as it provides a record of the decision-

making. [P8] 

 This type of meeting is favourable because no one person should make the 

decision – this would result in individual reuse. A decision made at a meeting 

would encourage organizational reuse. [P9] 

Four participants supported the hypothesis with qualifications: 

 “The decision-making meeting, with an agenda of problems to solve, would 

work if it is a low level, not at management level.” [P1] 

 This type of meeting is good for getting things out in the open. Whether or not it 

results in reuse, everyone knows where things stand. And that is a good thing. 

[P3] 
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 This type of meeting is good for general acceptance of reuse. However, the reuse 

of individual components is more likely to result from a less formal setting that 

allows for individual decision-making. [P4] 

 “If I’ve got a problem I want it solved now. I don’t want to wait until they’ve got 

enough, I don’t want to wait until I’ve put my request in and they’ve got up to 

you and oh no I don’t have time, maybe next week. Just doesn’t work that way. 

So yes, but only if they’re really focussed.” [P5] 

One participant did not support the hypothesis: 

 The decision to re-use code is a personal one and results from exposure to and a 

trust in the other person’s work. A decision-making meeting would not 

encourage reuse … “One of the major ones [barriers] is trust. You tend to trust 

your own work. But you get anything from anyone else, this is my fear and the 

first thing I question is does it work? Is it going to suit what I need it for? Can I 

do it better? Is it inefficient? So if you know it’s there, you know how it works 

and you know it works to the way you want it to, in my environment and as a 

person, I would more than likely use that.” [P6] 

In summary, four participants fully supported the hypothesis, four supported with 

qualifications, and one did not support it. 

Factor 11c: Work-in-progress Meeting 

Work-in-progress Meeting (also known as ‘catch-up’) refers to meetings that develop 

group capabilities and promote a united team effort, by facilitating the sharing of 

information that may be useful to others doing similar work. 

H11c: The Work-in-progress Meeting can have a favourable influence on 

the organization-wide implementation of CBSE. 

All participants fully supported the hypothesis. 

 “The best (meeting) would be one where everyone talks about what they are 

doing and tries to work together.” [P1] 

 “The terminology that I was using wasn’t what was used by the industry as such. 

And as soon as I got the terminology right, I found it. If you don’t have people 

communicating, it’s so detrimental at different levels. That’s where meetings 

come in useful.” [P2] 
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 Such meetings have the potential to promote reuse as it allowed developers to 

know what they are doing and thus be aware of the availability and applicability 

of components. If held on regular and irregular bases they have the added 

advantage of information being shared on an as-needed basis. [P3] 

 “There is the awareness problem and that’s a really big barrier. First of all, for 

people to re-use something, you have to know that it’s available. If something 

isn’t published by the people who provide it, then you may not find it. There’s 

stuff out there but you just didn’t know. But unless someone explicitly detailed 

what the thing’s suitable for, you’re not going to find it. A work-in-progress 

meeting would certainly help to find it.” [P4] 

 “Catch-up meetings are quite good if you can keep them up. A one hour meeting 

every Monday morning. This is what we did, this is what we’re going to do and 

‘hey, you just did what we’re about to do’. That works. Yeah, I’ve actually had 

that. When I came here I had, and I still have, weekly catch up meeting with the 

guy that took over my software in Germany.” [P5] 

 “So what we’re talking about is not a formal meeting with your manager but one 

where you get together with other developers and talk about where you are up to 

in your projects. Like what have you done that’s new and what you may have 

reused and how. On a regular basis, they are really good at focussing what you 

should be doing.” [P6] 

 “We have regular meetings set up to share what we’re working on. The way our 

teams were structured was that the architects and the team leads always got 

together to discuss new features and as a result there really is a lot of 

transparency between what goes on in each of the teams. It really helps reuse.” 

[P7] 

 “So we have a weekly meeting and it doesn’t have an agenda that we script 

through as such. But the items that we want to cover in that meeting are you 

know, talk about the progress, the critical issues as well as to share information 

about you know, a design change or something that you think other people 

would benefit from. [There is] the potential of people going, oh well there’s 

already code over here that does that.” [P8] 

 “We just have ad hoc meetings, where we say ‘look we need to discuss this’.  

Get a room and a whiteboard. And that works. And it doesn’t mean that at the 

end of the meeting we have a solution, but at least a few more ideas have come 

out. You can’t just give someone the document and expect them to have the buy-
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in. You still need the personal interaction with them and explain why you have 

the shared component and the vision behind it.” [P9] 

In summary, all participants fully supported the hypothesis. 

 

8.1.12 Attribute 12: Decision-making System 

The Decision-making System Attribute describes the type and degree of authority in 

decision-making exercised by the organization, managers and developers.  

This section discusses the three factors of this attribute in turn, reporting participants’ 

level of support for each hypothesis and presenting some of their responses.  

Factor 12a: Delegatory Decision-making 

The Delegatory Decision-making factor refers to the passing on of some, or even all, 

decision-making to a sub-ordinate who is closer to the action. 

H12a: Delegatory Decision-making can have a favourable influence on 

the organization-wide implementation of CBSE. 

Seven participants fully supported the hypothesis: 

 “Delegation works because reuse should be done by people who know the 

details of the development.” [P1] 

 Delegation is the only way because it allows the decisions about reuse to be 

made by those who actually do the reuse. [P2] 

 Getting people to buy in to re-use would be enhanced by delegating certain 

decisions. [P3] 

 “I’m not sure that management can make the decision about particular 

components because from the practitioner’s side you have technical 

requirements. This should be delegated.” [P4] 

 Since mandating from high does not work, delegating to lower levels has a better 

chance of success. [P6] 

 “I think you need to empower people to make decisions so that they don’t feel 

like they’re being told what to do all the time.”  [P7] 
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 “The manager says you know, this is a new project and you can keep an eye on 

reuse [that’s good]”. [P8] 

Two participants supported the hypothesis with qualifications: 

 Delegation is a matter of degrees. Overall decision-making is by the manager, 

but the developer has the right to oppose the manager’s decision: “Well if they 

didn’t want to re-use, I’d expect them to come up with good reasons. I’d expect 

them to be able explain why not to re-use software. And if they come up with 

good reasons, then I’d expect the manager to go and say, all right.” [P5] 

 How to implement should be delegated to the lower levels: “The developers at 

their own level can work out any issues. But management has to demand that 

reuse is to be done.” [P9] 

In summary, seven participants fully supported the hypothesis, and two supported with 

qualifications. 

Factor 12b: Mandatory Decision-making 

Mandatory Decision-making refers to the unilateral enforcement of a decision, often at a 

high level. 

H12b: Mandatory Decision-making can have an unfavourable influence 

on the organization-wide implementation of CBSE. 

Five participants fully supported the hypothesis: 

 “If an organization forces reuse then this can lead to inappropriate reuse. 

Management should provide support for reuse. The company should enable not 

force.” [P1] 

 “And there needs to be a general acceptance by everyone, it can’t just be 

mandated that you will do it.” [P3] 

 “If it doesn’t meet the technical requirements then they can’t mandate it. They’d 

be dumb to mandate it.” [P4] 

 “My personal belief is mandate it and force people to re-use it, is not so 

effective. Where I’m seeing this being mandated, I have seen it go sour.” [P6] 

 “It‘s not a good idea to have a mandate that says you must do this and you must 

do that. Blindly re-using is not necessarily the right thing. You need to see 

where it’s applicable.” [P7] 



219 
 

Three participants supported the hypothesis with qualifications: 

 While the manager has the right to make the final decision without due 

consideration of other stakeholders, such a decision could be based on bad 

information: “It’s the team leader’s choice. Maybe they’ve got stuff going on 

that they understand outside that sphere, or maybe they’re just being stupid.” 

[P2] 

 Managers need to positively promote reuse for it to happen, but should take into 

account the developer’s thoughts: “I still think managers need to promote it. 

They have to go and say we want to re-use it, otherwise it’s too easy to just go 

and say, ah no, I’ve done this before. Won’t do it again. But saying look, I really 

want you to re-use … if you see a problem with a particular component, come 

and see me and we’ll find a solution.” [P5] 

 There a distinction between mandating reuse as a principle and its 

implementation: “If one team has a shared component, then the manager of the 

other components needs to say that you need to re-use it. And the developers at 

their own level can work out any issues. But management has to demand that 

reuse is to be done.” [P9] 

One participant did not support the hypothesis: 

 “But with a new project you usually start with the design, and if that design 

mandates that these classes are going to be using these classes from the reuse 

library, the implementer is going to have to come up with a really good reason 

not to do that.” [P8] 

In summary, five participants fully supported the hypothesis, three supported with 

qualifications, and one did not support it. 

Factor 12c: Shared Decision-making 

Shared Decision-making refers to a presentation and consideration of the opinions of all 

involved and then commitment by all to implement the chosen course of action. 

H12c: Shared Decision-making can have a favourable influence on the 

organization-wide implementation of CBSE. 

All participants fully supported the hypothesis: 
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  “I would team discuss it and get people’s ideas who are actually going to be 

going about it.” [P2] 

 It is necessary to get buy-in from all stakeholders. A shared approach is the way 

to do it. [P3] 

 “But the more successful things that I’ve seen have been where a peer or a team 

leader, or someone who’s respected, says right this is what we want to achieve, 

okay team how are we going to do it.” [P4] 

 “It’s a consensus decision and if I’ve got this feeling I have a say and if I can 

argue my point, then my manager will accept my knowhow in that matter, then 

that’s fine.” [P5] 

 A shared approach was the best way to decide on how to re-use. [P6] 

 “We send options out to all the architects and the leads and we vote on it. So it’s 

a democratic system. It means that any decisions that are made about the product 

are persistent, they get documented, we know who voted on them, we know 

what the options were at the time and we also put in there the reasons why, so 

we have pros and cons for each one.” [P7] 

 “The team way would work quite well too because you can’t expect every 

individual to know everything that’s around.” [P8] 

 The ideal would be if the developers discussed the implementation of reuse with 

each other and other stakeholders, resulting in a consensus decision. [P9] 

 Things can go wrong if the decision is not shared: “An example is a project that 

was in seven parts. The first four parts were developed one way and then 

someone new developed the final three. He decided that he could develop them 

in a better way. Problem was that because they developed differently, 

maintenance became more difficult.” [P1] 

In summary, all participants fully supported the hypothesis. 

 

8.2 Summary of findings  

This section presents a comparison of the expected and actual influence for each of the 

36 factors tested as part of the three research questions, and a table showing each 

participant’s level of support for the 36 hypotheses. 
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8.2.1 Expected Influence versus Actual Influence. 

Tables 8.1 (Research Question 1), 8.2 (Research Question 2) and 8.3 (Research 

Question 3) compare the expected influence of each factor,  as shown in the draft 

SHOFRA model (Table 6.18), with the actual influence defined as the aggregated 

influences as stated by the participants. A hypothesis was determined to be supported if 

it received support from the majority of the participants.  

 

Table 8.1: Research Question 1 and associated factors 

 

Research Question 1: In what manner do Social Interaction factors influence the 
organization-wide adoption of CBSE? 

Factor 
ID 

Factor Expected 
Influence 

Actual 
Influence 

Support 

Attribute 1:  Reporting Lines 

F1a Flat/Clear  Unfavourable Unfavourable Yes 

F1b Steep/Clear  Unfavourable Unfavourable Yes 

F1c Flat/Amorphous  Favourable Favourable Yes 

Attribute 2:  Information Flow 

F2a Pooled  Unfavourable Unfavourable Yes 

F2b Sequential Unfavourable Unfavourable Yes 

F2c Reciprocal Favourable Favourable Yes 

Attribute 3: Physical Layout 

F3a Independent Action Unfavourable Unfavourable Yes 

F3b Programmed Action Unfavourable Unfavourable Yes 

F3c Spontaneous Action Favourable Favourable Yes 
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Table 8.2: Research Question 2 and associated factors 

 

Research Question 2: In what manner do Human factors influence the 
organization-wide adoption of CBSE? 

Factor 
ID 

Factor Expected 
Influence 

Actual 
Influence 

Support 

Attribute 4:  Stakeholders 

F4a Customers/End Users No Influence No Influence Yes 

F4b Managers Favourable Favourable Yes 

F4c Developers Favourable Favourable Yes 

Attribute 5:  Customers’ Expectations 

F5a Of Differentiation Favourable Favourable Yes 

F5b Of Cost Favourable Favourable Yes 

F5c Of Flexibility Unfavourable Unfavourable Yes 

Attribute 6: Employee’s Expectations 

F6a Opportunity Unfavourable Unfavourable Yes 

F6b Security Favourable Favourable Yes 

F6c Community Favourable Favourable Yes 
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Table 8.3: Research Question 3 and associated factors 

 

Research Question 3: In what manner do Organizational Systems factors influence 
the organization-wide adoption of CBSE? 

Factor 
ID 

Factor Expected 
Influence 

Actual 
Influence 

Support 

Attribute 7: Organization’s Expectations 

F7a Self-reliance Unfavourable Unfavourable Yes 

F7b Compliance Favourable Favourable Yes 

F7c Collaboration Favourable Favourable Yes 

Attribute 8:  Organizational Culture 

F8a Diversity of Approach Unfavourable Unfavourable Yes 

F8b Uniformity of Approach Unfavourable Unfavourable Yes 

F8c Complementarity Favourable Favourable Yes 

Attribute 9:  Development Plan 

F9a From Outside Unfavourable Unfavourable Yes 

F9b From Inside Favourable Favourable Yes 

F9c In Partnership Favourable Unfavourable NO 

Attribute 10:  Reward System 

F10a Individualistic Unfavourable Unfavourable Yes 

F10b Hierarchical No Influence No Influence Yes 

F10c Mutual Favourable Favourable Yes 

Attribute 11:  Meeting System 

F11a Forum Unfavourable Unfavourable Yes 

F11b Decision-Making Favourable Favourable Yes 

F11c Work-in-progress Favourable Favourable Yes 

Attribute 12: Decision System 

F12a Delegatory Favourable Favourable Yes 

F12b Mandatory Unfavourable Unfavourable Yes 

F12c Shared Favourable Favourable Yes 
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8.2.2 Results by participant 

Table 8.4 shows each participant’s level of support for the 36 hypotheses. 

 

Table 8.4: Participants’ support for the hypotheses 

 

Participant P1 P2 P3 P4 P5 P6 P7 P8 P9 

Hypothesis          

H1a S S S Q S S S S S 

H1b S S S Q S S Q S S 

H1c S S S Q S S S S S 

H2a S Q S S Q S S S S 

H2b S S S S S S S S S 

H2c S S S S S S S S S 

H3a S S S S S S S S S 

H3b S S S S S S S S S 

H3c S S S S S S Q S S 

H4a S S S S S S S S S 

H4b S S S S S S S S S 

H4c S S Q S Q S Q S S 

H5a S Q S S S Q S S S 

H5b S S Q S Q S S S S 

H5c S S S S S S S S Q 

H6a Q S S x S S x S S 

H6b Q S x S S S x S x 

H6c x S Q x Q S S S S 

H7a S S S S S S S S S 

H7b S S S Q Q S S x x 

H7c S S S S Q S S S S 

H8a S S S S S S S S S 

H8b x S S S S S S S S 

H8c S S S S S S S S S 

H9a S S S x S S S S S 

H9b S S S S S Q x S S 

H9c x x x x x Q x x x 

H10a S x S S S x S x S 

H10b S S S S S S S S S 

H10c x S S S S S S Q S 

H11a S S S S Q x S S S 

H11b Q S Q Q Q x S S S 

H11c S S S S S S S S S 

H12a S S S S Q S S S Q 

H12b S Q S S Q S S x Q 

H12c S S S S S S S S S 

 

S = full support; Q = qualified; X = non-support  
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8.3 Chapter summary 

This chapter presented the findings from the interviews for each of the 36 factors 

(Section 8.1), concluding with a statement of support, or otherwise, for the 

corresponding hypothesis. The SHOFRA Model, showing expected versus actual 

influences, and a tabular summary of the findings are in Section 8.2. The next chapter 

discusses the findings and their implications. 
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CHAPTER NINE 

ANALYSIS and DISCUSSION OF VALIDATION FINDINGS 

 

Chapter outline 

The findings from the interviews are discussed as they relate to the literature. Sections 

9.2, 9.3 and 9.4 discuss research questions 1, 2 and 3, respectively. The applications of 

the model are discussed in Section 9.5. Section 9.6 outlines features of CBSE adoption 

that are outside the scope of this study, but were observed during the validation of the 

model. Section 9.7 presents the final SHOFRA Model, and Section 9.8 summarizes the 

chapter. 

 

9.1 Introduction 

The validation of the SHOFRA Model was carried out in accordance with the 

methodology detailed in Chapter 7, Model Validation Methodology. Nine experts were 

interviewed, with saturation being reached after six interviews. This number is 

congruent with estimates (Section 7.3.3). Of the 36 hypotheses, 35 were supported by 

the participants. Twenty were supported by all participants, while 15 had a majority of 

support. Hypothesis 9c, Development in Partnership, was not supported. 

The discussion of the results of the validation is presented in the same format as the 

development of the model (Chapter 6) and the presentation of the results (Chapter 8).  

The results of the interviews are discussed with reference to expectations from the 

literature, as described in chapters 2 and 5.  

 

9.2 Discussion of findings relating to Research Question 1 

The first research question investigates the manner in which Social Interaction Factors 

influence the organization-wide adoption of component-based software engineering 

(CBSE). 

file://///staff.ad.griffith.edu.au/groups/hr%20phd/HR%20PhD/As%20sen%20to%20PB/Revised%20Thesis%20Submission%2020150628.docx%23CH7
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Research Question 1 gave rise to the Social Interaction Dimension of the SHOFRA 

Model. Table 9.1 shows the three attributes and the expected influences of each of the 

factors in this dimension. 

 

Table 9.1: Expected influences of the Social Interaction factors 

 

A.  THE SOCIAL INTERACTION DIMENSION – DRAFT  

ATTRIBUTE FACTOR INFLUENCE 

1.  Reporting Lines 

Describes the form of the vertical reporting 
relations 

1a.  Flat/clear  Unfavourable 

1b.  Steep/clear  Unfavourable 

1c.  Flat/amorphous  Favourable 

2.  Information Flow 

Describes the horizontal flow of information 

2a.  Pooled Unfavourable 

2b.  Sequential Unfavourable 

2c.  Reciprocal Favourable 

3.  Physical Layout 

Describes the interaction that the physical 
design encourages 

. 

3a.  Independent Action Unfavourable 

3b.  Programmed Action Unfavourable 

3c.  Spontaneous Action Favourable 

 

The following sections summarize and discuss the findings from the interviews with SE 

professionals. Of particular interest is whether the expected influences of the factors, 

integrated into the draft SHOFRA Model and expressed as hypotheses, are supported by 

the results of the validation process.  

Table 9.2 summarizes the findings in relation to each of the nine hypotheses relating to 

Research Question 1. 

 

Table 9.2: Participants’ support for Social Interaction hypotheses 

 

Hypothesis 
 

Support 

(Full Support + Qualified Support) 

Non-support 

H1a 8 + 1 = 9 0 

H1b 7 + 2 = 9 0 

H1c 8 + 1 = 9 0 

H2a 7 + 2 = 9 0 

H2b 9 + 0 = 9 0 

H2c 9 + 0 = 9 0 

H3a 9 + 0 = 9 0 

H3b 9 + 0 = 9 0 

H3c 8 + 1 = 9 0 



229 
 

All nine hypotheses were supported by all participants. Four hypotheses – 2b, 2c, 3a and 

3b – were fully supported by all participants. The other five hypotheses were fully 

supported by over two-thirds of the participants. 

Overall, all hypotheses relating to Research Question 1 were supported. Inclusion of 

these factors, with their proposed influences, in the SHOFRA Model is therefore 

supported. 

 

9.2.1 Attribute 1: Reporting Lines  

The Reporting Lines attribute describes the hierarchical, or vertical, reporting relations. 

The results supported the hypotheses, specifically, that the influence on the 

organization-wide adoption of CBSE of: 

 Flat/Clear Reporting Lines can be unfavourable (H1a) 

 Steep/Clear Reporting Lines can be unfavourable (H1b) 

 Flat/Amorphous Reporting Lines can be favourable (H1c). 

Factor 1a: Flat/Clear Reporting Lines 

H1a: Flat/Clear Reporting Lines can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Flat/Clear Reporting Lines represent autonomy and promote individual and team 

achievement, rather than cross-team reuse. With relatively few levels, they result in 

relatively large numbers of people or units reporting to a given individual. 

Eight participants fully supported H1a. The participant who gave qualified support 

suggested that the formal channels of the mechanistic organization could be bypassed. 

Such a viewpoint is characteristic of individual behaviour, a trait that is considered not 

to be congruent with reuse adoption.  

Table 9.3 summarizes participants’ supporting comments relating to this factor. 
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Table 9.3: Summary of supporting comments on Factor 1a 

 

Summarized comments 
Number of 

participants 

This would work only for single person or intra-team reuse, 
but not for wide-spread or organization-wide applications 

5 

This might work for intra-team reuse, but reuse relies on 
varied input, so this would be limited 

3 

Modern technology has the capacity to maybe transcend 
the formal lines  

1 

 

The comments are in line with the findings in the literature, specifically those of Burns 

and Stalker (1961) with respect to the mechanistic type of organization not being 

favourable for the introduction of new process and technologies. 

Conclusion 

All participants supported Hypothesis 1a, that Flat/Clear Reporting Lines can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 1a, Flat/Clear Reporting Lines, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 1b: Steep/Clear Reporting Lines 

H1b: Steep/Clear Reporting Lines can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Steep/Clear Reporting Lines represent control, where formal, long-linked 

communication flows depress co-operation and promote a mandatory style of decision-

making. 

Seven participants fully supported H1b. The two participants who gave qualified 

support expressed similar sentiments, that going up and down a formal channel was 

inappropriate for reuse. However, you could get around it, either by unofficial means as 

provided by modern technology or by redefining the term ‘management’. This meant 

that any going up and down would be along a technical line rather than via 

management. This does not represent company loyalty and is seen, in general, as being 

incongruent with team activity. 
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Table 9.4 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.4: Summary of supporting comments on Factor 1b 

 

Summarized comments 
Number of 

participants 

Going up and down through levels hinders free and easy 
communications and results in no communication 

5 

Moving up and down through a number of levels is formal 
and would result in “Chinese whispers” 

1 

Strictly vertical only communications is inappropriate as the 
upper levels do not understand or care about the work of 
the lower levels  

1 

It does not work, so you break the rules 2 

 

The comments are in line with the findings in the literature. Steep/Clear Reporting Lines 

are characteristic of a Mechanistic organization, which is not suited for the introduction 

of innovative and disruptive processes, such as the introduction of CBSE, because it 

does not allow for adequate communication (Burns and Stalker, 1961). Steep/Clear 

Reporting Lines also lead to managing by mandating (Rosecrance, 1990), which can 

lead to opposition by those implementing the change. 

Conclusion 

All participants supported Hypothesis 1b, that Steep/Clear Reporting Lines can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 1c, Steep/Clear Reporting Lines, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 1c: Flat/Amorphous Reporting Lines 

H1c: Flat/Amorphous Reporting Lines can have a favourable influence on the 

organization-wide adoption of CBSE. 

Flat/Amorphous Reporting Lines represent co-operation, referring to ambiguous and 

unclear reporting relationships and promoting dense and varied interactions among 

individuals and teams. 
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Eight participants fully supported H1c. Not surprisingly, the same participant who gave 

qualified support for Factor 1b also gave qualified support for Factor 1c, stating that, 

while this structure is ideal, today’s electronic communications allow for dialogue at 

any level, whether sanctioned or not. 

Table 9.5 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.5: Summary of supporting comments on Factor 1c 

 

Summarized comments 
Number of 

participants 

The best communication occurs among those doing similar 
jobs at similar levels 

5 

Allows for easy communication with other departments and 
teams 

3 

Communication works because there are no barriers 2 

Electronic communications allow you to bypass any 
sanctioned communications 

1 

 

The comments are in line with the findings in the literature. Previous studies have found 

that the introduction CBSE benefits from the support of free and unhindered 

communications (Katz and Allen, 1997) in the form of information and advice at all 

levels and directions (Burns and Stalker, 1961). 

Conclusion 

All participants supported Hypothesis 1c, that Flat/Amorphous Reporting Lines can 

have a favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 1c, Flat/Clear Reporting Lines, in the SHOFRA Model as a 

favourable influence is therefore supported. 
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Attribute 1: Summary 

Attribute 1, Reporting Lines, describes the hierarchical, or vertical, reporting relations 

Participants’ comments support all three related hypotheses. Consequently, inclusion of 

the factors in the SHOFRA Model is supported as follows: 

 1a.  Flat/Clear Reporting Lines – unfavourable  

 1b.  Steep/Clear Reporting Lines – unfavourable 

 1c.  Flat/Amorphous Reporting Lines – favourable. 

 

9.2.2 Attribute 2: Information Flow 

The Information Flow attribute represents the horizontal or sideways flows of 

information between peer groups, both individuals and teams. The results supported the 

hypotheses, specifically that the influence on the organization-wide adoption of CBSE 

of: 

 Pooled Information Flow can be unfavourable (H2a) 

 Sequential Information Flow can be unfavourable (H2b) 

 Reciprocal Information Flow can be favourable (H2c). 

Factor 2a: Pooled Information Flow 

H2a: Pooled Information Flow can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Pooled Information Flow represents autonomy. Each team or project makes a discrete 

contribution, with no synergy or communication between them. 

The central message from the comments is that organization-wide adoption of reuse 

requires good communications. Even if reuse were to occur in this instance it would 

certainly not spread throughout the organization. 

Seven participants fully supported H2a. Two participants gave qualified support, and 

both said that even without official means of communication, people can communicate 

effectively in an informal way by talking about what they have done and are doing. 

Neither participant expressed similar views about Attribute 1. 
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Table 9.6 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.6: Summary of supporting comments on Factor 2a 

 

Summarized comments 
Number of 

participants 

Reuse would be limited to the one group 4 

Reuse will not spread without awareness 2 

It does not work but you could get around the official 
restriction by informal means 

2 

Universal reuse was hard enough without placing extra 
barriers on it 

1 

 

The comments are in line with the findings in the literature. When teams or department 

take ownership of a project, communications external to the project become limited thus 

creating fewer opportunities for reuse (Kotlarsky et al., 2008). More general research 

indicates that for CBSE to be successfully adopted there should be little hindrance to 

communication, especially among the developers. 

Conclusion 

All participants supported Hypothesis 2a, that Pooled Information Flow can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 2a, Pooled Information Flow, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 2b: Sequential Information Flow 

H2b: Sequential Information Flow can have an unfavourable influence on the 

organization-wide implementation of CBSE. 

Sequential Information Flow represents control. Each task depends on the completion of 

the previous task and is itself the input for the next task in line. There is little 

opportunity or need for communication with anyone outside the unit. 

All participants fully supported H2b. 
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Table 9.7 summarizes participants’ supporting comments relating to this factor. 

Table 9.7: Summary of supporting comments on Factor 2b 

 

Summarized comments 
Number of 

participants 

Does not support reuse, even if not used any more 3 

Does not support reuse of any sort 2 

You need to know the component’s origin and intended use 2 

Component reuse needs unhindered communication 2 

 

The comments are in line with the findings in the literature. Communication outside of 

the development unit is deemed unnecessary as projects are treated as individual and 

solitary (Keidel, 2005). Yet communication is paramount for the introduction of new 

technology and processes, such as CBSE (Burns and Stalker, 1961), particularly 

between the creators of re-useable components, their utilizers and the decision-makers 

(Sherif, Zmud et al., 2006). 

Conclusion 

All participants supported Hypothesis 2b, that Sequential Information Flow can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 2b, Sequential Information Flow, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 2c: Reciprocal Information Flow 

H2c: Reciprocal Information Flow can have a favourable influence on the 

organization-wide adoption of CBSE. 

Reciprocal Information Flow represents co-operation. It refers to free interaction and the 

sharing of ideas, solutions and components. 

All participants fully supported H2c.  
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Table 9.8 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.8: Summary of supporting comments on Factor 2c 

 

Summarized comments 
Number of 

participants 

Provides peer communications and know who to go to 4 

Promotes good communications among developers 4 

Promotes knowledge of what component are available 3 

 

The comments are in line with the findings in the literature, which highlights the need 

for robust peer-to-peer communications (Burns and Stalker, 1961; Sherif, Zmud et al., 

2006) especially of knowledge sharing. 

Conclusion 

All participants supported Hypothesis 2c, that Sequential Information Flow can have a 

favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 2c, Reciprocal Information Flow, in the SHOFRA Model as a 

favourable influence is therefore supported. 

Attribute 2: Summary 

Attribute 2, Information Flow, represents the horizontal or sideways flows of 

information between peer groups, both individuals and teams. Participants’ comments 

support all three related hypotheses. Consequently, inclusion of the factors in the 

SHOFRA Model is supported as follows: 

 2a.  Pooled Information Flow – unfavourable 

 2b.  Sequential Information Flow – unfavourable 

 2c.  Reciprocal Information Flow – favourable. 
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9.2.3 Attribute 3: Physical Layout 

The Physical Layout attribute represents “the physical configuration – the ways in 

which people, machines, buildings, transportation lines and other facilities are arranged” 

(Keidel, 2005, p. 69). The results supported the hypotheses, specifically that the 

influence on the organization-wide adoption of CBSE of: 

 Independent Action Physical Layout can be unfavourable (H3a) 

 Programmed Action Physical Layout can be unfavourable (H3b) 

 Spontaneous Action Physical Layout can be favourable (H3c). 

Factor 3a: Independent Action Physical Layout 

H3a: The Independent Action Physical Layout can have an unfavourable influence the 

organization-wide adoption of CBSE. 

Independent Action Physical Layout represents autonomy. It refers to a physical layout 

that does not encourage communication and supports independent star performers. 

All participants fully supported H3a. 

Table 9.9 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.9: Summary of supporting comments on Factor 3a 

 

Summarized comments 
Number of 

participants 

Distance hinders communication and consequently the 
spread of reuse 

7 

This promotes working on your own. A component needs 
more than a single user to be called ‘shared’ 

4 

 

The comments are in line with the findings in the literature that observed that distance 

hinders communication (Alexander et al., 1977) and promotes working alone with little 

outside input (Sherif, Zmud et al., 2006). Organizational structures that do not 

encourage developers to talk, share and innovate outside their own business areas hinder 

reuse (MIT, 2010).  
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Conclusion 

All participants supported H3a, that the Independent Action Physical Layout can have 

an unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 3a, Independent Action Physical Layout, in the SHOFRA 

Model as an unfavourable influence is therefore confirmed. 

Factor 3b: Programmed Action Physical Layout 

H3b: The Programmed Action Physical Layout can have an unfavourable influence the 

organization-wide adoption of CBSE. 

The Programmed Action Physical Layout represents control. The layout separates the 

people who are doing different tasks, so that communication is one-directional, and 

existence or non-existence of lines of communication are set by the sequence in which 

tasks are executed. 

All participants fully supported H3b. 

Table 9.10 summarizes participants’ supporting comments relating to this factor. 

Several participants expressed more than one comment. 

 

Table 9.10: Summary of supporting comments on Factor 3b 

 

Summarized comments 
Number of 

participants 

Does not let you know what components are available 6 

Does not let you know who wrote the components 3 

Does not let you know about the make-up of the 
components 

3 

 

The comments are in line with the findings in the literature. When groups work 

independently and take responsibility for a project or part thereof, inter-group 

communications are limited with correspondingly fewer opportunities for reuse 

(Kotlarsky et al., 2008). 

Conclusion 
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All participants supported Hypothesis 3b, that the Programmed Action Physical Layout 

can have an unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 3b, Programmed Action Physical Layout, in the SHOFRA 

Model as an unfavourable influence is therefore confirmed. 

 

Factor 3c: Spontaneous Action Physical Layout 

H3c: The Spontaneous Action Physical Layout can have a favourable influence on the 

organization-wide adoption of CBSE. 

The Spontaneous Action Physical Layout represents co-operation, referring to a layout 

that actively encourages people to meet and communicate and relies on proximity of 

staff to each other for its success. 

Eight participants fully supported H3c. Participant 7, who, while agreeing that closeness 

of the relevant people is ideal, added that modern electronic communications can 

overcome the effects of physical distance, if necessary. Pichette (2013), however, noted 

that teleworking, an example of modern communication, “is not an ideal environment 

for ideas to flourish”.  

Table 9.11 summarizes participants’ supporting comments relating to this factor. 

Several participants expressed more than one comment. 

This factor is very similar and complementary to Factor 11c, the Work-in-progress 

meeting, which was also fully supported by the participants. While F11c, the Work-in-

progress meeting is formal, F3c, Spontaneous Action, is entirely informal. As such it 

relies on the presence of opportunities to meet as and when required. If such 

opportunities are not available, then the Work-in-progress Meeting might serve as an 

alternative, albeit in a different way. Developers would need to adapt their procedures 

and expectations of immediate comment to their needs.  
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Table 9.11: Summary of supporting comments on Factor 3c 

 

Summarized comments 
Number of 

participants 

Effective communication relies on proximity and availability 
as and when needed 

8 

If the communication is time delayed, as in different time 
zones, or it is difficult to identify the person, or they are not 
close enough, then reuse of the component is unlikely to 
happen 

4 

Communication is better if you know the person. You can 
then talk to them  

3 

Good communication avoids duplication of effort  1 

Electronic communications can help minimize the distance 
resulting from a large team 

1 

 

In general, the comments were in line with the findings in the literature (Katz and Allen, 

1997; Kunda and Brooks, 2000; Pichette, 2013), which are best encapsulated by the 

characteristics inherent in the Organic Organization (Burns and Stalker, 1961).  

Conclusion 

All participants supported H3c, that the Spontaneous Action Physical Layout can have a 

favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 3c, Spontaneous Action Physical Layout, in the SHOFRA 

Model as a favourable influence is therefore confirmed. 

Attribute 3: Summary 

Attribute 3, the Physical Layout, represents “the physical configuration – the ways in 

which people, machines, buildings, transportation lines and other facilities are arranged” 

(Keidel, 2005, p. 69). 

Participants’ comments support all three related hypotheses. Consequently, inclusion of 

the factors in the SHOFRA Model is supported as follows: 

 3a.  Independent Action Physical Layout – unfavourable 

 3b.  Programmed Action Physical Layout – unfavourable  

 3c.  Spontaneous Action Physical Layout – favourable. 
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9.3 Discussion of findings relating to Research Question 2 

The second research question investigates the manner in which Human Factors 

influence the organization-wide adoption of component-based software engineering 

(CBSE). 

Research Question 2 gave rise to the Human Dimension of the SHOFRA Model. Table 

9.12 shows the three attributes and the expected influences of each of the factors in this 

dimension. 

 

Table 9.12: Expected influences of the Human factors 

 

B.   THE HUMAN DIMENSION – DRAFT 

ATTRIBUTE FACTORS INFLUENCE 

4.  Stakeholders 

Those who control and benefit 
from the organization’s output. 

4a.  Customers/End-users Neutral 

4b.  The Managers Favourable 

4c.  The Developers Favourable 

5.  Customers’ Expectations 

Describes how the organization 
competes externally 

 

5a.  Differentiation Favourable 

5b.  Cost Favourable 

5c.  Flexibility Unfavourable 

6.  Employee’s Expectations 

From the organization 

6a.  Opportunity Unfavourable 

6b.  Security Favourable 

6c.  Community Spirit Favourable 

 

The following sections summarize and discuss the findings from the interviews with SE 

professionals. Of particular interest is whether the expected influences of the factors, 

integrated into the draft SHOFRA Model and expressed as hypotheses, are supported by 

the results of the validation process.  

Table 9.13 summarizes the findings in relation to each of the nine hypotheses relating to 

Research Question 2. 

All nine hypotheses were supported by the majority of participants. Six hypotheses – 4a, 

4b, 4c, 5a, 5b and 5c – were supported by all participants. The other three hypotheses 

were supported by at least two-thirds of the participants.  
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Table 9.13: Participants’ support for Human Dimension hypotheses 

 

Hypothesis 

 

Support 

(Full Support + Qualified Support) 

Non-support 

H4a 9 + 0 = 9 0 

H4b 9 + 0 = 9 0 

H4c 6 + 3 = 9 0 

H5a 7 + 2 = 9 0 

H5b 7 + 2 = 9 0 

H5c 8 + 1 = 9 0 

H6a 6 + 1 = 7 2 

H6b 5 + 1 = 6 3 

H6c 5 + 2 = 7 2 

 

Overall, all hypotheses relating to Research Question 2 were supported. Inclusion of 

these factors, with their proposed influences, in the SHOFRA model is therefore 

supported. 

 

9.3.1 Attribute 4: Stakeholders 

The Stakeholders attribute represents those people or groups of people who benefit from 

the work carried out by the organization. 

The results supported the hypotheses, specifically, that the influence on the 

organization-wide adoption of CBSE of: 

 Customer/End-user Stakeholders can how no influence (H4a) 

 Managers Stakeholders can be favourable (H4b)  

 Developers Stakeholders can be favourable (H4c). 

Factor 4a: Customer/End-user 

H4a: The Customer/End-user does not have an influence the organization-wide 

implementation of CBSE. 

The Customer/End-user represents autonomy. It refers to those stakeholders who either 

pay for the development (Customer) or who will ultimately use the system for its 

intended purpose (End-user), or both.  
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All participants fully supported H4a. One participant made an interesting observation, 

which could be a focus of later further research. He drew a distinction between an 

external customer and one from within the organization, and noted that the request for 

reuse by the external customer was more likely to be granted. This was because the 

external customer was paying for it and the internal request was seen as a favour, which 

would be granted, or not, on a personal basis.  

Table 9.14 summarizes participants’ supporting comments relating to this factor. One 

participant expressed more than one comment. 

 

 

Table 9.14: Summary of supporting comments on Factor 4a 

 

Summarized comments 
Number of 

participants 

Their influence is limited to only their own project, such as 
for reasons of compatibility with existing systems  

7 

They are only interested in the end product, not how it was 
developed 

3 

 

The comments are in line with the findings in the literature. The Customer/End-user is 

driven by neither the development process nor the concept of reuse, but by the qualities 

of the end product (Brereton and Budgen, 2000; Sherif and Vinze, 2003). In instances 

where the Customer/End-user is concerned with reuse (for example, compatibility with 

existing systems), this desire can influence only their own project and not the 

organization-wide adoption of reuse (Katz and Allen, 1997). 

Conclusion 

All participants supported Hypothesis 4a, that the Customer/End-user does not influence 

the organization-wide adoption of CBSE.  

The inclusion of Factor 4a, Customer/End-user, in the SHOFRA Model as not having an 

influence is therefore supported. 

Factor 4b: The Managers 

H4b: The Managers can have a favourable influence the organization-wide adoption of 

CBSE. 
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The Managers represent control, those people who “provide the infrastructure, policies, 

training, and career paths” (Mellarkod et al., 2007) and who also control and oversee the 

day-to-day processes of a software development project. ‘Manager’ was interpreted 

variously from CEO down to Team Leader, as well as technical and non-technical. 

Since the sample size was so small, this distinction was not pursued in follow-up 

interviews. 

All participants fully supported H4b. Two participants, P3 and P4, added that the 

influence of a manager who was opposed to reuse would be unfavourable. While this is 

in keeping with similar reports in the literature, it is outside the scope of this work 

(Section 1.8). 

One participant, while supporting the hypothesis, differentiated between administrative 

managers and technical managers. Administrative managers could provide only 

superficial support and encouragement, while relying heavily on their senior technical 

managers for the detail.  

Table 9.15 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.15: Summary of supporting comments on Factor 4b 

 

Summarized comments 
Number of 

participants 

The manager must believe in and support it 9 

To deploy reuse on a particular project is the decision of 
the manager or project leader 

2 

 

The comments are in line with the findings in the literature. Previous studies have 

observed that managers are ideally placed to influence, guide and even enforce the 

adoption of CBSE (Katz and Allen, 1997; Mellarkod et al., 2007). As a counterpoint, 

several areas are within the domain of the manager and can have an adverse effect on 

the developer if managed poorly (Chroust, 2006; Lientz and Rea, 2004). Managers also 

have the capacity to negatively influence the adoption of CBSE if they are not in favour 

of CBSE. 

Conclusion 
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All participants supported Hypothesis 4b, that Managers can have a favourable 

influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 4b, Managers, in the SHOFRA Model as a favourable influence 

is therefore supported. 

 

Factor 4c: The Developers 

H4c: The Developers can have a favourable influence on the organization-wide 

adoption of CBSE. 

The Developers represent co-operation. This factor refers to an individual who performs 

development activities (including requirements analysis, design, testing through 

acceptance) during the software life-cycle process.  

Six participants fully supported H4c. All three participants who gave qualified support 

felt that, even though the developers should have the right to influence reuse, it is only 

under the guidance of management.  

Table 9.16 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.16: Summary of supporting comments on Factor 4c 

 

Summarized comments 
Number of 

Participants 

Reuse is best driven from the bottom up 6 

The Developers should be allowed to reject reuse if the 
reasons are right  

1 

Developers drive it, but cannot without management  
support 

1 

Developers should drive it, as long as they are capable 1 

 

The comments are in line with the findings in the literature, which acknowledge the 

pivotal role of developers in the success of reuse adoption (Chroust, 2006; Sherif and 

Vinze, 2003) and the importance of providing appropriate support (Lientz and Rea, 

2004; Mellakod et al., 2007).  

Conclusion 
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All participants supported Hypothesis 4c, that Developers can have a favourable 

influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 4c, Developers, in the SHOFRA Model as a favourable 

influence is therefore supported. 

Attribute 4: Summary 

Attribute 4, The Stakeholders, represents those people or groups of people who benefit 

from the work carried out by the organization. Participants’ comments support all three 

related hypotheses. Consequently, the inclusion of the factors in the SHOFRA Model is 

supported as follows. 

 4a.  Customer/End-user – no influence. 

 4b.  Managers – favourable  

 4c.  Developers – favourable. 

 

9.3.2 Attribute 5: Customers’ Expectations 

The Customers’ Expectations attribute describes how the organization competes in the 

market. The results supported the hypotheses, specifically, that the influence on the 

organization-wide adoption of CBSE of: 

 Customers’ Expectations of Differentiation can be favourable (H5a) 

 Customers’ Expectations of Cost can be favourable (H5b) 

 Customers’ Expectations of Flexibility can be unfavourable (H5c). 

Initially one participant did not support this attribute as having an influence on the 

adoption of CBSE, because he felt that Customers’ Expectations were not relevant to 

any organization-wide change. The other participants had the more commercially 

accepted view that keeping customers happy and providing what they expect is 

paramount to the organization’s continued viability. The differentiation appears to be of 

interpretation – whether this attribute is concerned with one particular customer or with 

customers in general. The latter is the view taken by eight of the nine participants. In the 

follow-up interview with the remaining participant, the interpretation of “customer” in 

this research was more fully explained. That participant accepted the interpretation of 

the majority and amended his comments. 
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Factor 5a: Customers’ Expectations of Differentiation 

H5a: Customers’ Expectations of Differentiation can have a favourable influence the 

organization-wide adoption of CBSE. 

Differentiation represents autonomy, and refers to the product’s capability of being 

distinctive and distinguishable from others in the market. This can be the way the 

product does what it does, or another characteristic, such as quality. 

Seven participants fully supported H5a. Of the two participants who gave qualified 

support, one thought that while differentiation helped the adoption of reuse, it was not a 

driver. The other participant said that premium products invariably cost more to 

develop. Reuse would bring down the cost and make them more viable. 

Table 9.17 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.17: Summary of supporting comments on Factor 5a 

 

Summarized comments 
Number of 

participants 

Reuse will maintain a unique characteristic 5 

If you are doing something well, reuse will continue that 2 

Differentiation benefits reuse adoption, but it is not a driver 1 

Reuse can save the extra costs of building a premium 
product 

1 

 

The comments are in line with the findings in the literature. IEEE1517-1999:R2004 lists 

among its benefits of reuse two that relate directly to Differentiation. They are to 

produce higher quality software products, and to improve software product 

interoperability. Reuse, by its nature, promotes similarity of products. This can include 

the ‘look and feel’ of the interface, the functions and how they are accessed, and various 

characteristics of quality. 

Conclusion 

All participants supported Hypothesis 5a, that Customers’ Expectations of 

Differentiation can have a favourable influence on the organization-wide adoption of 

CBSE.  
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The inclusion of Factor 5a, Customers’ Expectations of Differentiation, in the SHOFRA 

Model as a favourable influence is therefore supported. 

 

Factor 5b: Customers’ Expectations of Cost 

H5b: Customers’ Expectations of Cost can have a favourable influence on the 

organization-wide adoption of CBSE. 

Cost represents control. It is characterized by market value, lifetime cost, and the cost of 

obtaining and disposing of the product. The Customers’ Expectation is for the lowest 

cost possible, while still delivering on quality and functionality. 

Seven participants fully supported H5b. The two participants who qualified their 

support for this hypothesis both acknowledged that the savings in component reuse 

would not occur immediately but after set-up costs had been met.  

Table 9.18 summarizes participants’ supporting comments relating to this factor. 

Several participants expressed more than one comment. 

 

Table 9.18: Summary of supporting comments on Factor 5b 

 

Summarized comments 
Number of 

participants 

Reuse makes development cheaper 8 

Reuse makes development quicker 3 

Reuse costs more to set up but savings occur after a few 
reuses 

2 

 

The comments are in line with previous studies that have shown that benefits of reuse 

include increased productivity and decrease in software development costs (IEEE1517-

1999:R2004). In addition, Keidel (2005) observed that cost-driven organizations 

promote standard, generic processes and products, such as component reuse. 

Conclusion 

All participants supported Hypothesis 5b, that Customers’ Expectations of Cost can 

have a favourable influence on the organization-wide adoption of CBSE.  
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The inclusion of Factor 5b, Customers’ Expectations of Cost, in the SHOFRA Model as 

a favourable influence is therefore supported. 

Factor 5c: Customers’ Expectations of Flexibility 

H5c: Customers’ Expectations of Flexibility can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Flexibility represents co-operation. It is the ability to cater for the individual needs of 

the customer/end-user. 

Eight participants fully supported H5c. The participant who gave qualified support said 

that Flexibility supported “componentizing your application” which would allow for 

reuse. The degree of reuse depends on how many suitable components were available. It 

could be as low as 0% or as high as 100%.  

Table 9.19 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.19: Summary of supporting comments on Factor 5c 

 

Summarized comments 
Number of 

participants 

Flexibility relies on making new things, not reusing old 
things 

5 

Flexibility results on requirements that are too different to 
allow for reuse 

3 

Flexibility is not part of reuse 2 

Some components could be reused if the application were 
‘componentized’ 

1 

 

The comments are in line with the findings in the literature. Since reuse applies existing 

modules, it is inherently neither responsive nor flexible to customers’ changing needs 

(IEEE1517-1999:R2004). One of the disadvantages and limitations of components is 

that they are not flexible. 
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Conclusion 

All participants supported Hypothesis 5c, that Customers’ Expectations of Flexibility 

can have an unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 5c, Customers’ Expectations of Flexibility, in the SHOFRA 

Model as an unfavourable influence is therefore supported. 

Attribute 5: Summary 

Attribute 5, Customers’ Expectations, describes how the organization competes in the 

market. Participants’ comments support all three related hypotheses. Consequently, the 

inclusion of the factors in the SHOFRA Model is supported as follows: 

 5a.  Customers’ Expectations of Differentiation – favourable 

 5b.  Customers’ Expectations of Cost – favourable  

 5c.  Customers’ Expectations of Flexibility – unfavourable. 

 

9.3.3 Attribute 6: Employee’s Expectations 

The Employee’s Expectations attribute represents those actions the employee expects 

the organization to reward and work conditions which an employee expects the 

employer to provide. The results supported the hypotheses, specifically, that the 

influence on the organization-wide adoption of CBSE of: 

 Employee’s Expectations of Opportunity can be unfavourable (H6a) 

 Employee’s Expectations of Security can be favourable (H6b) 

 Employee’s Expectations of Community Spirit can be favourable (H6c). 

Factor 6a: Employee’s Expectations of Opportunity 

H6a: The Employee’s Expectations of Opportunity can have an unfavourable influence 

on the organization-wide adoption of CBSE. 

Opportunity represents autonomy. It refers to the situation where an individual can 

achieve promotions and other recognition for individual excellence. 
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Six participants fully supported H6a. One other participant supported with the 

qualification that acknowledgement should be given only if the person has promoted 

organization-wide reuse in some way. 

Two participants did not support the hypothesis, feeling that it would promote 

individual reuse directly, but organization-wide reuse only indirectly. If an individual 

reuses and is seen to be rewarded, then others will follow and also reuse.  

Table 9.20 summarizes participants’ supporting comments relating to this factor.  

 

Table 9.20: Summary of supporting comments on Factor 6a 

 

Summarized comments 
Number of 

participants 

It can promote individual reuse only 4 

It does not promote organization-wide reuse 2 

A financial incentive can result in inappropriate reuse 1 

 

The comments are in line with the expectations presented in Chapter 6, which observed 

that in general, this factor appears to suit an individual character, not a team player, and 

so is unlikely to be favourable for the adoption of organization-wide reuse. 

Conclusion 

Seven participants supported Hypothesis 6a, that Employee’s Expectations of 

Opportunity can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 6a, Employee’s Expectations of Opportunity, in the SHOFRA 

Model as an unfavourable influence is therefore confirmed. 
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Factor 6b: Employee’s Expectations of Security 

H6b: The Employee’s Expectations of Security can have a favourable influence on the 

organization-wide adoption of CBSE. 

Security represents control, the opposite of Opportunity. Here rewards are the result of 

compliant behaviour and is complementary to Factor 7b, the Organization’s 

Expectations of Compliance. 

Five participants fully supported H6b. One other participant qualified his support by 

warning there was a risk that any problems with reuse might go unnoticed.  

Three participants did not support the hypothesis, arguing that the introduction of 

organization-wide reuse is an innovative process of change requiring new ways of 

design and development. ‘Just doing as you are told’ does not promote innovation. 

Table 9.21 summarizes participants’ supporting comments relating to this factor.  

 

Table 9.21: Summary of supporting comments on Factor 6b 

 

Summarized comments 
Number of 

participants 

You should get security if you comply with expectations of 
reuse 

6 

 

The comments are in line with the expectations presented in Chapter 6. Expectations of 

Security means keeping your job, because you follow the organization’s expectations. If 

the organization’s expectations are that reuse is the norm, then it is appropriate to 

reward those who follow the norm.  

Conclusion 

Six participants supported Hypothesis 6b, that the Employee’s Expectations of Security 

can have a favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 6b, the Employee’s Expectations of Security, in the SHOFRA 

Model as a favourable influence is therefore supported. 
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Factor 6c: Employee’s Expectations of Community Spirit 

H6c: The Employee’s Expectations of Community Spirit can have a favourable 

influence on the organization-wide adoption of CBSE. 

Community Spirit represents co-operation. It refers to a sense of belonging and the 

desire, fuelled by appropriate rewards, to take a personal interest in one’s work and 

organization. 

Five participants fully supported H6c. Two participants gave qualified support; one 

added that acknowledgement by management of the extra effort is beneficial, while the 

other said that even if management does not acknowledge, the person will still get 

internal satisfaction. How this would translate to promoting organization-wide reuse is 

unclear. 

Two participants did not support the hypothesis. One said that for Community Spirit to 

work it must be aligned with Compliant Behaviour, otherwise the extra work might not 

be of any real benefit. The other responded similarly, saying that Community Spirit is a 

necessary but not sufficient factor: organization-wide reuse is unlikely to succeed 

without it, but it is not a driver. 

Table 9.22 summarizes participants’ supporting comments relating to this factor. One 

participant expressed more than one comment. 

 

Table 9.22: Summary of supporting comments on Factor 6c 

 

Summarized comments 
Number of 

participants 

Community Spirit results in working better for the 
organization, including reuse 

6 

Community Spirit promoted working together, resulting in 
better reuse 

2 

 

The comments are in line with the expectations presented in Chapter 6. In return for 

spending extra time and energy at work, the employee expects the organization to 

provide an environment that is conducive to working in harmony with colleagues. This 

leads to a satisfied employee, which is a precursor to the co-operation that is necessary 
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for successful adoption of reuse (Arbaoui et al., 1999; Chroust, 2006; Kumar and 

Bjoern-Andersen, 1990; Lientz and Rea, 2004).  

This factor is complementary with Factor 11c, the Work-in-progress Meeting. 

Conclusion 

Seven participants supported Hypothesis 6c, that the Employee’s Expectations of 

Community Spirit can have an unfavourable influence on the organization-wide 

adoption of CBSE.  

The inclusion of Factor 6c, the Employee’s Expectations of Community Spirit, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Attribute 6: Summary 

Attribute 6, Employee’s Expectations, describes the behaviour that the employee 

expects the organization to reward and work conditions which an employee expects the 

employer to provide. Participants’ comments support all three related hypotheses. 

Consequently, inclusion of the factors in the SHOFRA Model is supported as follows: 

 6a.  Employee’s Expectations of Opportunity – unfavourable 

 6b.  Employee’s Expectations of Security – favourable 

 6c.  Employee’s Expectations of Community Spirit – favourable. 

 

9.4 Discussion of findings relating to Research Question 3 

The third research question investigates the manner in which Organizational Systems 

Factors influence the organization-wide adoption of component-based software 

engineering (CBSE). 

Research Question 3 gave rise to the Organizational Systems Dimension of the 

SHOFRA Model. Table 9.23 shows the six attributes and the expected influences of 

each of the factors in this dimension. 
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Table 9.23: Expected influences of the Organizational Systems Factors 

 

C.   THE ORGANIZATIONAL SYSTEMS DIMENSION – DRAFT 

ATTRIBUTE FACTOR INFLUENCE 

7.  Organization’s 
Expectations 

From its employees 

7a.  Self-reliance Unfavourable 

7b.  Compliance Favourable 

7c.  Collaboration Favourable 

8.  Organizational Culture 

Describes the organization’s 
culture 

 

8a.  Diversity of Approach Unfavourable 

8b.  Uniformity of Identity Unfavourable 

8c.  Complementarity Favourable 

9.  Development Plan 

Describes how the organization 
grows 

 

9a.  Development from Outside Unfavourable 

9b.  Development from Inside Favourable 

9c.  Development in Partnership Favourable 

10.  Reward System 

What behaviours are reinforced 
financially and non-financially? 

10a.  Individualistic Unfavourable 

10b.  Hierarchic No Influence 

10c. Mutual Favourable 

11.  Meeting System 

For what reason do people get 
together? 

11a.  Forum Unfavourable 

11b.  Decision-making Favourable 

11c.  Work-in-progress Favourable 

12.  Decision-making System 

How does the organization 
exercise authority? 

12a.  Delegatory Favourable 

12b.  Mandatory Unfavourable 

12c.  Shared Favourable 

 

The following sections summarize and discuss the findings from the interviews with SE 

professionals. Of particular interest is whether the expected influences of the factors, 

integrated into the draft SHOFRA Model and expressed as hypotheses, are supported by 

the results of the validation process.  

Table 9.24 summarizes the findings in relation to each of the 18 hypotheses relating to 

Research Question 3. 
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Table 9.24: Participants’ support for Organizational Systems hypotheses 

 

Hypothesis 

 

Support 

(Full Support + Qualified Support) 

Non-support 

H7a 9 + 0 = 9 0 

H7b 5 + 2 = 7 2 

H7c 8 + 1 = 9 0 

H8a 9 + 0 = 9 0 

H8b 8 + 0 = 8 1 

H8c 9 + 0 = 9 0 

H9a 8 + 0 = 8 1 

H9b 7 + 1 = 8 1 

H9c 0 + 1 = 1 8 

H10a 6 + 0 = 6 3 

H10b 7 + 2 = 9 0 

H10c 7 + 1 = 8 1 

H11a 7 + 1 = 8 1 

H11b 4 + 4 = 8 1 

H11c 9 + 0 = 9 0 

H12a 7 + 2 = 9 0 

H12b 5 + 3 = 8 1 

H12c 9 + 0 = 9 0 

 

Seventeen of the 18 hypotheses of the Organizational Systems Dimension were 

supported by the majority of participants. Eight Hypotheses – 7a, 7c, 8a, 8c, 10b, 11c, 

12a and 12c – were supported by all participants. Five of these were fully supported. 

Nine hypotheses were supported by at least two-thirds of participants: 7b, 8b, 9a, 9b, 

10a, 10c, 11a, 11b and 12b.  

One hypothesis, 9c, was supported by only one participant.  

Overall, all hypotheses, except H9c, relating to Research Question 2 were supported. 

Inclusion of these supported factors, with their proposed influences, in the SHOFRA 

model is therefore supported. 
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9.4.1 Attribute 7: Organization’s Expectations 

The Organization’s Expectations attribute describes the behaviour, often unwritten, that 

the organization rewards. The results supported the hypotheses, specifically, that the 

influence on the organization-wide adoption of CBSE of: 

 Organization’s Expectations of Self-reliance can be unfavourable (H7a) 

 Organization’s Expectations of Compliance can be favourable (H7b) 

 Organization’s Expectations of Collaboration can be favourable (H7c). 

Factor 7a: Organization’s Expectations of Self-reliance 

H7a: The Organization’s Expectations of Self-reliance can exert an unfavourable 

influence on the organization-wide implementation of CBSE. 

Self-reliance represents autonomy. It refers to an environment where employees are 

expected to stand on their own and take risks. The result is promotion of individual 

effort.  

All participants fully supported H7a. 

Table 9.25 summarizes participants’ supporting comments relating to this factor. 

Several participants expressed more than one comment. 

 

Table 9.25: Summary of supporting comments on Factor 7a 

 

Summarized comments 
Number of 

participants 

This results in individual reuse and you need more than one 
for CBSE 

8 

A self-reliant person might not reuse someone else’s 
component and certainly would not promote CBSE  

3 

This promotes heroes who leave and take their knowledge 
with them 

1 

 

The comments are in line with the findings in the literature. This factor not only 

promotes individual reuse, but also leaves to the individual the choice of whether or not 

to reuse. The lone artist does not fit with organizational adoption of CBSE (Chroust, 

2006). 
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Conclusion 

All participants supported Hypothesis 7a, that Organization’s Expectations of Self-

reliance can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 7a, Organization’s Expectations of Self-reliance, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Factor 7b: Organization’s Expectations of Compliance 

H7b: The Organization’s Expectations of Compliance can have a favourable influence 

on the organization-wide adoption of CBSE. 

Compliance represents control. It refers to an organization in which standards, and strict 

adherence to them, are important.  

Five participants fully supported H7b and two gave qualified support. All of the 

comments were in favour of compliance, as long as the standards and procedures were 

appropriate to re-use. This included the two participants who did not support the 

hypothesis, because neither believed such standards and procedures could exist: P8 said 

that such rules usually came from non-technical management and they had a different 

agenda; and P9 felt that blind compliance would hinder innovation and thus be counter-

productive. 

Table 9.26 summarizes participants’ supporting comments relating to this factor.  

 

Table 9.26: Summary of supporting comments on Factor 7b 

 

Summarized comments 
Number of 

participants 

Favourable only if the procedures and standards promote 
good and thoughtful reuse, else you might have 
inappropriate reuse 

4 

Following procedures is a form of insurance 2 

If you do not comply, you should give good reasons 1 
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The comments are in line with the findings in the literature. Compliance can lead to a 

number of examples of behaviour that hinder reuse, such as the reuse of components 

that were not designed for reuse and have no broad requirement, poor interfaces and 

lack of documentation, resulting in a lack of clarity of how to use, customize and extend 

the component (MIT, 2010). Similarly, compliance, in concert with a lack of effective 

consultation, presents an obstacle to effective adoption of CBSE (Lientz and Rea, 

2004).  

Conclusion 

Seven participants supported Hypothesis 7b, that Organization’s Expectations of 

Compliance can have a favourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 7b, Organization’s Expectations of Compliance, in the 

SHOFRA Model as a favourable influence is therefore supported. 

Factor 7c: Organization’s Expectations of Collaboration 

The Organization’s Expectations of Collaboration can have a favourable influence on 

the organization-wide adoption of CBSE. 

Collaboration represents co-operation. It refers to an environment where employees are 

encouraged to look for ways to help each other. 

Eight participants fully supported H7c and one participant gave qualified support. Five 

comments related to a ‘culture’ of collaboration, as would be found in an Organic 

organization. There was little overlap between this group and those who felt there 

should recognition for having collaborated. The inference is that the first group saw the 

establishment of a culture of collaboration as either the responsibility of the 

organization or that it just happened. The second group appears to not be concerned 

about collaboration per se, but sees it as a means rewards for ‘doing the right thing’. It 

can be expected that this second group would be the same as the group who saw 

Compliance as a form of insurance. However, there is no overlap between the two. 

Perhaps this relates to sub-cultural differences between staff, as observed by Huang et 

al. (2002) that inhibit knowledge sharing and collaboration. This, however, is conjecture 

and in the absence of further information it is more likely that the subject organizations 

did not have the appropriate culture (IEEE1517, 2009). 
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Table 9.27 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 

 

Table 9.27: Summary of supporting comments on Factor 7c 

 

Summarized comments 
Number of 

participants 

There needs to be a culture of collaboration for it to work as 
an automatic comment 

5 

Reuse works best when everyone works together 3 

The organization needs to provide rewards and support 
consistent with the effort to be proactive (collaborative) 

3 

 

The comments are in line with the findings in the literature, which reports benefits 

including a sense of working together, the sharing of ideas and knowledge, greater 

productivity and better overall quality (Levering et al., 1984). These are the same 

benefits that result from CBSE (IEEE1517-1999:R2004). The introduction of CBSE 

requires a cultural change towards collaboration among the developers with roles that 

are flexible according to the changing needs (Burns and Stalker, 1961). Organizations 

may have cultures that are not conducive to systematic reuse (IEEE1517, 2009).  

Conclusion 

All participants supported Hypothesis 7c, that the Organization’s Expectations of 

Collaboration can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 7c, the Organization’s Expectations of Collaboration, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Attribute 7: Summary 

Attribute 7, the Organization’s Expectations, describes the behaviour that the 

organization rewards. Often these are unwritten. Participants’ comments support all 

three related hypotheses. Consequently, inclusion of the factors in the SHOFRA Model 

is supported as follows: 
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 7a.  Organization’s Expectations of Self-reliance – unfavourable  

 7b.  Organization’s Expectations of Compliance – favourable 

 7c.  Organization’s Expectations of Collaboration – favourable. 

 

9.4.2 Attribute 8: Organizational Culture 

The Organizational Culture attribute is often described as ‘the way we do things around 

here’. Many of the rules and procedures relating to this are unwritten. Adherence is a 

major part of a harmonious workplace. The results supported the hypotheses, 

specifically, that the influence on the organization-wide adoption of CBSE of: 

 Organizational Culture of Diversity of Approach can be unfavourable (H8a) 

 Organizational Culture of Uniformity of Identity can be unfavourable (H8b) 

 Organizational Culture of Complementarity can be favourable (H8c). 

Factor 8a:  Organizational Culture of Diversity of Approach 

H8a: The Organizational culture of Diversity of Approach can have an unfavourable 

influence on the organization-wide adoption of CBSE. 

Diversity of Approach represents autonomy. It is the ability to see things differently, to 

approach problems and their solutions in a unique way.  

All participants fully supported H8a 

Table 9.28 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.28: Summary of supporting comments on Factor 8a 

 

Summarized comments 
Number of 

participants 

It is simply not suitable 4 

It needs too much customization of the component to make 
it work 

3 

It actually promotes new development rather than reuse 2 
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The comments focused on the need for more customization than is normal in component 

reuse and the resultant preference for developing ‘from scratch’. Four participants 

considered this factor to be so obviously unsuitable that they simply stated that it was 

unsuitable, feeling that there was no need to expand. 

The comments are in line with the findings in the literature. This factor encourages the 

development of new components, in favour of reusing existing components. This is 

because existing components cannot be utilized with little change and still achieve 

diversity. The benefits of reuse (IEEE1517-1999:R2004) rely on the components being 

reused with a minimum of change, a condition that does not apply to fulfilling the needs 

of diversity. 

Conclusion 

All participants supported Hypothesis 8a, that the Organizational Culture of Diversity of 

Approach can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 8a, the Organizational culture of Diversity of Approach, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Factor 8b: Organizational Culture of Uniformity of Identity 

H8b: The Organizational Culture of Uniformity of Identity can have an unfavourable 

influence on the organization-wide adoption of CBSE. 

Uniformity of Identity represents control. It is the ability to present the same face to the 

world, regardless of the environment and what the customer wants. Its goal is consistent 

results and does not necessarily consider whether past processes lead to better results. 

Eight participants fully supported H8b. The one participant who did not support the 

hypothesis felt that Uniformity could promote reuse because Uniformity results from 

reuse of processes ideas, which in turn creates a culture of reuse, which in turn has been 

found to result in the reuse of components – see also Factor 8c.  

Table 9.29 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comment. 
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Table 9.29: Summary of supporting comments on Factor 8b 

 

Summarized comments 
Number of 

participants 

Uniformity and reuse are rarely the same 6 

Reuse for the sake of uniformity is not beneficial 4 

 

The comments are in line with findings in the literature. Uniformity in an organization’s 

external identity is typically achieved by a corresponding uniformity in its internal 

processes and ideas. However, organization-wide component reuse results from changes 

in the work organization and the attitudes of the managers and developers (Allen, 2001). 

Conclusion 

All participants supported Hypothesis 8b, that the Organizational Culture of Uniformity 

of Identity can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 8b, the Organizational Culture of Uniformity of Identity, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Factor 8c: Organizational Culture of Complementarity 

H8c: The Organizational Culture of Complementarity can have a favourable influence 

on the organization-wide adoption of CBSE. 

Complementarity represents co-operation. It refers to a culture where it is acknowledged 

that nothing exists on its own and can be reused. It should be promoted by the 

organization. 

All participants fully supported H8c. 

Table 9.30 summarizes participants’ comments relating to this factor. Two participants 

expressed more than one comment. 
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Table 9.30: Summary of supporting comments on Factor 8c 

 

Summarized comments 
Number of 

participants 

An organizational culture of reuse will promote the adoption 
of reuse 

7 

Coding with reuse in mind is favourable 4 

 

The comments are in line with the findings in the literature. Mellarkod et al. (2007) 

showed that the expectation of reuse has a favourable influence on the adoption of 

CBSE. Furthermore, if an organization aligns its opportunities to reuse, then it will 

create a favourable environment for reuse adoption (Chroust, 2006; Lientz and Rea, 

2004). 

Conclusion 

All participants supported Hypothesis 8c, that the Organizational Culture of 

Complementarity can have a favourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 8c, the Organizational Culture of Complementarity, in the 

SHOFRA Model as a favourable influence is therefore supported. 

Attribute 8: Summary 

Attribute 8, Organizational Culture, describes the behaviour that the employee expects 

the organization to reward and work conditions which an employee expects the 

employer to provide. Participants’ comments support all three related hypotheses. 

Consequently, inclusion in the SHOFRA Model of the Factors is supported as follows: 

 8a.  Organizational Culture of Diversity of Approach – unfavourable  

 8b.  Organizational Culture of Uniformity of Identity – unfavourable 

 8c.  Organizational Culture of Complementarity – favourable. 

 

9.4.3 Attribute 9: Developmental Plan 

The Developmental Plan attribute refers to how an organization will grow, develop and 

renew itself. This includes recruitments and changes in processes (for example, CBSE), 
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goals and philosophies. The results supported two of the hypotheses, specifically, that 

the influence on the organization-wide adoption of CBSE of: 

 Developmental Plan of Development from Outside can be unfavourable (H9a) 

 Developmental Plan of Development from Inside can be favourable (H9b). 

The results did not support the third hypothesis, specifically, that the influence on the 

organization-wide adoption of CBSE of:  

 Developmental Plan of Development in Partnership can be favourable (H9c). 

Factor 9a: Development from Outside 

H9a: The Development Plan of Development from Outside can have an unfavourable 

influence on the organization-wide adoption of CBSE. 

Development from Outside represents autonomy. It refers to the sourcing of new 

employees and ideas from outside the organization, including the use of contractors and 

consultants. 

Eight participants fully supported H9a. The one participant who did not support the 

Hypothesis saw Development from Outside as having the benefits of bringing with 

them new ideas about reuse.  

Table 9.31 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.31: Summary of supporting comments on Factor 9a 

 

Summarized comments 
Number of 

participants 

New people will be unproductive while they used to how 
things are done and will hinder adoption of reuse 

4 

New people might not bring with them a culture of reuse 2 

The will be a resultant risk of people resigning and loss of 
knowledge 

2 

 

The comments are in line with the expectations presented in Chapter 6. A mix of new 

and old employees, and even teams of new employees, will experience difficulties in 

co-operation and co-ordination (Galin, 2004). It will create among existing employees a 
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fear of demotion or loss of position, with outsiders taking the better positions, resulting 

in a resistance to adoption of CBSE (Chroust, 2006; Lientz and Rea, 2004).  

Conclusion 

Eight participants supported Hypothesis 9a, that the Development Plan of Development 

from Outside can have an unfavourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 9a, the Development Plan of Development from Outside, in the 

SHOFRA Model as an unfavourable influence, is therefore supported. 

Factor 9b: Development from Inside 

H9b: The Development Plan of Development from Inside can have a favourable 

influence on the organization-wide adoption of CBSE. 

Development from Inside represents control. It refers to promotion from with the 

organization and the hiring of new employees to fill the lower level vacancies.  

Seven participants fully supported H9b and one gave qualified support. The support-

with-qualification was concerned with the possible stagnation of the organization if 

there were no new ideas coming from outside. This could be mitigated by some outside 

recruitment at a level of influence.  

One participant [P4] did not support the hypothesis, voicing a similar warning, but more 

definitely, that “the organization must recruit from outside”. The same participant had 

commented on F9a that recruiting the right people was very difficult. 

Table 9.32 summarizes participants’ supporting comments relating to this factor. Two 

participants expressed more than one comments. 

 

Table 9.32: Summary of supporting comments on Factor 9b 

 

Summarized comments 
Number of 

participants 

Results in knowledge retention 8 

Culture of the organization is retained 2 
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The comments are in line with the expectations presented in Chapter 6. Promoting 

internally ensures a continuance of the corporate knowledge and culture (Smart, 2014). 

Developing from inside, rather than outside, can mitigate a number of barriers to 

adopting CBSE, such as loss of knowledge and ‘guru’ status, and fear of redundancy. 

As well, employees are most likely to adopt reuse if the notion originates from within 

(Chroust, 2006). 

Conclusion 

Eight participants supported Hypothesis 9b, that the Development Plan of Development 

from Inside can have a favourable influence on the organization-wide adoption of 

CBSE.  

The inclusion of Factor 9b, the Development Plan of Development from Inside, in the 

SHOFRA Model as a favourable influence, is therefore supported. 

Factor 9c: Development in Partnership 

H9c: The Development Plan of Develop in Partnership can have a favourable influence 

on the organization-wide adoption of CBSE. 

Develop in Partnership represents co-operation. It refers to joint ventures and 

partnerships, and includes take-overs. 

Eight participants did not support H9c. One participant [P6] gave qualified support, 

noting that it could work only if the attitudes of staff on both sides were successfully 

managed.  

Table 9.33 summarizes participants’ non-supporting comments relating to this factor. 

One participant expressed more than one comment. 

 

Table 9.33: Summary of non-supporting comments on Factor 9c 

 

Summarized comments 
Number of 

Participants 

Cultural incompatibilities are a hindrance 4 

Technical or procedural differences between the two 
organizations can cause problems of successful reuse 

3 

Presents the same learning problem as for Factor 9a, but 
even more complex 

2 
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The expectations presented in Chapter 6 stated that, provided that reuse has already 

been adopted or is at least being considered in a favourable light by the partner 

organizations, then it will promote the acceptance and therefore successful adoption 

within such an organization (Chroust, 2006). While rejection of the hypothesis did not 

entirely reject the findings of Chroust (2006), participants felt that mergers and 

partnerships very rarely, if ever, considered the resultant effects on IT developments. 

Rather, the mergers and partnerships were instigated for financial or other strategic 

reasons. 

Conclusion 

Eight participants did not support Hypothesis 9c, that the Development Plan of Develop 

in Partnership can have a favourable influence on the organization-wide adoption of 

CBSE. The same eight participants did support the corollary, that the Development Plan 

of Develop in Partnership can have an unfavourable influence on the organization-wide 

adoption of CBSE.  

The inclusion of Factor 9c, the Development Plan of Develop in Partnership, in the 

SHOFRA Model as an unfavourable influence is therefore supported. 

Attribute 9: Summary 

Attribute 9, the Developmental Plan, refers to how an organization will grow, develop 

and renew itself. This includes recruitments and changes in processes (for example, 

CBSE), goals and philosophies. 

Participants’ comments supported the first two related hypotheses, H9a and H9b.  

Participants’ comments did not support the third hypothesis, specifically, that the 

influence on the organization-wide adoption of CBSE of:  

 9c.  Developmental Plan of Development in Partnership can be favourable. 

However, their comments did support the corollary hypothesis, specifically, that the 

influence on the organization-wide adoption of CBSE of: 

 9c.  Developmental Plan of Development in Partnership can be unfavourable. 

Consequently, inclusion of the factors in the SHOFRA Model is supported as follows: 

 9a.  Developmental Plan of Development from Outside – unfavourable  
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 9b.  Developmental Plan of Development from Inside – favourable 

 9c.  Developmental Plan of Development in Partnership – unfavourable. 

 

9.4.4 Attribute 10: Reward System 

The Reward System attribute describes the decision-making process for rewarding 

people. The results supported the hypotheses, specifically, that the influence on the 

organization-wide adoption of CBSE of: 

 Individualistic Reward System can be unfavourable (H10a) 

 Hierarchical Reward System can have no influence (H10b)  

 Mutual Reward System can be favourable (H10c). 

Participants noted two general observations or warnings about rewards. Three 

participants, P1, P4 and P6, commented that rewards in general have to be treated with 

care, because they have the potential of leading to unfavourable behaviour and results. 

This can be the result of reusing simply because you are meant to. This is negative 

behaviour resulting from Compliance. 

The same three participants also warned that different types of rewards can be either 

more or less appropriate and effective, singling out money as not being a particularly 

good motivator. P1 commented that a better result would be obtained by making reuse 

easier and more accessible, rather than paying a bonus for reuse.  

Factor 10a: Individualistic Reward System 

H10a: The Individualistic Rewards can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

The Individualistic Rewards factor represents autonomy. It refers to rewarding for 

individual performance. 

Six participants fully supported H10a. Three participants did not support the hypothesis. 

Two of the non-supporters said that individual rewards were fine, but the rewards 

should be appropriate, not necessarily money and not big. The third non-supporting 

participant felt that an individual reuser could be a motivator to others to reuse 
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Table 9.34 summarizes participants’ supporting comments relating to this factor. One 

participant expressed more than one comment. 

 

Table 9.34: Summary of supporting comments on Factor 10a 

 

Summarized comments 
Number of 

participants 

Can lead to individual reuse rather than organization-wide 4 

Can lead to inappropriate reuse 2 

Could result in resentment 1 

 

The comments are in line with the expectations presented in Chapter 6. Often sub-

ordinates earn more than their managers. While this may result in a few champions of 

reuse, the successful adoption of reuse requires more than a few champions. Since a 

team effort is not rewarded, each employee will strive to achieve his best on his own. 

This leads to an environment of non-sharing. Reuse, by its very nature, requires sharing. 

If the reward system is extended to treat a team as an individual, then it can result in 

certain teams adopting reuse. However this describes the Mutual system.  

Conclusion 

Six participants supported Hypothesis 10a, that Individualistic Rewards can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 10a, Individualistic Rewards, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 10b: Hierarchical Reward System 

H10b: Hierarchical Rewards can have no influence on the organization-wide adoption 

of CBSE. 

Hierarchical Rewards represent control and refer to rewarding according to one’s 

position on the organizational chart and is not performance related. 

All participants fully supported H10b and were of the opinion that rewards given on the 

basis of a person’s position in the hierarchy, rather than their performance in relation to 

reuse, would have no effect in promoting reuse. 
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Table 9.35 summarizes participants’ supporting comments relating to this factor.  

 

Table 9.35: Summary of supporting comments on Factor 10b 

 

Summarized comments 
Number of 

participants 

It would have no influence on reuse because it is not 
related to implementation of reuse 

9 

 

The comments are in line with the expectations presented in Chapter 6. Hierarchical 

Rewards could result in rewarding a person for the decision to introduce reuse, as 

hierarchical rewards are directly related to the position, but the reward is consequently 

not related to actual development by reusing components. 

Conclusion 

All participants supported Hypothesis 10b, that Hierarchical Rewards can have no 

influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 10b, Flat/Clear Reporting Lines, in the SHOFRA Model as 

having no influence is therefore supported. 

Factor 10c: Mutual Reward System 

H10c: Mutual Rewards can have a favourable influence on the organization-wide 

adoption of CBSE. 

Mutual Rewards represent co-operation and refer to rewarding for co-operation, 

collaboration and collective performance. 

Seven participants fully supported H10c. One participant gave qualified support, stating 

that it did not matter if the reward was to an individual or a group. He added that the 

reward did not need to be money or large, that a simple acknowledgement would 

suffice. 

One participant did not support the hypothesis, saying that engineers reused anyway and 

bonuses for reuse are inappropriate. 
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Table 9.36 summarizes participants’ supporting comments relating to this factor Several 

participants expressed more than one comment. 

 

Table 9.36: Summary of supporting comments on Factor 10c 

 

Summarized comments 
Number of 

participants 

Mutual recognition for reuse is important 7 

Mutual Rewards encourage the tea to reuse, rather than an 
individual 

2 

Rewards need to be appropriate, whether individual or 
team 

2 

 

The comments are in line with the expectations presented in Chapter 6. The aim of 

Mutual Rewards is to “encourage collective performance” (Keidel, 2005, p. 80). In a 

typical scenario, a team who successfully adopts reuse is rewarded as a team. Any 

differences between team members’ achievements are calculated at the team level. The 

key principle is that the overall reward is on the basis of co-operation and teamwork. 

This is essential for organization-wide adoption. The team who is rewarded in this way 

serves as an exemplar for individuals and other teams. 

Conclusion 

Eight participants supported Hypothesis 10c, that Mutual Rewards can have a 

favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 10c, Mutual Rewards, in the SHOFRA Model as a favourable 

influence is therefore supported. 

Attribute 10: Summary 

Attribute 10, Reward Systems, describes the decision-making process for rewarding 

people. Participants’ comments support all three related hypotheses. Consequently, 

inclusion of the factors in the SHOFRA Model is supported as follows: 

 10a.  Individualistic Reward System – unfavourable  

 10b.  Hierarchical Reward System – no influence 

 10c.  Mutual Reward System – favourable. 
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9.4.5 Attribute 11: Meeting System 

The Meeting System Attribute considers the reason why people get together formally. 

The results supported the hypotheses, specifically, that the influence on the 

organization-wide adoption of CBSE of: 

 Forum Meeting can be unfavourable (H11a) 

 Decision-making Meeting can be favourable (H11b) 

 Work-in-progress Meeting can be favourable (H11c). 

Factor 11a: Forum Meeting 

H11a: The Forum Meeting can have an unfavourable influence on the organization-

wide adoption of CBSE. 

The Forum Meeting represents autonomy. It refers to an airing of ideas with no 

particular purpose or goal and with no decisions being made. It tends to be a general 

meeting, rather than one directed to any particular project. 

Seven participants fully supported H11a. One participant gave qualified support, noting 

that sometimes you hear something out of the ordinary, but despite this it is not worth 

attending.  

One participant did not support the hypothesis, emphasizing the nature of the meetings 

is to get visibility for what you are doing and so promote reuse outside of your 

immediate area. 

Table 9.37 summarizes participants’ supporting comments relating to this factor.  

 

Table 9.37: Summary of supporting comments on Factor 11a 

 

Summarized comments 
Number of 

participants 

What the Forum Meetings provide is too general to be 
useful 

5 

You do not have time to go to meetings that do not have a 
point and usually give you nothing 

3 
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It is interesting to note that those who felt that Forum Meetings were of little use did so 

from the viewpoint of the recipient of the information. The participant who felt that 

Forum Meetings are useful did so from the viewpoint of being able to share knowledge 

and experiences. This could be related to cultural differences and it might be of interest 

to further explore these two opposing views of meetings (Section 10.5).  

The comments are in line with the expectations presented in Chapter 6. It is “an 

opportunity for individuals with different values, concerns, and experiences to share 

their perspectives” (Keidel, 2005, p. 82) and is characterized by divergence rather than 

convergence. While everybody’s ideas are as welcome as anybody else’s, they are not 

acted upon and the outcome is simply a set or series of ideas and issues. The Forum 

Meeting has an unfavourable influence (Lientz and Rea, 2004).  

Conclusion 

Eight participants supported Hypothesis 11a, that the Forum Meeting can have an 

unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 11a, the Forum Meeting, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 11b: Decision-making Meeting 

H11b: The Decision-making Meeting can have a favourable influence on the 

organization-wide adoption of CBSE. 

Decision-making Meeting represents control. It refers to meetings where problems and 

proposed solutions are debated, with the outcome being a decision to accept, reject or 

hold-over. 

Four participants fully supported H11b. Four gave qualified support. P3 added that it 

helped in the transparency of the process. P4 agreed that it was very good for general 

acceptance of reuse, but not necessarily needed for decisions concerning individual 

components, which could be done in a less formal setting. However, two other 

participants supported with the qualification that it works best at the lower non-

management levels, that is, working out the details of the development. 

One participant did not support the hypothesis, noting that although the meeting could 

serve the purpose of letting people know what components could be used, it would not 
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result in a decision to reuse. This is because that decision is based on trust – trust in both 

the component creator and the resulting component. That decision is a personal one and 

not that of a meeting. This comment is similar to, but more emphatic than, the view 

expressed by P4.  

Table 9.38 summarizes participants’ supporting comments relating to this factor. One 

participant expressed more than one opinion. 

 

Table 9.38: Summary of supporting comments on Factor 11b 

 

Summarized comments 
Number of 

participants 

It is a chance to find out different people’s views and make 
the best decision 

3 

The minutes provide a record of the decision-making 
process as support for the decision 

2 

It results on a joint decision, which results in joint 
implementation rather than individual 

2 

It works best at the developer level  2 

 

The comments are in line with the expectations presented in Chapter 6. Keidel (2005, p. 

83) noted that “a decision-making meeting represents a group’s exercise of choice - its 

convergence on one or more objectives and/or courses of action”. This type of meeting 

was also seen as promoting solving of specific project problems (Katz and Allen, 1997). 

Conclusion 

Eight participants supported Hypothesis 11b, that the Decision-making Meeting can 

have a favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 11b, the Decision-making Meeting, in the SHOFRA Model as a 

favourable influence is therefore supported. 
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Factor 11c: Work-in-progress Meeting 

H11c: The Work-in-progress Meeting can have a favourable influence on the 

organization-wide adoption of CBSE. 

The Work-in-progress Meeting (also known as ‘catch-up’) represents co-operation. It 

refers to meetings that develop group capabilities and promote a united team effort, by 

facilitating the sharing of information that may be useful to others doing similar work. 

All participants fully supported H11c. 

Table 9.39 summarizes participants’ comments relating to this factor.  

 

Table 9.39: Summary of supporting comments on Factor 11c 

 

Summarized comments 
Number of 

participants 

Everyone talks freely about what they are doing. It’s good 
for sharing information about what is available to reuse 

9 

 

The comments are in line with the expectations presented in Chapter 6. It provides an 

environment for developers to ‘catch-up’ with the progress of the various similar 

projects, find out what other developers have done and are going to do, and to discuss 

what is available, especially in relation to components. A work-in-progress meeting 

“may also help instil a sense of togetherness and a commitment to collective 

performance, especially with regard to an agreed-upon path” (Keidel, 2005, p. 83).  

This factor is complementary with Factor 6c, Employee’s Expectations of Community 

Spirit. 

Conclusion 

All participants supported Hypothesis 11c, that the Work-in-progress Meeting can have 

a favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 11c, the Work-in-progress Meeting, in the SHOFRA Model as a 

favourable influence is therefore supported. 
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Attribute 11: Summary 

Attribute 11, Meeting Systems, considers the reason why people get together formally. 

Participants’ comments support all three related hypotheses. Consequently, inclusion of 

the factors in the SHOFRA Model is supported as follows: 

 11a.  Forum Meeting – unfavourable  

 11b.  Decision-making Meeting – favourable 

 11c.  Work-in-progress Meeting – favourable. 

 

9.4.6 Attribute 12: Decision-making System 

The Decision-making System Attribute describes the type and degree of authority in 

decision-making exercised by the organization, managers and developers. The results 

supported the hypotheses, specifically, that the influence on the organization-wide 

adoption of CBSE of: 

 Delegatory Decision-making can be favourable (H12a) 

 Mandatory Decision-making can be unfavourable (H12b) 

 Shared Decision-making can be favourable (H12c). 

Factor 12a: Delegatory Decision-making 

H12a: Delegatory Decision-making can be favourable for the organization-wide 

adoption of CBSE. 

Delegatory Decision-making represents autonomy. It refers to the passing on of some, 

or even all, decision-making to a sub-ordinate who is closer to the action. 

Seven participants fully supported H12a, and two gave qualified support. One 

participant supported with the qualification that while overall decision-making rests 

with management, the developer has the right to challenge reuse if there are good 

reasons. Another said that delegation to the developers means they can work out the 

implementation of reuse, but it is management who still decides whether to reuse. 

Table 9.40 summarizes participants’ supporting comments relating to this factor.  
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Table 9.40: Summary of supporting comments on Factor 12a 

 

Summarized comments 
Number of 

participants 

Delegation means that the people that do the reuse also 
manage the reuse 

6 

Delegation enhances buy-in 3 

 

The comments are in line with the expectations presented in Chapter 6. The advantages 

of Delegatory Decision-making are three-fold. First, the authority is passed on to 

someone closer to the action. Second, there is an increase in the feeling of ownership by 

the sub-ordinate. Whether this is real depends on the authority being real. Third, it 

leaves the delegator with more time to do other things, provided again that the passing 

on of authority really happens. 

Conclusion 

All participants supported Hypothesis 12a, that Delegatory Decision-making can have a 

favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 12a, Delegatory Decision-making, in the SHOFRA Model as a 

favourable influence is therefore supported. 

Factor 12b: Mandatory Decision-making 

H12b: Mandatory Decision-making can have an unfavourable influence on the 

organization-wide adoption of CBSE. 

Mandatory Decision-making represents control. It refers to the unilateral enforcement of 

a decision, often at a high level. 

Five participants fully supported H12b and three gave qualified support. One participant 

did not support the hypothesis. Those who supported with qualification pointed out that 

there is a difference between mandating reuse as a principle and mandating the technical 

implementation of it, which they should not do, because they are not in touch with the 

low-level details of the development. 
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Table 9.41 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.41: Summary of supporting comments on Factor 12b 

 

Summarized comments 
Number of 

participants 

Mandating can lead to inappropriate reuse 3 

The manager is not privy to the technical information to 
make a good mandatory choice 

3 

Mandating will hinder buy-in and adoption 2 

The comments are in line with the expectations presented in Chapter 6. In 1990, General 

Motors had a 3:1 ratio of management to production workers. There was little 

consultation between the two groups and the adoption of reuse was subsequently 

mandated, resulting in opposition to the change by those charged with carrying it out 

(Rosecrance, 1990). Lientz and Rea (2004) also found that, in concert with a lack of 

effective consultation, Mandatory Decision-making presents an obstacle to effective 

adoption of CBSE. 

Conclusion 

Eight participants supported Hypothesis 12b, that Mandatory Decision-making can have 

an unfavourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 12b, Mandatory Decision-making, in the SHOFRA Model as an 

unfavourable influence is therefore supported. 

Factor 12c: Shared Decision-making 

H12c: Shared Decision-making can have a favourable influence on the organization-

wide adoption of CBSE. 

Shared Decision-making represents co-operation. It refers to a presentation and 

consideration of the opinions of all involved and then commitment by all to implement 

the chosen course of action. 

All participants fully supported Hypothesis 12c. 
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Table 9.42 summarizes participants’ supporting comments relating to this factor. 

 

Table 9.42: Summary of supporting comments on Factor 12c 

 

Summarized comments 
Number of 

participants 

A shared decision by all stakeholders will give the best 
results 

7 

A shared approach is the best way to get buy-in 1 

A shared decision by all involved can be defended 1 

 

The comments are in line with the expectations presented in Chapter 6. Shared decision-

making is the most time-consuming decision process, but also the one with the most 

potential for lasting success. Ownership is transferred automatically to all those 

involved. This style will result in a favourable outcome, regardless of whether the group 

decision is to accept or reject CBSE. If it accepts CBSE, then the adoption has a good 

chance of success. If it rejects CBSE, then it would have failed anyway, even it had 

been forced upon the group. 

Conclusion 

All participants supported Hypothesis 12c, that Shared Decision-making can have a 

favourable influence on the organization-wide adoption of CBSE.  

The inclusion of Factor 12c, Shared Decision-making, in the SHOFRA Model as a 

favourable influence is therefore supported. 

Attribute 12: Summary 

Attribute 12, the Decision-making System, describes the type and degree of authority in 

decision-making exercised by the organization, managers and developers. Participants’ 

comments support all three related hypotheses. Consequently, inclusion of the factors in 

the SHOFRA Model is supported as follows: 

 12a.  Delegatory Decision-making – favourable. 

 12b.  Mandatory Decision-making – unfavourable. 

 12c.  Shared Decision-making – favourable. 
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9.5 Additional observations 

This section describes features of CBSE adoption that are outside the scope of this 

study, but were observed during the validation of the Model. 

 

9.5.1 Effect of the lack of a factor 

This research focused on identifying barriers to successful adoption of CBSE, 

specifically factors that by their presence would contribute to the failure of introduction 

of systematic component reuse. As a corollary, other factors showed themselves to have 

a positive effect if present.  

The effect of the lack of a factor was not considered. It can be assumed that the effect of 

the absence of a factor would have the opposite effect to that of the presence of the 

factor. Indeed for two factors this was so:  F4a, Customers/End Users Stakeholders and 

F10b, the Hierarchical Reward System. The presence of two factors was found to have 

no bearing on the success or failure of implementation. Equally, and somewhat trivially, 

the absence of these two factors would have no effect.  

Of more relevance is the observation by a number of participants that the presence of a 

manager with a positive attitude has a positive effect and the presence of a manager 

with a negative attitude has a negative effect. However, the absence of a positive 

attitude also had a negative effect, as did the absence of a negative attitude. Specifically, 

ambivalence, the absence of either attitude, had a negative effect, and only the presence 

of a positive attitude had a positive effect. 

 

9.5.2 Inter-relationships among factors 

Some factors appeared to be related as complementary, that is to be most effective they 

should always occur together. These can be in pairs or even triples. A sample pair is 

Factor 4b: Managers, and Factor 4c: Developers. Another is Factor 7c: Organization’s 

Expectations of Collaboration and Factor 8c: Organization’s Expectations of 

Complementarity. A sample triple is Factor 6c: Employee’s Expectations of Community 

Spirit, Factor 7c: Organization’s Expectations of Collaboration, and Factor 11c: Work-
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in-progress Meeting. In each of these, while any factor on its own would promote reuse, 

they are more effective when combined. 

Other factors were related as opposites; to be effective they should never occur together, 

or simply cannot occur together. These are generally any two factors that occur in the 

same Attribute with one seen as favourable and the other as unfavourable. They can also 

occur across attributes. If an employee has expectations of opportunity (Factor 6a) and 

the organization expects collaboration (Factor 7c), the result would be unfavourable, 

even though Factor 7c is expected to have a favourable influence. 

Attributes inter-relate in a similar fashion. For example, a complementary inter-

relationship exists between Attribute 6: Employee’s Expectations and Attribute 7: 

Organization’s Expectations. These should be congruent.  

Knowledge of the relationships becomes important when developing mitigation 

strategies/processes. 

 

9.5.3 Contingency aspects 

In its simplest form, Contingency Theory describes the situation where there is no single 

best solution; rather, the best solution for any given problem depends on a number of 

situational variables. 

For example, Factor 4c: the Developers’ power as a stakeholder is favourable, provided 

that the developers want to re-use. One participant, who expressed qualified support for 

the hypothesis, turned the tables on the hypothesis by stating that if the developers felt 

that reuse could be detrimental, then by justifying this belief, the result would still be a 

favourable influence: “I’d say I want you to re-use, if you think it can’t, if you don’t 

want to, give me a good reason and that’s fine … If you see a problem with a particular 

component, come and see me and we’ll find a solution” [P5]. In this way, even though 

the developer was opposed to reuse, it is not seen as unfavourable. What happened is 

that incorrect reuse was prevented and so this is favourable for CBSE adoption. This 

applies equally to F4b: the Managers. 

Another example comes from F12a: Delegatory Decision-making. One participant, 

while recognizing the need for developer support, recognized a possible risk in passing 
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decision-making to developers: “Pushing the decision-making further down could 

potentially dilute the vision, or the ability to reuse. But I think you can mitigate some of 

that risk by making sure that the people that are being given these opportunities, already 

have the right qualities in them” [P3].  

In practice, such situations can be accommodated by a SHOFRA Model that has been 

customized according to the environment and needs of the organization to which it is 

applied. 

 

9.5.4 Participants’ viewpoint 

This concerns the position that the participant takes in a given situation. As an example, 

consider the Forum Meeting (Section 8.3.11, Factor 11a). 

Those who felt that Forum Meetings were of little use did so from the viewpoint of the 

recipient of the information, specifically that the meetings were too general and that 

what information might be useful constituted a small part of the meeting. The benefit 

was seen to be much less than the time taken to get it. The participant who felt that 

Forum Meetings are useful did so from the viewpoint of being able to share knowledge 

and experiences. These two seem to be at opposite ends of the spectrum. Other 

examples may exist, but were not commented on by the participants.  

 

9.6 Application of the SHOFRA Model 

Note that this Section is not part of the methodology, rather it describes two proposals 

of how the model could be applied. Sub-section 9.6.1 is based on Rehesaar (2011). Sub-

section 9.6.2 is based on Rehesaar (2004) and Rehesaar and Mead (2005).  

 

9.6.1 Applying SHOFRA to an assessment 

1. The application of the SHOFRA Model to assess the capability of an 

organization and better prepare it for the adoption of component reuse is a six-

step process (Figure 9.1, adapted from Rehesaar, 2011).Use the SHOFRA 

Model to assess the initial organizational state prior to the consideration of 

CBSE adoption – OSI. 
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2. Use the SHOFRA Model to develop the model of the goal state of the 

organization – OSG. This model represents the state in which the organization 

should be in order to maximize its likelihood of successful adoption.  

3. Compare the results from steps 1 and 2 to determine the difference between the 

initial and goal states. This is an assessment of the organization’s initial 

capability to successfully implement a reuse program – OCI. It will describe the 

changes required to increase the likelihood of success in implementing CBSE.  

4. Implement the changes required to better prepare the organization for CBSE 

adoption, resulting in a prepared organization. As an option, an economic model 

can be applied prior to implementing the changes. Section 9.6.2 discusses this 

further. 

5. Use the SHOFRA Model to assess the prepared organization’s state – OSP. 

6. Assess the prepared organization’s capability by comparing the prepared state 

with the goal state, resulting in the Prepared Organization’s Capability – OCP.  

 

How to carry out the assessment, including data collection, is described in Rehesaar 

(2011). 

 

9.6.2 Economic assessment of CBSE adoption 

Although economic models are outside the scope of developing the SHOFRA model (as 

explained in Sub-section 2.3.2), they are inside the scope of possible applications of the 

model, more of which are proposed in Section 10.5, Future Research Directions. The 

many economic models for reuse currently available all relate to an organization that is 

already practising reuse (Lim, 1996). What is required is a model that is designed to be 

used pre-adoption. One such model that appears to be suitable is Benefit Cost Analysis 

(Rehesaar, 2004; Rehesaar and Mead, 2005). The unique feature of this method is that it 

focuses first on the benefits and then on the cost to achieve them. Jules Dupuit, a 

nineteenth-century French economist and engineer, was the first to propose the concept 

central to benefit cost analysis of identifying the correct project benefits, and then the 

cost measurement criteria through demand and supply price mechanism (Dupuit, 1844). 

Applied to the introduction of reuse, this concept forces the quantification of the 

benefits of implementing reuse and so facilitates the decision to spend, or not to spend, 

the time and money needed for the required organizational change. Rehesaar and Mead 

(2005) described the application of the Benefit Cost Model to IT projects. 
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Figure 9.1: Flowchart of the application of the SHOFRA Model 
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9.7 Revised SHOFRA Model  

The draft SHOFRA Model was amended to show Factor 9c as unfavourable (Table 

9.43). 

 

Table 9.43: The revised SHOFRA Model 

 

Dimension Attributes Factors Influence 

A. Social 
interaction 

1. Reporting lines a. Flat/clear   

b. Steep/clear   

c. Flat/amorphous 

Unfavourable 

Unfavourable 

Favourable 

2. Information flow a. Pooled   

b. Sequential   

c. Reciprocal 

Unfavourable 

Unfavourable 

Favourable 

3. Physical layout a. Independent action  

b. Programmed action  

c. Spontaneous action 

Unfavourable 

Unfavourable 

Favourable 

B. Human 4. Stakeholders a. Customer/end-user 

b. Managers 

c. Developers 

No Influence 

Favourable 

Favourable 

5. Customers’ expectations a. Differentiation  

b. Cost  

c. Flexibility 

Favourable 

Favourable 

Unfavourable 

6. Employees’ expectations a. Opportunity 

b. Security 

c. Community spirit 

Unfavourable 

Favourable 

Favourable 

C. Organizational 
systems 

7. Organization’s 
expectations 

a. Self-reliance 

b. Compliance 

c. Collaboration 

Unfavourable 

Favourable 

Favourable 

8. Organizational culture a. Diversity of approach 

b. Uniformity of identity 

c. Complementarity 

Unfavourable 

Unfavourable 

Favourable 

9. Development plan a. Development from 
outside 

b. Development from 
inside 

c. Development in 
partnership 

Unfavourable 

 

Favourable 

 

Unfavourable 

10. Reward system a. Individualistic  

b. Hierarchical  

c. Mutual 

Unfavourable 

No Influence 

Favourable 

11. Meeting system a. Forum  

b. Decision-making    

c. Work-in-progress 

Unfavourable 

Favourable 

Favourable 

12. Decision-making 
system 

a. Delegatory 

b. Mandatory  

c. Shared 

Favourable 

Unfavourable 

Favourable 
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9.8 Chapter summary 

This chapter discussed the results of the validation interviews, specifically comparing 

them with the expectations as stated by the hypotheses. 

Factor 9c, Development in Partnership, was hypothesized to have a favourable 

influence, but this was not supported. Consequently, Factor 9c is included in the final 

SHOFRA Model as having an unfavourable influence. All other hypotheses were 

supported and the corresponding factors were accepted unchanged in to the final model. 

The validity of the data collection (described in Chapter 8) and the subsequent analysis 

and discussion of the findings (described in Chapter 9) rests on the saturation of small 

sample sized qualitative research, which saturation could be confirmed due to the semi 

structured nature of interviews that allowed questioning the respondents to establish that 

a correct interpretation of their responses was achieved.   
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CHAPTER TEN 

CONCLUSIONS 

 

Chapter outline 

This concluding chapter presents a summary of the research (Section 10.1) and the 

conclusions to the Research Problem and the Research Questions Section 10.2). The 

contributions and publications relating to this research are listed and described in 

Section 10.3. This is followed by a discussion of the limitations of this study (Section 

10.4) and suggestions for further research (Section 10.45). Concluding remarks in 

Section 10.6 bring this thesis to a close. 

 

10.1 Summary of the research 

This research investigated component-based software engineering (CBSE) and its 

importance to the software industry. First mooted by McIlroy (1968), the benefits of 

component reuse are many and varied. However, CBSE has failed to establish itself as 

the default method of software development. Few previous studies of the adoption of 

CBSE have focused on non-technical barriers, specifically those relating to 

organizational and socio/cultural factors. 

The research design and data collection methodology were based on an adaptation of 

Evidence-based Software Engineering (EBSE), including validation of the draft model 

by interviews with expert software engineers and results then being subjected to 

interpretive analysis. The Bi-level Search strategy was developed to mitigate the 

inherent difficulties in applying EBSE, especially to a PhD thesis. This strategy is a 

combination of auto-searching of databases and a manual search of reference and 

citation lists, resulting in both maximum recall and precision, respectively. The 

reference disciplines used were Contingency Theory, Organizational Theory, 

Management Theory and Systems Theory.  

The draft SHOFRA model was inspired by Keidel’s Organizational Design Framework, 

contingency theory and organizational responsiveness to change. The model consists of 

12 attributes, unequally distributed among the three dimensions of Social Interaction, 
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Human and Organizational Systems. Each of the 12 attributes comprises three factors 

based on Keidel’s autonomy/control/co-operation triads. 

All but one of the 36 hypotheses were supported. The exception was Hypothesis 9c, that 

the Development Plan of Development in Partnership can have a favourable influence 

on the organization-wide adoption of CBSE, and the model was amended accordingly. 

All other hypotheses received at least a two-thirds support, and 20 received unanimous 

support. Of the 36 factors, 18 have a favourable influence, 16 have an unfavourable 

influence and two are neutral. These findings were incorporated into the final SHOFRA 

model  

 

10.2 Conclusions 

Research Problem: What are the non-technical barriers to the organization-wide 

adoption of CBSE and how do these barriers manifest themselves? 

A review of the current literature in the implementation of CBSE, supported by a 

Systematic Review of related publications, formed the basis of the draft model, 

consisting of 36 factors that influence the adoption of CBSE. The influence was found 

to be favourable, unfavourable or neutral. The foundations of the model were 

Contingency Theory, organizational responsiveness to change, and Keidel’s 

Organizational Design Framework. The reference disciplines for this study were 

Contingency Theory, Organizational Theory, Management Theory and Systems Theory. 

The model (Table 10.1) has three dimensions: Social Interaction, Human and 

Organizational Systems. The name for the model (SHOFRA) derives from these 

dimensions: Social, Human and Organizational Factors for Reuse Adoption. Each 

dimension forms the basis of a research question to explore the influences of the 36 

factors. 

Research Question 1: In what manner do Social Interaction factors influence the 

organization-wide adoption of CBSE? 

The Social Interaction dimension is broken down into three attributes: Reporting Lines, 

Information Flow and Physical Layout. Each attribute has three factors. Three of the 

nine factors were identified as favourable: Flat/Amorphous Reporting Lines, Reciprocal 
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Information Flow and Spontaneous Action Physical Layout. The influence of the 

remaining six factors is unfavourable. 

 

Table 10.1: The SHOFRA Model 

 

Dimension Attributes Factors Influence 

A. Social 
interaction 

1. Reporting lines a. Flat/clear  

b. Steep/clear  

c. Flat/amorphous 

Unfavourable 

Unfavourable 

Favourable 

2. Information flow a. Pooled  

b. Sequential  

c. Reciprocal 

Unfavourable 

Unfavourable 

Favourable 

3. Physical layout a. Independent action  

b. Programmed action  

c. Spontaneous action 

Unfavourable 

Unfavourable 

Favourable 

B. Human 4. Stakeholders a. Customer/end-user 

b. Managers 

c. Developers 

No Influence 

Favourable 

Favourable 

5. Customers’ 
expectations 

a. Differentiation  

b. Cost  

c. Flexibility 

Favourable 

Favourable 

Unfavourable 

6. Employees’ 
expectations 

a. Opportunity 

b. Security 

c. Community spirit 

Unfavourable 

Favourable 

Favourable 

C. 
Organizational 
systems 

7. Organization’s 
expectations 

a. Self-reliance 

b. Compliance 

c. Collaboration 

Unfavourable 

Favourable 

Favourable 

8. Organizational culture a. Diversity of approach 

b. Uniformity of identity 

c. Complementarity 

Unfavourable 

Unfavourable 

Favourable 

9. Development plan a. Development from 
outside 

b. Development from 
inside 

c. Development in 
partnership 

Unfavourable 

 

Favourable 

 

Unfavourable 

10. Reward system a. Individualistic  

b. Hierarchical  

c. Mutual 

Unfavourable 

No Influence 

Favourable 

11. Meeting system a. Forum  

b. Decision-making  

c. Work-in-progress 

Unfavourable 

Favourable 

Favourable 

12. Decision-making 
system 

a. Delegatory 

b. Mandatory  

c. Shared 

Favourable 

Unfavourable 

Favourable 
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Research Question 2: In what manner do Human factors influence the organization-

wide adoption of CBSE? 

The Human dimension is broken down into three attributes: Stakeholders, Customers’ 

Expectations and Employee’s Expectations. Each attribute has three factors. Six of the 

nine factors were identified as favourable: the two Stakeholders of Manager and 

Developer, the two Customers’ Expectations of Differentiation and Cost, and the two 

Employee’s Expectations of Security and Community Spirit. One factor, the 

Stakeholder of Customer/End-user was found to have no influence, and the influence of 

the remaining two factors is unfavourable. 

Research Question 3: In what manner do Organizational Systems factors influence the 

organization-wide adoption of CBSE? 

The Organizational Systems dimension is broken down into six Attributes: 

Organization’s Expectations, Organizational Culture, Development Plan, Reward 

Systems, Meeting System and Decision-making System. In turn, each attribute has three 

factors. Nine factors were identified as favourable: the two Organization’s Expectations 

of Compliance and Collaboration, the Organizational Culture of Complementarity, the 

Development Plan of Development from Inside, Mutual Reward Systems, the two 

Meeting Systems of Decision-making and Work-in-progress, and the two Decision-

making Systems of Delegatory and Shared. One factor, the Hierarchic Reward System, 

was found to have no influence. One factor, the Development Plan of Development in 

Partnership was hypothesized to be favourable but was found to be unfavourable. The 

influence of the remaining seven factors is unfavourable. 

 

 

10.3 Contributions 

1. Better understanding of the barriers  

One of the drivers behind this work was that, despite decades of research, the adoption 

rate of CBSE was far below expectations. The original reason had been technical, but as 

more and more technical barriers were overcome, the adoption of CBSE did not follow 

at the same rate. The literature suggested the remaining barriers were centred on non-

technical factors and research changed direction. However, these factors are more 
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complex and more difficult to determine than those of a technical nature. Progress has 

been slow.  

The key contribution of this study is a better understanding of the influences of non-

technical factors on the adoption of CBSE. 

2. Development of SHOFRA Model  

A better understanding of the influences paved the way for the development of a formal 

structure, the Social, Human and Organizational Factors for Reuse Adoption 

(SHOFRA) Model. This model enables an organization to assess its capability of 

adopting CBSE prior to embarking on an implementation program. 

3. Increased support for EBSE  

The research method employed in this study is Evidence-based Software Engineering 

(EBSE). First suggested in 2004 (Kitchenham, 2004), it has steadily gained favour 

among SE researchers. However, many difficulties in the application of EBSE led to the 

development in this study of the Bi-level Search strategy, which combines the recall of 

searching databases with search-strings, and the precision of reference/citation-based 

searching.  

By utilizing EBSE as the research method and developing the Bi-level Search, this work 

has provided further support for the use of the evidence-based paradigm in Software 

Engineering research. 

4. Better implementation of cost estimation 

Two areas of CBSE implementation currently lack formal methods or standardized 

measurement: costs and benefits. These are (1) the costs of implementation of CBSE 

and of producing and utilizing software components, and (2) the short- and long-term 

benefits of CBSE (Dinsoreanu and Ignat, 2009).  

The SHOFRA model is applied to an organization prior to its launching a CBSE 

implementation program, and results in a detailed description of the organization in 

terms of the SHOFRA factors. This is compared with the description of an ideal 

organization that has a high likelihood of success. The resulting difference represents 

the effort that is required to prepare the organization for CBSE implementation. 
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Application of the SHOFRA model will provide formalized details to accurately 

estimate the costs of CBSE implementation. 

5. Increased support for data saturation method  

This work utilized the data saturation method, commonly used in evidence-based 

medicine, the basis for EBSE, for determining the sufficient number of participants. 

Marshall (1996) suggested that the number of participants required would be less than 

ten; this research required six. 

This work provides further support for the data saturation method, specifically in 

estimating the size of sample that will provide reliable results.  

6. Publications 

Five publications have resulted from this study. 

The first paper presented the state of knowledge of the risks inherent in CBSE: 

 Risks and their mitigation in component based software engineering, 

Proceedings of the 16
th

 International Conference on Software and Systems 

Engineering and their Applications (ICSSEA2003), Paris, December 2003 (with 

S. R. Chandran). 

Two papers discussed the economics of introducing new systems and proposed an 

alternative costing method, the Benefit/Cost Model: 

 Reaping the business benefits of component based software development, 

Proceedings of the 4
th

 Hawaiian International Conference on Business, 

Honolulu, June 2004. ISSN 1538-722. 

 An extension of benefit cost analysis to IS/IT investments, Business Review, 

Cambridge, Vol. 4, No. 1, Summer, 2005, Cambridge, Ma, USA. ISSN 1553-

5827 (with A. Mead). 

One explored the success of CBSE in achieving its aims: 

 CBD: Has it delivered on its promises? Khalid S. Soliman (Ed.), Information 

Management in Modern Enterprise: Issues and Solutions, International 

Business Information Management Association, USA, 2005, ISBN 0-9753393-

3-8 (with O. Pier and R. Sivakulendren). 

The final paper described a sample application of the draft SHOFRA Model: 
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 Capability assessment for introducing component reuse, Proceedings of the 

International Conference on Reuse (ICSR 2011), Korea. K. Schmid (Ed.), 

Lecture Notes on Computer Science 6727, 2011.  

In addition, the SHOFRA Model was chosen in 2011 as a finalist in Technology on Tap, 

a nation-wide competition for PhD students to showcase their research, as an integral 

part of the AMPlify Festival, a biennial business innovation event held by AMP 

Australia.  

 

10.4 Limitations of the research 

Limitations arise at two stages of a research project. Some limitations are known or can 

be predicted at the start of the research, while others come to light as the research 

progresses. The former can be addressed early and can result in a change in the 

direction, method or outcome (or all three) of the research. This is illustrated in this 

work by the difficulty in gaining access to suitable organizations for data collection, as 

was discussed in detail in Section 3.1 and is summarized below. In the case of the latter, 

mitigation strategies must be developed as a particular limitation surfaces, for example 

the participants all being currently employed by multi-nationals. 

The data saturation method was adopted because it was difficult to obtain access to 

interview participants, but it resulted in a small sample size and could be skewed. This 

was mitigated by ensuring a wide range of experience of the participants (Section 7.3). 

Some skew of participants’ responses towards favouring the most recent experiences 

and employer was unavoidable. The current employers were all Australian subsidiaries 

of large multi-nationals, with a potential skew towards the Australian experience. This 

was minimized by taking extra care during the interview to steer the participant back to 

responding in a more general way. 

In the absence of formal success metrics (Dinsoreanu and Ignat, 2009), the data 

collection relied on the participants’ opinion of success. By ensuring the participants 

had a wide variety of experiences, it was felt that the opinion of success adopted by the 

individuals would collectively closely resemble the view of success held by the typical 

software engineer. This followed the method used by Charles Symons (1991) when 

developing Mark II Function Point Analysis. 
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The data collection method for validating the SHOFRA Model was dictated by the 

difficulty of gaining access to organizations for either case studies or to staff who would 

represent the organization. This, in turn, dictated the choice of interviewing experienced 

software engineers with varied experience. Consequently their responses did not 

represent a single organization, but rather an amalgam of their varied and considerable 

experience (Khurana et al., 1996). Data were gathered in the form of the Participant’s 

Professional Profile (PPP) to ensure that each participant had the required experience 

(Section 7.3). 

Fichman and Kemerer (2001) described six organizational forms for the implementation 

of organization-wide reuse: (1) library, (2) curator, (3) product centre, (4) expert 

services, (5) team producer and (6) reuse factory. In this research, the focus is on the 

‘library’ form, where application teams do virtually all the work related to reuse, both 

creation and consumption, supported only by a passive library of components. Other 

organizational forms might yield different results. 

This work is focused on organizations that develop a variety of software for differing 

purposes and applications, typically, but not exclusively, an internal IT department. 

Specific instances of CBSE implementation are outside the scope of this study. 

Examples are object-oriented, product line and service-oriented architecture. Analyses 

of these three might yield different models. 

 

10.5 Future research directions  

1. Implementation of the SHOFRA Model 

The focus of this thesis was the development of a model which will enable the creation 

of an environment that is conducive to the adoption of CBSE. The next step is to 

develop the means by which to implement the factors described in the Model. 

One of the key factors for such an implementation is the individual’s motivation 

(Chroust, 2006). If the previous experience of reuse has been positive, then the 

subsequent attempts at the introduction of reuse will be seen positively and are more 

likely to succeed (Mellarkod, 2007). A previously negative experience will have the 

opposite effect (Lientz and Rea, 2004). Rogers (2003) took this further and investigated 

reactions in situations where there had been no prior similar experiences of an 

innovation. In these cases, the individuals, or sometimes groups, sought out experiences 
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that were as close as possible to the innovation in order to gain guidance in how to 

accept it. They acted in line with these experiences, resulting in inappropriate and 

misdirected attempts at adoption. 

Successful implementation of the Model seems to need, as its centre, the creation in the 

individual of the appropriate experience and expectations of success. 

Further research is warranted. 

2. Cultural considerations 

Cultural differences have been the subject of previous research, for example, Feeney 

and Willcocks (1999), Grindley (1995), Huang et al. (2002) and Ruppel and Harrington 

(2001). Specifically, differences in the levels of adoption of new process in different 

countries has been the subject of investigation by researchers such as Biro et al. (2002), 

Borchers (2003), Dutta et al. (1998) and Frank et al. (2001). Note that this study was 

limited to experts with Australian and European experience. Studies that include Asia 

and the Americas are likely to yield different results. 

One participant, [P6], commented that the rates of success related to mandating depend 

to varying degrees on the country and its culture. It was noted that mandating has a 

greater rate of success in Germany where “being told what to do is not so uncommon” 

[P6]. In Australia, and to a lesser degree in the USA, mandating is unlikely to succeed 

as “the Aussie attitude is you tell me what to do and I’ll do the opposite” [P6]. Similar 

characteristics were found by Mahoney et al. (2001). Cultural considerations become 

even more complex with the added observation that cultural blocks can vary from site to 

site and state to state. 

One participant, [P9], noted that success was also related to the source of the request for 

reuse. A request from an external client was more likely to be implemented than an 

internal request. 

These elements could be included in further research of cultural differences. 

3. Initial decision to implement CBSE 

One of the assumptions in this work was that the initial decision to implement reuse 

organization-wide had already been made. Thus this work is concerned only with the 

subsequent attempts to implement this decision. However, if the initial decision had 
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been flawed, then the chance of successful implementation would be seriously 

comprised, if not altogether doomed to failure.  

This research found that there is a lack of accurate, consistent and reliability measures 

relating to reuse, including costing, especially at initial decision-making and pre-

implementation stages. 

A well-considered decision would greatly enhance the implementation efforts and future 

research could investigate the decision-making process employed in such situations. 

4. Effect of the lack of a factor 

This research focused on identifying barriers to successful adoption of CBSE, 

specifically factors that by their presence would contribute to the failure of adoption of 

systematic component reuse. As a corollary, some factors showed themselves to have a 

positive effect if present.  

The effect of the lack of a factor was not considered. It can be assumed that the effect of 

the absence of a factor would have the opposite effect to that of the presence of the 

factor. Indeed for two factors this was so. The presence of two factors was found to 

have no bearing on the success or failure of implementation. These were F4a, 

Customers/End Users Stakeholders and F10b, the Hierarchical Reward System. Equally, 

and somewhat trivially, the absence of these two factors would have no effect.  

However, of more relevance is the observation by a number of participants that the 

presence of a manager with a positive attitude has a positive effect and the presence of a 

manager with a negative attitude has a negative effect. But the absence of a positive 

attitude also had a negative effect, as did the absence of a negative attitude. Specifically, 

the absence of either attitude had a negative effect and only the presence of a positive 

attitude had a positive effect. 

Further research into the absence of factors is warranted. 

5. Inter-relationships among factors 

Some factors/attributes appear to be inter-related either as complementary or opposites. 

Specifically, this means that some exist only together or never together. Additionally, 

some factors are pre-conditions for others. These were discussed in Section 9.6.2.  
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Further study is suggested to better understand the effects of inter-relationships among 

factors on the adoption of component reuse. 

6. Mitigation of the barriers 

This research determined the non-technical barriers to adoption of CBSE and presents 

them in an organizational model, the SHOFRA Model. By identifying barriers that are 

specific to the organization, the model allows the user organization to develop a 

comprehensive understanding of its capability to implement CBSE. However, the model 

does not provide mitigation strategies for the barriers.  

Further research could focus on the development and standardization of a set of 

mitigation strategies for inclusion in a related capability improvement program. 

7. Product line 

While this study specifically excluded product line, with the goal of giving the research 

sufficient focus so as to be manageable, there are sufficient parallels between this study 

and software product line component reuse  to warrant further research into the social, 

human and organizational factors in the adoption of the software product line approach.  

This thesis introduced the philosophy of component reuse by drawing a parallel with the 

motor vehicle manufacturing industry (Section 1.1). Similarities with the motor vehicle 

manufacturing industry include the need for better communications and aligning of 

objectives between the various stages of the development process, a better 

understanding of the need for change at all levels of the organization, full management 

support, and in particular the need for a change in mindset of the developers (from the 

design engineers to the production line) from one of redesign to one of component reuse 

with improvements (Nevins et al., 1999). It would be a natural extension to use a 

suitably adapted SHOFRA Model to explore the social, human and organizational 

factors in the adoption of the product line environment. 

8. Maturity models 

Further research is warranted in applying the SHOFRA Model and/or its principles to 

assessing organizations that already undertake reuse, specifically with respect to the 

process of improving their reuse. It is noted that this would complement existing 

maturity models in that SHOFRA is not concerned with the improvement of the Reuse 
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process, rather the establishment of favourable social, human and organizational 

conditions under which it is employed. 

9. Extending beyond CBSE 

The SHOFRA Model need not be restricted to the introduction of CBSE-based reuse. 

The core of the SHOFRA model is that of Keidel’s Organizational Design Framework 

(Keidel, 1985). This is a general model for any organization and as such it lends itself to 

adaption and adoption by any process that has organisational change as its basis. This 

includes, but is not restricted to various maturity assessment models. For example, 

within the discipline of software engineering, further research could be directed 

towards, amongst others, capability maturity and process improvement models for 

software development, project management, testing, and the user training and handover 

of completed applications. 

10. Case study data 

My original intent had been to use case studies for validation 

and Section 3.1 describes my unsuccessful attempts at 

obtaining positive responses from industry. There might be 

advantages in further pursuing the analysis of ‘real cases’, 

although the external validity of the results would need to be 

carefully managed.10.6 Concluding remarks 

Component-based Software Engineering, or systematic software reuse, has the potential 

to save the software industry time and money, as well as enhancing its reputation for 

producing quality applications and systems. However, the conversion to systematic 

reuse is itself a costly and time-consuming exercise and neither the industry nor 

individual organizations can afford costly, failed attempts at implementing CBSE.  

More often than not, writers have taken the “hands-off” view that all that is needed for 

component-based software engineering to happen is to develop tools and processes and 

create components and the means to identify and access them. What they have ignored 

is that successful systematic reuse needs, above all else, people who are willing to, nay 

eager to, adopt component reuse wholeheartedly, people who, despite the inherent 
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difficulties of implementing reuse, will ensure the success of reuse and gain satisfaction 

from utilizing it. 

For the past 50 years, overcoming the technical barriers has been seen as the primary 

focus of CBSE research; and quite rightly so, for it is impossible to implement any new 

procedures without the supporting technology. However, the major technical barriers 

have been overcome and research efforts now focus on fine-tuning the technology. This 

thesis has reaffirmed the fact that the greatest barriers remaining to successful 

implementation of CBSE are those related to non-technical issues. These issues are also 

far more complex and present more difficulties to identify and overcome than do the 

remaining technical issues. 

This research investigated the non-technical barriers to the adoption of component 

reuse. A draft model of the factors and their effects was developed from relevant 

literature. The effects of the factors were assessed independently by a group of expert 

software engineers. Amendments were consequently made to the draft model, resulting 

in the development of SHOFRA Model of the non-technical barriers to successful 

adoption of CBSE. Because the SHOFRA Model is customizable to individual 

organizations, it can identify organization-specific barriers. By reducing the number and 

severity of the impact of these barriers, the organization can better prepare itself to 

successfully implement CBSE and thus gain the benefits that CBSE offers. 

When, in 1968, McIlroy articulated his dream of mass produced software components 

he sparked a wave of research into component reuse. Now, some 45 years later, CBSE 

has yet to achieve universal acceptance. For as long as systematic component reuse 

continues to be of interest as a separate subtopic of software engineering, it cannot be 

said to have successful industry-wide implementation. The ultimate goal is for 

systematic reuse and good software engineering to be seen synonymously. Only when 

CBSE ceases to be a separate research area can it be said that McIlroy’s dream has 

come true. 
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APPENDICES 

 
APPENDIX 1 

 
LIFECYCLE ARTIFACTS and KNOWLEDGE 

 

Dinsoreanu and Ignat (2009, p. 218) describe two aspect categories where reuse can be 

applied – Lifecycle Artifacts and Knowledge. This description is reproduced below. 

 

1. Reuse of Lifecycle Artifacts 

Artifacts reuse is the most common form of reuse and it can range from 

full applications to requirements documents, project plans and lines of 

code (Jacobson et al., 1997; Maxim, 2003).  

a. Application System Reuse – re-using an entire application by 

incorporation of one application inside another (COTS reuse). 

b. Application families – e.g. MS Office Suite, ERP Suites; based on a 

common architecture of application families and a common system of 

components, reuse is achieved by configuring or instantiating 

application systems. 

c. Component reuse – components (e.g. subsystems or single objects) 

of one application reused in another application. 

d. Function reuse – reusing code or small software components that 

implement a well-defined single function. 

e. Framework reuse – reusing integrated collections (skeletons) of 

components that collaborate to produce a reusable architecture for 

families of related application. 

 

2. Knowledge Reuse 

Most of the problems in software engineering come from poor transfer of 

knowledge between projects and the lack of support to capitalize the 

organisational knowledge.  

Knowledge brings the highest value to the software production and can occur 

unstructured, as teams move from one project to the next or, at a higher level 

of organisation maturity, as corporate knowledge repositories, i.e. company 

assets (PMI, 2008), with management tools and processes. Knowledge can 

be reused directly inside a domain using toolkits and guidelines in 

application families or abstracted as patterns and pattern languages. 

a. Pattern reuse – was first described in Christopher Alexander’s classic 

(Alexander et al., 1977) as an application to civil architecture, and it 

was adopted by the software community where progresses were made 

in three disciplines, analysis (Fowler, 1997), architecture (Buschman et 

al., 2001) and code structure (Gamma et al., 1995). 
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b. Process reuse – is both knowledge reuse and a compulsory step 

towards applying systematic reuse in an enterprise. Jacobsen et al 

(1997) shows that, process reuse and process optimisation for reuse 

requires process re-engineering and organisational changes and it is 

probably the most expensive part of reuse. Process reuse (Gerard et al., 

2007) is not applicable to every business and it is usually possible 

within a business domain and application family. 

c. Domain reuse – this is arguably the most effective reuse and can be 

achieved inside domains. Two prominent approaches are described: (i) 

refining patterns to capture domain knowledge and drive reuse towards 

the high value, i.e. knowledge reuse (Sutcliffe, 2002) and (ii) refining 

tools and visualisations (Wagner and Mitschang, 2007) to provide 

domain specific automation, guidelines and practices, as well as 

capturing business knowledge in DSL (Domain Specific Languages) 

(Greenfield et al., 2004). 
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APPENDIX 2 
 

DEFINITIONS 

 

The primary source of definitions is the Software and Systems Engineering Vocabulary 

(SEVocab) (ISO/IEC 24765:2009), a project of the IEEE Computer Society and 

ISO/IEC JTC1/SC7.  

End user: (1) the person or persons who will ultimately be using the system for its 

intended purpose (2) individual person who ultimately benefits from the outcomes of 

the system (ISO/IEC 25000:2005) 

Organisation: An organisation that performs development activities (including 

requirements analysis, design, testing through acceptance) during the software life-cycle 

process (ISO/IEC 25040:2011). 

The organisation in this study can be the entire company, in the case of a software 

developer, or the IT department in a larger company, the core business of which is other 

than software development. 

Organisation-wide CBSE: Systematic reuse that extends beyond an individual and 

single team within an organisation. In its ultimate form, it can include all software 

development within an organisation. 

Software Asset is used interchangeably with Component in this work. 

Stakeholder is an “individual or organization having a right, share, claim, or interest in a 

system or in its possession of characteristics that meet their needs and expectations. 

Example: end users, end user organizations, supporters, developers, producers, trainers, 

maintainers, disposers, acquirers, supplier organizations and regulatory bodies (ISO/IEC 

12207:2008; ISO/IEC 15288:2008; ISO/IEC 15939:2007). 

Note: The decision-maker is also a stakeholder. Keidel refers to this as ‘constituencies’. 
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APPENDIX 3 
 

DATA EXTRACTION FORM 
 

 

 

DATA EXTRACTION FORM 

Identification Code DB1  or  BC1 

Citation As per Bibliography 

Methodology Survey, interviews etc 

Size and variety of sample 

Results Brief description of  main findings 

Quality Criteria Either ‘All criteria were satisfied ’ OR list reasons why not 
met 

Acceptance 
Criteria 

Either ‘All criteria were satisfied’ OR list which not 
satisfied and the reasons 
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APPENDIX 4 
 

INFORMATION PACK 

 

 

OBSTACLES IN THE ADOPTION OF RE-USE OF COMPONENTS 

 

INFORMATION FOR PARTICIPANTS 

 

The research team is comprised of Hugo Rehesaar, PhD candidate. Supervisors for this 

Doctoral research are Assoc Prof Peter Bernus and Assoc Prof Terry Rout. It is conducted 

through the School of Information and Communication Technology 

Hugo Rehesaar can be contacted by phone on 0414 597171 or by email: 

hugo.rehesaar@griffithuni.edu.au 

 

The Project title is Obstacles in the Adoption of Reuse of Components. 

 

Purpose of the Research 

This research forms part of the doctoral work by Hugo Rehesaar. 

Despite the documented benefits of component based software engineering (re-use of 

components) the uptake of this has been underwhelming. This research aims to 

determine the reasons for this with a focus on the social and organisational aspects 

rather than the technical. 

 

Project Description 

Data collection will take the form of semi-structured/scripted interviews with open-

ended questions. Duration is anticipated at about one hour. The location will not affect 

the interview process. It can be at a neutral venue or at the University, but not at the 

participant’s organisation since participants do not take part if this research in their 

capacity of being an employee of any organisation. Since the questions asked will relate 

to the participant’s personal experiences as a whole and not specifically to the 

organisation, special authorisation from the participant’s organisation will not be 

required.  

A transcript of the interview will be sent to the participant for agreement. A follow-up 

interview might be required. 

 

Selection Criteria for Participants 

The participants will be software engineers in medium to large organisations engaged in 

software development. Required experiences are a minimum of 10 year’s experience at 

the level of software engineer, software architect or more for a manager of development 

teams. 
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Benefits 

The outcome of the research will be a better understanding and insight in to the reasons 

why organisations do not utilise component based software engineering or re-use, or 

obstacles experienced while introducing component based development. The research 

will provide a base for further investigation into ways that these obstacles can be 

minimized or overcome. While the IT profession and the greater community is expected 

to benefit from this research, little direct benefit can be expected by the participant. 

 

Risks 

No potential risks are anticipated by participating in this project.  

Participants do not take part in this research in their capacity of being an employee of 

any organisation. Since the questions asked will relate to the participant’s personal 

experiences as a whole and not specifically to the organisation, there is no risk of ‘in-

confidence’ information being identifiable. 

A transcript of the interview will be sent to the participant for agreement. 

Each participant is given a summary of the results when all the data have been 

aggregated and analysed, with any identifying information removed that could link the 

participant to this research.  Details of participants or individual responses will not be 

made available to the participants. 

 

Privacy 

All data will be aggregated to ensure anonymity. Names and contact details of 

participants will be recorded solely for the purposes of follow-up validation. The 

answers are to reflect the participant’s overall personal experiences and not relate to any 

particular employer, past or present. Any unintentional link to an organisation will be 

removed from the collected data. 

Records (such as notes) will be stored in secure location for five years and will be 

accessible only to authorised personnel charged with safeguarding research ethics.  

 

Voluntary Participation 

Participation in this research is voluntary and the participant may withdraw at any time, 

without the need to provide an explanation. 

 

Further Questions 

The participant may discuss any aspect of this research with the researchers. They can 

be contacted as follows: 

Hugo Rehesaar – 0414 597171 or hugo.rehesaar@griffithuni.edu.au 

A/P Peter Bernus – 07 3735 5039 or P.Bernus@griffith.edu.au  

A/P Terry Rout – 07 3735 5046 or T.Rout@griffith.edu.au  
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Concerns about Ethical Conduct 

For questions relating specifically to ethics, the participant may contact the Manager, 

Research Ethics, Office for Research, Bray Centre, Nathan Campus, Griffith University 

(ph 07 3735 5585 or research-ethics@griffith.edu.au). 

 

Feedback to Participants 

The results of the research will be disseminated to the participants in two stages. 

In the first stage, in order to validate the interview records, a transcript of each interview 

will be sent to the interviewee for confirmation. The process of confirmation will 

involve discussions between the researcher and the participant in order for a consensus 

to be reached. If follow-up interviews are held, then these transcripts will be validated in 

a similar fashion. 

The second stage involves giving the participant a summary of the results when all the 

data have been aggregated and analysed, with any and all identifying information 

removed that could link the participant to this research. Details of participants or 

individual responses will not be made available to the participants. 
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Structure of Interviews 

 

Introduction 

Welcome and thank Participant to the Interview. 

Referring to the Ethics Package, ensure that Participant is aware of the purpose of the 

interview, how it will be conducted and the feedback mechanism. Obtain signature on 

Consent Form. 

 

Body of Interview 

This will take the form of questions intended to elicit the Participant’s experiences and 

opinions about the re-use of components in software development, with a focus on 

obstacles encountered in the adoption of re-use. It is not intended to relate these 

experiences to any specific organisation and organisation specific information will not 

be recorded. However, some general demographic data will be recorded. This will 

include size of organisation and the industry it relates to. If applicable, size and nature 

of specific project will also be recorded. 

The purpose of the interview is to determine obstacles only, not remedial action. If the 

Participant offers any details of remedial action, this will be recorded but will not be 

identified with a specific organisation. 

Obstacles can take a variety of forms. Most common are those relating to the 

organisation’s technical ability, the organisational culture and structure, the 

organisation’s relationship with the client (internal or external), quality and financial 

concerns. Note that this is not a comprehensive list and many others may surface during 

the course of the interview. 

The questions are open-ended and are intended to not guide the Participant in answering 

in any particular way. The interview is one of discovery and confirmation is not being 

sought for any pre-determined answers or results. As much as is possible the Participant 

will be given free rein on the progress and direction of the interview. 

The interview will conclude with the Participant being asked if there is anything more to 

add. 

 

Conclusion 

The Participant will be thanked and the feedback/confirmation procedure confirmed and 

a date for the acceptance of the transcript agreed upon. 
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APPENDIX 5 
 

PARTICIPANT CONSENT FORM 
 

 

OBSTACLES IN THE ADOPTION OF RE-USE OF 

COMPONENTS 

 

CONSENT FORM 
 

Research Team Hugo Rehesaar, PhD candidate. 0414 597171 

hugo.rehesaar@griffithuni.edu.au 

Supervisors: Assoc Prof Peter Bernus and Assoc Prof Terry Rout 

School of Information and Communication Technology 

 

 

By signing below, I confirm that I have read and understood the information 

package and in particular have noted that: 
 

1. I understand that my involvement in this research will include an initial 

interview and possibly a follow-up interview; 
 

2. I have had any questions answered to my satisfaction; 
 

3. I understand the risks involved; 
 

4. I understand that there will be no direct benefit to me from my 

participation in this research; 
 

5. I understand that my participation in this research is voluntary; 
 

6. I understand that if I have any additional questions I can contact the 

research team; 
 

7. I understand that I am free to withdraw at any time, without comment or 

penalty; 
 

8. I understand that I can contact the Manager, Research Ethics, at Griffith 

University Human Research Ethics Committee on 07 3735 5585 (or 

research-ethics@griffith.edu.au) if I have any concerns about the ethical 

conduct of the project; and 
 

9. I agree to participate in the project. 

 
 

Name  

  
Signature  

  
Date  /  /       

  
 

  

mailto:research-ethics@griffith.edu.au
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APPENDIX 6 
 

INTERVIEW CHECK LIST 
 
 
 
      PARTICIPANT: _________________________________________    DATE: _______________ 
 
 

Attributes Factors Influence 

1. Reporting lines a. Flat/clear - individual  achievement 

b. Steep/clear – performance is mandate, clear 
sequential tasks 

c. Flat/amorphous – interaction is stronger than 
reporting 

Unfavourable 

Unfavourable 

 

Favourable 

2. Information 
flow 

a. Pooled – no synergy between units 

b. Sequential – sequential asks, no comms 

c. Reciprocal – free interaction, sharing ideas 

Unfavourable 

Unfavourable 

Favourable 

3. Physical layout a. Independent action – promotes indiv. Tall bldgs., 
comms discouraged 

b. Programmed action – assembly line, no feedback, 
forward movement, affected by distance 

c. Spontaneous action – promotes comms  

Unfavourable 

 

Unfavourable 

 

Favourable 

4. Stakeholders a. Customer/end-user  

b. Managers 

c. Developers 

No Influence 

Favourable 

Favourable 

5. Customers’ 
expectations 

a. Differentiation – continuance of product uniqueness 

b. Cost -  

c. Flexibility – respond to client needs and vagaries 

Favourable 

Favourable 

Unfavourable 

6. Employees’ 
expectations 

a. Opportunity – individual is rewarded 

b. Security – keep your nose clean 

c. Community spirit – expects the org’n to look after 
them 

Unfavourable 

Favourable 

Favourable 

7. Organisation’s 
expectations 

a. Self-reliance – do it on your own 

b. Compliance – do as you are told 

c. Collaboration – everybody pro-actively helps each 
other 

Unfavourable 

Favourable 

Favourable 

8. Organisational 
culture 

a. Diversity of approach – seeing things differently 

b. Uniformity of identity – not changing proven 
processes 

c. Complementarity – nothing exists on its own and 
can be reused 

Unfavourable 

Unfavourable 

 

Favourable 

9. Development 
plan 

a. Development from outside  

b. Development from inside 

c. Development in partnership 

Unfavourable 

Favourable 

Favourable 

10. Reward 
system 

a. Individualistic  

b. Hierarchical  

c. Mutual 

Unfavourable 

No Influence 

Favourable 

11. Meeting 
system 

a. Forum  - talkfest with no real results 

b. Decision-making – solves problems 

c. Work-in-progress – know what each other is doing 
and share ideas, work together 

Unfavourable 

Favourable 

Favourable 

12. Decision-
making 
system 

a. Delegatory – pass authority to next level 

b. Mandatory – change is enforced 

c. Shared – consensus rules 

Favourable 

Unfavourable 

Favourable 
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APPENDIX 7 
 

APPROVAL FOR ETHICAL CLEARANCE 
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