
Toward a Theory of Information System 
Development Success: Perceptions of Software 

Development Team Members 
 

Lucian M. Zelazny 

 

Dissertation submitted to the faculty of the Virginia Polytechnic Institute and State University in partial 
fulfillment of the requirements for the degree of 

 

Doctor of Philosophy 

In 

Accounting and Information Systems 

 

France Bélanger, Co-Chair 
David P. Tegarden, Co-Chair 

James D. (Sean) Arthur 
Reza Barkhi 
Tarun K. Sen 

 
 
 
 
 
 
 
 

June 8, 2011 
Blacksburg, Virginia 

 
Keywords: information systems development success, IS success, grounded theory, process quality, 

product quality, team member benefits, team member satisfaction 
 

Copyright 2011, Lucian Mark Zelazny 
 

  



 
 

 
 

Toward a Theory of Information Systems Development Success: Perceptions 
of Software Development Team members. 

 
Lucian M. Zelazny 

 
ABSTRACT 

 
This dissertation increases our understanding of information system project success by 
investigating how software development team members define the success of an information 
system development effort.  The theoretical model of ISD success is developed and tested.  ISD 
success is measured through the eyes of the software development team members’ since they are 
the most influential stakeholders during the development of the system. 
 
This dissertation was conducted in two phases: 1) theory building and 2) theory testing.  The 
theory building phase began with a thorough literature review.  Semi-structured interviews were 
conducted and the data analyzed to add emergent concepts to the model.  The result of the theory 
building phase is the theoretical model of ISD success.   
 
The theory testing stage began with the development and validation of a survey instrument to 
measure the constructs and subconstructs found within the theoretical model of ISD success.  
Data was collected and the model tested using partial least squares regression.  The findings 
indicate that software development team members view ISD success as being composed of 
process quality, functional product quality, non-functional product quality, team member 
benefits, and team member satisfaction.  Team member satisfaction is highly influenced by team 
member benefits, moderately influenced by functional product quality and slightly influence by 
non-functional product quality and process quality.   
 
Software development team members view process quality as being composed of within budget 
and process maturity; non-functional product as being composed of reliability, usability, 
testability, and efficiency; team member benefits as being composed of learning and teamwork; 
and team member satisfaction as being composed of product satisfaction, process satisfaction, 
and personal satisfaction.  Software development team members do not view on time as a 
significant contributor to their definition of process quality; they do not view modifiability, 
portability, or reusability as significant contributors to their definition of non-functional product 
quality; and they do not view recognition as a significant contributor to team member benefits. 
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Chapter 1  
Introduction 

Studies reporting the rate of software project failure paint a dismal picture.  The CHAOS 

report, conducted by The Standish Group, is a well-known and often referenced report on the 

state of software projects.  The most recent report shows that only 29% of the projects were 

considered successful while 53% were considered challenged and 18% failed (Table 1-1).  They 

defined a successful project as a project that is completed on time, within budget, and with all 

features and functions implemented from the initial specification; a challenged project is defined 

as a project that is “completed and operational but over-budget, over the time estimate, and 

offers fewer features and functions than originally specified”; and a failed project is defined as a 

project that is cancelled at some point during the process (Standish Group International, 1994, p. 

2).  This classification allows the distinction to be drawn between successful projects, project 

management failures that exhibit waste but may still provide value to the organization (e.g. a 

challenged project), and project failures (Hartman, 2006).  Combined statistics from 2004 on the 

challenged and failed projects show that the average time overrun for these projects is 84%, the 

average cost overrun is 56%, while on average only 64% of the originally specified features and 

functions are delivered (Table 1-2). 

 

Table 1-1. CHAOS Database, surveys results polled 1994-2004 (Johnson, 2006, p. 4). 

 1994 1996 1998 2000 2002 2004 
Succeeded 16% 27% 26% 28% 34% 29% 
Challenged 53% 33% 46% 49% 51% 53% 
Failed 31% 40% 28% 23% 15% 18% 
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Table 1-2. CHAOS Database, surveys conducted 1994 thru 2004 (Johnson, 2006, pp. 7, 9, 11). 

 1994 1996 1998 2000 2002 2004 
Average % time overruns 164% 131% 79% 63% 82% 84% 
Average % cost overruns 189% 142% 69% 45% 43% 56% 
Average % features and functions 
(resolved projects) 

60% 61% 66% 70% 67% 64% 

 

The CHAOS report is not without its critics.  Most notably is Robert Glass (2005, 2006).  

Glass states that based on his experiences with developing and using software that more software 

projects succeed than fail.  Glass discusses that multiple researchers have contacted The Standish 

Group about the methodology used to gather the data without response.  He also questions the 

definition of success and failure used in the study.  “How do you categorize a project that is 

functionally brilliant but misses its cost or schedule targets by 10 percent?  Literalists would call 

it a failure, realists a success” (Glass, 2005, p. 110).  Glass just doesn’t believe that the software 

industry is in the state of crisis that the CHAOS report portrays (Glass, 2006).  However, other 

studies confirm the CHAOS report’s finding that far too many projects fail.  The Robbins-Gioia 

survey, conducted in 2001, found that 51% of the companies surveyed viewed their ERP 

implementation project as unsuccessful (IT Cortex).  The Conference Board Survey, conducted 

in 2001, surveyed executives at 117 companies and found that 34% were satisfied, 58% 

somewhat satisfied, and 8% unhappy with their ERP implementation while 40% of the projects 

failed to meet their business goals within one year (IT Cortex).  And, The KPMG Canada 

Survey, conducted in 1997, found that over 61% of the projects were considered a failure by the 

respondents (IT Cortex).  Disregarding the specific numbers, these studies tell us that far too 

many projects are reported as being a failure. 
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Linberg (1999) describes a case study of a project that is 193% over the approved 

schedule, 419% over the approved budget, and 130% over the initial size estimates, which would 

be considered a failure by any of the studies mentioned above; However, in interviews with the 

developers involved in this project, he found that five of the eight software developers 

considered this project the most successful project on which they ever worked.  The other three 

considered it the second best.  Reasons for rating this project as success were: “a) the project was 

a technical challenge, b) the product worked the way it was intended to work, and c) the team 

was small and high performing” (Linberg, 1999, p. 182).  Linberg (1999, p. 191)  concludes that 

“the current definition of software project success may be too narrowly defined and may create 

negative perceptions about software developers” and a new theory of project success may be in 

order.  This implies that the perception of success is dependent on the point of view in which 

success is judged.  Simply put, determination of success is stakeholder dependent.  A project 

may be considered a failure by management because it was over budget and delivered late while 

at the same time users may consider the system a success because it meets or exceeds their 

needs.  

The success of an information system is an important and well researched topic in the IS 

literature.  An overwhelming amount of literature using IS success as the dependent variable uses 

measures from two predominant models of IS success: the DeLone and McLean IS success1 

model and Seddon’s model (Petter, DeLone, & McLean, 2008; Petter & McLean, 2009; Urbach, 

Smolnik, & Riempp, 2009).  However, the measures of success in these studies, and models, 

result from usage of the system.  Since users are the entities using the system, the perspective of 

                                                      
1 Delone and McLean presented an update to the original model in 2003.  Since the updated model of IS success is 
an update it is counted as the same model in this context. 
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success is the user’s perspective2.  The problem with the user’s perspective of the success of a 

system is that each individual user’s view is limited to those tasks and functions used to complete 

their own tasks; typically, users do not use the whole system.  The ISO 9126 standard measures 

this type of success as ‘quality in use’.  However, the standard discusses two other types of 

quality: external quality and internal quality.  Like quality in use, external quality measures the 

attributes of the system while the system is executed but external quality refers to the whole 

system.  The external attributes are evaluated during testing to determine if they conform to the 

requirements of the system.  Internal quality is a measure of the details of the product’s code, 

documentation, models, and other deliverables.  The ISO’s quality framework (Figure 1-1) 

shows that the attributes of quality in use depend on external quality attributes, external quality 

attributes depend on internal quality attributes, and internal quality attributes depend on process 

quality attributes.  Therefore, DeLone and McLean’s model (1992, 2003) and Seddon’s model 

(1997) only measure quality in use (the far right side of the ISO 9126 quality framework), 

ignoring the process and software product measures. 

 

                                                      
2 In some instances the participants are developers but they are asked to provide their perception of users’ beliefs.  
When managers are the participants they are the managers of the organization using the system so they in effect are 
users themselves or take the perspective of the user. 
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Figure 1-1. Adaptation of ISO 9126 Quality Model Framework (ISO/IEC, 2001). 

 

The goal of this research is to increase our understanding of information system project 

success by developing and testing the theoretical model of information systems development 

(ISD) success.  ISD success measures the success of the process undertaken to create the 

information system and the success of the resulting product, measuring both internal and external 

product quality attributes.  Thus, ISD success includes process, internal, and external measures 

from the ISO 9126 quality framework (Figure 1-1).  Therefore, ISD Success influences overall 

IS Success since process quality influences internal quality, internal quality influences external 

quality, and external quality influences quality in use.  The perspective of success is measured 

through the eyes of the project manager and practitioners3 since they are the most influential 

stakeholders during the development of the system.  Measurement of ISD success can take place 

after the information system is completed but before it is put into production.   

In the context of the IS success research, ISD success is located between the critical 

success factors (CSFs) for success and IS success (Figure 1-2).  Within the proposed context, the 

                                                      
3 Practitioners include software developers (including programmers), data base developers, systems analysts, etc. 
(Procaccino, Verner, Shelfer, & Gefen, 2005) 
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CSFs are grouped into three categories: 1) Environmental constructs, 2) Development team 

constructs, and 3) Project Constructs.  The environmental constructs are those CSFs that capture 

the conditions under which the project takes place.  The development team constructs are those 

CSFs that measure the attributes of the various members of the development team as well as 

attributes of the team itself.  The project constructs contain CSFs that are both processes and 

attributes of the project.     

 

 

Figure 1-2. ISD Success context. 

   

Traditionally, IS success research relates the CSFs directly to IS success.  There are many 

ways to measure success.  One way to measure success is through satisfaction (DeLone & 

McLean, 2003; Kulkarni, Ravindran, & Freeze, 2006; Seddon, 1997; Seddon & Kiew, 1994; Wu 

& Wang, 2006).  This research adds to the current IS success literature by inserting an 

intermediate measurement of success, ISD success.  ISD success measures the success of the 

development process from the viewpoint of the project manager and practitioners which in turn 

leads to IS success.  Similar to IS success, ISD success is viewed as a multidimensional construct 

with interrelated components.  Thus, ISD Success can be the dependent variable for research 
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relating how various CSFs fit together to lead to one or more of the components of ISD success, 

one or more of the components of ISD Success can be considered as independent variables 

leading to one or more of the components of IS Success, or one or more of the components of 

ISD success can be considered a mediator between the fit of various CSFs and one or more of the 

components of IS Success.  Before research testing any of the above relationships of ISD 

Success to CSFs and/or IS success can be conducted, the components of ISD success and their 

relationships must be identified.  This is the focus of this research.  The theoretical model of ISD 

Success is presented next. 

1.1 Research Model 

Figure 1-3 presents the theoretical model of information system development (ISD) 

success.  The following sections briefly discuss the components of the model: process quality, 

functional product quality, non-functional product quality, team member benefits and team 

member satisfaction.  This model is the result of the theory building exercise beginning with the 

literature review in Chapter Two and continuing with grounded theory work in Chapter Three. 
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Figure 1-3. Theoretical model of ISD success with expected relationships. 

 

1.1.1 Process Quality 

Pressman (1997, p. 22) defines a process as “a framework for the tasks that are required 

to build high-quality software.”  Pfleeger and Atlee (2006) make the distinction that a process is 

more than a procedure.  They state that “a procedure is like a recipe: a structured way of 

combining tools and techniques to produce a product.  A process is a collection of procedures, 

organized so that we build products to satisfy a set of goals or standards” (Pfleeger & Atlee, 

2006, p. 46).  Process quality measures the success of the process undertaken to develop the 

information system.  Process quality will be measured with the constructs: on-time, within 

budget, project completion or cancellation, and an estimation of process maturity based on 
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CMMI and ISO 15504 principles.  Process quality in the theoretical model of ISD success 

matches the process quality construct in the ISO 9126 quality framework presented in Figure 

1-1. 

On time and within budget are measures that have been associated with project 

management success (Atkinson, 1999; Baccarini, 1999; van der Westhuizen & Fitzgerald, 2005).  

A project that has been managed well will tend to be within the budgeted time and cost.  

Extending this a bit further, it is plausible that if a project has been managed well, it has 

undergone a quality process.  Therefore, on time and within budget are included as subconstructs 

to measure process quality.  They measure the time and budget constraints imposed on the 

information systems development project. 

During the interview phase of this study it is discovered that some developers consider a 

project a success, of at least some degree, if it is merely completed.  The reverse of this is 

congruent with the definition of project failure used by the CHAOS study: a project is a failure if 

it is cancelled (Johnson, 2006).  Therefore, the completed/cancelled subconstruct is added as a 

component to measure the process quality construct during the interview portion of this study, 

described in Chapter Three.  Completed/cancelled is simply a binary construct indicating if the 

project was completed or if it was cancelled. 

Developing a quality process became a focus in the software engineering industry in the 

1990’s.  During this time, the Software Engineering Institute (SEI) developed the Capability 

Maturity Model (CMM), which is used to measure the maturity of an organization’s process.  

The premise behind the CMM is that a more mature process will lead to higher quality products.  

The current version of CMM is CMMI for Development Version 1.2 (where ‘I’ stands for 

integration) and it has two options for rating maturity: staged and continuous.  The continuous 
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representation allows a company to select a process or set of related processes on which to focus 

their process improvement efforts.  CMMI for Development is composed of 22 process areas 

grouped into four categories of related processes.  Since this study concerns information systems 

project success, the six process areas comprising the engineering category were selected to proxy 

for process maturity.  They include product integration, requirements development, requirements 

management, technical solution, validation, and verification.  

1.1.2 Product Quality 

Both DeLone and McLean (1992, 2003) and Seddon (1997) measure product quality 

through the construct system quality.  While DeLone and McLean (1992, p. 64) never 

specifically define system quality, they describe it as “reflecting the more engineering-oriented 

performance characteristics of the system in question.”  This construct was conceived by the 

aggregation of measures from prior studies such as: resource utilization, hardware performance, 

reliability, response time, ease of use, turnaround time, completeness, and flexibility (DeLone & 

McLean, 1992).  Seddon (1997, p. 246) defines system quality as being “concerned with whether 

or not there are ‘bugs’ in the system, the consistency of the user interface, ease of use, quality of 

documentation, and sometimes, quality and maintainability of the program code.”  However, 

with the exception of quality and maintainability of the program by Seddon (which is qualified 

with the identifier ‘sometimes’), all of these characteristics are from the user’s point of view.  

Thus, the system quality construct in these studies equates to ‘quality in use’ but ignores the 

external quality and internal quality constructs of the ISO 9126 quality framework presented in 

Figure 1-1.  Product quality in the theoretical model of ISD success includes both external and 

internal quality from the ISO 9126 quality framework. 
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In this study, product quality is investigated from the project manager’s and practitioner’s 

points of view.  Eight quality models listing factors that describe a product’s quality are 

described in Chapter Two.  The factors from the quality models can be combined into a set of 

seven factors based on their definitions.  These seven factors describe the quality characteristics 

desirable in an information system.  Functionality will be used as a proxy for functional product 

quality.  It has been split into its own construct based on the importance of meeting the 

functional requirements of users, which may have a greater impact on success.  The combination 

of the factors; reliability, usability, maintainability, portability, efficiency, and reusability; will 

be used to proxy for non-functional product quality.  A major difference between the use of the 

factors presented here and the system quality construct from the DeLone and McLean model and 

Seddon’s model is that these factors can be used to measure all of the artifacts included in the 

information system including: the executable, the code base, diagrams, documentation, and 

requirements.  Definitions for the seven factors used to measure product quality are presented 

below in Table 1-3. 
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Table 1-3. Definitions for product quality factors. 

Factor Definition Source 
Functionality The capability of the software product to provide 

functions which meet stated and implied needs to 
fulfill the user’s mission objectives. 

 ISO 9126 (2001) 
 McCall (McCall, 

Richards, & 
Walters, 1977) 

Reliability The capability of the software product to avoid failure 
as a result of faults in the software, to recover from 
errors, and to provide accurate results. 

 ISO 9126 (2001) 
 Boehm (Boehm, 

Brown, & Lipow, 
1976) 

 McCall (McCall, et 
al., 1977) 

 Arthur & Nance 
(Nance & Arthur, 
2002) 

 FURPS (Grady & 
Caswell, 1987) 

Usability The capability of the software product and its related 
components to be understood, learned, used, and 
attractive to the user. 

 ISO 9126 (2001) 

Maintainability Testability: The capability of the software product to 
be validated.  The software product possesses the 
characteristic testability to the extent that it facilitates 
the establishment of verification criteria and supports 
evaluation of its performance. 

 Boehm (Boehm, et 
al., 1976) 

Understandability: The capability of the software 
product and its component parts to be understood by 
the development team members.  A component 
possesses the characteristic understandability to the 
extent that its purpose is clear to the inspector. 

 Boehm (Boehm, et 
al., 1976) 

Modifiability: The capability of the software product to 
be modified.  Modifications may include corrections, 
improvements or adaptation of the software to changes 
in environment, and in requirements and functional 
specifications. 

 ISO 9126 (2001) 

Portability The capability of the software product to be transferred 
from one environment to another.  A software product 
possesses the characteristic portability to the extent 
that it can be operated easily and well on computer 
configurations other than its current one. 

 ISO 9126 (2001) 
 Boehm (Boehm, et 

al., 1976) 

Efficiency The capability of the software product to provide 
appropriate performance, relative to the amount of 
resources used, under stated conditions.  Code 
possesses the characteristic efficiency to the extent that 
it fulfills its purpose without waste of resources. 

 ISO 9126 (2001) 
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Reusability The capability of the software product components to 
be reused.  A structural form is reusable if it uses 
standard language features, it contains no machine 
dependencies, and it implements a single, well-
defined, encapsulated, and precisely specified function 
whose computations are all fully adjustable and use no 
global variables or side effects. 

 McCall (McCall, et 
al., 1977) 

 Dromey (1995) 

 

1.1.3 Team Member Benefits 

The benefits construct has been an important component of the two predominant models 

of IS success.  In DeLone and McLean’s original IS success model, benefits were measured as 

individual impact and organizational impact (DeLone & McLean, 1992).  Seddon decided to 

combine the different levels of benefits into one construct ‘net benefits’ that encompasses all of 

the different levels of benefits that could occur leaving the definition of benefits to the researcher 

(Seddon, 1997).  DeLone and McLean decided to incorporate the idea of net benefits in their 

updated model and thus replaced the individual impact and organizational impact constructs with 

the net benefits construct (DeLone & McLean, 2003).  Since the net benefits construct has been 

such an important construct in the prior IS success literature, the construct team member benefits 

is added to the theoretical model of ISD success.  Learning/professional growth and recognition 

are derived from research conducted by Procaccino, Verner, and associates (Procaccino & 

Verner, 2002, 2006; Procaccino, et al., 2005) while teamwork/team building is added to the 

model after the interview portion of this study found in Chapter Three.  The definitions used in 

this research for these subconstructs are found in Table 1-4. 



 
 

14 
 

 

Table 1-4. Definitions of the factors of team member benefits. 

Learning / Professional 
Growth 

Enhancement of ones skillset, professional abilities, or 
responsibilities. 

Teamwork Activities or results that increase the performance of the team. 
Recognition Acknowledgement of a job well done in either a tangible or 

intangible form. 
 

1.1.4 Team Member Satisfaction 

Seddon (1997, p. 246) defines user satisfaction as “a subjective evaluation of the various 

Consequences … evaluated on a pleasant-unpleasant continuum.  Of all the measures … , User 

Satisfaction is probably the closest in meaning to the ideal Net Benefits measure.”  A frequently 

used instrument to measure user information satisfaction (UIS) was created by Ives et al. (1983, 

p. 785) who describe UIS as a “perceptual or subjective measure of system success.” Thus, 

satisfaction can be thought of as the overall net success of using an information system, 

perceived total benefits from using the system minus the overall perceived costs.  In a review of 

the empirical articles measuring IS success between 2003-2007, Urbach et al. (Urbach, Smolnik, 

& Riempp, 2008) note that the strongest empirical evidence among the DeLone and McLean 

dimensions of IS success are between system quality and user satisfaction, and between 

information quality and user satisfaction.   

User satisfaction has played a significant role in the IS success literature, which measures 

success from the users’ viewpoint.  Since ISD success is measured from the project managers’ 

and practitioners’ viewpoint, the construct team member satisfaction is included in the model.  

Since a person’s satisfaction can be multifaceted, three factors are used to proxy for team 

member satisfaction: process satisfaction, product satisfaction, and personal satisfaction.  
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Definitions for these factors are adapted from Morris and Venkatesh (2010) and can be found in 

Table 1-5. 

 

Table 1-5. Definitions for the factors of team member satisfaction. 

Process Satisfaction The extent of positive emotional response to the information systems 
development project resulting from your appraisal of the process used.  

Product Satisfaction The extent of positive emotional response to the information systems 
development project resulting from your appraisal of the information 
system produced. 

Personal Satisfaction The extent of positive emotional response toward yourself resulting from 
your working on the information system development project. 

 

This research is conducted using a two phased approach: theory building and theory 

testing.  The theory building stage begins with a literature review to begin the development of 

the theoretical model of ISD success and is described in Chapter Two.  Theory building 

continues through the use of qualitative interviews described in Chapter Three.  Qualitative 

interviews are used to confirm and add to the theoretical model presented at the end of Chapter 

Two.  The theory testing stage takes place in Chapter Four.  A survey is created, validated, and 

then used to collect data on the constructs and subconstructs found within the model.  PLS 

regression is then used to test and validate the theoretical model.  

1.2 Contributions 

The results of this research makes important contributions to the IS development 

literature.  First, this work fills gaps in the current IS success literature since DeLone and 

McLean’s (1992, 2003) and Seddon’s (1997) models of IS success measure success that result 

from using the system from the perspective of the end user or the using organization.    An 
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information system is an artifact, which is composed of the running executable, lines of code, 

hardware, people, database, documentation, and procedures (Pressman, 1997).  The traditional 

models measure the success of a system as a set of behaviors when the code is executed in a 

specific context for a specific type of end user.  However, since the behaviors exhibited by an 

executable is composed of a set of lines of code it is plausible that if the creation of those lines of 

code followed a proven process and exhibited characteristics of quality programming, then it is 

more likely that the executing program will be successful when used by the user in their 

respective context.  The theoretical model of ISD success includes the code base as well as the 

process used to create the code when determining the successful development of an information 

system.   

Second, the theoretical model of ISD success defines success of an information system 

development project from the perspective of the project manager and practitioners.  The project 

manager and practitioners are important stakeholders during the implementation phase of the 

information system.  The project manager manages the development of the artifacts that 

comprise the information system and the developers actually build them.  How these 

stakeholders define success at this stage influences the resulting artifacts, which in turn 

influences IS success from the users’ standpoint.  Techniques, knowledge, and code modules 

gained on one project can be transferred to another project.   

Third, this research develops and validates a survey instrument to measure ISD success.  

The creation and validation of the instrument allows subsequent researchers to consistently 

measure the components contained within the theoretical model of ISD success, which helps to 

make results comparable across studies. 
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1.3 Overview of the Dissertation  

Since ISD success is a new theoretical model, this dissertation takes a multi-method 

approach to build and validate the theoretical model.  Chapter Two contains a review of the 

literature.  The first section within Chapter Two presents a discussion of the structure of the 

success of an information system.  The second section discusses the measurement of information 

system success through the two predominant models of IS success, the DeLone and Mclean 

(1992, 2003) models of IS success and Seddon’s model (Seddon, 1997).  The third section 

presents the development of a high level conceptual model of ISD success and the last section 

proposes the ISD success model based on literature.  Chapter Three presents the grounded theory 

approach undertaken to verify the components of the proposed ISD success model presented at 

the end of Chapter Two.  The methodology consists of eight steps, each of which is composed of 

one or more activities.  The theory building process allows emergent constructs (relationships) to 

be added to the framework.  The result of Chapter Three is the theoretical model of ISD success.  

Chapter Four discusses the creation and validation of a survey instrument to measure the 

components of the theoretical model.  Chapter Five describes the model testing phase of this 

research.  It describes the data collection and the results of partial least squares regression used to 

analyze the model.  Chapter Six includes a discussion of the research results and their 

implications and Chapter Seven presents the conclusions, contributions, and limitations of the 

study as well as a discussion of future research.  
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Chapter 2  
Literature Review and Hypotheses Development 

The purpose of this research is to increase our understanding of IS success.  While most 

IS success studies have been researched from the perspective of the end user, this study 

investigates IS success through the eyes of two stakeholders who play a major role in the 

development of information systems but who are largely ignored in the current IS success 

literature: the project manager and practitioners.  As such, this study focuses on the measurement 

of the perception of the process and the result of a software development effort from the 

perspective of these stakeholders.  The project manager directs the process of completing the 

system and oversees the work of the practitioners while the practitioner is an important 

stakeholder because he is the one that actually creates the IS and the associated artifacts used by 

the end users. 

The traditional models of IS success (DeLone and McLean models and Seddon’s model) 

focus on success as a result of using the system.  The ISO 9126 standard measures this type of 

success with the quality in use model (discussed below).  Quality in use measures “the extent to 

which users can achieve their goals in a particular environment” (ISO/IEC, 2001, p. 5).  

However, the standard discusses three other types of quality: external quality, internal quality, 

and process quality.  External quality measures the attributes of the system while the system is 

executed but the attributes are evaluated during testing to determine if they conform to the 

requirements of the system.  Internal quality measures the static properties of the software 

products (e.g. the product’s code, documentation, and models).  Process quality measures the 

process undertaken to develop the information system.  The ISO’s quality model framework 
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(Figure 1-1) shows that the attributes of quality in use depend on external quality attributes, 

external quality attributes depend on internal quality attributes, and internal quality attributes 

depend on process quality attributes.  The theoretical model developed in this research measures 

the external, internal, and process quality of systems.  Therefore, ISD success (with process 

quality contributing to improving internal quality and internal quality contributing to improving 

external quality) contributes to improving IS success. 

The first section of this chapter takes a multi-disciplinary approach to uncover the 

structure of the success of an information system combining views from the project management 

literature and the information systems literature.  The second section explores the measurement 

of the success of information systems by looking at the predominant models used in past 

research; the DeLone and McLean models of IS success and Seddon’s model of IS success.  The 

third section presents the ISD success framework.  This framework is a high level conceptual 

model composed of multiple interrelated dimensions based on the literature.  Development of the 

subconstructs that form the model constructs also takes place in this section.  The last section 

proposes relationships between the constructs of the ISD framework based on the literature and 

presents the literature driven proposed model of ISD success. 

2.1 The Structure of Success of an Information System 

The success of an information system is an important and well researched topic in the 

information systems literature.  Some researchers have focused on the failure of a system and 

have identified a set of risk factors (Barki, Rivard, & Talbot, 1993; Keil, Cule, Lyytinen, & 

Schmidt, 1998; Sherer & Alter, 2004; Warkentin, Moore, Bekkering, & Johnston, 2009) while  

others have focused on the success of a system by enumerating a list of ‘Critical Success Factors’ 
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(CSF) that help lead to the success of an information system (Guimaraes & Igbaria, 1997; 

McDoniel, Palko, & Cronan, 1993; Wixom & Watson, 2001; Yoon, Guimaraes, & Quinton, 

1995).  Some of the risk factors include: lack of top management commitment to the project, 

failure to gain user commitment, lack of user involvement, and unclear or misunderstood scope 

or objectives.  Examples of CSF’s studied include: user expectations, situational stability, 

management support, developer skills, and user involvement.  Despite the hundreds of articles 

trying to identify risk or success factors to increase the success rate of IS projects, the statistics 

reported in Chapter One show that too many IS projects are still judged as failures.   

The common thread throughout the risk/success factor research is the dependent variable: 

the success of an IS.  However, there is a lack of consensus in the literature on the measurement 

of success.  Some studies measure success using some or all of the traditional measures: on time, 

within budget, and quality.  Atkinson (1999) refers to these measures as ‘The Iron Triangle’.  

Other studies measure success using items including: use, user satisfaction, perceived usefulness, 

return on investment, and job performance (Jiang, Klein, & Discenza, 2002; Karlsen, Andersen, 

Birkely, & Odegard, 2005; Sabherwal, Jeyaraj, & Chowa, 2006), while other studies just use an 

overall item measuring the perceived success of the IS (White & Leifer, 1986; Whyte, 

Bytheway, & Edwards, 1997).  As seen by these studies, measuring different parts of success 

without a complete understanding of what constitutes success prevents the uncovering of the 

complete picture.  This inconsistency in measuring success is analogous to the story of the blind 

men and the elephant4.  Getting the complete picture is also made difficult since many of the 

things that measure success are at odds with each other (Boehm, et al., 1976).  For example 
                                                      
4 A wise man asked six blind men to determine what an elephant looks like.  The man who felt the leg said that an 
elephant is like a pillar; the man who felt the tail said that an elephant is like a rope; the man who felt the trunk said 
an elephant is like a tree branch; the man who felt the ear said an elephant is like a hand fan; the man who felt the 
belly said an elephant is like a wall; and the man who felt the tusk said an elephant is like a pipe.  The wise man tells 
them that even though they gave different answers they were all correct.  An elephant is like all of these things 
because it has all the features mentioned and each man touched a different part of the elephant (Wikipedia, 2009). 
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increasing efficiency, maintainability, and usability may come at the cost of increasing 

development time and costs.  This may help to explain some of the varying results found in past 

studies. 

Success of an information system is a complex, multidimensional construct.  

Complexities arise due to the nature that success means different things to different stakeholders 

and that the perception of success can change over time.  These combined with the fact that 

success is composed of multiple interrelated dimensions has made defining success a challenge.    

From the project management literature, Baker et al. (1983) define project success as: 

If the project meets the technical performance specifications and/or mission to be 

performed, and if there is a high level of satisfaction concerning the project outcome 

among: key people in the parent organization, key people in the client organization, key 

people on the project team, and key users or clientele of the project effort, the project is 

considered an overall success.  (pp. 670-671) 

From the IS literature, Seddon (1997, p. 246) offers a comprehensive definition of IS success as 

“a measure of the degree to which the person evaluating the system believes that the stakeholder 

(in whose interest the evaluation is being made) is better off.”  Note that both of these definitions 

of success contain the components of time, stakeholder, and multiple interrelated dimensions. 

In order to better understand the nature of success, the project management literature 

decomposes success into its component parts.  Pinto & Slevin (1988) decompose success into 

two themes: projects and clients.  The project side of success is measured by time, cost, and 

performance while the client side is measured with use, satisfaction, and effectiveness.  In a 

series of papers based on Israeli defense projects, Shenhar and associates identify four aspects of 

success: project efficiency, impact on the customer, business success, and preparing for the 
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future (Lipovetsky, Tishler, Dvir, & Shenhar, 1997; A. Shenhar, Dvir, levy, & Maltz, 2001; A. J. 

Shenhar & Levy, 1997; A. J. Shenhar, Tishler, Dvir, Lipovetsky, & Lechler, 2002).  Project 

efficiency is a short term measure that deals with the management of the project.  Impact on the 

customer deals with meeting customer needs and requirements and is a mid-term measure.  

Business success deals with whether the project provided sales, income, profits, gain in market 

share and is considered a medium to long term measure.  Lastly, preparing for the future is a long 

term measure and addresses preparing the company for the future.  Baccarini (1999) breaks 

success into two distinct components: project management success and product success.  The 

project management component deals with the project’s process and focuses on meeting cost, 

time, and quality measurements.  Product success concerns the effects of the project and is 

composed of meeting the project goal, project purpose, and satisfaction of stakeholders’ needs. 

Following the project management literature, the IS literature has also separated success 

into parts.  Robey, Smith, and Vijayasarathy (1993) discuss the difference between project 

success and system success.  They define project success as “the extent to which the project team 

is productive in its task and effective in its interactions with non-team members.  Project success 

includes the team’s compliance with budgets and schedules” (Robey, et al., 1993, p. 126).  

System success is not formally defined but is discussed as being operationalized with system 

quality, system usage, user satisfaction, and user behavior and attitudes.  Saarinen (1996) breaks 

success into four components, two measuring process and two measuring the product.  The 

process components include the development process and use process while the product 

components include quality of the IS product and impact of the IS on the organization.  The 

quality of the IS product component is based on users’ perceptions of the system including good 

user interface, flexibility, adaptability, and providing relevant and reliable information.  Van der 
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Westhuizen and Fitzgerald (2005) describe project success as being composed of project 

management success and product success.  Project management success is to be measured using 

within time, within budget, and within specification.  Product success is measured using the 

updated DeLone and McLean IS success model. 

In a literature review of the project management success literature, Jugdev and Muller 

(2005) categorize the research across the phases of the project and product lifecycles.  Their 

framework begins with the conception phase and moves through planning, implementation, 

handover, utilization, and ends at close down.  They define the project life cycle as occurring 

during the conception, planning, and implementation phases and the product life cycle as 

beginning with conception and lasting through close down. 

From the above discussion, I propose that the lifecycle of an information system can be 

viewed in two parts; the project lifecycle and the use lifecycle (Figure 2-1).  The project lifecycle 

is composed of the planning, analysis, design, and implementation stages of the systems 

development lifecycle (SDLC).  These stages form the ‘process’ through which the information 

system is created.  The IS, or the ‘product’, is the end result of this process.   The product is then 

delivered to the end users (installed) and the use lifecycle begins.  This framework is similar to 

the view taken by the Enterprise Unified Process (EUP) which is an extension of the Rational 

Unified Process (RUP) (Ambler, Vizdos, & Nalbone, 2005).  Ambler et al. (2005) describe the 

RUP as a ‘software development lifecycle’ encompassing the inception, elaboration, 

construction, and transition phases (e.g. the project lifecycle).  The EUP extends RUP by adding 

the production and retirement phases (e.g. the use lifecycle).  Thus we have a process model 

where undergoing the process leads to the creation of the product and then the product is used by 

the end users.  To get a complete picture of the success of an information system, measurement 



 
 

24 
 

of success should take place at two times; 1) at the end of the project lifecycle (process success 

and product success) and 2) sometime after the system has been in use (use success). 

 

 

Figure 2-1. The lifecycle of an information system. 

 

Measurement of process success should take place when the process is complete and 

measurement of product success should take place after the product is completed.  Both of these 

events occur at the end of the project lifecycle.  The stakeholders’ who play the most significant 

role during the project lifecycle are the project manager and practitioners.  Thus, the criteria used 

to measure process success and product success should be measured from the viewpoints of these 

stakeholders.  Use success differs from product success in that the important stakeholders at this 

stage are the users of the IS and the using organization.  Therefore, measurement of the criteria 

to judge use success should focus on their viewpoints. 

2.1.1 Process Success 

Process success measures the result of the steps undertaken to develop an information 

system.  Drawing from the framework used by Jugdev and Muller (2005) process success is seen 

as occurring during the analysis, design, and implementation stages of the system development 

lifecycle (SDLC).  The frameworks of success mentioned above have measured success using: 
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time and cost (Baccarini, 1999; Pinto & Slevin, 1988; van der Westhuizen & Fitzgerald, 2005), 

project efficiency (A. J. Shenhar & Levy, 1997; A. J. Shenhar, et al., 2002), project success (task, 

effective interaction, budgets and schedules) (Robey, et al., 1993), and development process 

(Saarinen, 1996). 

2.1.2 Product Success 

Product success measures the attributes of the IS artifact itself.  These attributes can be 

internal or external to the system.  Internal attributes are attributes of the source code, 

documentation, models, and any other items that make-up the product.  External attributes are 

attributes that result from the execution of the program.  Product success has been measured by 

the frameworks of success mentioned above using: performance (works or looks like it will work 

and best job of solving the problem) (Pinto & Slevin, 1988), quality (conformance to functional 

and technical specifications) (Baccarini, 1999), and specification (quality and functional 

specifications) (van der Westhuizen & Fitzgerald, 2005).  

2.1.3 Use Success 

Use success is the success that results from users using the system.  Use success measures 

only external attributes of the system.  From the users’ viewpoint, measurement of success can 

only occur after the system is in place and has been used for some period of time.  Further, 

measurement can occur indefinitely into the future until the system is retired.  The success 

frameworks mentioned above have measured use success using: use, satisfaction with process, 

and effectiveness (Pinto & Slevin, 1988); impact on customer and business success (A. J. 

Shenhar & Levy, 1997; A. J. Shenhar, et al., 2002); product success (goals, purpose, satisfaction 

of user stakeholders needs) (Baccarini, 1999); system success (system quality, usage, user 
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satisfaction, user behavior and attitudes all from the user perspective) (Robey, et al., 1993); use 

process, quality of IS (interface, flexibility, adaptability, relevant and reliable information all 

from the user’s perspective), and impact on the organization (Saarinen, 1996); and product 

success (using the DeLone and McLean IS success model) (van der Westhuizen & Fitzgerald, 

2005). 

Now that the process-product-use framework has been established to evaluate the 

different aspect of success, the next section investigates measurement of IS success in past 

studies.  

2.2 Measurement of IS Success 

An overwhelming amount of literature using IS success as the dependent variable uses 

measures from three predominant models of IS success: the DeLone and McLean IS success 

models and Seddon’s model (Petter, et al., 2008; Urbach, et al., 2009). 

2.2.1 The DeLone and McLean IS Success Model 

In an effort to clarify the dependent variable in IS success research, DeLone and McLean 

(1992) organized the measures of system success used in prior research into the comprehensive 

taxonomy known as the DeLone and McLean Model of Information Systems (IS) Success 

(Figure 2-2).  The model consists of six categories: 1) information quality, 2) system quality, 3) 

use, 4) user satisfaction, 5) individual impact, and 6) organizational impact.  Information quality 

is a measure of the output of the information system.  It has been measured with items such as 

information accuracy, output timeliness, completeness, relevance, precision, currency, 

informativeness, usefulness, uniqueness, clarity, readability, and report format.  System quality is 
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a measure of the performance of a system and has been measured using items such as reliability, 

response time, ease of use, turnaround time, completeness, flexibility, and resource utilization.  

The use dimension is one of the most widely used measures for information systems success 

because of its ease of understanding and objectivity.  Items that have been used to measure use 

include minutes used, number of sessions, number of functions used, charges for computing use, 

frequency of use, extent of use, hours per week, and number of reports generated.  A problem 

with use as a measure of success occurs when system use is mandatory.  The most widely used 

measure of IS success is user satisfaction (DeLone & McLean, 1992).  User satisfaction 

measures the user’s response to using the output of the IS.  In the mandatory situation; 

information quality, system quality, and use play a lesser role and user satisfaction tends to be 

the variable of choice.  It has been measured using a simple single item variable capturing 

overall satisfaction as well as multi-item scales.  Individual impact measures the effect of using 

the IS on the individual.  This not only takes the form of improving performance but also 

includes changes in understanding, perception, and user activities.  Individual impact has been 

measured with learning, performance improvement, test scores, information recall, decision 

effectiveness, time to make a decision, and efficiency of task accomplishment.  Organizational 

impact measures the impact of using the system on the organization and has been measured with 

items such as the effect on profits, costs, inventory, revenues, productivity, innovations, quality, 

staff, effectiveness, and ROI.  A complete listing of the items used in previous research from 

DeLone and McLean’s article for these dimensions can be found in Appendix A.  
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Figure 2-2. DeLone and McLean IS Success Model (DeLone & McLean, 1992). 

 

2.2.2 Seddon’s Model of IS Success (and Use) 

After using the original DeLone and McLean IS Success Model for several years, Seddon 

concluded that DeLone and McLean tried to incorporate too much into their model making it 

confusing and misspecified (Seddon, 1997).  Seddon asserts that combining a process model 

with a causal model creates confusion by having multiple meanings for the boxes and arrows.  

He demonstrates this confusion by focusing on three possible meanings of the ‘use’ construct 

within the model.  Seddon states that ‘use’ could be interpreted as; 1) use as a variable that 

proxies for benefits from use, 2) Use as a dependent variable in a variance model of future use, 

and 3) use as an event in a process leading to individual or organizational impact.   He proposes a 

revised model that contains two variance models, one for ‘use’ and another for ‘success’, and 

removes the process aspects of the model.  Seddon’s model is portrayed in Figure 2-3. 
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Figure 2-3. Seddon's model of IS success (Seddon, 1997). 

 

Seddon (1997) defines the variables in his model where DeLone and McLean just list the 

variables used to measure the dimensions in their model.  The IS Success portion of Seddon’s 

model is depicted by rectangular boxes in Figure 2-3.  Seddon states that information quality is 

concerned with the relevance, timeliness, and accuracy of the output of the IS; system quality 

deals with whether there are “bugs” in the system, ease of use, the user interface, and sometimes 

the maintainability and quality of the code; perceived usefulness measures the perception that 
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using the system has enhanced job performance; and user satisfaction measures the subjective 

evaluation of the consequences of using a system (Seddon, 1997).  Individual, organizational, 

and societal net benefits are intended to measure the outcomes attributed to using the IS on 

various levels. 

Seddon comments that his respecified model has three advantages over the original 

DeLone and McLean IS success model.  First, moving the ‘IS use’ construct to its own variance 

model alleviates much of the confusion over its meaning.  More ‘use’ leads to consequences (not 

necessarily more consequences) but the researcher must make a value judgment as to how those 

consequences impact IS success and if they are good or bad for the stakeholder in question.  

Second, ‘perceived usefulness’ replaces ‘use’ as a measure of IS success.  Prior research has 

shown that ‘perceived usefulness’ is a predictor of future IS use (Davis, 1989, 1993; Davis, 

Bagozzi, & Warshaw, 1989; as cited by Seddon, 1997).  Thus, in the causal model it is plausible 

to say that increased perceived usefulness leads to increased use.  Third,  

the feedback loop from Perceptions back to Expectations explicitly recognizes the 

importance of learning. … Expectations are continuously being revised in the light of 

new experiences with the system.  In a clockwise fashion, revised expectations lead to 

revised levels of IS Use, which in turn lead to revised perceptions of IS Success, and 

ultimately, to revised expectations. (Seddon, 1997, p. 251) 

2.2.3 The Updated DeLone and McLean IS Success Model 

DeLone and McLean (2003) updated their model to address criticisms, add proposed 

extensions (Rai, Lang, & Welker, 2002; A. J. Shenhar & Levy, 1997), and to modernize the 

model for use in e-commerce systems (Figure 2-4).  The updated model adds the category 

service quality, breaks use into intention to use and use, and combines individual impact and 
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organizational impact into one category called net benefits that feeds back to intention to use and 

user satisfaction.  Service quality was added to capture the activity of providing support for end 

users and end user developers.  This is particularly useful when one is trying to measure the 

success of an IS department instead of a single system.  Items used to measure service quality 

include tangibles, reliability, responsiveness, assurance, and empathy.  Use was broken into 

intention to use and use in order to try to capture the complexity of the use variable.  Use itself is 

multidimensional – “mandatory versus voluntary, informed versus uninformed, effective versus 

ineffective, and so on” (DeLone & McLean, 2003, p. 23).  This division gives the researcher 

more flexibility, but the researcher must clearly define how they are using this dimension.  

Individual and organizational impact were combined into net benefits in order to allow for more 

levels of impact to be incorporated into the model (e.g. industry, societal, etc.) without adding 

complexity.  It is left to the researcher to decide and define to whom the benefits apply. 

 

 

Figure 2-4. Updated DeLone and McLean IS success model (DeLone & McLean, 2003). 

 

DeLone and McLean (2003) keep both the process and causal representations within the 

model as they feel that this better represents the reality of an IS.  The process aspect of the model 
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has three stages; 1) creation of the system, 2) use of the system, and 3) consequences of system 

use (DeLone & McLean, 2003).  The process aspect of the model refers to the characteristic that 

one stage must occur before another.  A system must first be built before it can be used and a 

system must be used before an impact can be made, either individual or organizational.  Thus, 

there is a time component that must be considered when measuring the success of a system.  The 

causal aspect is viewed in three components; 1) Production, 2) Use, and 3) Net Benefits.  For 

example, the better the production (e.g. information quality or system quality) the more users 

will intend to use the system, the more users intend to use the system, the more net benefits will 

be realized.  Thus, there are causal aspects that must be considered with measuring the success of 

a system. 

DeLone and McLean (2003) conclude that after minor changes the updated DeLone and 

McLean model of IS Success is still a parsimonious model that captures the multidimensional 

and interdependent nature of IS Success.  However, researchers must be careful to thoroughly 

define the dimensions they are studying and carefully select the measures they use.  A summary 

of the measures listed by DeLone and McLean (2003) as being used for each dimension can be 

found in Appendix B.  DeLone and McLean (2003) call for a continued reduction in the number 

of measures used to measure IS Success in order to increase comparability of results between 

studies.   

These traditional models of IS success do a good job measuring use success from the 

structure of success of an IS presented above.  However, process success and product success 

have been largely ignored in the IS literature (Robey, et al., 1993).  Some may argue that process 

success and product success (as defined above) are irrelevant and the only thing that matters is 

use success giving examples of projects that have gone over time and over budget but provide 
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benefits to the users or using organization (a process failure with a use success).  Some may give 

examples of projects that were on time and within budget but were never used by their intended 

users or did not meet the customer’s/user’s needs (a process success with a use failure).  In both 

cases, I would contend that the measures of process success that have been popular in the 

literature and the iron triangle are insufficient to correctly judge the success of the process.  In 

the second case, I would ask ‘was the process and resulting product really a success?’  If 

analysis, design, and implementation are done correctly, then the artifact created by the process 

should be usable, meet both the functional and nonfunctional requirements of the users, and thus 

provide benefits to the users which would be considered a use success.  Linberg (1999) found the 

above to be true in a case study of software written to support medical devices.  Even though the 

project was over schedule and over budget, the developers viewed it as their most successful 

project.  The developers considered the project a success because it was a technical challenge, 

worked the way it was supposed to, and the team was high performing.  The developers also 

reported that they believed other projects to be a success where the organization considered them 

to be a failure because what they learned could be used on other projects.  In the developers’ 

view, these types of projects are considered at least a partial success. 

In his case study, Linberg (1999) suggests that success should be viewed on a continuum 

(not just as a success or a failure) and that there may be a significant difference between how the 

industry and software developers define success.    He concludes that “[t]he results of this case 

study suggest that a new theory or paradigm of software project success may be necessary.  This 

theory must include a more extensive framework for defining software project success.  The 

current definition of software project success may be too narrowly defined and may create 

negative perceptions about software developers” (Linberg, 1999, p. 191).  Since use success has 
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been a well-researched topic in past literature it is not a focus of this research. This research 

develops a new theoretical model, using prior literature and grounded theory, to measure process 

and product success adding to the picture of the success of an information system.  The first step 

in creating this new theoretical model is the creation of its high level conceptual framework, 

which is presented next.  

2.3 Conceptual Framework of Information System Development (ISD) 

Success 

Information System Development (ISD) Success measures the perception of the process 

and result of the project lifecycle (a software development effort) from the perspective of the 

software development team (the project manager and practitioners).  The perception of success is 

judged on both the product (artifact(s)) created as well as the process undergone to create it.  

Based on the literature, like IS Success, the ISD Success high-level conceptual framework is 

composed of multiple interrelated dimensions (Figure 2-5).  The process quality dimension 

measures the success of the process and the product quality dimensions (functional and non-

functional) measure the success of the product.  Atkinson (1999) makes the argument that other 

measures may be necessary to better measure success.  Net benefits and user satisfaction are 

important component in the IS success literature (DeLone & McLean, 1992, 2003; Rai, et al., 

2002; Seddon, 1997).  As such, team member benefits and team member satisfaction are added 

to the high level conceptual framework to capture the benefits to and satisfaction of the 

important stakeholders during the project lifecycle.  In this section, the literature-driven 

constructs of the ISD conceptual framework are described. 
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Figure 2-5. High level conceptual framework of Information Systems Development (ISD) Success. 

   

2.3.1 Process Quality 

The software development field has been enamored with the idea of improving the 

quality of software by improving the process of creating software.  Evidence of this is seen by 

the evolution of the different software development methodologies.  The structured systems 

approach tried to make the process more like an engineering process that was measured and 

documented.  The object oriented systems approach combined data with process to increase the 

idea of information sharing and reuse.  The “hot” methodologies of today are the agile 

methodologies, which try to deal with changing and evolving requirements.  All of these 

methodologies have been used to try to improve the ‘process’ of building software. 

There are two overarching frameworks which are believed to help improve one’s process: 

ISO 9000 and Capability Maturity Model Integration (CMMI).  ISO 9000 is a family of 

standards and guidelines created by the International Organization for Standardization.  At the 

top of the tree is ISO 9000-1 which provides the general guidelines about the family of 

standards.  Underneath there are standards (ISO 9001, 9002, 9003, and 9004) which contain the 

requirements a supplier must follow.  ISO 9002 and ISO 9003 are subsets of ISO 9001.  ISO 

9002 is used when there is no design and ISO 9003 is used when there is no design and no 
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production.  ISO 9004 is a comprehensive guideline on use of the ISO 9000 standards.  For 

software, ISO 9001 is the standard to follow.  ISO 9001 is titled “Quality Systems – Model for 

quality assurance in design, development, production, installation, and servicing” (Oskarsson & 

Glass, 1995, p. 6).  In a nutshell, all operations involving quality (e.g. plans, procedures, 

organization) must be documented and visible.  A requirement may be met in one of two ways; 

1) a written procedure for the activity is created and audited to make sure it is being followed, or 

2) a competent person, who has the proper training and experience, is given the responsibility 

and authority to perform the activity.  ISO 9001 was written for manufacturing companies so 

some interpretation is necessary when applying it to software development.   

ISO 9000-3 “Quality management systems – Part 3 – Guideline for the application of ISO 

9001 to the development, supply, and maintenance of software” was created as a suggested 

guideline for use of ISO 9001 for software development (Oskarsson & Glass, 1995, p. 21).  ISO 

9000-3 is just a guideline and provides one interpretation of ISO 9001 to software.  You can vary 

from one of the suggested guidelines as long as you can explain how you meet the corresponding 

ISO 9000 requirements.  ISO 9000-3  makes suggestions for; processes, procedures, templates, 

life cycle model descriptions, and descriptions of tools and techniques (Mutafelija & Stromberg, 

2008).  Oskarsson and Glass (1995) state that to appreciate the standard one must understand 

that:  

1) It is a tool for customers buying software more than for developers building it. 
2) It is about what, not how.  The standard requires that certain goals be achieved, but it 

says little about how to achieve them. 
3) It is about things that are necessary, but by no means sufficient.  The standard 

requires that a number of important goals be achieved, but the achievement of those 
goals does not ensure that a quality software product will result. (p. xxi) 

The issue with ISO 9000 is that it does not provide an estimate of capability level, it only 

determines if a company is compliant or not with the standard. 



 
 

37 
 

In an effort to extend ISO 9000 to enable organizations to assess and improve the 

maturity of their process the ISO developed standard ISO/IEC 15504.  This standard provides an 

assessment model, a measurement framework, process descriptions, and a process assessment 

method (van Loon, 2004).  The measurement framework consists of six capability levels of 

increasing capabilities.  Each level is composed of process attributes that measure aspects of 

process capability (van Loon, 2004).  The six capabilities along with their associated process 

attributes can be found in Table 2-1.  

 

Table 2-1. ISO/IEC 15504 Measurement Framework (van Loon, 2004). 

Capability 
Level 

Definition Process Attributes 

Level 0: 
Incomplete 

The process is not implemented or fails to achieve 
its purpose. 

 

Level 1: 
Performed 

The process is implemented and achieves its 
process purpose. 

PA.1.1 Process Performance 

Level 2: 
Managed 

The process is managed and work products are 
established, controlled and maintained. 

PA.2.1 Performance 
Management 
PA2.2 Work Product 
Management 

Level 3: 
Established 

A defined process is used based on a standard 
process. 

PA.3.1 Process Definition 
PA.3.2 Process Deployment 

Level 4: 
Predictable 

The process is enacted consistently within defined 
limits. 

PA.4.1 Process Measurement 
PA.4.2 Process Control 

Level 5: 
Optimizing 

The process is continuously improved to meet 
relevant current and projected business goals. 

PA.5.1 Process Innovation 
PA.5.2 Process Optimization 

 

The other framework to evaluate the software development process is the Capability 

Maturity Model Integration (CMMI).  CMMI is the integration of three previous models; 1) the 

Capability Maturity Model for Software (SW-CMM), 2) the Systems Engineering Capability 

Model (SECM), and 3) the Integrated Product Development Capability Maturity Model (IPD-

CMM)  (Software Engineering Institute, 2006).  The CMM was originally developed for the 
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Department of Defense (DOD) by the Software Engineering Institute (SEI) located at the 

Carnegie Mellon Institute.  The current version, CMMI v1.2, was released in August 2006 and is 

a framework used to “help organizations improve their development and maintenance processes 

for both products and services” (Software Engineering Institute, 2006, p. i).  The CMMI consists 

of three constellations, which are “a collection of CMMI components that are used to build 

models, training materials, and appraisal documents” (Software Engineering Institute, 2006, p. 

7).  The constellation applicable here is the CMMI for Development (CMMI-DEV).  Each 

constellation is composed of a set of process areas (PAs).  A PA is “a cluster of related best 

practices that when implemented collectively satisfies a set of goals considered important for 

making significant improvement in that area” (Mutafelija & Stromberg, 2008, p. 27).  CMMI for 

Development v1.2 is composed of 22 PAs which are specific to individual constellations.   

There are two approaches that can be used to apply CMMI: staged and continuous 

representations.  The staged representation organizes PAs into five maturity levels that can be 

obtained by an organization.  A maturity level is obtained by satisfying the requirements for the 

PAs contained at a specific level.  The continuous representation was added to conform with and 

be comparable to the ISO’s 15504 standard.  It allows an organization to select a PA, or group of 

PAs, and focus on improving the processes related to it.  The four category areas include: 1) 

Process Management, 2) Project Management, 3) Engineering, and 4) Support.  Maturity of a 

process is designated through six capability levels.  The five maturity levels from the staged 

representation along with the equivalent capability levels from the continuous representation are 

listed in Table 2-2.  The capability levels represent a continuous representation of a company’s 

process improvement along the process areas.  Table 2-3 provides a listing of CMMI for 

Development’s 22 PAs across categories and maturity levels. 
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Table 2-2. CMMI Maturity Levels and Capability Levels (Software Engineering Institute, 2006, 
pp. 33-34, 36-38). 

Maturity Levels  (Staged Representation) Capability Levels (Continuous 
Representation) 

NA 0) Incomplete: The process is either not 
performed or partially performed. 

1) Initial: Processes are usually ad hoc and 
chaotic.  The organization usually does not 
provide a stable environment to support the 
processes. 

1) Performed: A process that satisfies the 
specific goals of the process area.  It supports 
and enables the work needed to produce work 
products. 

2) Managed: The projects of the organization 
have ensured that processes are planned and 
executed in accordance with policy; the 
projects employ skilled people who have 
adequate resources to produce controlled 
outputs; involve relevant stakeholders; are 
monitored, controlled, and reviewed; and are 
evaluated for adherence to their process 
descriptions. 

2) Managed: A performed (capability level 1) 
process that has the basic infrastructure in 
place to support the process.  It is planned and 
executed in accordance with policy; employs 
skilled people who have adequate resources to 
produce controlled outputs; involves relevant 
stakeholders; is monitored, controlled, and 
reviewed; and is evaluated for adherence to its 
process description. 

3) Defined: Processes are well characterized 
and understood, and are described in standards, 
procedures, tools, and methods.  The 
organization’s set of standard processes, which 
is the basis for maturity level 3, is established 
and improved over time. 

3) Defined: A managed (capability level 2) 
process that is tailored from the organization’s 
set of standard processes according to the 
organization’s tailoring guidelines, and 
contributes work products, measures, and other 
process improvement information to the 
organizational process assets. 

4) Quantitatively Managed: The organization 
and projects establish quantitative objectives 
for quality and process performance and use 
them as criteria in managing processes.  
Quantitative objectives are based on the needs 
of the customer, end users, organization, and 
process implementers.  Quality and process 
performance is understood in statistical terms 
and is managed throughout the life of the 
processes. 

4) Quantitatively Managed: A defined 
(capability level 3) process that is controlled 
using statistical and other quantitative 
techniques.  Quantitative objectives for quality 
and process performance are established and 
used as criteria in managing the process.  
Quality and process performance is understood 
in statistical terms and is managed throughout 
the life of the process. 

5) Optimizing: An organization continually 
improves its processes based on a quantitative 
understanding of the common causes of 
variation inherent in processes. 

5) Optimizing: A quantitatively managed 
(capability level 4) process that is improved 
based on an understanding of the common 
causes of variation inherent in the process.  
The focus of an optimizing process is on 
continually improving the range of process 
performance through both incremental and 
innovative improvements. 
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Table 2-3. Process areas across categories and maturity levels(Mutafelija & Stromberg, 2008). 

 Categories  

Process Area Pr
oc

es
s M

an
ag

em
en

t 

Pr
oj

ec
t M

an
ag

em
en

t 

En
gi

ne
er

in
g 

Su
pp

or
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Maturity 
Level 

Causal Analysis and Resolution (CAR)    x 5 
Configuration Management (CM)    X 2 
Decision Analysis and Resolution (DAR)    X 3 
Integrated Project Management (IPM)  X   3 
Measurement and Analysis (MA)    X 2 
Organizational Innovation and Deployment (OID) X    5 
Organizational Process Definition (OPD) X    3 
Organizational Process Focus (OPF) X    3 
Organizational Process Performance (OPP) X    4 
Organizational Training (OT) X    3 
Product Integration (PI)   X  3 
Project Monitoring and Control (PMC)  X   2 
Project Planning (PP)  X   2 
Process and Product Quality Assurance (PPQA)    X 2 
Quantitative Project Management (QPM)  X   4 
Requirements Definition (RD)   X  3 
Requirements Management (REQM)   X  2 
Risk Management (RSKM)  X   3 
Supplier Agreement Management (SAM)  X   2 
Technical Solution (TS)   X  3 
Validation (VAL)   X  3 
Verification (VER)   X  3 

 

ISO 9000 and CMMI are competing but complementary frameworks.  Usually the choice 

between frameworks is made based on the target market.  One of the main differences between 

ISO 9000 and CMMI is that CMMI provides a measure of capability level compared to ISO 

9000 which only determines whether you are compliant or not.  Research has shown that 

obtaining ISO 9000 certification would put you approximately at a CMMI level of 2 with some 
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of the PA’s for level 3 completed (Paulk, 1993, 1995).  Companies at a CMMI level of 2 will 

fulfill most of the requirements for ISO 9000 with some additional requirements to complete 

(Paulk, 1993, 1995).  The main thing to keep in mind is that both are overarching frameworks 

used to improve the process.  They describe what you need to have but they do not tell you how 

to get there. 

In the ISD success high-level conceptual framework, on time and within budget are used 

as subcomponents of Process Quality.  On time and within budget are traditional measures of 

project management success (Atkinson, 1999; Baccarini, 1999; van der Westhuizen & 

Fitzgerald, 2005).  In this framework they are used to proxy for the quality of the management of 

the process.  A project that is completed on time and within schedule will be viewed as having 

been well managed and thus a higher quality process existed for the information system 

development project. 

Process maturity is also used as a subcomponent of Process Quality in the ISD success 

high-level conceptual framework.  The premise behind the SEI’s CMMI framework and the 

ISO/IEC’s 15504 standard is that a more mature process will lead to higher quality products.  

Since ISD success is concerned with the project lifecycle, the six PA’s comprising the 

engineering category of the CMMI for Development are selected as proxies for process maturity.  

They include product integration, requirements development, requirements management, 

technical solution, validation, and verification.  

2.3.2 Product Quality 

Creating quality software has been a major goal of IS developers throughout the history 

of the discipline.  The ISO defines quality in ISO 8402-1986 as “[t]he totality of features and 

characteristics of a product or service that bear on its ability to satisfy stated and implied needs” 
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(Oskarsson & Glass, 1995, p. 85).  They also define a quality system as “[t]he organizational 

structure, responsibilities, procedures, processes and resources for implementing quality 

management” (Oskarsson & Glass, 1995, p. 85).  Pressman (1997) states that there are two kinds 

of quality: quality of design and quality of conformance.  Quality of design is composed of 

requirements, specifications, and the design of the system, while quality of conformance is 

focused on implementation.  Conformance quality is determined to be high if the implementation 

follows the design and the resulting system meets its requirements and performance goals. 

In the ISD framework, product quality can be used to measure the quality of the output of 

an iteration of the system development life cycle (SDLC) or any phase of the SDLC.  The output 

can include programs, modules, diagrams, documentation, specifications, etc.  There are a 

number of models, or suggested ‘checklists’, that attempt to measure the quality of software and 

its related components: the Boehm model (Boehm, et al., 1976), the McCall model (Cavano & 

McCall, 1978), the objectives/principles/attributes (OPA) framework (Nance, Arthur, & 

Dandekar, 1986), the FURPS model (Grady & Caswell, 1987), ISO 9126 (ISO/IEC, 2001), the 

Dromey model (Dromey, 1996), the Systemic model (Ortega, Pérez, & Rojas, 2003), and the 

Pragmatic quality model (PQM) (Yahaya, Deraman, & Hamdan, 2008).  These software quality 

models list a set of factors that represent major aspects of software quality.  Within most of these 

frameworks, a list of criteria is associated with each factor and represents attributes of the factor 

that can be used to measure quality.  Each of these models is described below. 

2.3.2.1 Boehm’s Quality Model 

One of the first software quality models was developed by Boehm et al. (1976) while 

working for TRW inc. at the National Bureau of Standards and the Rome Air Development 

Center.  Boehm’s quality model consists of software quality characteristics which are related in a 
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tree like structure (Figure 2-6).  The higher-level structure (portability, as-is utility 5  and 

maintainability) answers top level questions such as: Can I use it if I change my environment?  

How well can I use it as-is? And how easy is it to maintain?  As-is utility and maintainability are 

made up of mid-level factors (reliability, efficiency, human engineering, testability, 

understandability, and modifiability) which are required to meet the higher-level characteristics.  

The arrows represent the implication that the high-level characteristics are composed of the mid-

level characteristics.  For example, maintainability is composed of testability, understandability, 

and modifiability.  The low-level factors (device-independence, self-containedness, accuracy, 

completeness, robustness/integrity, consistency, accountability, device efficiency, accessibility, 

communicativeness, self-descriptiveness, structuredness, conciseness, legibility, and 

augmentability) are primitive characteristics which combine into sets of necessary conditions for 

the mid-level characteristics.  The primitive characteristics provide a foundation for quantitative 

metrics that can be used to measure the mid and higher-level characteristics.  Definitions of the 

high and mid-level quality characteristics can be found in Table 2-4. 

 

                                                      
5 Boehm et al. (1976) lists As-Is Utility as Usability in the definitions found in the appendix. 
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Figure 2-6. Boehm's Quality Model (Boehm, et al., 1976). 
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Table 2-4. Definitions of Boehm's Quality Factors (Boehm, et al., 1976). 

Portability Code possesses the characteristic portability to the extent that it can be 
operated easily and well on computer configurations other than its 
current one. 

As-Is Utility 
(Usability) 

Code possesses the characteristic usability to the extent that it is reliable, 
efficient and human-engineered. 

Reliability Code possesses the characteristic reliability to the extent that it can be 
expected to perform its intended functions satisfactorily. 

Efficiency Code possesses the characteristic efficiency to the extent that it fulfills 
its purpose without waste of resources. 

Human 
Engineering 

Code possesses the characteristic human engineering to the extent that it 
fulfills its purpose without wasting the users’ time and energy, or 
degrading their morale.  This characteristic implies accessibility, 
robustness, and communicativeness. 

Maintainability Code possesses the characteristic maintainability to the extent that it 
facilitates updating to satisfy new requirements or to correct 
deficiencies. 

Testability Code possesses the characteristic testability to the extent that it 
facilitates the establishment of verification criteria and supports 
evaluation of its performance. 

Understandability Code possesses the characteristic understandability to the extent that its 
purpose is clear to the inspector. 

Modifiability Code possess the characteristic modifiability to the extent that it 
facilitates the incorporation of changes, once the nature of the desired 
change has been determined.  Note the higher level of abstractness of 
this characteristic as compared with augmentability. 

 

2.3.2.2 McCall’s Quality Model 

McCall’s software quality factors model lists a set of eleven factors, grouped by three 

aspects of a software artifact, that represent the major aspects of software quality: product 

revision, product transition, and product operations.  The eleven factors along with the relevancy 

of the factor to the user6, in parentheses, can be found in Figure 2-7.  A more detailed description 

of each of the factors is provided by McCall and found in Table 2-5.  Each factor is composed of 

one or more attributes related to the production and design of software.  The complete structure 

can be found in Figure 2-8 where the arrows identify the attributes associated with a particular 
                                                      
6 User in this case is defined as the program manager or acquisition manager, the customer of the software system, 
or the developer. 
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factor.  Factors are measured by having items subjectively measured on a yes/no scale and then 

dividing the number of yes responses by the total number of questions.  The measures can be 

summed based on a particular factor or the system as a whole.  The framework was developed 

based on several large scale projects at the Air Force Systems Commands Rome Air 

Development Center by GE (General Electric).   

 

 

Figure 2-7. McCall's software quality model (Cavano & McCall, 1978). 
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Table 2-5. Definitions of McCall's quality factors (Cavano & McCall, 1978). 

 Factor Description 

Pr
od

uc
t 

R
ev

is
io

n Maintainability Effort required to locate and fix an error in an operational program. 
Testability Effort required to test a program to ensure it performs its intended 

function. 
Flexibility Effort required to modify an operational program. 

Pr
od

uc
t 

Tr
an

si
tio

n Portability Effort required to transfer a program from one hardware configuration 
and/or software system environment to another. 

Reusability Extent to which a program can be used in other applications – related 
to the packaging and scope of the functions that programs perform. 

Interoperability Effort required to couple one system with another. 

Pr
od

uc
t O

pe
ra

tio
ns

 

Correctness Extent to which a program satisfies its specifications and fulfills the 
user’s mission objectives. 

Reliability Extent to which a program can be expected to perform its intended 
function with required precision. 

Efficiency The amount of computing resources and code required by a program to 
perform a function. 

Integrity Extent to which access to software or data by unauthorized persons can 
be controlled. 

Usability Effort required to learn, operate, prepare input, and interpret output of a 
program. 
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Figure 2-8. McCall's quality model in a tree structure (Kitchenham & Pfleeger, 1996). 
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2.3.2.3 Objectives/Principles/Attributes (OPA) Framework 

Nance and Arthur (2002) developed the OPA framework based on McCall’s model, 

literature, and insights gained while working on projects at the Naval Surface Warfare Center – 

Dahlgren Division (Figure 2-9).  Seven project level objectives are identified to measure 

software quality: adaptability, correctness, maintainability, portability, reliability, reusability, and 

testability.  The term objective was used in place of factor because each item is a sought after 

project-level characteristic.  Each objective is associated with one-to-many software engineering 

principles that characterize the product development process.  Each principle is associated with 

one-to-many attributes of the software.  An example of the associations between objectives, 

principles, and attributes is as follows; “to achieve maintainability one might employ the 

principle of information hiding in the development process.  In turn, employing information 

hiding will result in a product that exhibits a well-defined interface” (Nance & Arthur, 2002, p. 

15).  Definitions of the objectives can be found in Table 2-6.  
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Figure 2-9. Nance and Arthur's objectives/principles/attributes (OPA) framework (Nance & Arthur, 2002). 
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Table 2-6. Definitions of Nance and Arthur's objectives (Nance, et al., 1986). 

Adaptability The ease with which software can accommodate to changing requirements. 
Correctness Strict adherence to specifications. 
Maintainability The ease with which corrections can be made to respond to recognized 

inadequacies. 
Portability The ease in transferring software to another host environment. 
Reliability The error-free behavior of software over time. 
Reusability The use of developed software in other applications. 
Testability The ability to evaluate conformance with specifications. 

 

2.3.2.4 FURPS Quality Model  

FURPS was developed by Hewlett-Packard (HP) in the mid 80’s to measure the quality 

of their software.  The acronym FURPS stands for the individual software quality factors 

measured by HP: functionality, usability, reliability, performance, and supportability.  Like the 

previous models, FURPS is composed of a set of factors in a tree like structure composed of 

factors with related attributes (Figure 2-10).  Two steps are involved in implementing FURPS; 1) 

setting priorities and 2) measuring quality attributes.  Priorities need to be established since 

oftentimes tradeoffs are made between quality attributes.  “For example, adding a new function 

might improve functionality but decrease performance, usability, and/or reliability” (Grady & 

Caswell, 1987, p. 159).  Measureable goals are set after the priorities are decided upon.  FURPS 

was updated to FURPS+ to emphasize various attributes different camps within HP believed to 

be important.  A more detailed description of the quality factors can be found in Table 2-7. 
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Figure 2-10. FURPS quality tree (Grady & Caswell, 1987). 
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Table 2-7. Definitions for FURPS factors (Pressman, 1997). 

Factor Description 
Functionality Is assessed by evaluating the feature set and capabilities of the program, the 

generality of the functions that are delivered, and the security of the overall 
system. 

Usability Is assessed by considering human factors, overall aesthetics, consistency, and 
documentation. 

Reliability Is evaluated by measuring the frequency and severity of failure, the accuracy of 
output results, the mean time between failures (MTBF), the ability to recover 
from failure, and the predictability of the program. 

Performance Is measured by processing speed, response time, resource consumption, 
throughput, and efficiency. 

Supportability Combines the ability to extend the program (extensibility), adaptability, and 
serviceability (these three attributes represent a more common term – 
maintainability), as well as testability, compatibility, configurability [the ability 
to organize and control elements of the software configuration], the ease with 
which a system can be installed, and the ease with which problems can be 
localized. 

 

2.3.2.5 ISO/IEC 9126 Quality Model 

The International Organization for Standardization (ISO) and the International 

Electrotechnical Commission (IEC) created the ISO/IEC 9126 standard to measure software 

quality.  There are a couple of differences between this quality model and the ones presented 

earlier.  The first difference is that ISO 9126 distinguishes between three types of quality: 1) 

internal quality, 2) external quality, and 3) quality in use.  “Internal quality is the totality of 

characteristics of the software product from an internal view” (ISO/IEC, 2001, p. 5).  It is 

measured against properties of interim products such as requirements, documentation, source 

code, and models.  Typical measures include computational accuracy, fault detection, test 

adequacy, function understandability, and change impact (ISO/IEC, 2003).  “External quality is 

the totality of characteristics of the software product from an external view.  It is the quality 

when the software is executed, which is typically measured and evaluated while testing in a 
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simulated environment with simulated data using external metrics” (ISO/IEC, 2001, p. 5).  

Typical measures include response time, waiting time, maximum amount of memory used, and 

mean occurrence of transmission errors (Becker, 2008).  Measures of external quality are derived 

from user’s quality needs including quality in use measures (see below).  The internal and 

external quality model is composed of six quality characteristics each of which have a related set 

of subcharacteristics (Figure 2-11).  Another difference between this model and the ones 

presented earlier (with the exception of FURPS) is that each subcharacteristic (attribute) is 

associated with one and only one factor.  For example, the attribute simplicity in McCall’s model 

is associated with the factors maintainability and testability where the attribute stability in ISO 

9126 is associated only with maintainability.  Quality in use is “the capability of the software 

product to enable specified users to achieve specified goals with effectiveness, productivity, 

safety and satisfaction in specified contexts of use” (Figure 2-12) (ISO/IEC, 2001, p. 12).  The 

ISO 9126 standard states that quality in use is dependent upon achievement of external quality 

which in itself is dependent upon achievement of internal quality.  Detailed definitions of the 

quality characteristics are presented in Table 2-8. 
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Figure 2-11. ISO 9126 internal and external quality model. 
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Figure 2-12. ISO 9126 quality in use model. 

 

Table 2-8. Definitions of ISO 9126 quality characteristics (ISO/IEC, 2001). 

In
te

rn
al

 a
nd

 E
xt

er
na

l Q
ua

lit
y 

Functionality The capability of the software product to provide functions which meet 
stated and implied needs when the software is used under specified 
conditions. 

Reliability The capability of the software product to maintain a specified level of 
performance when used under specified conditions. 

Usability The capability of the software product to be understood, learned, used and 
attractive to the user, when used under specified conditions. 

Efficiency The capability of the software product to provide appropriate 
performance, relative to the amount of resources used, under stated 
conditions. 

Maintainability The capability of the software product to be modified.  Modifications may 
include corrections, improvements or adaptation of the software to 
changes in environment, and in requirements and functional 
specifications. 

Portability The capability of the software product to be transferred from one 
environment to another. 

Q
ua

lit
y 

in
 U

se
 

Effectiveness The capability of the software product to enable users to achieve specified 
goals with accuracy and completeness in a specified context of use. 

Productivity The capability of the software product to enable users to expend 
appropriate amounts of resources in relation to the effectiveness achieved 
in a specified context of use. 

Safety The capability of the software product to achieve acceptable levels of risk 
of harm to people, business, software, property, or the environment in a 
specified context of use. 

Satisfaction The capability of the software product to satisfy users in a specified 
context of use. 
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2.3.2.6 Dromey’s Quality Model  

The remaining models either use or extend the quality factors identified in the ISO 9126 

model.  Dromey (1996) develops three quality models: 1) the implementation quality model 

(Figure 2-13), 2) the requirements quality model (Figure 2-14), and 3) the design quality model 

(Figure 2-15).  The implementation quality model extends the ISO model adding reusability and 

process maturity to the top level quality attributes.  The requirements quality model identifies 

“key aspects of a quality model for requirements” (Dromey, 1996, p. 38).  This model differs 

from the implementation model in that some of the subattributes of the implementation model 

(e.g. understandability) play a larger role in the requirements phase so they are promoted to the 

higher level attributes.  The design quality model should be developed using a mature process 

and should encompass the requirements of the system.  The system produced should also be 

adaptable and understandable.  Dromey mentions that the top level attributes are unable to be 

measured directly but instead are measured through the aggregation of a set of low-level product 

characteristics.  
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Figure 2-13. Dromey's Implementation Quality Model (Dromey, 1996). 
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Figure 2-14. Dromey's Requirements Model (Dromey, 1996). 
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Figure 2-15. Dromey's Design Quality Model (Dromey, 1996). 

  

2.3.2.7 Systemic Quality Model 

The systemic quality model (Ortega, et al., 2003) is developed around the relationships 

between product-process, efficiency-effectiveness, and user-customer.  The top-level quality 

characteristics from ISO 9126 form the basis of the model.  Within each top top-level 

characteristic (functionality, reliability, usability, efficiency, maintainability, and portability) the 

subattributes are listed in a 2x2 matrix across the product-process and product effectiveness-

efficiency dimensions.  The systemic quality model was validated by using two software projects 

in the banking industry and can be found in Table 2-9. 

 



 
 

61 
 

Table 2-9. Systemic Quality Model (Ortega, et al., 2003). 

 FUNCTIONALITY 
 Product Effectiveness Product Efficiency 
Product  Suitability, Accuracy, 

 Interoperability, Security 
Correctness, Structured, Encapsulated, 
 Specified 

Process Acquisition Preparation, Supply, 
 Construction, Testing, Validation, 
 Audit, Quality Management 

Supply, Audit, Quality Management 

 RELIABILITY 
 Product Effectiveness Product Efficiency 
Product Maturity, Fault Tolerance, 

 Recoverability 
Correctness, Structured, Encapsulated 

Process Audit, Quality Management Operational Use, Integration and Testing, 
 Maintenance, Audit, Quality 
 Management 

 USABILITY 
 Product Effectiveness Product Efficiency 
Product Understandability, Learnability, 

 Attractiveness, Operability 
Complete, Consistent, Effective, Specified, 
 Documented, Self-Descriptive 

Process Customer Support, Documentation, 
 Audit, Quality Management 

Operation, Customer Support, Audit, 
 Quality Management 

 EFFICIENCY 
 Product Effectiveness Product Efficiency 
Product Time Behavior, Resource Behavior Effective, Non-Redundant, Direct, Utilized, 

 Audit, Quality Management 
Process Audit, Quality Management Audit, Quality Management 
 MAINTAINABILITY 
 Product Effectiveness Product Efficiency 
Product Analyzability, Changeability, Stability, 

 Testability 
Coupled, Cohesive, Encapsulated, Maturity 
 Attributes, Control Structure, 
 Information Structure system, 
 Descriptive, Correctness, Structural 

Process Requirement Elicitation, Analysis and 
 Design, Documentation, Audit, 
 Quality Management 

Requirement Elicitation, Analysis and 
 Design, Integration and Testing, 
 Audit, Quality Management 

 PORTABILITY 
 Product Effectiveness Product Efficiency 
Product Adaptability, Installability, Co-

 Existence, Replaceability 
Consistent, Parameterized, Encapsulated, 
 Cohesive, Specified, Documented, 
 Self-Descriptive, Non-Redundant 

Process Software Requirement Analysis, Audit, 
 Quality Management 

Software Requirement Analysis, Audit, 
 Quality Management 
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2.3.2.8 PQM (Pragmatic Quality Model) 

The pragmatic quality model (PQM) (Yahaya, et al., 2008) is composed of four 

components: 1) behavioral attributes, 2) impact attributes, 3) responsibility and measurement of 

metrics, and 4) classification of attributes and weight factors.  The behavioral attributes measure 

external attributes and how the software behaves in the environment.  The attributes are the same 

as the attributes from ISO 9126 with the addition of integrity.  Integrity is the ability to withstand 

an attack.  The impact attributes measure the human side of quality in meeting user requirements 

(user conformity) and quality to users.  The responsibility and measurement of metrics defines 

who is responsible to answer questions about specific quality attributes and the weight factor 

assigns different weights to the subattributes based on the results of a previous survey.  The 

model has been used to measure the quality of three software projects at three large Malaysian 

companies.  Definitions for the top level characteristics for Dromey’s implementation quality 

model, the systemic quality model, and PQM can be found in Table 2-10. 
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Table 2-10. Definitions for top level attributes from Dromey's quality model, the systemic 
model, and PQM. 

Dromey’s Implementation Quality Model (Dromey, 1995, 1996) 
ISO 9126 
Internal/External 
Quality Model Factors 
+ 

 

Reusability A structural form is reusable if it uses standard language features, it 
contains no machine dependencies and it implements a single, well-
defined, encapsulated and precisely specified function whose 
computations are all fully adjustable and use no global variables or 
side effects. 

Process Quality This high level attribute is attached to each quality model to link the 
process to product quality. 

Systemic Quality Model (Ortega, et al., 2003) 
Functionality is the ability of a software product to provide functions that meet 

specific and implicit needs when software is used under specific 
conditions.  Functionality takes into account adaptation to the 
purposes, precision, interoperability and security of the software 
product. 

Reliability is the capacity of a software product to maintain a specified level of 
performance when used under specific conditions. 

Usability is the capacity of a software product to maintain a specified level of 
performance when used under specific conditions. 

Efficiency is the capacity of the software product to perform adequately under 
specific conditions, depending on the amount of resources used. 

Maintainability is the capacity of the software to be modified.  Modifications can 
include corrections, improvements or adaptations of the software to 
adjust to changes in the environment, in terms of functional 
requirements and specifications. 

Portability is the capacity of the software product to be transferred from one 
environment to another. 

PQM (Yahaya, et al., 2008) 
ISO 9126 
Internal/External 
Quality Model Factors 
+ 

 

Integrity This attribute measure(s) the ability to withstand attack on its security 
that comprises of program, data and document.  It covers threat and 
security aspects. 

User Conformity It illustrates the impact of the software in terms of quality to the users 
and also measures the conformity of software to the user requirement.  
…The impact attribute is decomposed into two distinct subattributes, 
which by means of user perceptions and user requirements. 
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With the exception of ISO 9126, each of the models mentioned above were developed by 

one company or a researcher and were validated/tested on a limited number of projects.  

However, most of the models seem to be relatively consistent, include internal as well as external 

aspects of quality, and are relatively complete.  Even though the different models may use 

different names for their factors, the factors from the models can be matched based on their 

definitions.  A listing of the factors for each model along with the proposed matching can be 

found in Table 2-11.  When the models are combined, a distinct set of factors emerges.  The set 

of factors end up being developed by multiple companies/researchers across multiple projects 

which increases their validity.  Product quality in the ISD success framework is measured in two 

parts; functional product quality and non-functional product quality.  Functional product quality 

is measured with the factor functionality while non-functional product quality is measured with 

the subconstructs reliability, usability, maintainability (including testability, understandability, 

and modifiability), portability, efficiency, and reusability. 
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Table 2-11. Comparison of factor definitions. 

  Functionality Reliability Usability Maintainability Portability Efficiency Reusability 
Boehm 
(1976) 

  Reliability Human 
Engineering 

Maintainability, 
Testability, 
Understandability, 
Modifiability 

Portability Efficiency   

McCall 
(1978) 

Correctness Reliability Usability Maintainability, 
Testability, 
Flexibility 

Portability Efficiency Reusability 

Nance & 
Arthur 
(1985) 

Correctness Reliability   Maintainability, 
Testability, 
Adaptability 

Portability   Reusability 

FURPS 
(1987) 

Functionality Reliability Usability Supportability, 
Testability, 
Modifiability 

  Performance   

ISO 9126 
(1991) 

Functionality Reliability Usability Maintainability Portability Efficiency   

Dromey 
(1995) 

Functionality Reliability Usability Maintainability Portability Efficiency Reusability 

Systemic 
(2003) 

Functionality Reliability Usability Maintainability Portability Efficiency   

PQM (2008) Functionality Reliability Usability Maintainability Portability Efficiency   
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2.3.3 Team Member Benefits 

In a series of studies, Procaccino, Verner, and associates (Pereira, Cerpa, Verner, Rivas, 

& Procaccino, 2008; Procaccino & Verner, 2002, 2006; Procaccino, et al., 2005) study software 

practitioners’ perceptions of project success.  They divide their outcome success criteria into 

project and personal related items.  Items began with the wording “It is important to your 

perception of software project success that [specific process or outcome related item]” 

(Procaccino, et al., 2005, p. 195).  The top ranked project related items include the product is 

easy to use, meets customer/users requirements, accurate estimation of time, schedule was 

estimated accurately, and finishes within budget.  These items are accounted for in the proposed 

model of ISD success through the process quality and product quality constructs.  The top ranked 

personal related items include do a good job (i.e. , delivered quality), sense of achievement, 

working on project is satisfying, results in professional growth, learning something new, 

increases recognition, and increase professional responsibility.  The first three personal related 

items are included in the proposed model of ISD success in the team member satisfaction 

construct (discussed below) while the second three personal related items are included in the 

proposed model of ISD success through the team member benefits construct. 

2.3.4 Team Member Satisfaction 

Satisfaction of users has been discussed as a crucial component of the DeLone and 

McLean IS success model as well as Seddon’s model (DeLone & McLean, 1992, 2003; Seddon, 

Staples, Patnayakuni, & Bowtell, 1999).  Seddon (Seddon, et al., 1999, p. 246) even states that 

“[o]f all the measures … , User Satisfaction is probably the closest in meaning to the ideal Net 

Benefits measure.”  Based on the importance of user satisfaction in the models measuring use 
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success, team member satisfaction is included in the ISD success framework.  Team member 

satisfaction includes the perceptions of the project manager and practitioners, which include 

software developers (including programmers), data base developers, systems analysts, etc. 

(Procaccino, et al., 2005).  As discussed in the previous section, Procaccino, Verner, and 

associates (Procaccino & Verner, 2002, 2006; Procaccino, et al., 2005) have studied success 

criteria that are similar to satisfaction of managers and practitioners.  They find that both groups 

rank “do a good job (i.e. delivered quality)”, “sense of achievement”, and “working on project is 

satisfying” among the top personal items measuring success.  Team member satisfaction is 

measured with three subcomponents: process satisfaction, product satisfaction, and personal 

satisfaction.   

2.4 Relationships and Hypotheses Development 

In this section, relationships are added to the ISD success framework presented above to 

create the literature driven proposed model of ISD success.  Empirical tests of the DeLone and 

McLean model of IS Success and Seddon’s model have shown a correlation between system 

quality and user satisfaction (Iivari, 2005; Rai, et al., 2002; Seddon & Kiew, 1994).  While Rai, 

Lang, and Welker (2002) and Seddon and Kiew (1994) used various items such as ease of use 

and user friendliness to measure system quality, Iivari (2005) used a set of factors including; 

flexibility, integration, response/turnaround time, error recovery, convenience of access and 

language.  Wixom and Todd (2005) also discovered a positive correlation between system 

quality and system satisfaction while reporting reliability, flexibility, integration, and 

accessibility as significant antecedents to system quality.  Based on these findings, it is plausible 

that if product quality is measured with factors important to project managers and practitioners 
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then product quality (both functional and non-functional) should have a positive influence on 

team member satisfaction. 

H1: Higher levels of functional product quality will lead to higher levels of team member 
satisfaction. 
 
H2: Higher levels of non-functional product quality will lead to higher levels of team 
member satisfaction. 
 

In a meta-analysis of the DeLone and McLean model of IS success, Petter and McLean 

(2009) find that there is a strong relationship between user satisfaction and net benefits.  Rai et 

al. (2002) empirically tested the relationship between individual benefits and user satisfaction 

and found the relationship to be significant.  However, they used perceived usefulness as a proxy 

for individual benefits.  The definition used for perceived usefulness was “[t]he degree to which 

the user believes that using a particular system has enhanced his or her job performance” (Rai, et 

al., 2002, p. 57, Table 2).  Kulkarni et al. (2006) tested the perceived usefulness (benefits) to 

satisfaction relationship in the knowledge management setting and Schaupp et al. (2009) tested it 

in the website setting.  Both studies find the relationship to be significant.  In a qualitative 

literature review on IS Success research, Petter, DeLone, and McLean (2008) list four other 

studies that find this relationship to be significant when using perceived usefulness as a proxy for 

individual benefits (Devaraj, Fan, & Kohli, 2002; J. J. Po-An  Hsieh & Wang, 2007; Rai, et al., 

2002; Seddon & Kiew, 1996).  Petter et al. (2008) also list another five studies that find a 

positive relationship from benefits to satisfaction when satisfaction is measured as impact on job 

(Guimaraes, Yoon, & Clevenson, 1996; Wu & Wang, 2006; Yoon, et al., 1995), perceived 

productivity (Abdulla, 1997), and decision making satisfaction (Bharati & Chaudhury, 2006).  

Extending these findings from the user’s perspective to the information systems development 



Page 69 of 263 
 

69 
 

team member perspective, team member benefits should have a positive influence on team 

member satisfaction. 

H3: Higher levels of team member benefits will lead to higher levels of team member 
satisfaction. 
 

The proposed benefits of the software process improvement (SPI) movement is that 

improving the quality of the development process will lead to higher quality products, improve 

developer productivity and predictability, reduce cycle time, and increase customer satisfaction.  

Kuilboer and Ashrafi (2000) found that developers perceived that the use of a software process 

improvement framework lead to an increase in customer satisfaction.  ISD Success is measuring 

success from the perspective of the practitioners working on the project and the project manager.  

It is plausible to believe that having a quality process would increase these stakeholders’ 

satisfaction with the process and sense of achievement.  Therefore, process quality should have a 

positive influence on team member satisfaction 

H4: Higher levels of process quality will lead to higher levels of team member 
satisfaction. 
 

Prior studies have found mixed results linking SPI with improving productivity but they 

have suggested that higher process capabilities lead to a higher quality product (Ashrafi, 2003; El 

Emam & Birk, 2000; Harter, Krishnan, & Slaughter, 2000; Kuilboer & Ashrafi, 2000).  While 

Harter et al. (2000) define quality as errors uncovered during acceptance testing, Kuilboer and 

Ashrafi (2000) define quality using a set of factors similar to the ones proposed here.  The top 

five factors perceived to be highly impacted by SPI in descending order were: reliability, 

expandability, intra-operability, correctness, verifiability, with flexibility and reusability tied at 

the rank of five.  They also found a high correlation between the perceived importance of a factor 
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and the impact SPI plays on that factor (Kuilboer & Ashrafi, 2000).  Therefore, based on the 

above research, process quality should have a positive influence on functional product quality 

and non-functional product quality. 

H5: Higher levels of process quality will lead to higher levels of functional product 
quality. 
 
H6: Higher levels of process quality will lead to higher levels of non-functional product 
quality. 

 

Adding these proposed links to the ISD success framework results in the literature driven 

proposed model of ISD success (Figure 2-16). 

 

 

Figure 2-16. Literature driven proposed model of ISD success. 
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2.5 Summary 

The first section of this chapter presented a framework proposing that success of an 

information system should be viewed in three parts; process success, product success, and use 

success.  Process success measures the quality of the process undergone to create the system.  

Product success is a measure of the quality of the product.  The product’s quality attributes are 

the attributes important to members of the project team which can be internal to the system (e.g. 

quality of the code) or external to the system (e.g. quality attributes displayed from running the 

executable).  Use success is similar to the external product quality attributes only they are the 

attributes important to the end users.  The second section of the chapter discussed the two 

predominant models of IS success from literature; the DeLone and McLean IS success model 

and Seddon’s model.  This section uncovered that these models measure use success from the 

framework mentioned above while ignoring process success and product success.  The third 

section presented the ISD success framework which was proposed to measure process and 

product success.  The framework was developed from a review of the literature and is composed 

of multiple interrelated dimensions; process quality, functional product quality, non-functional 

product quality, team member benefits and team member satisfaction.  The last section proposes 

relationships between the constructs found in the ISD success framework and presents the 

literature driven proposed model of ISD success.   

Chapter Three will use a grounded theory approach to refine the proposed model of ISD 

success and thus build the ISD success theoretical model.  The grounded theory approach will 

allow any dimensions not identified from the literature to be uncovered and added to the model. 
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Chapter 3  
Theoretical Model Building: Interviews 

The result of the literature review in Chapter Two is the literature driven proposed model 

of ISD success.  The remainder of this study is conducted in two steps; theory building and 

theory testing.  This chapter describes the theory building process used to create the theoretical 

model of ISD success.  The methodology consists of eight steps, each of which is composed of 

one or more activities.  The theory building process allows emergent constructs to be added to 

the framework and tested during the theory testing phase.  Data is collected using semi-

structured interviewing techniques.  The theory testing phase is described in Chapters Four and 

Five.   

3.1 Theory Building Methodology 

Since there is no existing theoretical model for ISD success, a grounded theory technique 

is used to build the model (Eisenhardt, 1989; Orlikowski & Baroudi, 1991; Strauss & Corbin, 

1990; Watson-Manheim & Bélanger, 2007; Yin, 2003).  The methodology used to build the 

theory is adapted directly from Eisenhardt (1989) and Watson-Manheim and Bélanger (2007).  

This methodology builds theory using eight steps, each composed of one or more activities.  The 

use of the theory building exercise allows the inclusion of constructs that emerge through the 

process to be added to the literature driven proposed model of ISD success (Figure 2-16).  The 
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steps to be followed are outlined in Table 3-1 along with a description of how each step is to be 

satisfied in this study.  
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Table 3-1. Building Theory from Case Study Research (Adapted from Eisenhardt (1989) and Watson-Manheim and Bélanger (2007)). 

Steps Activity This Research Reason 
Getting Started Definition of 

research question 
How do practitioners and project managers define the 
success of an information system 

Focuses efforts 

Possibly a priori 
constructs 

Proposed model of ISD Success (Chapter Two) Provides better grounding of 
construct measures 

No set theory There is no existing theory for ISD success Retains theoretical flexibility 
Selecting Cases Specified population Project managers and developers of teams that 

develop information systems 
Constrains extraneous variation and 
sharpens external validity 

Theoretical, not 
random, sampling 

Project managers and developers from a diverse set 
of development teams will be sought.  
(product/service, 3rd party development, and internal 
development shop) 

Focuses efforts on theoretically 
useful data sources – i.e., those that 
replicate or extend theory by filling 
conceptual categories 

Crafting 
instruments and 
protocols 

Multiple data 
collection methods 

Literature review (Chapter Two) and interviews 
(Chapter Three) 

Strengthens grounding of theory by 
triangulation of evidence 

Qualitative and 
quantitative data 
combined 

Qualitative data captured through interviews used to 
identify themes to validate and add to the model.  
Frequency of themes used as semi-Quantitative data 
used to aid in analysis and validation of the model. 

Synergistic view of evidence 

Multiple 
investigators 

Protocols and instruments are designed to enhance 
replication across investigators. 

Fosters divergent perspectives and 
strengthens grounding 

Entering the 
field 

Overlap data 
collection and 
analysis; field notes 

Iterative process used Speeds analyses and reveals helpful 
adjustments to data collection 

Flexible and 
opportunistic data 
collection 

Semi-structured interviews and flexible coding 
templates 

Allows investigators to take 
advantage of emergent themes and 
unique case features 

Analyzing data Within-case analysis Interview segments are coded into the constructs of 
the proposed model of ISD success.  

Gains familiarity with data and 
preliminary theory generation 

Cross-case pattern 
search using 
divergent techniques 

Recurrent themes across cases that do not fit into any 
of the existing constructs are considered for inclusion 
into the theoretical model. 

Forces investigators to look beyond 
initial impressions and see evidence 
thru multiple lenses 
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Shaping 
hypotheses 

Iterative tabulation 
of evidence 

Data from interviews are used to evaluate the 
proposed model. 

Sharpens construct definition, 
validity, and measurability 

Replication, not 
sampling, logic 
across case 

The data from each interview are compared to the 
proposed model to validate the constructs. 

Confirms, extends, and sharpens 
theory 

Enfolding 
literature 

Comparison with 
conflicting literature 

To be discussed in Chapter Six Builds internal validity, raises 
theoretical level, and sharpens 
construct definitions 

Comparison with 
similar literature 

To be discussed in Chapter Six Sharpens generalizability, improves 
construct definition, and raises 
theoretical level 

Reaching 
closure 

Theoretical 
saturation when 
possible 

Proposed model of ISD Success Ends process when marginal 
improvement becomes small 
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3.1.1 Getting Started 

The getting started step consists of three activities; definition of the research question, the 

possible introduction of a priori constructs, and having no set theory.  The initial definition of the 

research question, which can be in broad terms, helps to focus the exercise of theory building.  

The inclusion of a priori constructs can be influential to help shape the initial design of the 

theory building exercise.  However, the researchers involved must be cognizant that the inclusion 

of a construct at this stage doesn’t guarantee that the construct will remain at the end of the 

study.    Having no set theory helps to retain theoretical flexibility during the theory building 

process. 

Much of the detail of the getting started step is covered in the literature review found in 

Chapter Two.  The broad research question in this dissertation is: how do practitioners and 

project managers define the success of the development of an information system.  The a priori 

constructs for ISD success are derived from the literature review and an a priori model, the 

literature driven proposed model of ISD success, is presented at the end of Chapter Two (Figure 

2-16).  The a priori constructs for ISD success include process quality, functional product 

quality, non-functional product quality, team member benefits, and team member satisfaction.  

Each construct is composed of multiple subconstructs.  Since ISD success is a new theoretical 

model it is not a set theory.  The literature driven model serves as a building block for the theory 

building process.  The constructs in the proposed model and the hypotheses presented at the end 

of Chapter Two are not set; meaning that emergent constructs, subconstructs, and hypotheses 

discovered during the theory building process may be added to the proposed model. 
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3.1.2 Selecting Cases 

The selecting cases step consists of two activities; specifying a population and selection 

of a theoretical, not random, sampling scheme.  The specification of a population of interest 

helps to constrain extraneous variation and sharpen external validity helping to define the 

generalization of the findings.  The use of a purposeful (theoretical) sample is to help focus the 

research efforts on useful cases.   

The population of interest for this study is composed of team members developing 

information systems.  A purposeful sampling scheme was used to select diverse cases for the 

theory building exercise.  Diverse cases were targeted since a general model of ISD success is 

desired.  Cases were selected to fill two conceptual categories of interest.  The first represents the 

different types of IS development and is divided into three categories; 1) organizations that 

create and sell a product or service, 2) organizations that provide 3rd party software development 

services, and 3) organizations that develop in-house software.  The second set of categories 

covers the stakeholders found on the development team which include project managers and 

developers.  This creates a three by two matrix of type of project and stakeholder (Table 3-2).   

 

Table 3-2. Matrix of cases (Letters represent organizations and numbers represent participants). 

 Project Manager Developer 
Product / Service R1 R2, R3 
3rd Party Development A3 A2 
 V1 V2 
In-House Development M1 S1 

 

 

The product or service category was covered by interviews conducted at company R.  

Company R has created a product that it sells to other organizations in a SaaS (software as a 
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service) setting.  One manager (R1) and two developers (R2 and R3) were interviewed at 

company R.  The 3rd party software development services category is covered by interviews 

conducted at company A and company V.  Company A specializes in data-driven, interactive, 

website design while company V is a research center providing technical support for research in 

a not-for-profit setting.  One project manager (A3 and V1) and one developer (A2 and V2) were 

interviewed at each company.  The in-house category is covered by interviews conducted at two 

different departments within the same very large organization denoted M/S.  Department M 

oversees the ERP and web portals for the organization while department S provides internal 

development services.  A manager was interviewed at department M (M1) while a developer was 

interviewed at department S (S1).  A total of 9 interviews were conducted; four with managers 

and five with developers.  The interviewees’ have an average of 9.3 years experience in IT, 5 

years tenure with their current company, and 3.7 years experience in their current role.  

Interviewees’ ages range from 22 to 42 with an average of 33 years old. 

3.1.3 Crafting Instruments and Protocols 

The crafting instruments and protocols step consists of three activities; use of multiple 

data collection methods, combining of qualitative and quantitative data, and the use of multiple 

investigators.  The use of multiple data collection methods strengthens the constructs and 

relationships elicited through the data collection techniques.  Combining qualitative and 

quantitative data helps to provide a synergistic view of the evidence.  The use of multiple 

investigators validates findings through confirmation and helps to increase the creative potential 

of the study.   
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Since this study is a dissertation, the bulk of the study is to be performed by the primary 

researcher.  The instruments and protocols created are designed to enhance the replication of the 

study documents and results in lieu of multiple investigators.   

The literature review performed in Chapter Two provides a starting point for the theory 

building process.  The primary data collection method for the theory building process was 

through semi-structured interviews.  After a potential participant agreed to an interview, a time 

and place was scheduled for the interview to occur at the convenience of the interviewee.  The 

day before the interview was to take place, an email was sent to the participant thanking them for 

their participation, confirming the time and place for the interview, and providing them a framing 

statement to elicit thought about the phenomenon of interest.  An example of one of these emails 

is presented in Appendix C.  Each interview was conducted by the primary researcher in a room 

that ensures privacy, was free of interruptions and distractions, and was comfortable to the 

participant.  Before the interview, the participant was presented with a consent form and given as 

much time as necessary to read the form and ask questions.  After signing the consent form, the 

interviewee was asked if he or she had any questions, was reassured that he or she can end the 

interview at any time, and asked if it was ok to begin the recorder.  A semi-structured interview 

was used to guide the interview allowing the researcher the flexibility to follow-up on emergent 

themes and to clarify confusing points while still fully covering the phenomenon of interest.  An 

example of the semi-structured interview is found in Appendix D.  At the end of the interview 

the participant was thanked for his or her participation and time.  Within 24 hours of the 

interview, the primary researcher reflected on the interview to evaluate the process undertaken 

and the semi-structured interview template.  Any necessary changes were made before the next 

interview took place.   
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The recording for each interview was transcribed by the primary researcher following a 

set of detailed transcription guidelines7.  The guidelines detail how the transcript is to be broken 

into segments; how to handle spelling, punctuation, capitalization, acronyms, numbers, dashes, 

contractions, abbreviations, disfluent speech, errors, and hard-to-understand regions; and clean-

up of the transcripts before analyses.  Following the detailed guidelines should allow one to 

replicate the transcripts with the same segments to be coded. 

An initial code book was developed to analyze the transcripts.  Each of the sub-constructs 

found within the literature driven proposed model of ISD Success was given a pneumonic code 

that is easy to remember to aid in coding the segments.  The coder is instructed to read each 

segment as an independent unit with two exceptions.  The first exception occurs if a segment 

contains a theme from one of the constructs of interest but clarification is needed to properly 

code the segment.  The coder may refer to the surrounding segments to help properly code the 

segment in question.  The second exception is if a follow-up question was used to clarify a 

statement made by the interviewee.  The coder may use the segment with the follow-up to 

properly code the segment in question.   

Each segment that reflects one of the sub-constructs in the codebook is given the 

appropriate code otherwise the segment is left blank.  If the coder believes a segment reflects a 

success concept that is not included in the codebook, the coder marks the segment and notes the 

proposed concept to be evaluated during within-case and cross-case analysis.  When coding of a 

transcript is complete, the transcript and codebook are reviewed to see if any additional codes are 

candidates to be added to the codebook.  If a code is added, the transcripts that have already been 

coded are reviewed to determine if any segments match the new code.   

                                                      
7 The detailed transcription guidelines are available from the primary researcher upon request. 
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A Ph.D. student with professional software development experience and the primary 

researcher were used to validate the reliability of the code book.   The Ph.D. student was trained 

by the primary researcher in the use of the codebook over a 30 minute period.  Each coder then 

coded one of the transcripts.  Agreement was calculated with a Kappa statistic of 0.617.  

Differences between the coders were discussed until agreement was reached.  The resulting 

consensus codes were used in the analysis.  A second transcript was coded in this fashion with a 

Kappa statistic of 0.756 and a third with a Kappa statistic of 0.728.  Reliability testing was 

concluded after the third round since the Kappa statistic was above 0.7, well into the substantial 

level for agreement (Landis & Koch, 1977).  The primary researcher coded the remainder of the 

transcripts.   Consistency of the codebook was also checked by the primary researcher recoding a 

transcript after 11 months.  The Kappa statistic for the consistency check is 0.781. 

3.1.4 Entering the Field 

The entering the field step consists of two activities; 1) the overlap of data collection and 

analysis and 2) flexible and opportunistic data collection.  The overlap of data collection with 

analysis helps to speed the analysis and identify any adjustments that need to be made with the 

data collection.  Flexible and opportunistic data collection helps identify emergent themes and 

unique case features.   

The use of a semi-structured interview to capture information on how practitioners and 

project managers define success allows for probing and follow-up questions on emergent themes 

specific to the case at hand.  The primary researcher conducted all of the interviews and 

performed all of the transcriptions.  This helped to elicit an intimate understanding of the 

phenomenon as described by the interviewees.  Transcription of interviews occurred 
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concurrently with subsequent interviews.  Any necessary adjustments to the transcription 

guidelines and interview protocol were made during the process. 

3.1.5 Analyzing Data and Shaping Hypotheses 

The analyzing data step consists of two activities; within-case analysis and cross-case 

pattern search using divergent techniques.  The within-case analysis allows the researcher to 

become familiar with the data and begin to generate the theory.  The cross-case pattern search 

helps the researchers look beyond single case themes and to view the data thru multiple lenses.    

The shaping hypotheses step consists of two activities; 1) an iterative tabulation of evidence and 

2) the replication, not sampling, logic across case.  The iterative tabulation of evidence is used to 

sharpen the definition, validity, and measurability of the constructs.  The replication logic across 

cases is used to confirm, extend, and sharpen the theory.  

The transcripts of each interview underwent a theme analysis by the primary researcher.  

The validated code book was used to code the segments for each transcript as described in the 

crafting instruments and protocols section (Section 3.1.3).   The frequency of each code was 

tabulated for analysis.  Segments tagged as containing a success concept not included in the code 

book were considered potential success constructs and were evaluated for inclusion during cross-

case analysis. 

Upon completion of within-case analysis, the potential success constructs from each of 

the transcripts were reviewed and compared.  Constructs that were common across multiple 

transcripts and determined appropriate were added to the proposed model, the code book was 

modified, and all transcripts were reviewed for segments that fit the added constructs.  The 

frequencies of the codes were updated and they were evaluated across all cases searching for 

patterns.  The results of the theory building process are presented in section 3.2 below. 
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3.1.6 Enfolding Literature 

The enfolding literature step consists of two activities; comparison with conflicting 

literature and comparison with similar literature.  Comparison of the hypothesized model with 

conflicting literature is used to build internal validity, raise the theoretical level, and help to 

sharpen the constructs.  Comparison of the hypothesized model with similar literature also helps 

to sharpen the constructs and raise the theoretical level while increasing generalizability.  The 

enfolding literature step is part of the discussion in Chapter Six. 

3.1.7 Reaching Closure 

The last step, reaching closure consists of one activity; theoretical saturation when 

possible.  Closure is reached when the marginal improvement from going through the process 

becomes minimal.  Two points of closure exist: 1) when to stop adding cases and 2) when to stop 

iterating between theory and data.  Closure is reached when the data from the cases do not lead 

to any new constructs that measure the success of an information system.   

Saturation and closure was reached after analysis of the nine conducted interviews as 

there were no new sub-constructs identified during analysis of the later transcripts. 

3.2 Theory Building Results 

The interviews were coded following the procedures outlined in the crafting instruments 

and protocols section above.  During the process of coding it was determined that statements 

referring to professional growth can be difficult to distinguish from learning.  Some of the more 

salient segments for professional growth include “and say the next time I do something like this 

it’s gonna be easier because I’ve learned about it”, “you can work on things like conflict 
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resolution, you can work on process, there are so many different things you can work on.  I think 

that what you can learn is try to tackle those things one at a time”, and “but personally you can 

develop your own self”.  Since the statements coded as professional growth could also be coded 

as learning, the learning and professional growth subconstructs were combined. 

A review of the potential new constructs identified during coding uncovered three 

recurring themes.  The first is the importance of teamwork.  This feeling is exemplified by a 

statement made by R3 “what I would stress the most is you know software is not written by 

individuals anymore.  Software is written by teams of people from multiple disciplines.”  

Teamwork was mentioned by six of the nine interviewees and by at least one interviewee at each 

organization.  The statement “and you know even if the project itself doesn’t work out sometimes 

you get to work on a good team” provides the example that teamwork is a benefit that can be 

gained by working as a member of a team.  Teamwork was added as a subconstruct to the team 

member benefits construct.   

The second recurring new theme was the belief that a project is a success, at least to some 

extent, if the project is completed.  Statements such as “I would not call the project a failure as 

long as there’s a working deliverable in the end” and “if you’ve got it up and running and you 

completed the project something was successful in that project” exemplify this belief.  On the 

other hand when participants were asked how they judge a project to be a failure, statements like 

“if it wasn’t completed at all”, “the project doesn’t get finished...  it gets abandoned because it’s 

just so futile that everyone just kind of cans it and says it’s better to start over from scratch” and 

“I guess if it was cancelled that would be the top criteria” display the belief that the only time a 

project is considered a failure is if it is cancelled.  The themes that ‘a project is a partial success 

if it is completed’ and ‘the only time a project is a failure is if it is cancelled’ were mentioned by 
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six of the interviewees and by at least one interviewee at each organization.  Therefore, 

completed/cancelled was added as a subconstruct to the process quality construct. 

The third recurring new theme is the importance of client satisfaction.  Client satisfaction 

was the sixth most frequently mentioned theme.  It was mentioned by participants at the 

product/service organization and the 3rd party development organizations.  Client satisfaction is 

viewed as part of the traditional models of IS Success as it is coming from the viewpoint of the 

client.  Client satisfaction was not added to the ISD Success model. 

All of the transcripts were reviewed to identify segments that include the two added 

subconstructs of completed/cancelled and teamwork. 

Frequencies of the codes were calculated to evaluate the constructs of the proposed 

model and to identify patterns across cases.  Even though frequencies were used as an indication 

of the strength of importance of a construct, the author cautions the reader that the nature of this 

data is still qualitative in nature and only semi-quantitative at best.  Reviewing the frequencies of 

each of the categories shows that all of the subconstructs were coded at least once with the 

exception of testability and portability.  Testability is viewed as a subconstruct of maintenance 

along with understandability and modifiability.  Understandability has a frequency of three, 

modifiability a five, and maintenance a six.  Segments reflecting modifiability that couldn’t be 

placed into a specific category (understandability, testability, or modifiability) were coded in the 

general construct modifiability.  There are segments that mentioned testing but they seemed to fit 

the reliability construct better than the testability of the code.  Understandability was retained in 

the model.  It is understandable that portability is not a concern with the cases selected.  All of 

the cases selected control for the attribute of portability in one way or another.  Company R 

controls the need for portability by selling its product in a SaaS manner.  Companies A and V 
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develop their solutions for a specific client with a specific hardware solution.  Departments M 

and S work for a large entity and develop for the hardware platform in place.  Therefore, it is 

understandable that portability was not a major concern for the cases selected.  Portability was 

retained in the model.  The subconstructs that occur with the most frequencies were on time, 

reliability, functionality, and learning/professional growth. 

In an effort to identify patterns across categories, the data was aggregated in three 

different ways.  The first aggregation investigates differences between managers and developers.  

No interesting patterns were discovered by this first aggregation.  The second aggregation 

investigates the differences between the different project types (e.g. product/service, 3rd party 

development, and internal development).  The companies that perform 3rd party development 

mentioned within budget and client satisfaction with a much higher frequency than the other 

project types.  This result adds validity to the model as it is expected that companies that develop 

software for others are in the business to make money (or in the case of the not-for-profit to not 

lose money) and satisfied clients are necessary for repeat business and word-of-mouth referrals.  

The cases filling the product/service and internal development categories do not place as large a 

focus on ‘budget’ or ‘client satisfaction’ as the development work is internal to the organizations.  

The third aggregation investigates the differences between interviewees with a background in 

computer science (CS) versus interviewees with a background in another field.  The interviewees 

with a CS background mentioned the non-functional product quality subconstructs with a greater 

frequency than the non-CS background interviewees.  It is felt that students with a CS 

background are introduced to the non-functional product quality characteristics during their 

education and thus value these characteristics of the products they produce.  The absence of 
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using these characteristics to evaluate the products produced by non-CS trained professionals 

may be a factor of failed projects and is noted for future analysis/research. 

3.3 Model of ISD Success and Hypotheses 

The result of the theory building exercise is that updates need to be made to the literature 

driven proposed model presented at the end of Chapter Two.  The learning and professional 

growth subconstructs are combined into learning/professional growth.  The completed/cancelled 

subconstruct is added to the process quality construct and the teamwork subconstruct is added to 

the team member benefits construct.  Figure 3-1 presents the updated Theoretical Model of ISD 

Success along with the hypotheses to be empirically tested.  The empirical testing of the model 

occurs in Chapter Five. 
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Figure 3-1. The Theoretical Model of ISD Success 

 

3.3.1 Hypotheses 

H1: Higher levels of functional product quality will lead to higher levels of team member 
satisfaction. 
 
H2: Higher levels of non-functional product quality will lead to higher levels of team member 
satisfaction. 
 
H3: Higher levels of team member benefits will lead to higher levels of team member 
satisfaction. 
 
H4: Higher levels of process quality will lead to higher levels of team member satisfaction. 
 
H5: Higher levels of process quality will lead to higher levels of functional product quality. 
 
H6: Higher levels of process quality will lead to higher levels of non-functional product quality. 
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3.4 Summary 

This chapter described the process used to build the theoretical model of ISD Success.  

The process began with the literature driven proposed model of ISD success.  A purposeful 

sample was used to identify potential cases from different types of software development 

projects to develop a more general model that can be used across many project types.  Predefined 

instruments and protocols were used to collect data from each case.  The findings from each case 

were used to verify the proposed framework, evaluate the instruments used to collect the data, 

and evaluate the protocols used in order to capture any emergent themes from the data.  The 

process was repeated until the addition of new cases and iterating between theory and data 

resulted in marginal improvement of the model.  This process resulted in the theoretical model of 

ISD success (Figure 3-1). 

Chapter Four describes the process of creating and validating a survey instrument to 

measure the constructs from the proposed model of ISD success.  Chapter Five describes the data 

collection and model testing.  The model is tested using components based structural equation 

modeling (Partial Least Squares regression). 
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Chapter 4  
Instrument Development and Validation 

This study seeks to increase our understanding of the success of an information system by 

investigating IS project success through the eyes of the project manager and practitioners.  The 

result of the theory building phase in Chapter Three is the theoretical model of ISD success.  

This chapter validates the model by collecting data through a survey and analyzes the model 

using partial least squares (PLS) regression. 

The first half of this chapter describes the development and validation of a survey 

instrument to measure the constructs found within the model.  The second half discusses the 

collection of data and presents the analysis of the model. 

4.1 Development and Validation of the Survey 

Since ISD success is a proposed model, there are no existing instruments for its 

measurement, although some scales exist for some of its components.  Therefore, one of the 

contributions of this research is to create and validate an instrument for its measurement.  

Validation of instruments in IS research has been and continues to be a concern (Boudreau, 

Gefen, & Straub, 2001; D. W. Straub, 1989).  This research follows the five step process outlined 

in Table 4-1 to create and validate an instrument to measure ISD success.  The five steps are an 

adaptation of the steps followed by Moore & Benbasat (1991), Wallace et al. (2004), and the 

steps suggested by DeVellis (1991) and Spector (1992).  Following these steps and activities 
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addresses content validity, construct validity, and reliability analyses of an instrument as 

discussed by Straub (1989).   

 

Table 4-1. Survey development and validation steps. 

Steps Activities Validation Test(s) 
1) Define the 
Constructs of Interest 

Clearly define the constructs of 
interest 

 Qualitative Validation of 
the Constructs 

2) Generate Item Pool Generate a candidate list of items  Qualitative Validation of 
the Items 

3) Expert Review Card Sorting (three rounds)  Item Placement Ratio 
 Card Placement 

Percentage  
 Item-Level  

Analysis 
4) Pre-Test Items pretested by five or more 

members of the target population 
 Qualitative Validation of 

the Items 
5) Pilot Test Pilot test the initial scale  Cronbach’s Alpha 

 Item-Total Correlations  
 Principal Components 

Analysis 
 

Before examination of the instrument development and validation process continues, a 

brief discussion of latent trait modeling is appropriate.  ISD Success is composed of first-order 

and second-order latent constructs.  A latent construct is a theoretical abstraction of a 

phenomenon that cannot be observed directly and thus, cannot be measured directly.  Examples 

of latent constructs include beliefs, attitudes, verbal ability, and satisfaction.  Latent constructs 

are measured by being linked to variables that can be measured.  These variables, called manifest 

variables, observed variables, or measured variables, serve as indicators of the latent variables 

they are presumed to represent (Byrne, 1998).   

Manifest variables can be related to the latent variables in two ways: 1) reflective and 2) 

formative.  Reflective indicators, also known as effect indicators, are based on classical test 
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theory where all of the measurement items in a reflective relationship measure the same 

underlying latent construct.  Changes in the latent construct will be reflected in all of the 

manifest variables.  The error term in this relationship resides with each manifest variable.   On 

the other hand, formative indicators, also known as causal or composite variables, combine in 

such a way as to ‘form’ the latent construct.  Each of the manifest variables in a formative 

relationship measures a different dimension of the latent construct.  Changes in any one of the 

manifest variables (while holding the other manifest variables constant) in a formative 

relationship will cause changes in the latent construct.  The error term in a formative relationship 

resides with the latent construct.  Jarvis et al. (2003) developed four decision rules to determine 

if a construct is formative or reflective: 1) direction of causality, 2) interchangeability of the 

indicator items (manifest variables), 3) covariation among the indicators, and 4) nomological net 

of the construct indicators.  A reflective relationship is one where the direction of causality is 

from the construct to the items, the indicators are interchangeable, the indicators are expected to 

covary, and the nomonological net for the indicators should not differ8.  An example of a 

reflective latent construct is ‘perceived ease of use’ which is measured with the manifest 

variables: easy to learn, easy to get it to do what I want it to do, easy to become skillful, and easy 

to use (Davis, et al., 1989).  A formative relationship is one where the direction of causality is 

from the items to the construct, the indicators are not interchangeable, the indicators need not 

covary, and the nomonological net for the indicators may differ.  An example of a formative 

construct is socio-economic status which can be viewed as being composed of education, 

occupational prestige, income, and neighborhood (Bollen & Lennox, 1991). 

The order of a factor represents different theoretical levels of constructs.  Most of the 

latent constructs in research are first-order constructs.  “However, it may be the case that the 
                                                      
8 The indicators are required to have the same antecedents and consequences (Jarvis, et al., 2003). 
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theory argues for some higher level factor that is considered accountable for the lower order-

factors” (Byrne, 1998, p. 31).  An example is helpful to illustrate this point.  Assume we have the 

four first-order factors academic self-concept, social self-concept, physical self-concept, and 

emotional self-concept.  Theory may indicate the existence of a higher level abstraction, general 

self-concept, that is composed of these variables (Byrne, 1998).  General self-concept is 

considered a second-order factor in this example. 

4.1.1 Define the Constructs of Interest 

It is important to clearly define the constructs you wish to measure.  The use of theory 

serves to provide clarity, boundaries of phenomenon, and serves as a guide to scale development 

(DeVellis, 1991).  The theoretical model of ISD success presents the constructs to be measured 

with the instrument under development.  ISD success measures the perception of the process and 

result of a software development effort from the perspective of the software development team 

(project manager and practitioners).  ISD success is composed of the latent constructs process 

quality, functional product quality, non-functional product quality, team member benefits, and 

team member satisfaction.  Process quality measures the success of the process undertaken to 

develop the information system.  Process quality is a formative second-order construct composed 

of: 1) on time, 2) within budget, 3) completed/cancelled, and 4) process maturity.  Product 

quality measures the ability of the information system to satisfy stated and implied requirements 

of the system.  Functional product quality is a reflexive first-order construct.  Non-functional 

product quality is a formative second-order construct composed of: 1) reliability, 2) usability, 3) 

testability, 4) understandability, 5) modifiability, 6) portability, 7) efficiency, and 8) reusability.  

Team member benefits are the impacts on the team members from working on the information 

systems development project.  Team member benefits is a formative second-order construct 
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composed of: 1) learning/professional growth, 2) teamwork, and 3) recognition.  Team member 

satisfaction is a subjective evaluation of the various consequences from working on the IS 

development project.  Team member satisfaction is a formative second-order construct composed 

of: 1) process satisfaction, 2) product satisfaction, and 3) personal satisfaction.  Note that all 

first-order constructs are reflexive and their definitions are found in Table 4-2. 

 

Table 4-2. Definitions for subscales. 

Subscale Definition Source 
Process Quality 
On Time Time constraints imposed on the information 

systems development project. 
This research 

Within Budget Budget constraints imposed on the information 
systems development project. 

This research 

Completed / 
Cancelled 

The IS development project was finished or 
cancelled. 

This research 

Process Maturity The extent to which a specific process is 
performed, managed, defined, quantitatively 
managed, and optimized. 
A companies’ level of investment to improve 
software process capabilities. 

Harter et al. (2000) 

Product Quality 
Functionality The capability of the software product to provide 

functions which meet stated and implied needs to 
fulfill the user’s mission objectives. 

ISO/IEC 9126 
(2001), McCall 
(1977) 

Reliability The capability of the software product to avoid 
failure as a result of faults in the software, to 
recover from errors, and to provide accurate results.  

ISO/IEC 9126 
(2001), Boehm 
(1976), McCall 
(1977), Nance & 
Arthur (1986), 
FURPS (Grady & 
Caswell, 1987) 

Usability The capability of the software product and its 
related components to be understood, learned, used, 
and attractive to the user. 

ISO/IEC 9126 
(2001) 

Testability The capability of the software product to be 
validated.  The software product possesses the 
characteristic testability to the extent that it 
facilitates the establishment of verification criteria 
and supports evaluation of its performance. 

Boehm (1976) 
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Understandability The capability of the software product and its 
component parts to be understood by the 
development team members.  A component 
possesses the characteristic understandability to the 
extent that its purpose is clear to the inspector. 

Boehm (1976) 

Modifiability The capability of the software product to be 
modified.  Modifications may include corrections, 
improvements or adaptation of the software to 
changes in environment, and in requirements and 
functional specifications. 

ISO/IEC 9126 
(2001) 

Portability The capability of the software product to be 
transferred from one environment to another.  A 
software product possesses the characteristic 
portability to the extent that it can be operated 
easily and well on computer configurations other 
than its current one. 

ISO/IEC 9126 
(2001), Boehm 
(1976) 

Efficiency The capability of the software product to provide 
appropriate performance, relative to the amount of 
resources used, under stated conditions.  Code 
possesses the characteristic efficiency to the extent 
that it fulfills its purpose without waste of 
resources. 

ISO/IEC 9126 
(2001) 

Reusability The capability of the software product components 
to be reused.  A structural form is reusable if it uses 
standard language features, it contains no machine 
dependencies, and it implements a single, well-
defined, encapsulated, and precisely specified 
function whose computations are all fully 
adjustable and use no global variables or side 
effects. 

McCall (1977), 
Dromey (1996) 

Team Member Benefits 
Learning / 
Professional 
Growth 

Enhancement of ones skillset, professional abilities, 
or responsibilities. 

This research. 

Teamwork Activities or results that increase the performance. This research. 
Recognition Acknowledgement of a job well done in either a 

tangible or intangible form. 
This research. 
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Team Member Satisfaction 
Process 
Satisfaction 

The extent of positive emotional response to the 
information systems development project resulting 
from your appraisal of the process used.  

Morris and 
Venkatesh (2010) 

Product 
Satisfaction 

The extent of positive emotional response to the 
information systems development project resulting 
from your appraisal of the information system 
produced. 

Morris and 
Venkatesh (2010) 

Personal 
Satisfaction 

The extent of positive emotional response toward 
yourself resulting from your working on the 
information system development project. 

Morris and 
Venkatesh (2010) 

   

4.1.2 Generate Item Pool 

The initial item pool was composed of items from existing instruments (Moore & 

Benbasat, 1991) and new items based on: 1) the literature review from Chapter Two, 2) data 

from the interviews in Chapter Three, 3) professional standards, and 4) personal experience.  

DeVellis (1991, p. 56) states that redundancy is ok at this stage as “the content that is common to 

the items will summate across items while their irrelevant idiosyncrasies will cancel out”.  

DeVellis (2003) also recommends that the initial item pool be between three to four times as 

large as the desired final scale but may be as low as 1.5 times depending on the difficulty of 

creating items and empirical data on internal consistency (e.g. you need fewer items with a 

higher amount of internal consistency).  It is desired that each scale be composed of three to four 

measurement items after the validation process. 

The number of items in the initial item pool for each scale ranged from 4 to 15 items with 

the exception of the completed/cancelled construct which consisted of 1 item asking if the 

project was completed.  Some scales required the development of new items to increase the pool 

of items for the scale.  A breakdown of the number of items and new items for each scale is 

found in Table 4-3.  Items from existing scales were reworded to reflect the current study.  For 
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example, the item ‘The DW project met its critical project deadlines (eg., rollout deadline, initial 

development deadline)’ (Wixom & Watson, 2001) is reworded as ‘The IS development project 

met its critical project deadlines (rollout deadline, initial development deadline, etc.)’ and ‘From 

the company’s perspective one could be satisfied with how the project progressed’ (Hoegl & 

Gemuenden, 2001) is reworded as ‘Your company was satisfied with how the IS development 

project progressed’.  The initial item pool is found in Appendix E. 

 

Table 4-3. Total number of items in the initial item pool with new items per scale. 

 Total Number 
of Items 

New Items 

PROCESS QUALITY   
On Time 8  
Within Budget 6  
Completed/Cancelled 1  
Process Maturity 15 15 
FUNCTIONAL PRODUCT QUALITY   
Functionality 8  
NON-FUNCTIONAL PRODUCT QUALITY   
Reliability 8 1 
Usability 8 1 
Maintainability   
     Testability 7 3 
     Understandability 8 4 
     Modifiability/Extensibility 8 4 
Portability 6 2 
Efficiency 6 2 
Reusability 6 5 
TEAM MEMBER BENEFITS   
Learning/Professional Growth 6  
Teamwork 5  
Recognition 4  
TEAM MEMBER SATISFACTION   
Process Satisfaction 6  
Product Satisfaction 13  
Personal Satisfaction 7  
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4.1.3 Expert Review 

Following Moore and Benbasat (1991), members of the target population were used to 

assess the construct validity of the scales as well as to identify and clarify ambiguous items 

through a card sorting exercise.  The sorting was broken into three different rounds each with 

slightly different goals.  Five participants were sought for each round since this provides a good 

balance between the information learned and not using up possible participants for future 

development stages (Nielsen, 2000).  A different set of participants were used in each round and 

geographically ranged from the East Coast of the United States to the North West and from the 

Mid-West to the South West.  Each card sort was broken down into three sections to reduce the 

number of items to be sorted at any one time.  The sections were grouped by similar meaning 

with the process quality latent construct items in one section labeled process quality, items from 

the functional product quality and non-functional product quality latent constructs in another 

section labeled product quality, and the items from the team member benefits and team member 

satisfaction latent constructs in the last labeled team member items.  The order of the sections 

was randomly assigned with the items within each section randomly presented to the 

participants.  The online sorting tool WebSort.net was used to perform each sorting.   

4.1.3.1 Card Sorting: Round 1 

The first round of card sorting was an open sort where participants created their own 

groupings.  The goal of round 1 was to evaluate the subconstructs identified through the 

literature review and interviews.  Participants were asked to place the items into groups based on 

similarities, given instructions on how to use the online sorting tool, and were asked to name 

their groups after they complete each sorting.  The instructions stated that each item can be 
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placed in only one group but not all of the items have to be placed into a group (i.e. an item can 

remain unsorted).   

Five participants completed the sorting task for the first round.  The number of groups 

created by the participants for the process quality items ranged from 4 to 9 with an average of 6.6 

groups created.  The number of groups created by the participants for the product quality items 

ranged from 6 to 10 with an average of 7.2 groups created.  The number of groups created by the 

participants for the team member related items ranged from 4 to 8 with an average of 5.2 groups 

created.  A short while after completing the sorting exercise, the participants were sent a listing 

of the groups they created and the items contained within each group.  They were asked to match 

their groups with the target sub-constructs identified for this study (Table 4-4).  Review of Table 

4-4 shows that the groups matched with the target construct can be viewed as similar in meaning.  

This adds evidence that interpretational confounding has been minimized and adds to the study’s 

construct validity (Moore & Benbasat, 1991).  All of the items and study sub-constructs 

(categories) were included in round two of the card sorting exercise. 
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Table 4-4.  Comparison of group labels. 

 Participants 
Target Construct 
(Category) 

1 2 3 4 5 

PROCESS QUALITY 
On Time  On Time  Deadlines 

 Success 
 Project Post Mortem  Political Results 

 Process Results 
 Schedule Results 

 Project Definition 
Tasks 

 Schedule Based 
Project Evaluation 

Within Budget  Within Budget  Budget 
 Success 

 Requirements 
Gathering 

 Budget Results 
 Process Results 

 Cost Based Project 
Evaluation 

 Project Definition 
Tasks 

Completed / Cancelled  Project Completion  Deadlines 
 Success 

 Development 
 User Acceptance 

Testing 

 Implementation 
 Political Results 
 Practical Results 
 Process Results 
 QA 

 Functionality Based 
Project Evaluation 

 Project Development 
Tasks 

 Project Management 
Tasks 

Process Maturity  Customer 
Requirements 

 Customer 
Satisfaction 

 Planning & 
Execution of Quality 
Control 

 Deadlines 
 Design 
 Implementation 
 Requirements 
 Success 
 Testing 

 Development 
 Requirements 

Gathering 

 Analysis 
 Design 
 Process Results 
 QA 

 Functionality Based 
Project Evaluation 

 Project Definition 
Tasks 

 Project Development 
Tasks 

 Project Kickoff 
Tasks 
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PRODUCT QUALITY 
Functionality  Meets Expectations / 

Needs 
 Usability  Architecture  Correctness 

 Practical Value 
 User Friendliness 

 Evaluation 
Generating 
Questions 

Reliability  Reliability / Stability  Reliability  Reliability/Performance  Performance 
 System Reliability 

 Design Practices 

Usability  Intuitive / Ease of 
Use 

 Requirement 
 Usability 

 Usability  User Friendliness  Evaluation 
Generating 
Questions 

 IT's Hard Evaluation 
 User's Hard 

Evaluation 
 User's Soft 

Evaluation 
Maintainability  Code Standards  / 

Documentation 
 Maintenance  Maintainability  Design Quality  Development 

Practices 
 Evaluation 

Generating 
Questions 

 IT's Soft Evaluation 
 User's Soft 

Evaluation 
     Testability  Error Detection / 

Resolution 
 Independent 

Modules 

 Maintenance  Testability  Design Quality  Design Practices 
 Development 

Practices 

     Understandability  Code Standards / 
Documentation 

 Maintenance  Maintainability  Design Quality  IT's Hard Evaluation 
 User's Soft 

Evaluation 
     Modifiability  Flexibility  Maintenance  Maintainability  Design Quality 

 Flexibility 
 Development 

Practices 

Portability  Platform  Platform  Architecture  Design Quality 
 Flexibility 

 Development 
Practices 
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Efficiency  Efficiency / 
Timeliness 

 Platform  Reliability / 
Performance 

 Performance  Design Practices 
 Evaluation 

Generating 
Questions 

Reusability  Code Reuse  Reusability  Architecture  Design Quality 
 Flexibility 

 Development 
Practices 

TEAM MEMBER ITEMS 
Learning / 
Professional Growth 

 Achievement 
 Personal Growth 

 Personal  Career Building 
 Development Process 

 Personal Value 
 Professional 

Advancement 

 Concrete Benefits for 
Working on the IS 

 Personal Evaluation 
of My Role on the IS 

 Personal Evaluation 
of the IS Itself 

Teamwork  Effect on status / 
Perceptions 

 Organization  Development Process 
 Teamwork 

 Professional 
Advancement 

 Soft Benefits for 
Working on the IS 

Recognition  Customer Benefits 
 Effect on Status / 

Perceptions 
 Financial Benefits 

 Personal  Career Building 
 Project Completion 

 Professional 
Advancement 

 External Evaluation 
of the IS 

 Personal Evaluation 
of My Role on the IS 

Process Satisfaction  Committed 
 Process Satisfaction 

 Company 
Success 

 Personal 

 Development Process 
 Project Completion 

 Process Quality  External Evaluation 
of the IS 

Product Satisfaction  Committed 
 Customer Benefits 
 Quality Product 

 Practical 
Success 

 Project Completion 
 Teamwork 

 Practical Value  External Evaluation 
of the IS 

Personal Satisfaction  Achievement  Personal  Project Completion  Personal Value  Future Personal 
Benefits of the IS 

 Personal Evaluation 
of My Role on the IS 

 Soft Benefits for 
Working on the IS 
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4.1.3.2 Card Sorting: Round 2 

The second round of card sorting was a closed sort where the theoretical sub-constructs 

were preloaded as groups for each of the sortings.  The goal of round 2 was to evaluate 

convergent and discriminant validity by assessing the fit of the items within the categories.  

Participants were asked to place the items into the predefined groups.  However, they were 

instructed that they can create a new group if they feel a set of items belong in a group not 

represented by the predefined groups.  Items could be placed in one group only but they could 

also remain unsorted. 

Six participants completed the sorting task for the second round.  The results were 

evaluated using an item placement ratio and the card placement percentage.  The item placement 

ratio counts the number of items placed into the target construct (Moore & Benbasat, 1991).  

Higher percentages represent higher levels of agreement between the participants which is a 

qualitative indication of construct validity (Moore & Benbasat, 1991).  The card placement 

percentage shows the percent of participants that place an item into a category (Lamantia, 2003) 

also assessing construct validity through convergent and divergent validity.  Higher percentages 

indicate that an item is consistently placed into a particular category by more participants which 

can be viewed as agreement of the participants.  Items that are not placed in the target category 

by a majority of the participants are evaluated.  

Several user defined categories were created during the sorting.  Prior to analysis, the 

user defined category ‘scheduling’ was combined with the theoretical category ‘on time’, the 

user defined categories ‘budget’ and ‘possibly or does exceed budget’ were combined with the 

theoretical category ‘within budget’, the user defined category ‘project result’ was combined 
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with the theoretical construct ‘completed/cancelled’, and the user defined category ‘process’ was 

combined with the theoretical category ‘process quality’ based on similarity of meaning and 

intent.  The item placement ratio for the process quality items is given in Table 4-5.  All of the 

hit ratios are above 0.66 with an overall hit ratio of 0.70.  Some of the items from the on time 

construct were placed in process quality.  Some of the process quality items tended to be placed 

in user defined categories suggesting that the process quality sub-construct may be 

multidimensional9.  The card placement percentage (Table 4-6) shows that on time items 3, 4, 

and 8; within budget items 10 and 12; and process quality items 18, 23, 24, and 25 were not 

placed in the target category by a majority of the participants and were flagged for evaluation.  

On time items 3 and 4 were reworded to include more of a time component while item 8 was 

simplified.  Within budget items 10 and 12 were simplified by rewording them.  The process 

quality items were developed from the six process areas that compose the engineering process 

category of the CMMI.  Process quality is viewed as a complex construct with multiple 

dimensions.  Therefore, process quality items 18, 23, 24, and 25 were flagged for observation but 

are not changed due to their source and to try to ensure complete capture of this complex 

construct. 

 

                                                      
9 To be investigated in a follow-up study. 
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Table 4-5. Item placement ratio for the process quality items. 

Actual Categories 

  O
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V
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Total % Hits 
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C
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or

ie
s On Time 32   4 10     1   1   48 0.667 

Within Budget 1 27 2 3     1   2   36 0.750 
Completed / 
Cancelled     6        6 1.000 

Process Quality   1 9 61   4 3 6 2 4 90 0.678 
Total Item Placements: 

180 Hits: 126 Overall Hit Ratio: 0.70 
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Table 4-6. Card placement percentage for the process quality items. 

Theoretical 
Categories   Participant Categories 
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O
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1 100 . . .   . . . . . 
2 83 . 17 .   . . . . . 
3 17 . 17 67   . . . . . 
4 50 . . 50   . . . . . 
5 67 . . 33   . . . . . 
6 67 . 17 .   . . . 17 . 
7 100 . . .   . . . . . 
8 50 . 17 17   . 17 . . . 

                        

W
ith

in
 B

ud
ge

t 9 . 100 . .   . . . . . 
10 17 50 . 33   . . . . . 
11 . 67 . 17   . . . 17 . 
12 . 51 33 .   . . . 17 . 
13 . 100 . .   . . . . . 
14 . 84 . .   . 17 . . . 

                        
CC 15 . . 100 .   . . . . . 
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Pr
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lit

y 
(C

M
M
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16 . . 17 67   . 17 . . . 
17 . . . 84   . . . 17 . 
18 . . 33 50   . . . . 17 
19 . . . 67   17 . 17 . . 
20 . . 17 67   . . 17 . . 
21 . . . 67   17 . 17 . . 
22 . . . 84   . . 17 . . 
23 . 17 17 50   . 17 . . . 
24 . . 33 50   . . . 17 . 
25 . . 33 50   . . 17 . . 
26 . . . 67   17 . . . 17 
27 . . . 84   . . . . 17 
28 . . . 67   17 17 . . . 
29 . . . 84   . . . . 17 
30 . . . 84   . . 17 . . 

 

The item placement ratio for the product quality items is given in Table 4-7.  All of the 

hit ratios are above 0.61 with the exception of the items covering understandability.  The overall 

hit ratio is 0.701.  The card placement percentage (Table 4-8) shows that functionality items 2 

and 3; reliability items 14 and 15; usability items 19 and 24, testability items 25, 26, and 27; 

understandability items 32, 33, 34, 35, 36, 37, and 38; portability items 48, 49, and 52; efficiency 

items 54, 55, 57, and 59; and reusability item 65 were not placed in the target category by a 

majority of the participants and are flagged for evaluation.  Functionality item 2 was reworded 

from ‘the final IS works as intended’ to ‘the final IS provides the intended functionality’.  Item 3, 

‘the IS works as expected’, was determined to be dissimilar to the rest of the functionality items 

and was dropped.  Upon review of reliability items 14 and 15 and usability items 19 and 24, it 

was determined to leave them alone to see if providing the category definitions to the 

participants in the next round will increase their placement in the target category.  Testability 

item 25 was placed in the reliability category by a majority of the participants.  Upon inspection 
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of the question it was determined that the item possesses similar qualities to the other reliability 

items and was moved to that category.  Testability item 27 was placed in the modifiability 

category by 100% of the participants.  Upon review of this item it was determined that it is more 

similar to the modifiability items and was moved to that category.  Testability item 26 and 

understandability items 32, 33, 34, 35, 36, 37, and 38 tended to be categorized in testability, 

understandability, and/or modifiability.  This is not unexpected since testability, 

understandability, and modifiability are viewed as different components of maintainability and 

can be influenced on how a participant views maintainability.  These items were left alone to see 

if providing the category definitions to the participants in the next round will increase their 

placement in the target category.  Portability item 48 was placed in the reusability category by a 

majority of the participants.  The item was reviewed and determined to fit with the other 

reusability items so it was moved to that category.  Portability items 49 and 52 and efficiency 

items 54, 55, and 57 were sorted into either the target category or usability; efficiency 59 was 

split between efficiency and reliability; and reusability item 65 was sorted into its target category 

or modularity10 .  The differences between usability, portability, efficiency, reusability, and 

modularity can be viewed as having some overlapping characteristics depending on the 

interpretation of each category.  Therefore, these items were left alone to see if providing the 

category definitions to the participants in the next round will increase their placement in the 

target category.  

 

                                                      
10 Modularity was a category created by the sorter during the open sort. 
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Table 4-7. Item placement ratio for the product quality items. 

Actual Categories 
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Total % Hits 
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Functionality 37 4 4 2                     1   48 0.771 
Reliability 3 37 3 2                     3   48 0.771 
Usability 2 1 33   4 1               1     42 0.786 
Testability   4   26 2 8           1     1   42 0.619 
Understandability     2 1 18 12   1 4   5 3     1 1 48 0.375 
Modifiability / 
Extensibility           48                     48 1.000 

Portability     7     2 22 1 4               36 0.611 
Efficiency 2 3 9         22                 36 0.611 
Reusability           4     26     2 4       36 0.722 

Total Item Placements: 384 Hits: 269 Overall Hit Ratio: 0.701 
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Table 4-8. Card placement percentage for the product quality items. 

Theoretical Categories   User Created Categories 
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1 100 . . . . . . . .   . . . . . . 
2 50 33 . 17 . . . . .   . . . . . . 
3 50 17 17 . . . . . .   . . . . 17 . 
4 83 17 . . . . . . .   . . . . . . 
5 100 . . . . . . . .   . . . . . . 
6 67 . 33 . . . . . .   . . . . . . 
7 67 . 17 17 . . . . .   . . . . . . 
8 100 . . . . . . . .   . . . . . . 
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9 . 100 . . . . . . .   . . . . . . 
10 . 100 . . . . . . .   . . . . . . 
11 . 100 . . . . . . .   . . . . . . 
12 . 67 . 17 . . . . .   . . . . 17 . 
13 . 100 . . . . . . .   . . . . . . 
14 17 50 . 17 . . . . .   . . . . 17 . 
15 33 17 50 . . . . . .   . . . . . . 
16 . 83 . . . . . . .   . . . . 17 . 
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U
sa
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17 17 . 67 . 17 . . . .   . . . . . . 
18 . 17 83 . . . . . .   . . . . . . 
19 . . 50 . 33 17 . . .   . . . . . . 
20 . . 100 . . . . . .   . . . . . . 
21 . . 67 . 17 . . . .   . . . 17 . . 
22 17 . 83 . . . . . .   . . . . . . 
23 . . 100 . . . . . .   . . . . . . 
24 . . 50 . 50 . . . .   . . . . . . 
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25 . 67 . 17 . . . . .   . . . . 17 . 
26 . . . 33 33 34 . . .   . . . . . . 
27 . . . . . 100 . . .   . . . . . . 
28 . . . 100 . . . . .   . . . . . . 
29 . . . 100 . . . . .   . . . . . . 
30 . . . 100 . . . . .   . . . . . . 
31 . . . 83 . . . . .   . 17 . . . . 
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35 . . . . 33 34 . . 17   17 . . . . . 
36 . . . . 33 50 . . .   17 . . . . . 
37 . . . 17 17 . . 17 17   . 17 . . . 17 
38 . . . . 33 34 . . .   17 . . . 17 . 
39 . . . . 83 17 . . .   . . . . . . 

                                    

M
od

ifi
ab

ili
ty

 / 
Ex

te
ns

ib
ili

ty
 

40 . . . . . 100 . . .   . . . . . . 
41 . . . . . 100 . . .   . . . . . . 
42 . . . . . 100 . . .   . . . . . . 
43 . . . . . 100 . . .   . . . . . . 
44 . . . . . 100 . . .   . . . . . . 
45 . . . . . 100 . . .   . . . . . . 
46 . . . . . 100 . . .   . . . . . . 
47 . . . . . 100 . . .   . . . . . . 
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Po
rta

bi
lit

y 
48 . . . . . . 33 . 67   . . . . . . 
49 . . 33 . . 17 50 . .   . . . . . . 
50 . . . . . . 100 . .   . . . . . . 
51 . . . . . . 100 . .   . . . . . . 
52 . . 67 . . . 17 17 .   . . . . . . 
53 . . 17 . . 17 67 . .   . . . . . . 

                                    

Ef
fic

ie
nc

y 

54 17 . 33 . . . . 50 .   . . . . . . 
55 17 . 33 . . . . 50 .   . . . . . . 
56 . . . . . . . 100 .   . . . . . . 
57 . . 67 . . . . 33 .   . . . . . . 
58 . . . . . . . 100 .   . . . . . . 
59 . 50 17 . . . . 33 .   . . . . . . 

                                    

R
eu

sa
bi

lit
y 

60 . . . . . 17 . . 67   . . 17 . . . 
61 . . . . . 17 . . 67   . . 17 . . . 
62 . . . . . . . . 100   . . . . . . 
63 . . . . . 17 . . 83   . . . . . . 
64 . . . . . . . . 83   . . 17 . . . 
65 . . . . . 17 . . 33   . 33 17 . . . 

 

The item placement ratio for the team member items is given in Table 4-9.  The hit ratios 

of recognition, product satisfaction, and personal satisfaction are below 0.6.  The overall hit ratio 

is 0.63.  The card placement percentage (Table 4-10) shows that learning/professional growth 

item 2; teamwork items 7, 10, and 11; recognition items 13, 14, and 15; product satisfaction 

items 24, 27, 28, 29, 30, and 31; and personal satisfaction items 37, 38, 39, and 42 were not 

placed in the target category by a majority of the participants and were flagged for evaluation.  

Learning/professional growth item 2 and teamwork item 7 were left alone to see if providing the 

category definitions to the participants in the next round will increase their placement in the 

target category.  Teamwork items 10 (teamwork promotes one personally) and 11 (teamwork 

promotes one professionally) were sources of confusion for the participants.  Both items were 
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dropped leaving three items for the teamwork construct.  Therefore, two new items were added 

to the sub-scale; 1) Working on the IS development project increases the efficiency of the team, 

and 2) Working on the IS development project increases the effectiveness of the team.  

Recognition items 13 and 14 were left alone to see if providing the category definitions to the 

participants in the next round will increase their placement in the target category.  Recognition 

item 15 was placed in the teamwork category by a majority of the participants.  It was reworded 

to remove the word ‘team’ from the question.  Product satisfaction items 24, 27, 28, and 29 were 

placed in the personal satisfaction category by a majority of the participants.  The items were 

reviewed and determined to be similar to the other personal satisfaction items and were moved to 

that construct.  Product satisfaction item 30 was placed in the learning/professional growth 

category by a majority of the participants.  A review of the item reveals that it fits with the other 

learning/professional growth items so it was moved to that category.  Product satisfaction item 

31 was reviewed and remained unchanged to see if providing the category definitions to the 

participants in the next round will increase its placement in product satisfaction.  Personal 

satisfaction items 37 and 38 were reviewed and remained unchanged to see if providing category 

definitions to the participants increases their placement in personal satisfaction.  Personal 

satisfaction item 39 was placed in learning/professional growth by a majority of the participants 

and was moved to that category after review of the item.  Personal satisfaction item 42 was 

placed in teamwork by a majority of participants and was moved to that category after item 

review.  After the changes this leaves three original items in personal satisfaction that were not 

flagged for review.  Three new items are developed to try to ensure that four good items will 

remain in personal satisfaction; 1) you had a sense that you did a good job on the IS development 

project, 2) you are proud of your work on the IS development project, and 3) your work on the IS 
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development project gives you a sense of pride.   Items 16 (working on the IS helps obtain 

additional work) and 17 (working on the IS improves you level of job security) were placed under 

a category labeled ‘other’ and were included to see if they would be categorized with the 

recognition items.  Neither was placed in the same category by more than two participants and 

thus both were removed from consideration for any subscale. 

 

Table 4-9. Item placement ratio for the team member items. 

Actual Categories 
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U
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t M
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ng

 

Total % Hits 

Th
eo

re
tic

al
 

C
at

eg
or

ie
s 

Learning / 
Professional 
Growth 

30  3 1 1 1     36 0.833 

Teamwork 5 19 3 1 2 30 0.633 
Recognition 6 4 10 1 2 1 24 0.417 
Process 
Satisfaction 1  1 32  2     36 0.889 

Product 
Satisfaction 6 1  3 43 25     78 0.551 

Personal 
Satisfaction 7 5  2 6 21    1 42 0.500 

Total Item Placements: 246 Hits: 155 Overall Hit Ratio: 0.630 
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Table 4-10. Card placement percentage for the team member items. 

My Constructs   
Participant 
Constructs 
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ng

 / 
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n 
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Le
ar
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ng

 / 
Pr

of
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 G

ro
w
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1 100 . . . . .   . . . 
2 50 . 33 . 17 .   . . . 
3 83 . 17 . . .   . . . 
4 83 . . . . 17   . . . 
5 100 . . . . .   . . . 
6 83 . . 17 . .   . . . 

                        

Te
am

w
or

k 

7 33 33 17 . . 17   . . . 
8 . 100 . . . .   . . . 
9 . 100 . . . .   . . . 
10 17 50 17 . . .   . . 17 
11 33 33 17 . . .   . . 17 

                        

R
ec

og
ni

tio
n 12 . . 100 . . .   . . . 

13 33 . 50 . . 17   . . . 
14 50 . 17 . . 17   . 17 . 
15 17 67 . 17 . .   . . . 

                        

Other 
16 17 . 33 . . 17   17 17 . 
17 17 . 17 . 17 17   17 17 . 
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Pr
oc

es
s S

at
is

fa
ct

io
n 18 . . 17 67 . 17   . . . 

19 . . . 83 . 17   . . . 
20 . . . 100 . .   . . . 
21 17 . . 83 . .   . . . 
22 . . . 100 . .   . . . 
23 . . . 100 . .   . . . 

                        

Pr
od

uc
t S

at
is

fa
ct

io
n 

24 . . . 17 17 67   . . . 
25 . . . . 100 .   . . . 
26 17 . . . 67 17   . . . 
27 . 17 . . 17 67   . . . 
28 . . . . . 100   . . . 
29 . . . . . 100   . . . 
30 67 . . . . 33   . . . 
31 . . . 17 50 33   . . . 
32 . . . . 100 .   . . . 
33 17 . . 17 67 .   . . . 
34 . . . . 100 .   . . . 
35 . . . . 100 .   . . . 
36 . . . . 100 .   . . . 

                        

Pe
rs

on
al

 S
at

is
fa

ct
io

n 37 . . . . 50 50   . . . 
38 . 17 . 17 17 50   . . . 
39 83 . . . . 17   . . . 
40 . . . . . 100   . . . 
41 . . . 17 . 67   . . 17 
42 33 67 . . . .   . . . 
43 . . . . 33 67   . . . 

 

4.1.3.3 Card Sorting: Round 3 

The third round of card sorting was a closed sort similar to the second round with the 

addition of sending the definitions of the theoretical categories to the participants with the link to 

the sorting tool.  The goal of round 3 was to evaluate convergent and discriminant validity by 

assessing the fit of the items within the categories.  The instructions for round 3 were the same as 
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round 2 with the addition of asking the participants to read the definitions before beginning the 

sorting exercise. 

Five participants completed the sorting task for the third round.  Like round 2, the results 

were evaluated using the item placement ratio and the card placement percentage.  Additionally, 

individual item-level analysis was conducted by creating an item x item display measuring the 

percentage of participants that place two items in the same category.  Higher percentages 

indicate that the two items measure the same latent construct. 

The item placement ratio for the process quality items is given in Table 4-11.  All of the 

hit ratios are above 0.66 with an overall hit ratio of 0.852.  The card placement percentage (Table 

4-12) shows that within budget items 11 and 14 were not categorized in their target category by a 

majority of the participants.  Both items were removed.  On time 6 was placed in the target 

category by three of the five participants.  Evaluation of the item suggests that the item could be 

simplified by rewording it from ‘the IS development project was delivered when needed by the 

customer/user (not necessarily within schedule)’ to ‘the IS development project was delivered 

when needed by the customer/user’.  On time item 8, ‘to what degree were milestones achieved 

on schedule’, was removed since 6 other items were categorized in the target construct and this 

item was worded to be on a different Likert-type scale than the other items.  The item x item 

display shows that all remaining items were sorted with the other items for the respective target 

construct by a majority of the participants. 
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Table 4-11. Item placement ratio for the process quality items (Round 3). 

Actual Categories 

  O
n 

Ti
m

e 

W
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t 

C
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C
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d 

Pr
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N
ot

 W
ith
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 B
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ge

t 

U
N

SO
R

TE
D

 

Total % Hits 

Th
eo

re
tic

al
 

C
at

eg
or

ie
s On Time 33   4 1     2 40 0.825 

Within Budget 2 20 2     1 5 30 0.667 
Completed / Cancelled     5         5 1.000 
Process Quality     4 74     2 80 0.925 
Total Item Placements: 155 Hits: 132 Overall Hit Ratio: 0.852 

 

Table 4-12. Card placement percentage for the process quality items (Round 3). 

Theoretical Categories 

    

O
n 

Ti
m

e 

W
ith

in
 B

ud
ge

t 

C
om

pl
et

ed
 / 

C
an

ce
lle

d 

Pr
oc

es
s Q

ua
lit

y 

N
ot

 W
ith

in
 B

ud
ge

t 
  U

N
SO

R
TE

D
 

O
n 

Ti
m

e 

1 80 . 20 . .   . 
2 100 . . . .   . 
3 80 . . 20 .   . 
4 80 . 20 . .   . 
5 100 . . . .   . 
6 60 . 20 . .   20 
7 80 . 20 . .   . 
8 80 . . . .   20 
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W
ith

in
 B

ud
ge

t 9 . 80 . . .   20 
10 . 100 . . .   . 
11 . 20 20 . 20   40 
12 . 80 20 . .   . 
13 . 80 . . .   20 
14 40 40 . . .   20 

                  
CC 15 . . 100 . .   . 
                  

Pr
oc

es
s Q

ua
lit

y 
(C

M
M

I)
 

16 . . . 100 .   . 
17 . . . 100 .   . 
18 . . 20 80 .   . 
19 . . . 100 .   . 
20 . . . 80 .   20 
21 . . . 100 .   . 
22 . . . 100 .   . 
23 . . 20 60 .   20 
24 . . 40 60 .   . 
25 . . . 100 .   . 
26 . . . 100 .   . 
27 . . . 100 .   . 
28 . . . 100 .   . 
29 . . . 100 .   . 
30 . . . 100 .   . 

 

The item placement ratio for the product quality items is given in Table 4-13.  All of the 

hit ratios are above 0.7 with the exception of understandability.  The overall hit ratio is 0.760.  

The card placement percentage (Table 4-14) shows that reliability items 12 and 14; usability 

items 19 and 24; testability item 25; understandability items 30, 31, 35, and 36; modifiability 

items 45 and 46; and efficiency item 55 were not categorized in their target category by a 

majority of the participants and were removed.  Functionality item 7, ‘to what degree are 

specified user operational scenarios satisfied’, was removed since 6 other items were categorized 
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in the functionality category and this item was worded to be on a different Likert-type scale than 

the other items.  A partial display of the item x item analysis for the product quality items is 

found in Table 4-15.  Reviewing the item x item placements for the reliability items (Panel A of 

Table 4-15) shows that items 9 and 16 were not placed as frequently in the same categories as the 

other items.  Since there are five other items that were categorized frequently with each other, 

these two items were removed.  Reviewing the item x item placements for the usability items 

(Panel B of Table 4-15) shows that item 18 was not placed in the same category with the other 

items with the same frequency and was removed from the subscale.  Reviewing the item x item 

placements for portability (Panel C of Table 4-15) shows that item 50 was not placed in the same 

category with the other items with the same frequency and was removed from the subscale.  

Lastly, reviewing the card placement percentage for reusability item 64 showed that 3 

participants placed it in the target category but 2 placed it in modifiability.  The item’s original 

target construct was portability but it was moved to reusability after round 2.  Since there were 6 

items with high placement percentages and after reviewing the item wording itself, this item was 

dropped from the subscale. 
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Table 4-13. Item placement ratio for the product quality items (Round 3). 

Actual Categories 

Fu
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E
ffi
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R
eu

sa
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U
N

SO
R

T
E

D
 

T
ot

al
 

%
 H

its
 

Th
eo

re
tic

al
 

C
at

eg
or

ie
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Functionality 31 1     1     1     1 35 0.886 
Reliability 3 32 2 4 1     2     1 45 0.711 
Usability 1   29   9     1       40 0.725 
Testability 1 2   20 1           1 25 0.800 
Understand-
ability 

2   2 1 22 4     8   1 40 0.550 

Modifiability 
/Extensibility 

  5 4     34   2       45 0.756 

Portability     2       22       1 25 0.880 
Efficiency 1 3 3         22     1 30 0.733 
Reusability 1         3     31     35 0.886 

Total Item Placements: 320 Hits: 243 Overall Hit Ratio: 0.760 
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Table 4-14. Card placement percentage for the product quality items (Round 3). 

Theoretical Categories 

  Fu
nc

tio
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lit
y 
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el
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Te
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ty
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fic

ie
nc

y 

R
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  U
N

SO
R

TE
D

 

Fu
nc

tio
na

lit
y 

1 100 . . . . . . . .   . 
2 100 . . . . . . . .   . 
3 100 . . . . . . . .   . 
4 100 . . . . . . . .   . 
5 60 20 . . . . . 20 .   . 
6 80 . . . . . . . .   20 
7 80 . . . 20 . . . .   . 

                          

R
el

ia
bi

lit
y 

8 . 100 . . . . . . .   . 
9 20 60 . . . . . . .   20 
10 . 100 . . . . . . .   . 
11 . 80 . 20 . . . . .   . 
12 20 40 40 . . . . . .   . 
13 20 80 . . . . . . .   . 
14 . 40 . 20 20 . . 20 .   . 
15 . 80 . . . . . 20 .   . 
16 . 60 . 40 . . . . .   . 

                          

U
sa

bi
lit

y 

17 . . 100 . . . . . .   . 
18 . . 60 . 20 . . 20 .   . 
19 . . 20 . 80 . . . .   . 
20 . . 80 . 20 . . . .   . 
21 . . 100 . . . . . .   . 
22 . . 100 . . . . . .   . 
23 20 . 80 . . . . . .   . 
24 . . 40 . 60 . . . .   . 
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Te
st

ab
ili

ty
 25 . 40 . 20 20 . . . .   20 

26 . . . 100 . . . . .   . 
27 . . . 100 . . . . .   . 
28 20 . . 80 . . . . .   . 
29 . . . 100 . . . . .   . 

                          

U
nd

er
st

an
da

bi
lit

y 

30 . . . 20 . 40 . . 40   . 
31 20 . . . 20 20 . . 40   . 
32 . . . . 100 . . . .   . 
33 . . . . 80 . . . 20   . 
34 . . . . 100 . . . .   . 
35 . . 20 . . . . . 60   20 
36 20 . 20 . 40 20 . . .   . 
37 . . . . 100 . . . .   . 

                          

M
od

ifi
ab

ili
ty

 / 
Ex

te
ns

ib
ili

ty
 38 . . . . . 100 . . .   . 

39 . 20 . . . 60 . 20 .   . 
40 . . . . . 80 . 20 .   . 
41 . . . . . 100 . . .   . 
42 . . . . . 100 . . .   . 
43 . . 20 . . 80 . . .   . 
44 . . . . . 100 . . .   . 
45 . 60 20 . . 20 . . .   . 
46 . 20 40 . . 40 . . .   . 

                          

Po
rta

bi
lit

y 

47 . . . . . . 100 . .   . 
48 . . . . . . 100 . .   . 
49 . . . . . . 100 . .   . 
50 . . 40 . . . 60 . .   . 
51 . . . . . . 80 . .   20 

                          

Ef
fic

ie
nc

y 

52 . 20 20 . . . . 60 .   . 
53 . 20 . . . . . 80 .   . 
54 . 20 . . . . . 80 .   . 
55 20 . 40 . . . . 40 .   . 
56 . . . . . . . 100 .   . 
57 . . . . . . . 80 .   20 
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R
eu

sa
bi

lit
y 

58 . . . . . . . . 100   . 
59 . . . . . . . . 100   . 
60 . . . . . . . . 100   . 
61 . . . . . . . . 100   . 
62 . . . . . . . . 100   . 
63 20 . . . . 20 . . 60   . 
64 . . . . . 40 . . 60   . 

 

Table 4-15. Partial display of item x item analysis for product quality items. 

Panel A 
  Reliability 
  8 9 10 11 13 15 16  

R
el

ia
bi

lit
y 

8 - 60 100 80 80 80 60 
9 60 - 60 40 60 60 40 
10 100 60 - 80 80 80 60 
11 80 40 80 - 60 60 40 
13 80 60 80 60 - 80 40 
15 80 60 80 60 80 - 40 
16 60 40 60 40 40 40 - 

Panel B 
Usability 

17 18 20 21 22 23 

U
sa

bi
lit

y 

17 - 60 80 100 100 80 
18 60 - 80 60 60 40 
20 80 80 - 80 80 60 
21 100 60 80 - 100 80 
22 100 60 80 100 - 80 
23 80 40 60 80 80 - 
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Panel C 
Portability 

47 48 49 50 51 

Po
rta

bi
lit

y 

47 - 100 100 60 80 
48 100 - 100 60 80 
49 100 100 - 60 80 
50 60 60 60 - 40 
51 80 80 80 40 - 

 

The item placement ratio for the product quality items is given in Table 4-16.  All of the 

hit ratios are above 0.6 with the exception of product satisfaction.  The overall hit ratio is 0.709.  

The card placement percentage (Table 4-17) shows that teamwork item 12; process satisfaction 

item 19; product satisfaction items 26, 27, 28, and 32; and personal satisfaction items 34, 35, 38, 

and 39 were not categorized in their target category by a majority of the participants and were 

removed.  Learning/professional growth item 2 (working on the IS development project increases 

professional status) was sorted by 3 participants in learning/professional growth and by 2 

participants in recognition during round two and was sorted by 0 participants in 

learning/professional growth but by 4 participants in recognition during this round.  The item 

was moved to the recognition subscale after review of the item and the results of the sorting.  

Recognition item 17 (working on the IS development project offers opportunity for career 

advancement) was sorted by 3 participants in learning/professional growth by 3 participants and 

by 1 participant in recognition during round 2.  It was sorted by all 5 participants in 

learning/professional growth in round 3.  The item was moved to the learning/professional 

growth subscale after review of the item and the results of the sorting.  Reviewing the item x 

item placements for learning/professional growth (Panel A of Table 4-18) shows that item 7 was 

not placed in the same category with the other items with the same frequency and was removed 
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from the subscale.  Lastly, reviewing the item x item placements for product satisfaction (Panel 

B of Table 4-18) shows that items 25 and 30 were not placed in the same category with the other 

items with the same frequency.  Item 25 (you had sense that you delivered a product of sufficient 

quality) was placed in the target category by 80% of the participants so it was retained.  Item 30 

(important clients, directly affected by this IS, will make use of it) was placed in the target 

category by 60% of the participants so it was removed from the subscale. 

 

Table 4-16. Item placement ratio for the personal items (Round 3). 

Actual Categories 
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% 
Hits 
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C
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Learning / 
Professional 
Growth 

32   4     2   2 40 0.800 

Teamwork 4 26             30 0.867 
Recognition 6   13         1 20 0.650 
Process 
Satisfaction 3 1   22 2     2 30 0.733 

Product 
Satisfaction 2 1 2 9 26 4   1 45 0.578 

Personal 
Satisfaction 3 3 1 5 4 37   2 55 0.673 

Total Item Placements: 220 Hits: 156 Overall Hit Ratio: 0.709 

 



 
 

127 
 

Table 4-17. Card placement percentage for the team member items (Round 3). 

Theoretical Categories 
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1 100 . . . . .   . 
2 . . 80 . . .   20 
3 100 . . . . .   . 
4 100 . . . . .   . 
5 100 . . . . .   . 
6 80 . . . . 20   . 
7 60 . . . . 20   20 
8 100 . . . . .   . 

                    

Te
am

w
or

k 

9 . 100 . . . .   . 
10 . 100 . . . .   . 
11 . 100 . . . .   . 
12 60 40 . . . .   . 
13 20 80 . . . .   . 
14 . 100 . . . .   . 

                    

R
ec

og
ni

tio
n 15 . . 100 . . .   . 

16 . . 80 . . .   20 
17 100 . . . . .   . 
18 20 . 80 . . .   . 
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Pr
oc

es
s S

at
is

fa
ct

io
n 19 60 20 . 20 . .   . 

20 . . . 80 20 .   . 
21 . . . 80 . .   20 
22 . . . 80 20 .   . 
23 . . . 100 . .   . 
24 . . . 80 . .   20 

                    

Pr
od

uc
t S

at
is

fa
ct

io
n 

25 . . . . 80 20   . 
26 . . . . 40 60   . 
27 . . . 60 40 .   . 
28 20 . 20 20 40 .   . 
29 . . . 20 60 .   20 
30 . 20 20 . 60 .   . 
31 . . . 20 80 .   . 
32 20 . . 40 40 .   . 
33 . . . 20 80 .   . 

                    

Pe
rs

on
al

 S
at

is
fa

ct
io

n 

34 . 20 . . 40 40   . 
35 40 20 . 20 . 20   . 
36 . . . . . 100   . 
37 . . 20 . . 80   . 
38 20 . . 40 . 40   . 
39 . 20 . 20 20 40   . 
40 . . . . . 100   . 
41 . . . . . 100   . 
42 . . . . 20 60   20 
43 . . . . . 100   . 
44 . . . 20 . 60   20 
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Table 4-18. Partial display of item x item analysis for team member items. 

Panel A 
Learning / Professional Growth 

1 3 4 5 6 7 8 

Le
ar

ni
ng

 / 
Pr

of
es

si
on

al
 G

ro
w

th
 1 - 100 100 100 80 60 100 

3 100 - 100 100 80 60 100 
4 100 100 - 100 80 60 100 
5 100 100 100 - 80 60 100 
6 80 80 80 80 - 40 80 
7 60 60 60 60 40 - 60 
8 100 100 100 100 80 60 - 

Panel B 
Product Satisfaction 

25 29 30 31 33 

Pr
od

uc
t 

Sa
tis

fa
ct

io
n 25 - 40 40 60 60 

29 40 - 60 80 80 
30 40 60 - 60 60 
31 60 80 60 - 100 
33 60 80 60 100 - 

 

4.1.4 Pre-Test 

The items remaining after the expert review (the card sorting exercises) were used to 

create the alpha questionnaire.  A framing statement is placed at the beginning of the 

questionnaire to get participants to think about how they judge the success or failure of a systems 

development effort.  It then asks the participant to select the project that they judge to be the 

most successful and to think about that project while answering the questions.  The questionnaire 

is broken down into four sections.  The first section is composed of the process quality items that 

make up the process quality construct.  At the beginning of this section, participants are asked to 

focus on the process undertaken to complete the project they selected as their most successful 
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information systems development project.  The second section is composed of the product 

quality items which include both the functional product quality construct and the non-functional 

product quality construct.  The instructions for this section ask participants to focus on the end 

product(s) of the project they select as their most successful.  The third section is composed of 

the team member related items which includes the team member benefits construct and the team 

member satisfaction construct.  Similar to the previous two sections, the instructions for this 

section ask participants to focus on the benefits they receive and the feelings they experience 

from working on their most successful information systems development project.  The fourth 

section includes demographic questions.  The questions within each of the first three sections are 

randomized using the survey instrument tool to mitigate any order effects. 

The alpha questionnaire was pre-tested by six participants from the target population 

(Netemeyer, Bearden, & Sharma, 2003).  They included four university professors, one Ph.D. 

student, and one current professional project manager all with professional experience 

developing and/or managing information systems projects.  Upon completion of the survey, the 

participants provided comments about the clarity and content of the items and instructions as 

well as made suggestions for rewording items.  A couple of items were slightly reworded based 

on the comments received.  The result of the pre-test was the beta questionnaire to be used in the 

pilot test. 

4.1.5 Pilot Test 

A pilot test using the beta questionnaire was conducted to test the reliability and validity 

of the measurement scales and to reduce the number of items on the questionnaire (DeVellis, 

1991; Floyd & Widaman, 1995; Netemeyer, et al., 2003; Spector, 1992).  Following Moore and 

Benbasat (1991) and others (Baroudi & Orlikowski, 1988; Doll & Torkzadeh, 1988; Ives, et al., 
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1983; Moore & Benbasat, 1991; Saarinen, 1996), the procedure to analyze each scale is to first 

evaluate scale reliability using Cronbach’s Alpha, content validity through item-item correlation 

(internal consistency), and construct validity through the item-to-total correlation.  Second, 

principal components analysis is used to assess construct validity (Baroudi & Orlikowski, 1988; 

Ives, et al., 1983).  The factor analysis is conducted on latent constructs grouped at the same 

theoretical level of abstraction (e.g. process quality, functional product quality, non-functional 

product quality, team member benefits, and team member satisfaction) (Rai, Patnayakuni, & 

Seth, 2006). 

The pilot test was conducted using the online survey tool SurveyMonkey.  Participants 

for the pilot test were recruited from upper division and graduate IT courses as well as IT 

personnel working within academic institutions.  Students in the upper division and graduate 

courses are viewed as appropriate surrogates of the target population as they should have been 

exposed to the concepts elicited in the theoretical model of ISD success.  A total of 266 

participants responded to the request to participate and accessed the questionnaire website.  After 

removing duplicate respondents and respondents that did not complete the survey there were a 

total of 159 responses.  To make the pilot test respondents equivalent to the population of 

interest, 26 respondents were removed because they either reported less than one year of 

information systems development experience or did not report their experience.  This left a total 

of 133 responses for the validity and reliability analyses.   

There has been much debate on the recommended sample size for principal components 

analysis and common factor analysis.  Floyd and Widaman (1995) document the two camps of 

subjects-to-variables ratio versus pure sample size.  In the end they note that 5-10 participants 

per variable is a commonly used guideline for confirmatory factor analysis (Floyd & Widaman, 
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1995).  With 19 sub-constructs in the overall model and 133 responses available for analysis, this 

gives a subjects-to-variables ratio of 7 to 1. 

4.1.5.1 Process Quality Section of Pilot Test 

As mentioned above, the latent construct process quality is viewed as a formative second-

order factor composed of the reflective first-order sub-constructs on time, within budget, 

completed/cancelled, and process maturity.  One item was removed from the on time subscale 

and four were removed from the process quality subscale during the first step of item analysis 

(Table 4-19).  Principal components analysis (PCA) with varimax rotation was conducted using 

the hypothesized factor structure of four components (Figure 4-1).  OnTime3 loads on three 

components and was removed from the on time subscale.  Due to the similarity of the on time 

items, OnTime4 was removed to reduce the scale length since it had the lowest factor loading.  

All other items remain in their respective subscales11.  Reliability (Cronbach’s Alpha) for the 

remaining items in each of the subscales is 0.873, 0.812, and 0.890 for the on time, within 

budget, and process maturity subscales respectively (Moore & Benbasat, 1991; Nunnally, 1967).  

Factor loadings of the remaining items range from 0.565 to 0.826, scale items load on the 

“target” factor more strongly than on other factors, and the four factors capture 61.017 % of the 

variance. 

 

                                                      
11 It is believed that the process maturity sub-construct is complex and multifaceted; therefore a larger number of 
items were retained to capture this complexity instead of removing items to reduce scale length. 
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Table 4-19. First stage of item analysis for process quality subscales (items appear in order of 
removal). 

Subscale Item Reason for removal 
On Time OnTime6  Lowest item-total correlation on subscale. 

 2 item-item correlations below 0.3. 
 Cronbach’s Alpha increases if item is removed. 

Process 
Maturity 

ProcMat8  Item-total correlation < 0.4. 
 All item-item correlations below 0.3. 
 Cronbach’s Alpha increases if item is removed. 

ProcMat14  Item-total correlation < 0.4. 
 9 of 13 item-item correlations below 0.3. 
 Cronbach’s Alpha increases if item is removed. 

ProcMat9  Item-total correlation < 0.4. 
 8 of 12 item-item correlations below 0.3. 
 Cronbach’s Alpha stays the same if item is removed. 

ProcMat15  Item-total correlation < 0.4. 
 5 of 11 item-item correlations below 0.3. 
 Cronbach’s Alpha increases slightly if item is removed. 
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Component 

1 2 3 4 
OnTime1  .763   
OnTime2  .757   
OnTime3  .499 .473  
OnTime4  .673   
OnTime5  .768   
OnTime7  .826   
WithinBud1   .748  
WithinBud2   .717  
WithinBud3   .666  
WithinBud4  .405 .695  
Completed1    .741 
ProcMat1 .719    
ProcMat2 .619    
ProcMat3 .647    
ProcMat4 .659    
ProcMat5 .750    
ProcMat6 .785    
ProcMat7 .603   .531 
ProcMat10 .580    
ProcMat11 .737    
ProcMat12 .692    
ProcMat13 .565    

Eigenvalue 5.260 3.882 2.835 1.447 
% Variance Explained (Cumulative in Brackets) 

23.911 17.644 12.886 6.576 
(23.911) (41.555) (54.441) (61.017) 

     
Figure 4-1. Process Quality PCA results with varimax rotation (values below 0.4 are omitted). 

 

4.1.5.2 Product Quality Section of Pilot Test 

The product quality section of the pilot test is composed of items representing the latent 

constructs functional product quality and non-functional product quality.  Functional product 

quality is viewed as a reflective first-order factor construct while non-functional product quality 
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is viewed as a formative second-order factor construct composed of eight reflective first-order 

factor constructs; reliability, usability, testability, understandability, modifiability, portability, 

efficiency, and reusability.  The functional product quality construct is analyzed first with the 

non-functional product quality constructs second. 

Functional product quality was initially measured with six reflective measurement items.  

All of the items displayed good measures for the first round of reliability, content validity, and 

the construct validity.  PCA without rotation was conducted using the hypothesized factor 

structure of a single component (Figure 4-2).  All items load strongly on the first component.  

Funct4 and Funct5 have the lowest factor scores and were removed from the scale to reduce 

scale length.  The reliability of the scale with the remaining items is Cronbach’s Alpha = 0.853.  

The factor loadings of the remaining items range between 0.778 and 0.835 and capture 59.7% of 

the variance. 

 

 
Component 

1 
Funct1 .835 
Funct2 .834 
Funct3 .778 
Funct4 .724 
Funct5 .645 
Funct6 .804 

Eigenvalue 3.585 
% 
Variance 
Explained 

59.745 

Figure 4-2: Functional Product Quality PCA results (no rotation). 
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The Non-functional product quality latent construct is viewed as a formative second-

order factor construct composed of the reflexive first-order factors reliability, usability, 

testability, understandability, modifiability, portability, efficiency, and reusability.  One item was 

removed from the reliability subscale and one item was removed from the efficiency subscale 

after the first stage of item analysis (Table 4-20).  The PCA with varimax rotation (Figure 4-3) 

and the PCA with equamax rotation (Figure 4-4) provide similar results but together provide 

more insights into the factor structure of the subscales for non-functional product quality.  

Therefore, both were used to analyze construct validity.  Based on the factor structures, 

reliability was assigned to factor 4 in each rotation.  Reliab1 and Reliab5 both load strongly on 

factor 4 but Reliab5 loads stronger on factor 2 in the varimax rotation.  Reliab2 and Reliab3 both 

load on multiple factors other than factor 4.  Both items were reworded to be more similar to 

Reliab1 and Reliab5 to try to obtain four solid measurement items.  Usability was assigned to 

factor 3 in both of the rotations.  Usability3 loads on factor 8 in the varimax rotation and on 

factor 5 in the equamax rotation.  Usability3 was removed from the subscale.  Usability5 loads 

strongly on factor 3 but also loads on factor 4 in both rotations and was reworded to be more 

similar to Usability1, Usability2, and Usability4.  Testability was assigned to factor 5 in both 

rotations.  All testability items load most strongly on factor 5 and were retained.  

Understandability was assigned to factor 1 in the varimax rotation and to factor 8 in the equamax 

rotation.  Understand4 does not load on either of the assigned factors and Understand3 loads 

stronger on factor 1 (not the assigned factor) in the equamax rotation.  Both items were reworded 

to be more similar to Understand1 and Understand2 to try to retain four measurement items.  

Modifiability was assigned to factor 2 in both rotations.  All of the items in the subscale load the 

strongest on factor 2.  Mod1 and Mod6 have the lowest factor loadings on factor 2 and both load 
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above 0.4 on another factor.  Based on these analyses and to shorten the subscale length, Mod1 

and Mod6 were removed from the subscale.  Portability was assigned to factor 6 in both 

rotations.  All items load strongest on the assigned factor and were retained for the subscale.  

Efficiency was assigned to factor 7 in both rotations.  Effic1 and Effic5 load on factor 4 which 

was assigned to reliability.  All items were analyzed and Effic5 seemed to be more about 

multitasking where the other items were more about the program’s responsiveness.  Effic5 was 

removed from the subscale.  Effic1 was reworded to be more similar to Effic2 and Effic3 since 

there were only two items remaining for the efficiency subscale.  Reusability was assigned to 

factor 1 in both rotations.  Reu1 does not load on factor 1 in either rotation and was dropped.  

The remaining items in the reusability subscale were retained.  Reliability (Cronbach’s Alpha) 

for the remaining items in each of the subscales is 0.625 (reliability), 0.872 (usability), 0.697 

(testability), 0.322 (understandability), 0.887 (modifiability), 0.703 (portability), 0.626 

(efficiency), and 0.862 (reusability).  Note that the three lowest reliabilities; reliability, 

understandability, and efficiency; occur in subscales with only two items in the reliability 

calculations.  These subscales have one or two reworded items not included in this calculation.  

Reliabilities will be checked after data collection for the study.  Factor loadings for the remaining 

items range from 0.378 to 0.850, load most strongly on the assigned factor, and capture 65.165% 

of the variance for the verimax rotation.  The factor loadings for the remaining items in the 

equamax rotation range from 0.363 to 0.828, load most strongly on the assigned factor, and 

capture 65.165% of the variance.  
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Table 4-20. First stage of item analysis for non-functional product quality subscales (items 
appear in order of removal). 

Subscale Item Reason for removal 
Reliability Reliab4  Item-total correlation < 0.4. 

 All item-item correlations < 0.3. 
 Cronbach’s Alpha increases if item is removed.. 

Efficiency Effic4  Item-total correlation < 0.4. 
 All item-item correlations < 0.3. 
 Cronbach’s Alpha increases if item is removed. 

 

 

  Varimax Rotated Component Matrix 

  
Component 

1 2 3 4 5 6 7 8 
Reliab1    .614     
Reliab2   .426    .489  
Reliab3     .623    
Reliab5  .414  .378     
Usability1   .799      
Usability2   .760      
Usability3        .660 
Usability4   .762      
Usability5   .517 .508     
Testability1     .508    
Testability2    .422 .505    
Testability3     .589    
Testability4     .649    
Understand1 .422        
Understand2 .416        
Understand3 .562        
Understand4  .480 .569      
Mod1 .475 .545       
Mod2  .715       
Mod3  .694       
Mod4  .597 .462      
Mod5  .780       
Mod6  .536 .471      
Mod7  .730       



 
 

139 
 

Port1      .489   
Port2      .675   
Port3      .645   
Port4      .653   
Effic1    .676     
Effic2       .545  
Effic3       .573  
Effic5    .692     
Reu1      .420   
Reu2 .850        
Reu3 .687        
Reu4 .703        
Reu5 .797        
Reu6 .667        

Eigenvalues 4.661 4.543 4.116 3.180 2.636 2.462 1.788 1.377 
% Variance Explained (Cumulative in Brackets) 

12.265 11.955 10.831 8.368 6.936 6.480 4.706 3.624 
(12.265) (24.22) (35.051) (43.419) (50.355) (56.835) (61.541) (65.165) 

Figure 4-3. Non-functional product quality PCA results with varimax rotation (values below 0.4 on off factors are 
omitted). 

 

Equamax Rotated Component Matrix 
  Component 

  1 2 3 4 5 6 7 8 
Reliab1    .588     
Reliab2       .583  
Reliab3     .551  .482  
Reliab5    .394     
Usability1   .781      
Usability2   .757      
Usability3     .417    
Usability4   .737      
Usability5   .507 .521     
Testability1     .635    
Testability2    .412 .503    
Testability3     .574    
Testability4     .669    
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Understand1        .577 
Understand2        .363 
Understand3 .456       .433 
Understand4  .416 .524      
Mod1 .445 .531       
Mod2  .619       
Mod3  .673       
Mod4  .492      .467 
Mod5  .713       
Mod6  .433      .452 
Mod7  .718       
Port1      .521   
Port2      .690   
Port3      .652   
Port4      .665   
Effic1    .665     
Effic2       .603  
Effic3       .600  
Effic5    .676     
Reu1      .457   
Reu2 .828        
Reu3 .689        
Reu4 .587       .467 
Reu5 .749        
Reu6 .651        

Eigenvalues 3.709 3.563 3.554 3.004 2.866 2.764 2.676 2.625 
% Variance Explained (Cumulative in Brackets) 

9.762 9.376 9.352 7.906 7.543 7.275 7.042 6.909 
(9.762) (19.138) (28.49) (36.396) (43.939) (51.214) (58.256) (65.165) 

Figure 4-4. Non-functional product quality PCA results with equamax rotation (values below 0.4 on off factors are 
omitted). 

 

4.1.5.3 Team Member Related Section of Pilot Test 

The team member related section of the pilot test is composed of items representing the 

latent constructs team member benefits and team member satisfaction.  Team member benefits is 
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viewed as a formative second-order factor construct composed of learning/professional growth, 

teamwork, and recognition.  Team member satisfaction is viewed as a formative second-order 

factor construct composed of process satisfaction, product satisfaction, and personal satisfaction.  

The items measuring team member benefits are analyzed first with the items measuring team 

member satisfaction second. 

The team member benefits latent construct is viewed as a formative second order factor 

construct composed of the reflective sub-constructs learning/professional growth, teamwork, and 

recognition.  Recog2 was removed from the recognition subscale after the first stage of item 

analysis due to Cronbach’s Alpha increasing to 0.739 if the item is removed.  All other items in 

the other subscales were retained for PCA.  PCA with varimax rotation was conducted using the 

hypothesized factor structure of three components (Figure 4-5).  Learning/professional growth 

was assigned to factor 1.  Growth1 and Growth2 load strongly on factor 2 and were removed 

from the subscale.  Learning and professional growth were combined during the coding of the 

interviews since the concepts occurred together frequently.  Based on the PCA results, it is 

thought that the structure may be learning/personal growth (factor 1) and teamwork/professional 

growth (factor 2 to be discussed below).  Growth1 and Growth2 were reworded to be more 

similar to the teamwork/team building items and will be reanalyzed after the next data collection.  

Growth7 loads strongly on factor 3 and was removed from the subscale.  Growth7, ‘Working on 

the IS development project offers opportunity for career advancement’, started as part of the 

recognition subscale.  During the first two rounds of card sorting its placement was split between 

the learning/professional growth construct and the recognition construct.  Definitions for the 

constructs were provided to the sorters for round 3 and Growth7 was placed in the 

learning/professional growth construct 100% of the time.  Based on the PCA results, career 
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advancement may indeed be part of the recognition construct.  Growth7 was moved back to the 

recognition construct, reworded to be more similar to the items in the recognition construct, and 

will be reanalyzed after the next data collection.  Teamwork was assigned to factor 2.  Team1 

loads on factor 1 and was removed from the subscale.  Team5 loads above 0.5 on factors 1 and 2 

and was removed from the subscale.  Recognition was assigned to factor 3.  Recog3 loads 

strongest on factor 1 and was removed from the subscale.  It is hoped that with the changes to 

Growth7 it will load with Recog1 and Recog2 to end up with three measurement items for the 

recognition subscale.  Reliability (Cronbach’s Alpha) for the remaining items in each of the 

subscales is 0.875 (learning/professional growth), 0.793 (teamwork), and 0.736 (recognition).  

Factor loadings for the remaining items range from 0.533 to 0.815, load most strongly on the 

assigned factor, and capture 66.987% of the variance. 
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Component 

1 2 3 
Growth1  .790  
Growth2  .682  
Growth3 .815   
Growth4 .638   
Growth5 .766   
Growth6 .730   
Growth7  .414 .751 
Team1 .590   
Team2 .424 .673  
Team3  .533  
Team4 .417 .683  
Team5 .581 .552  
Recog1   .776 
Recog3 .635  .492 
Recog4   .795 

Eigenvalue 3.93 3.523 2.595 
% Variance Explained (Cumulative in Brackets) 

26.203 23.486 17.298 
(26.203) (49.689) (66.987) 

Figure 4-5. Team member benefits PCA results with varimax rotation (values below 0.4 are omitted). 

 

The team member satisfaction latent construct is viewed as a formative second order 

factor construct composed of the reflective sub-constructs process satisfaction, product 

satisfaction, and personal satisfaction.  All of the items on all of the subscales exhibited 

sufficient measures after the first stage of item analysis to be included in the PCA.  PCA with 

varimax rotation was conducted using the hypothesized factor structure of three components 

(Figure 4-6).  Process satisfaction was assigned to factor 2.  All items in that subscale load 

strongest on the desired factor and were retained in the subscale.  Product satisfaction was 

assigned to factor 3.  ProdSat1 loads on factors 1 and 3.  It was removed from the product 
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satisfaction subscale.  ProdSat3 and ProdSat4 load almost as strongly on factor 1.  These two 

items were reworded to be more similar to ProdSat2 to try to increase their loading on the correct 

factor.  Personal satisfaction was assigned to factor 1.  All of the personal satisfaction items load 

the strongest on factor 1.  PerSat2 and PerSat3 have the lowest factor loadings and were removed 

from the subscale to reduce the scale length.  Reliability (Cronbach’s Alpha) for the remaining 

items in each of the subscales is 0.885 (process satisfaction), 0.681 (product satisfaction), and 

0.874 (personal satisfaction).  The factor loadings for the remaining items range from 0.476 to 

0.891, load most strongly on the assigned factor, and capture 66.479% of the variance. 

 

Rotated Component Matrix 

  Component 
1 2 3 

ProcessSat1  .774  
ProcessSat2  .766  
ProcessSat3  .822  
ProcessSat4  .739  
ProcessSat5  .709  
ProdSat1 .521  .490 
ProdSat2   .891 
ProdSat3 .445  .476 
ProdSat4 .420  .495 
PerSat1 .827   
PerSat2 .660   
PerSat3 .649  .495 
PerSat4 .686   
PerSat5 .681   
PerSat6 .713   
PerSat7 .766   

Eigenvalue 4.582 3.718 2.337 
% Variance Explained (Cumulative in Brackets) 

28.636 23.235 14.608 
(28.636) (51.871) (66.479) 

Figure 4-6. Team member satisfaction PCA results with varimax rotation (values below 0.4 are omitted). 
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A review of the structure of the theoretical model of ISD success is provided in Table 

4-21.  The measurement items remaining after evaluation of the pilot test are used to create the 

final questionnaire to be used for the study (Appendix F). 

 

Table 4-21. Structure and measurement of the theoretical model of ISD success. 

Latent Construct Type Sub-Construct Type 
Number 
of items 

Process Quality Formative On Time Reflective 4 
Within Budget Reflective 4 
Completed/Cancelled Reflective 1 
Process Maturity Reflective 11 

Functional Product Quality Reflective NA  4 
Non-Functional Product 
Quality 

Formative Reliability Reflective 4 
Usability Reflective 4 
Testability Reflective 4 
Understandability Reflective 4 
Modifiability Reflective 5 
Portability Reflective 4 
Efficiency Reflective 3 
Reusability Reflective 5 

Team Member Benefits Formative Learning/Professional 
Growth 

Reflective 4 

Teamwork/Team Building Reflective 3 
Recognition Reflective 4 

Team Member Satisfaction Formative Process Satisfaction Reflective 5 
Product Satisfaction Reflective 4 
Personal Satisfaction Reflective 5 

  

4.2 Summary 

This chapter described the five step process taken to create and validate the survey 

instrument used to measure the components of ISD success.  The first step was to define the 

constructs of interest to provide clarity and to serve as a guide to scale development.  The second 
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step was to create an initial item pool based on the literature review, data from the interviews in 

Chapter Three, professional standards, and personal experience.  The third step was an expert 

review which was used to assess construct validity of the scales.  The alpha version of the survey 

instrument was pre-tested in the fourth step of the process to assess the clarity and content of the 

items and instructions.  The fifth and final step was a pilot test used to assess the reliability and 

validity of the measurement scales and to reduce the number of items on the questionnaire.  

Chapter five describes the data collection and results of the model testing.  Chapter Six 

presents a discussion of the results of the model testing.  The model is tested using components 

based structural equation modeling (SEM) also known as partial least squares (PLS) regression. 
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Chapter 5  
Theoretical Model Testing 

This chapter presents the testing of the theoretical model of ISD success.  This chapter 

begins with a descriptive analysis of the data.  The second section provides an overview of 

partial least squares (PLS) regression, the technique used to analyze the theoretical model.  The 

third section presents the evaluation of the second-order models with the results being used in the 

next section.  The fourth section presents the evaluation of the theoretical model of ISD success 

which includes validation of the measurement model followed by model analysis.  The fifth 

section presents additional model analyses and the last section summarizes the chapter. 

5.1 Descriptive Analysis of the Data 

The questionnaire was conducted using the online tool SurveyMonkey from March 25th 

to May 2nd, 2011.  A majority of potential participants were recruited by sending a request to the 

owner, president, or board members of various user groups asking if they would forward the 

invitation to the members of the group.  A total of 185 email requests were sent to 66 Java user 

groups and 73 .net user groups.  There were a total of 24 emails that were returned as 

undeliverable for a bounce back rate of 12.97%.  Other potential participants were recruited by 

contacting targeted local companies, personal contacts, local AITP chapters, and posting the 

invitation to participate on 7 relevant Linked In groups.  Participants were notified that upon 

completion of the questionnaire they would be entered into a drawing for a Nook Color from 

Barnes & Nobel to try to increase the response rate.   
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A total of 10 responses were received from the Java user groups and 12 from the .net user 

groups agreeing to either post the invitation at the group’s website or send the invitation out with 

their next newsletter.  Where possible, the total number of members in the user groups was 

recorded from the group’s website.  These were added to the number of emails sent to local 

companies and personal contacts to calculate the potential participant pool.  The potential 

participant pool totals 5,040 potential participants.  A total of 204 potential participants 

responded to the invitation by beginning the survey.  This indicates a response rate of 4.05%.  

The 7 Linked In groups have a total of 154,949 members.  Assuming that every group member 

had the potential to view the invitation, this increases the potential participant pool to 159,989 

and the response rate drops to 0.128%.  It is stressed that the actual response rate cannot be 

calculated as I am unable to determine if the invitations were actually sent to the members of the 

various user groups, I am unable to determine the number of active users in the Linked In 

groups, and the invitation included a request to forward it to other IT professionals. 

A total of 204 potential participants responded to the invitation and began the survey.  

Respondents that did not complete the entire survey (88) were removed from the participant 

pool.  One respondent indicated that he just clicked through the questions, answering them at 

random, so that data point was removed.  Only one respondent indicated that their most 

successful project, the project used to answer the questions, was not completed.  Since there was 

only one data point in this category the data point was removed and the completed/cancelled 

subconstruct, part of the process quality construct, was removed from the model tested.  This 

results in a total of 114 usable responses for testing the proposed model. 

The required sample size for PLS models has become a topic of discussion in the IS 

literature.  Chin and Newsted (1999) recommend a sample size ten times the larger of two 
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options: 1) the construct with the largest number of formative indicators or 2) the construct with 

the largest number of structural paths directed to it.  The construct with the largest number of 

formative indicators is the non-functional product quality construct with seven 12  formative 

indicators.  The construct with the largest number of structural paths directed to it is the team 

member satisfaction construct with four structural paths.  Based on the above heuristic, a total of 

70 data points are desired.  However, this rule of thumb has come under criticism in the IS 

literature (Goodhue, Lewis, & Thompson, 2006; Marcoulides & Saunders, 2006).  Goodhue et 

al. (2006, p. 9) find that “Cohen’s calculations for the power of regression analysis correctly 

predicted power in virtually all cases, for all sample sizes, all effect sizes and all techniques.”  

Therefore, the minimum sample size is determined using Cohen’s (1988) power of regression 

analysis.  Assuming a medium effect size (f2=0.15), at α=0.05, and a power level of 0.8: a 

sample of 103 is needed for seven predictors13.  Thus, the 114 usable responses are adequate to 

meet the power analysis. 

In order to test for non-response bias, the 114 usable responses were split into two waves 

and tested to see if there are differences between the groups in age, gender, education, 

development experience (in months), development expertise, length of time in IT (in months), 

size of organization (number of employees), and number of employees in the IT department 

(Armstrong & Overton, 1977).  The results indicate that there are no differences in early and late 

responders in terms of age, gender, education, development expertise, length of time in IT, size 

of organization, and number of IT employees (Appendix G).  However, the tests indicate that the 

late responders have more development experience (in months) than the early responders.     
                                                      
12 Figure 3-1 shows the non-functional product quality construct to be composed of eight formative subconstructs.  
One of the subconstructs is removed from the analysis per reasons to be discussed below. 
13 Calculations were made using the software program G*Power 3.1.0 with the settings: Test family = F test; 
Statistical test = Linear multiple regression: Fixed model, R2 deviation from zero; Type of power analysis = A 
priori: Compute required sample size – given α, power, and effect size; Effect size f2 = 0.15; α err prob = 0.05;  
Power (1 – β err prob) = 0.8; and Number of predictors = 7. 
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Various demographic variables were collected.  One set of demographics was collected 

for the project the respondents considered their most successful project (Table 5-1).  

Demographics show a diversity of role, number of team members, methodology, type of project, 

project description, and project duration. 

 

Table 5-1. Demographics for the respondents’ most successful project. 

Question Categories Number Percent 
Role Business Analyst 3 2.6% 

Database Developer 2 1.8% 
Database 
Administrator 1 0.9% 
IT Consultant 10 8.8% 
Network Engineer 0 0.0% 
Programmer 22 19.3% 
Programming Analyst 13 11.4% 
Project 
Manager/Leader 27 23.7% 
Senior Manager 10 8.8% 
Systems Analyst 2 1.8% 
Team Leader 14 12.3% 
Other 10 8.8% 
Total 114 100% 
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Number of 
Team 
Members 

1 5 4.4% 
2 2 1.8% 
3 14 12.3% 
4 10 8.8% 
5 14 12.3% 
6 14 12.3% 
7 9 7.9% 
8 7 6.1% 
9 1 0.9% 
10 10 8.8% 
11-20 18 15.8% 
21-30 3 2.6% 
31-40 1 0.9% 
41-50 1 0.9% 
> 50 5 4.4% 
Total 114 100% 

Methodology* Waterfall 37 32.5% 
Structured Systems 13 11.4% 
Unified 4 3.5% 
XP 9 7.9% 
Scrum 27 23.7% 
Agile 44 38.6% 
Other 13 11.4% 
None 3 2.6% 
Total n=114*   

Type of 
Project* 

Client/Server 37 32.5% 
Open Source 10 8.8% 
Product Extension 21 18.4% 
Product for Resale 13 11.4% 
Web Application 60 52.6% 
Web Service 19 16.7% 
Other 14 12.3% 
Total n=114*   
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Project 
Description* 

Product / Service 46 41.1% 
3rd Party 
Development 35 31.3% 
In-House 
Development 46 41.1% 
Other 9 8.0% 
Total n=112*   

Duration 
(months) 

Mean 16.9 

  

Max 120 
Min 2 
Standard Deviation 16.50 

* Indicates multiple responses allowed. 
 

Another set of demographic variables was collected for the respondents themselves as 

well as their respective companies (Table 5-2).  The respondents show a diversity in age, gender, 

education, development experience, self-rated expertise, duration in IT, current job, duration in 

current job, duration at current employer, industry, organization size, size of IT department, 

primary location of work, states primarily worked in (if previous question answered with North 

America), and process maturity assessment type. 

 

Table 5-2. Respondents' demographics 

Question Categories Number Percent 
Age 16-20 0 0.0% 

21-25 7 6.1% 
26-30 13 11.4% 
31-35 22 19.3% 
36-40 21 18.4% 
41-45 13 11.4% 
46-50 12 10.5% 
51-55 15 13.2% 
56-60 6 5.3% 
61 and older 5 4.4% 
Total 114 100% 
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Gender Male 94 83.2% 
Female 19 16.8% 
Total 113 100% 

Highest Level of 
Education 
Completed 

High School/GED 2 1.8% 
Some College/no degree 11 9.6% 
Associates Degree 
(2-year) 4 3.5% 
Bachelor Degree 
(4-year) 67 58.8% 
Graduate Degree 29 25.4% 
Doctorate (PhD) 1 0.9% 
Total 114 100% 

Educational 
Emphasis* 

Accounting 5 4.4% 
Computer Science 55 48.2% 
Decision Sciences 5 4.4% 
Engineering 17 14.9% 
Information Systems 51 44.7% 
NA 5 4.4% 
Other 13 11.4% 
Total n=114*   

Systems 
Development 
Experience 
(months) 

Mean 181.2 

  

Max 396 
Min 12 
Standard Deviation 97.83 

Programming 
Expertise 

Expert 38 33.3% 
Proficient 56 49.1% 
Average 11 9.6% 
Somewhat 
Inexperienced 2 1.8% 
Very Inexperienced 7 6.1% 
Total 114 100% 

Months in IT Mean 199.9 

  

Max 420 
Min 13 
Standard Deviation 103.29 
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Current Primary 
Job 

Business Analyst 2 1.8% 
Database Developer 3 2.6% 
Database Administrator 2 1.8% 
IT Consultant 18 15.8% 
Network Engineer 0 0.0% 
Programmer 19 16.7% 
Programming Analyst 11 9.6% 
Project Manager/Leader 21 18.4% 
Senior Manager 13 11.4% 
Systems Analyst 4 3.5% 
Team Leader 7 6.1% 
Other 14 12.3% 
Total 114 100% 

Months at Current 
Primary Job 

Mean 88.2 

  

Max 384 
Min 4 
Standard Deviation 78.85 

Months at Current 
Employer 

Mean 85.9 

  

Max 396 
Min 1 
Standard Deviation 88.18 

Industry* E-Commerce 12 10.5% 
Education 12 10.5% 
Financial 25 21.9% 
Government 20 17.5% 
IT Consulting 38 33.3% 
Manufacturing 8 7.0% 
Product Development 16 14.0% 
Retail 8 7.0% 
Shipping 2 1.8% 
Software Development 48 42.1% 
Technology 25 21.9% 
Other 21 18.4% 
Total n=114*   
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Organization Size 
(number of 
employees) 

1-10 12 10.5% 
10-100 26 22.8% 
100-1,000 32 28.1% 
1,000-5,000 9 7.9% 
> 5,000 35 30.7% 
Total 114 100% 

Size IS Department 
(number of 
employees) 

1-5 17 14.9% 
6-10 12 10.5% 
11-15 9 7.9% 
16-20 14 12.3% 
21-50 13 11.4% 
51-100 13 11.4% 
> 100 28 24.6% 
N/A 8 7.0% 
Total 114 100% 

Location of Work* North America 108 94.7% 
Asia 8 7.0% 
Europe 7 6.1% 
South/Central America 4 3.5% 
Africa 3 2.6% 
Australia/NZ 3 2.6% 
Middle East 1 0.9% 
Total n=114*   

Process Maturity 
Assessment 

CMMI Staged 3 2.6% 
CMMI Continuous 11 9.6% 
CMMI (unknown) 9 7.9% 
ISO/IEC 15540 4 3.5% 
N/A 87 76.3% 
Total 114 100.0% 

* Indicates multiple responses allowed. 
 

5.1.1 Item Analysis 

Six subconstructs (four from non-functional product quality, one from team member 

benefits, and one from team member satisfaction) contained items that were reworded after 

analysis of the pilot-test data.  The rewording was an attempt to ensure at least three reliable and 
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valid indicator items remain for each subconstruct for model testing.  In order to evaluate these 

changes, principle components analysis (PCA) was performed on the three major constructs 

containing the six subconstructs to assess dimensionality after the changes. Item analysis was 

performed on the six subconstructs to assess the reliability and validity of the subconstructs with 

the reworded items. 

The non-functional product quality construct had four subconstructs with reworded items: 

reliability (Reliab2 and Reliab3), usability (Usability5), understandability (Understand3 and 

Understand4), and efficiency (Effic1).  The PCA analysis with varimax rotation shows that 

Reliab3, Understand3 and Understand4 do not load on the desired factors and are removed 

(Panel A of Appendix H).  However, Reliab2, Usability5, and Effic1 do load strongly on the 

desired factor.  Additionally, Usability4 now crossloads on factor 5 so it is removed from its 

subscale, none of the understandability items load on the same factor so the entire subconstruct is 

removed, and Port1 now loads on factor 8 so it is removed from its subscale.  Understandability 

is viewed as a part of maintainability.  Since testability and modifiability remain in the model 

and they too are viewed as part of maintainability, coverage of the non-functional product quality 

construct is viewed as being comprehensive.  Item analysis conducted on the remaining items for 

each of the subscales gives Cronbach’s Alphas of 0.819 (reliability), 0.828 (usability), 0.755 

(testability), 0.893 (modifiability), 0.78 (portability), 0.798 (efficiency), and 0.894 (reusability).  

The eight factor solution explains 69.6% of the variance. 

Recognition (Recog5) was the only subconstruct with a reworded item from the team 

member benefits construct.  The PCA analysis with varimax rotation shows that Recog5 now 

loads strongly on the desired factor (Panel B of Appendix H).  Growth1 and Growth2 were 

reworded to see if they would load with the teamwork items to uncover if the factor structure 
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was learning/personal growth and teamwork/professional growth instead of the theorized 

structure.  Both items load on multiple different factors.  Thus, they are removed from 

consideration of inclusion on any scale.  Item analysis conducted on the remaining items for each 

of the subscales gives Cronbach’s Alphas of 0.844 (learning/professional growth), 0.832 

(teamwork), and 0.855 (recognition).  The three factor solution explains 74.9% of the variance. 

Product satisfaction (ProdSat3 and ProdSat4) was the only subconstruct with a reworded 

item from the team member satisfaction construct.  The PCA analysis with varimax rotation 

shows that both items now load on the desired factor and are retained (Panel C of Appendix H).  

Item analysis conducted on the remaining items for each of the subscales gives Cronbach’s 

Alphas of 0.929 (process satisfaction), 0.859 (product satisfaction), and 0.868 (personal 

satisfaction).  The three factor solution explains 77.8% of the variance. 

5.2 Overview of Partial Least Squares (PLS) Regression 

The theoretical model of information systems development (ISD) success is theorized as 

being composed of multiple inter-related latent constructs.  Each construct is theorized to contain 

multiple sub-constructs measured by multiple indicator items.  A Structured Equation Modeling 

(SEM) technique is chosen to analyze the theoretical model of ISD success as SEM techniques 

allow for the “modeling of relationships among multiple independent and dependent constructs 

simultaneously [Gerbing and Anderson, 1988]” (Gefen, Straub, & Boudreau, 2000, p. 4). 

Two classes of SEM were evaluated to be used for the analysis of the theoretical model: 

covariance based SEM and partial least squares based SEM14.  CBSEM “uses model fitting to 

compare the covariance structure fit of the researcher’s model to a best possible fit covariance 
                                                      
14 For the remainder of the paper, covariance based SEM will be denoted using CBSEM and partial least squares 
based SEM will be denoted using PLS. 
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structure” (Gefen, et al., 2000, p. 26).  Given the sample data, CBSEM’s objective is to show that 

the complete set of paths in the research model is plausible (Gefen, et al., 2000).  CBSEM is best 

used with theory testing, reflective indicators, and a large sample size.  The complexity of the 

overall model should be small to moderate (i.e. less than 100 indicators) and the data should be 

parametric (Chin, 1998; Chin & Newsted, 1999).  On the other hand, “PLS performs an iterative 

set of factor analyses combined with path analyses until the difference in the average R2 of the 

constructs becomes insignificant [Thompson et al., 1995]” (Gefen, et al., 2000, p. 27).  Thus, 

PLS’s objective is to explain variance (Gefen, et al., 2000).  PLS is best used for theory 

development (although it can be used for theory testing), it handles both reflective and formative 

indicators, multi-order models, has fewer restrictions on data, and is more forgiving with smaller 

sample sizes (Chin, 1998; Chin & Newsted, 1999). 

This research uses PLS regression to analyze the proposed theoretical model of ISD 

success.  PLS is chosen since it easily handles both formative and reflexive measures 

(Diamantopoulos & Winklhofer, 2001), is recommended for theory building (Gefen, et al., 

2000), avoids problems with identification (Petter, Straub, & Rai, 2007), handles complex 

models (Fornell, Lorange, & Roos, 1990; Wold, 1985), and is used for prediction (Chin, 1998; 

Gefen, et al., 2000).  This research uses SmartPLS version 2.0.M3 to analyze the measurement 

model and the structural model (Ringle, Wende, & Will, 2005).  SmartPLS provides similar 

results to PLS-Graph (Temme, Kreis, & Hildebrandt, 2006) and it is free to use with registration. 

5.2.1 Model Analysis 

Following Wilson (2010), the theoretical model of ISD success is analyzed in two steps: 

1) evaluate the second-order constructs in individual models and then use the results to 2) 

evaluate the overall higher-level second-order model as a first-order model.  The first step 
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consists of evaluating the second-order constructs, along with their corresponding first-order 

constructs, as individual models.  After evaluation of the individual models, the second step is to 

take the latent variable scores generated by PLS for the first-order factors and use those as 

indicator items for each of the second-order factors to be used in the higher level model analysis.  

Within PLS, this effectively turns the second-order factors into first-order factors (i.e. they have 

their own indicator items) for the higher level model. This approach is necessary as there are two 

formative second-order endogenous variables in the theoretical model.  The variance of these 

endogenous second-order variables is entirely explained by the formative constructs (e.g. the 

R2=1) and the disturbance term leaving no variance to be explained by structural paths directed 

to the endogenous second-order variable (Diamantopoulos, Riefler, & Roth, 2008; Wetzels, 

Odekerken-Schröder, & van Oppen, 2009).  Generating indicator items for the second-order 

variables and subsequently treating the second-order variables as first-order variables in the 

higher-level model allows the testing of the effect of one second-order factor on another and 

keeps the constructs on the same theoretical plane. 

The repeated indicators approach, first suggested by Wold (1982), is used in step one 

above to generate the factor scores to be used in step two.  This method simply uses the indicator 

items from all of the individual first-order constructs as indicator items for the second-order 

construct.  The use of factor scores in further model analysis is not uncommon in prior research.  

Factor scores have been calculated using the mean of the indicator items (J. J. Po-An Hsieh, Rai, 

& Keil, 2008; Klein & Rai, 2009; Mithas, Jones, & Mitchell, 2008; Rai, Brown, & Tang, 2009; 

Rai, et al., 2006; Wu & Wang, 2006), calculated from PCA results (Karimi, Somers, & 

Bhattacherjee, 2007), and using factor scores generated by PLS (Agarwal & Karahanna, 2000; 
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Chin & Gopal, 1995; Henseler, Wilson, Gotz, & Hautvast, 2007; Osei-Bryson, Dong, & 

Ngwenyama, 2008; Reinartz, Krafft, & Hoyer, 2004; Yi & Davis, 2003; Zhang, 2006). 

Each of the two steps described above is evaluated using the traditional two step method 

of analyzing the measurement model first followed by analysis of the structural model.  The 

details of these steps are discussed below.  

As is typical with studies using PLS, this dissertation uses the traditional two step 

approach for PLS model analysis.  The first step assesses the measurement model to report on 

the reliability and validity of the indicator items (Chin, 2010).  Evaluation of the indicators 

differs depending on whether the indicator is reflective or formative.  Reliability and validity of a 

reflective item is evaluated using indicator reliability, construct reliability, convergent validity, 

and discriminant validity (Gotz, Liehr-Gobbers, & Krafft, 2010).  Indicator reliability is assessed 

using the loadings from the latent construct to the indicators.  The squared loading is used to 

assess the amount of an indicator’s variance explained by the latent construct.  Loadings of 0.7 

are typical for established research meaning that at least 50% (e.g. 0.72 = 0.49) of the indicator’s 

variance is explained by the latent construct (Gotz, et al., 2010).  However, in new lines of 

research this value has been relaxed to 0.6 (Wixom & Watson, 2001).  Since this dissertation is a 

new theoretical model, the 0.6 threshold is used.  Construct reliability is assessed using 

composite reliability.  Usually considered more important than the individual indicator 

reliabilities, composite reliability measures the extent to which all of the items jointly measure a 

latent construct (Gotz, et al., 2010).  A composite reliability of 0.7 is considered acceptable (Chin 

& Gopal, 1995).  Cronbach’s alpha is another measure of composite reliability that indicates how 

well the set of indicators measure a uni-dimensional latent construct (Gotz, et al., 2010).  A 

Cronbach’s alpha of 0.7 is considered acceptable (Hair Jr., Black, Babin, & Anderson, 2010).  
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Convergent validity is assessed using the average variance extracted (AVE).  “AVE includes the 

variance of its indicators captured by the construct relative to the total amount of variance, 

including the variance due to measurement error” (Gotz, et al., 2010, p. 696).  An AVE of above 

0.5 is considered acceptable (Fornell & Larcker, 1981).  Discriminant validity measures the 

extent to which a construct is related to its own measures versus other constructs.  In PLS based 

research this is usually demonstrated by comparing the square root of AVE with construct 

correlations (Chin, 2010).  Convergent and divergent validity is also assessed comparing item 

loadings and cross loadings.  This shows how each item relates to the various constructs within 

the model.  An item should load stronger on the intended factor versus other factors.   

Formative indicators are viewed as measuring different dimensions of a latent construct 

that come together to form that construct.  The nature of formative indicators means that internal 

consistency and reliability are not necessary.  “In fact, multicollinearity among formative 

indicators can result in non-significant items (Diamantopoulos, 2006), as multiple indicators may 

identify the same aspect of a construct (Petter, et al., 2007)” (Klein & Rai, 2009, p. 746).  The 

variance inflation factor (VIF) will be used to assess multicollinearity.  “The term VIF is derived 

from the fact that its square root is the degree to which the standard error has been increased due 

to multicollinearity” (Gotz, et al., 2010, p. 699).  A value of 10 is considered acceptable.  

However, recent research has changed the threshold to a more restrictive 3.3 to be considered 

acceptable (Klein & Rai, 2009).  The content validity of a formative construct ensures that the 

indicators cover the entire scope of the latent construct (Diamantopoulos & Winklhofer, 2001).  

Content validity of the formative measures was obtained in this research by conducting a 

thorough literature review and the theory building process discussed in Chapter 3 (D. Straub, 

Boudreau, & Gefen, 2004).  Validity of formative indicators is assessed by evaluating the 
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indicators’ weights relative to one another (Gotz, et al., 2010).  This will identify the contribution 

of each of the indicators to the latent construct.  Care must be taken with the interpretation of the 

weights as they are influenced by the number of indicators (Cenfetelli & Bassellier, 2009). 

After reliability and validity are established, the second step of the two step approach is 

to assess the validity and results of the theoretical model (Chin, 2010).  As mentioned above, the 

goal of PLS is to explain variance.  Therefore, the R2 of the endogenous variables will be used to 

assess the structural model.  As is the case in OLS regression, R2 represents the amount of 

variance explained by the predictors of the endogenous variables.  The structural model is also 

assessed by testing the significance of the individual paths, evaluating path coefficients, and 

expected direction (e.g. either positive or negative).  Significance (t-scores) in PLS is calculated 

using a bootstrapping routine.   

5.3 Step 1: Evaluation of Second-Order Models 

The following section describes the first step of model analysis as described above.  Each 

second-order construct is modeled in its own separate model, evaluated using the traditional two 

step method of model analysis, and used to generate factor scores to be used in the second step 

(Wilson, 2010).  

5.3.1 Process Quality Second-Order Model 

The model containing the second-order process quality construct was evaluated in PLS 

(Figure 5-1).  This model consists of the second-order construct process quality which is formed 

by the three first-order subconstructs on time, within budget, and process maturity.  The three 

first-order constructs have reflective indicators and are evaluated accordingly.   
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The model was run and the initial analyses showed that two of the process maturity items 

(ProcMat2 and ProcMat4) had item loadings below the target of 0.6 (0.515 and 0.592 

respectively) and the AVE for the process maturity subconstruct (0.485) was below 0.5.  Both 

items were removed and the model was run again. 

All of the individual item loadings (shown in bold) are above the threshold of 0.6 and are 

significant at the p < 0.001 level (Table 5-3).  Table 5-3 indicates that the items from the on time 

and within budget subconstructs show some cross loadings.  The typical rule of thumb is a 

difference of 0.1 between the loading and cross loading as indicating convergent validity.  

However, Chin (2010) advocates reporting the squared results to provide a more intuitive 

interpretation of the results as this would report the percentage overlap between an item and any 

construct.  For example, OnTime7 has a loading of 0.940 but cross loads on within budget with a 

loading of 0.790.  The difference of 0.150 may raise a flag.  However, OnTime7 has a shared 

variance with the on time subconstruct of 88.4% (0.94*0.94) and a shared variance with the 

within budget of 62.4% (0.79*0.79).  Chin (2010, p. 674) believes this difference to be 

reasonable. All of the AVEs, composite reliabilities, and Cronbach’s Alphas are above the set 

cutoffs, 0.5, 0.7, and 0.7 respectively, indicating that the items jointly do a good job measuring 

their intended construct (Table 5-4).  Also, the square roots of the AVE’s are larger than the 

construct correlations (Table 5-5).  All of the above illustrate that the measurement model is 

valid and reliable. 
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Table 5-3. Process quality outer model loadings and cross loadings. 

             
On 

Time 
Within 
Budget 

Process 
Maturity 

Loading Sig. 
(t-  

OnTime1 0.947 0.755 0.424 90.297 *** 
OnTime2 0.910 0.744 0.380 33.266 *** 
OnTime5 0.822 0.611 0.454 20.475 *** 
OnTime7 0.940 0.790 0.414 60.072 *** 
WithinBud1 0.748 0.939 0.312 65.775 *** 
WithinBud2 0.754 0.909 0.300 37.973 *** 
WithinBud3 0.639 0.837 0.344 23.045 *** 
WithinBud4 0.722 0.884 0.309 27.856 *** 
ProcMat1 0.350 0.306 0.678 8.813 *** 
ProcMat3 0.272 0.181 0.682 7.429 *** 
ProcMat5 0.395 0.360 0.650 8.346 *** 
ProcMat6 0.280 0.232 0.790 11.899 *** 
ProcMat7 0.290 0.188 0.809 15.906 *** 
ProcMat10 0.431 0.336 0.674 11.178 *** 
ProcMat11 0.412 0.300 0.799 15.802 *** 
ProcMat12 0.140 0.105 0.724 8.768 *** 
ProcMat13 0.396 0.272 0.782 14.337 *** 

 Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 

 

 

Table 5-4. Process quality reliability measures. 

  AVE 
Composite 
Reliability 

Cronbach's 
Alpha 

Number of 
Items Mean 

Standard 
Deviation 

On Time 0.821 0.948 0.926 4 5.092 1.710 
Within Budget 0.797 0.940 0.914 4 5.386 1.576 
Process Maturity 0.540 0.913 0.892 9 5.589 1.311 
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Table 5-5. Process quality discriminant validity measures. 

                 
On 

Time 
Within 
Budget 

Process 
Maturity 

On Time 0.906     
Within Budget 0.803 0.893   
Process Maturity 0.461 0.354 0.735 
Diagonal items are the square root of the AVE. 

 

 

The next step is to evaluate the structural model (Figure 5-1).  Each of the three paths are 

highly significant with path coefficients in the expected positive direction.  For the reasons 

mentioned above, evaluating the R2 of the process quality construct is pointless as all of the 

variance is explained by the three formative subconstructs.  The structural model is also found to 

be valid.  Factor scores for the on time, within budget, and process maturity subconstructs are 

generated to be used in the second step of the theoretical model testing. 

 

 

Figure 5-1. Process quality model results. 
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5.3.2 Non-Functional Product Quality Second-Order Model 

The model containing the second-order non-functional product quality construct was 

evaluated in PLS (Figure 5-2).  This model consists of the second-order construct non-functional 

product quality which is formed by the seven first-order subconstructs reliability, usability, 

testability, modifiability, portability, efficiency, and reusability. 

The model was run and the initial analyses showed that one of the portability indicators 

(Port1) had item loadings below the target of 0.6 (0.447).  The item was removed and the model 

was run again. 

All of the individual item loadings (shown in bold) are above the threshold of 0.6 and are 

significant at the p < 0.001 level (Table 5-6).  Table 5-6 indicates that the item cross loadings are 

satisfactory.  All of the AVEs, composite reliabilities, and Cronbach’s Alphas are above the set 

cutoffs, 0.5, 0.7, and 0.7 respectively, indicating that the items jointly do a good job measuring 

their intended construct (Table 5-7).  Lastly, The square roots of the AVE’s are larger than the 

construct correlations (Table 5-8).  All of the above illustrate that the measurement model is 

valid and reliable. 

 

Table 5-6. Non-functional product quality outer model loadings and cross loadings. 
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Loading Sig. 
(t- … 

Reliab1 0.821 0.559 0.159 0.337 0.268 0.501 0.235 11.165 *** 
Reliab2 0.841 0.527 0.240 0.440 0.259 0.525 0.209 17.390 *** 
Reliab3 0.661 0.409 0.444 0.508 0.178 0.470 0.415 10.966 *** 
Reliab5 0.820 0.503 0.326 0.492 0.271 0.515 0.317 18.318 *** 
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Usability1 0.537 0.836 0.208 0.367 0.290 0.439 0.311 13.339 *** 
Usability2 0.570 0.877 0.288 0.429 0.373 0.515 0.329 30.900 *** 
Usability4 0.490 0.786 0.373 0.541 0.260 0.558 0.410 18.592 *** 
Usability5 0.481 0.780 0.277 0.289 0.291 0.459 0.351 10.985 *** 
Testability1 0.168 0.179 0.660 0.268 0.172 0.071 0.292 7.628 *** 
Testability2 0.259 0.264 0.814 0.475 0.220 0.257 0.459 19.504 *** 
Testability3 0.434 0.265 0.731 0.415 0.323 0.295 0.429 13.324 *** 
Testability4 0.261 0.344 0.834 0.521 0.282 0.239 0.476 22.619 *** 
Mod2 0.455 0.298 0.380 0.758 0.121 0.414 0.391 14.818 *** 
Mod3 0.416 0.432 0.487 0.830 0.468 0.446 0.683 30.060 *** 
Mod4 0.587 0.492 0.494 0.890 0.328 0.500 0.544 37.594 *** 
Mod5 0.470 0.409 0.476 0.826 0.255 0.448 0.506 20.268 *** 
Mod7 0.471 0.464 0.530 0.895 0.319 0.473 0.534 39.792 *** 
Port2 0.109 0.269 0.317 0.275 0.786 0.297 0.368 12.680 *** 
Port3 0.268 0.301 0.234 0.278 0.852 0.245 0.345 26.101 *** 
Port4 0.373 0.353 0.291 0.354 0.874 0.309 0.479 34.230 *** 
Effic1 0.563 0.558 0.190 0.415 0.275 0.844 0.358 20.098 *** 
Effic2 0.557 0.598 0.338 0.551 0.338 0.872 0.396 36.785 *** 
Effic3 0.507 0.356 0.216 0.397 0.239 0.826 0.327 21.759 *** 
Reu2 0.295 0.299 0.494 0.486 0.316 0.348 0.843 23.548 *** 
Reu3 0.370 0.391 0.385 0.527 0.465 0.390 0.838 28.985 *** 
Reu4 0.272 0.372 0.496 0.539 0.423 0.324 0.867 23.703 *** 
Reu5 0.323 0.356 0.408 0.592 0.372 0.371 0.886 36.014 *** 
Reu6 0.325 0.378 0.544 0.527 0.431 0.358 0.753 14.554 *** 

 Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 
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Table 5-7. Non-functional product quality reliability measures. 

  
    

AVE 
Composite 
Reliability 

Cronbach's 
Alpha 

Number 
of Items Mean 

Standard 
Deviation 

Reliability 0.623 0.868 0.794 4 5.829 1.362 
Usability 0.674 0.892 0.838 4 5.776 1.138 
Testability 0.582 0.847 0.761 4 4.904 1.674 
Modifiability 0.708 0.923 0.896 5 5.425 1.308 
Portability 0.702 0.876 0.789 3 4.865 1.936 
Efficiency 0.718 0.884 0.805 3 5.863 0.999 
Reusability 0.703 0.922 0.894 5 5.135 1.581 

 

 

Table 5-8. Non-functional product quality discriminant validity measures. 
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Reliability 0.789   
Usability 0.634 0.821   
Testability 0.379 0.354 0.763   
Modifiability 0.571 0.504 0.566 0.841   
Portability 0.310 0.370 0.334 0.365 0.830   
Efficiency 0.641 0.605 0.299 0.543 0.339 0.848   
Reusability 0.379 0.429 0.554 0.639 0.480 0.428 0.839 
Diagonal items are the square root of AVE. 

 

The next step is to evaluate the structural model (Figure 5-2).  All of the path coefficients 

are highly significant with the expected sign.  For the reasons mentioned above, evaluating the 

R2 of the non-functional product quality construct is pointless as all of the variance is explained 

by the seven formative subconstructs.  The structural model is also found to be valid.  Factor 

scores for the subconstructs are generated to be used in the second step of the theoretical model 

testing. 
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Figure 5-2. Non-functional product quality model results. 

 

5.3.3 Team Member Benefits Second-Order Model 

The model containing the second-order team member benefits construct was evaluated in 

PLS (Figure 5-3).  This model consists of the second-order construct team member benefits 

which is formed by the three first-order subconstructs learning/professional growth, teamwork, 

and recognition.  The three first-order subconstructs have reflective indicators and are evaluated 

accordingly. 
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All of the individual item loadings (shown in bold) are above the threshold of 0.6 and are 

significant at the p < 0.001 level (Table 5-9).  Table 5-9 indicates that the item cross loadings are 

satisfactory.  All of the AVEs, composite reliabilities, and Cronbach’s Alphas are above the set 

cutoffs, 0.5, 0.7, and 0.7 respectively, indicating that the items jointly do a good job measuring 

their intended construct (Table 5-10).  Also, the square roots of the AVE’s are larger than the 

construct correlations (Table 5-11).  All of the above illustrate that the measurement model is 

valid and reliable. 

Table 5-9. Team member benefits outer model loadings and cross loadings. 

    

Learning / 
Professional 

Growth Teamwork Recognition 

Loading 
Sig. 

(t-score)… 
Growth3 0.831 0.362 0.417 19.909 *** 
Growth4 0.797 0.323 0.357 14.124 *** 
Growth5 0.906 0.435 0.520 45.131 *** 
Growth6 0.780 0.493 0.569 14.461 *** 
Team2 0.396 0.877 0.449 28.697 *** 
Team3 0.425 0.901 0.616 34.812 *** 
Team4 0.456 0.820 0.543 20.491 *** 
Recog1 0.495 0.529 0.887 31.262 *** 
Recog4 0.498 0.564 0.926 46.252 *** 
Recog5 0.549 0.594 0.896 39.803 *** 
… Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 
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Table 5-10. Team member benefits reliability measures. 

                     AVE 
Composite 
Reliability 

Cronbach's 
Alpha 

Number 
of Items Mean 

Standard 
Deviation 

Learning / 
Professional 
Growth 

0.689 0.898 0.848 4 6.219 0.935 

Teamwork 0.751 0.900 0.833 3 5.687 1.201 
Recognition 0.816 0.930 0.887 3 5.635 1.183 

 

 

Table 5-11. Team member benefits discriminant validity measures. 

                     
Learning / 

Professional Growth Teamwork Recognition 
Learning / 
Professional Growth 

0.8299 0 0 

Teamwork 0.4919 0.8663 0 
Recognition 0.5694 0.623 0.9034 
Diagonal items are the square root of AVE. 

 

The next step is to evaluate the structural model (Figure 5-3).  All of the path coefficients 

are highly significant in the expected positive direction.  For the reasons mentioned above, 

evaluating the R2 of the team member benefits construct is pointless as all of the variance is 

explained by the three formative subconstructs.  The structural model is also found to be valid.  

Factor scores for the subconstructs are generated to be used in the second step of the theoretical 

model testing. 
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Figure 5-3. Team member benefits model results. 

 

5.3.4 Team Member Satisfaction Second-Order Model 

The model containing the second-order team member satisfaction construct was 

evaluated in PLS (Figure 5-4).  This model consists of the second-order construct team member 

satisfaction which is formed by the three first-order subconstructs product satisfaction, process 

satisfaction, and personal satisfaction.  The three first-order subconstructs have reflective 

indicators and are evaluated accordingly. 

All of the individual item loadings (shown in bold) are above the threshold of 0.6 and are 

significant at the p < 0.001 level (Table 5-12).  Table 5-12 indicates that the item cross loadings 

are satisfactory.  All of the AVEs, composite reliabilities, and Cronbach’s Alphas are above the 

set cutoffs, 0.5, 0.7, and 0.7 respectively, indicating that the items jointly do a good job 



 
 

173 
 

measuring their intended construct (Table 5-13).  Also, the square roots of the AVE’s are larger 

than the construct correlations (Table 5-14).  All of the above illustrate that the measurement 

model is valid and reliable. 

 

Table 5-12. Team member satisfaction outer model loadings and cross loadings. 

    
Product 

Satisfaction 
Process 

Satisfaction 
Personal 

Satisfaction 

Loading 
Sig. 

(t-  
ProdSat2 0.873 0.500 0.423 19.417 *** 
ProdSat3 0.909 0.493 0.531 37.016 *** 
ProdSat4 0.869 0.424 0.552 28.235 *** 
ProcessSat1 0.617 0.920 0.560 35.757 *** 
ProcessSat2 0.438 0.922 0.529 37.642 *** 
ProcessSat3 0.475 0.846 0.422 19.651 *** 
ProcessSat4 0.347 0.861 0.317 23.853 *** 
ProcessSat5 0.458 0.873 0.519 22.546 *** 
PerSat1 0.320 0.210 0.752 15.342 *** 
PerSat4 0.570 0.649 0.789 16.042 *** 
PerSat5 0.476 0.404 0.854 29.200 *** 
PerSat6 0.508 0.518 0.927 55.027 *** 
PerSat7 0.466 0.386 0.873 22.141 *** 

 Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 

 

 

Table 5-13. Team member satisfaction reliability measures. 

                         AVE 
Composite 
Reliability 

Cronbach's 
Alpha 

Number 
of Items Mean 

Standard 
Deviation 

Product Satisfaction 0.782 0.915 0.860 3 6.444 0.759 
Process Satisfaction 0.783 0.948 0.931 5 5.711 1.308 
Personal Satisfaction 0.708 0.923 0.896 5 6.068 1.006 

 



 
 

174 
 

 

Table 5-14. Team member satisfaction discriminant validity measures. 

                         
Product 

Satisfaction 
Process 

Satisfaction 
Personal 

Satisfaction 
Product Satisfaction 0.884   
Process Satisfaction 0.534 0.885   
Personal Satisfaction 0.569 0.538 0.841 
Diagonal items are the square root of AVE. 

 

The next step is to evaluate the structural model (Figure 5-4).  All of the path coefficients 

are highly significant in the expected positive direction.  For the reasons mentioned above, 

evaluating the R2 of the team member satisfaction construct is pointless as all of the variance is 

explained by the three formative subconstructs.  The structural model is also found to be valid.  

Factor scores for the subconstructs are generated to be used in the second step of the theoretical 

model testing. 
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Figure 5-4. Team member satisfaction model results. 

 

5.4 Step 2: Evaluation of Theoretical Model of ISD Success 

The following section describes the second step of model analysis as described above.  

Latent variable scores were generated for all of the first-order subconstructs from the four PLS 

models assessed in section 5.3.  The generated latent variable scores were then used as formative 

indicator items in the higher level model.  The traditional two step method of model analysis, 

evaluating the measurement model and then the structural, was used to evaluate the theoretical 

model. 
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5.4.1 Measurement Model 

The theoretical model of ISD success was evaluated in PLS (Figure 5-5).  The functional 

product quality construct is the only construct measured with reflective indicators; all other 

constructs have formative indicators.  As discussed above, reflective indicators are evaluated 

differently than formative indicators.  The reflective indicators will be discussed first with the 

formative indicators discussed second. 

The indicators for functional product quality have significant loadings at the p < 0.001 

level which show some cross loadings with non-functional product quality and team member 

satisfaction but the difference between them is above the 0.1 threshold indicating the reliability 

of the measures for functional product quality (Panel A of Appendix I) (Chin, 2010).  The AVE 

for functional product quality is 0.764, composite reliability is 0.928, and Cronbach’s Alpha is 

0.896.  All are above the selected thresholds indicating construct reliability and convergent 

validity.  The square root of the AVE for functional product quality is larger than the construct 

correlations indicating discriminant validity (Panel B of Appendix I). 

The formative indicators are evaluated based on their weights (Table 5-15).  The weights 

for within budget, process maturity, reliability, usability, testability, efficiency, 

learning/professional growth, teamwork, product satisfaction, process satisfaction, and personal 

satisfaction are significant which is an indication of their validity.  The weights for on time, 

modifiability, portability, reusability, and recognition are not significant.  However, due to the 

nature of these items forming the construct of interest they are not removed from the model as 

they represent different dimensions of the construct of interest (Chin, 2010).  Multicollinearity 

between formative items may lead to insignificant and/or small path weights.  Multicollinearity 

was checked using the variance inflation factor (VIF).  All of the VIFs were below the more 

restrictive value of 3.3.   
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Table 5-15. Formative indicators evaluation. 

Latent Variable Indicator Weight VIF 
Process Quality On Time 0.033   3.123 

Within Budget 0.563 ** 2.813 
Process Maturity 0.621 *** 1.270 

Non-Functional 
Product Quality 

Reliability 0.290 ** 2.227 
Usability 0.471 *** 1.995 
Testability 0.219 * 1.660 
Modifiability 0.096 2.402 
Portability -0.100 1.372 
Efficiency 0.224 * 2.062 
Reusability 0.007 2.109 

Team Member 
Benefits 

Learning / 
Professional 
Growth 

0.809 *** 1.550 

Teamwork 0.437 ** 1.712 
Recognition -0.146   1.921 

Team Member 
Satisfaction 

Product 
Satisfaction 0.493 *** 1.667 

Process 
Satisfaction 0.209 * 1.579 

Personal 
Satisfaction 0.478 *** 1.658 

*     Significant at p < 0.05 level. 
**   Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 

 

 

5.4.2 Structural Model 

The structural model is now evaluated (Figure 5-5).  The model accounts for 81% of the 

variance in team member satisfaction, 35.7% of the variance in non-functional product quality, 

and 30.3% of the variance in functional product quality.  All of the structural paths are found to 

be significant indicating that all six hypotheses are supported. 
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Figure 5-5. PLS results. 

 

5.5 Additional Model Analysis 

Additional analyses are undertaken to further test the model for the size of the influence 

of predictors, to test the mediators, and to test the method for generating latent construct scores.  

The first additional analysis is to test the influence process quality, functional product quality, 

non-functional product quality, and team member benefits has on team member satisfaction.  

Influence is evaluated by the difference in the variance explained in the full model versus the 
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reduced model.  First, the full model is estimated and the explained variance recorded.  Next, the 

reduced model is evaluated by removing the path between the construct under evaluation and the 

dependent construct.  The reduced model is estimated and the explained variance recorded.  The 

effect size ƒ2 is calculated using the formula: 

 

                                                               

 

Values of 0.02, 0.15, and 0.35 indicate small, medium, and large influence respectively (Chin, 

2010; Cohen, 1988; Gotz, et al., 2010).  This analysis shows that process quality and non-

functional product quality have a small influence on team member satisfaction, functional 

product quality has a medium influence on team member satisfaction, and team member benefits 

has a large influence on team member satisfaction (Table 5-16). 

  

Table 5-16. Influence analysis. 

  
R2 

Full 
R2 

Reduced ƒ2 Influence 
Process Quality 0.810 0.802 0.042 Sm 

Functional 
Product Quality 

0.810 0.771 0.205 Med 

Non-Functional 
Product Quality 

0.810 0.789 0.111 Sm 

Team Member 
Benefits 

0.810 0.686 0.653 Lg 
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The second additional analysis is to test functional product quality and non-functional 

product quality as mediators of process quality.  The results of the model including the mediator 

are compared to the results of the model without the mediator.  Changes in the significance and 

magnitude of the direct path indicate mediation.  The latent variable is fully mediated if the path 

changes from significant to insignificant and the magnitude is reduced to zero with the inclusion 

of the mediator.  The latent variable is partially mediated if the changes in the path and 

significance are diminished.    The model was run without functional product quality and the 

results were compared to the original model.  The magnitude of the path from process quality to 

team member satisfaction changes from 0.181 to 0.125 and the significance changes from p < 

0.01 to p < 0.05 when functional product quality is added as a mediator to the model.  Functional 

product quality partially mediates process quality.  The model was run without non-functional 

product quality and the results were compared to the original model.  The magnitude of the path 

from process quality to team member satisfaction changes from 0.195 to 0.125 and the 

significance changes from p < 0.01 to p < 0.05 when non-functional product quality is added as a 

mediator to the model.  Non-functional product quality partially mediates process quality. 

The third additional analysis is used to validate the method of calculating latent variable 

scores using separate independent models for the second-order factors as proposed by Wilson 

(2010).  The method of using composite means as factor scores has been used in past research (J. 

J. Po-An Hsieh, et al., 2008; Klein & Rai, 2009; Mithas, et al., 2008; Rai, et al., 2009; Rai, et al., 

2006; Wu & Wang, 2006).  This method was not selected for this research as it is viewed that 

latent variable scores created by PLS more accurately reflect the underlying construct (Chin & 

Gopal, 1995).  To validate the original model, latent construct scores were calculated by 

computing composite means for the first-order subconstructs in place of the PLS generated latent 
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variable scores described in section 5.3.  These new latent variable scores were used to estimate 

an alternate PLS model and that model was compared to the original model.   

Similar to the original model, functional product quality is the only construct measured 

with reflective indicators in the alternate model.  The indicators for functional product quality 

have significant loadings and they do not cross load on the other constructs indicating the 

reliability of the measures for functional product quality (Panel A of Appendix J).  The AVE, 

composite reliability, and Cronbach’s Alpah remain the same as these indicator items remain 

unchanged between the two models and thus indicate construct reliability and convergent 

validity.  The square root of the AVE for functional product quality is larger than the construct 

correlations indicating discriminant validity (Panel B of Appendix J). 

The weights for the formative indicators within budget, process maturity, reliability, 

usability, testability, efficiency, learning/professional growth, teamwork, product satisfaction, 

process satisfaction, and personal satisfaction are significant.  This is an indication of their 

validity (Panel C of Appendix J).  The weights for on time, modifiability, portability, reusability, 

and recognition are insignificant.  As in the original model, these formative items are not 

removed from the model.  The VIF shows that multicollinearity is not a problem.   

The structural model accounts for 80.8% of the variance in team member satisfaction, 

35.8% of the variance in non-functional product quality, and 32.3% of the variance in functional 

product quality (Figure 5-6).  All of the structural paths are found to be significant indicating that 

the alternate model supports all six hypotheses as well. 
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Figure 5-6. Alternate model PLS results. 

 

The results of the alternate model are nearly identical to those of the original model.  

Both models find the same indicators significant and non-significant, all paths are significant, 

and the R2’s of the endogenous constructs are similar.  This lends credibility to the construction 

of latent variable scores through the use of separate models as the results are consistent.  

Comparing the measurement models, the only differences are that the original model finds the 

reliability, usability, and teamwork subconstructs more highly significant than the alternate 

model.  The alternate model finds the efficiency subconstruct more highly significant.  Also, the 

order of the weights for the indicators for the non-functional product quality vary slightly as 

reliability and efficiency rank 2nd and 3rd in the original model versus 3rd then 2nd in the alternate 
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model.  Comparing the structural models, the significance of the path between non-functional 

product quality and team member satisfaction and the significance of the path between team 

member benefits and team member satisfaction are more highly significant in the original model.  

This lends credibility to the belief that the PLS created latent variable scores are more accurate. 

5.6 Summary 

This chapter presented the analysis of the theoretical model of ISD success.  The chapter 

began with a descriptive analysis of the data, presented an overview of PLS regression, analyzed 

the second-order models, and then analyzed the theoretical model.  PLS regression was used to 

evaluate the measurement model and structural model of the proposed theoretical model of ISD 

success.  The results of the PLS regression found that all of the proposed hypotheses were 

supported.  Additional analysis illustrated the influence the included constructs have on team 

member satisfaction, tested the mediator variables, and demonstrated the methods used were 

valid by comparing the model results with a model created using a different method. 

Chapter 6 presents a discussion of the results and Chapter 7 presents the conclusion, 

contributions, and limitations.  
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Chapter 6  
Discussion 

This chapter provides a discussion of the research results and their implications.  Prior 

research has thoroughly investigated how end users define success.  Despite this focus, a large 

percentage of projects still end up being considered a failure.  This study adds to the existing 

literature by examining success from a different viewpoint, the project manager and software 

development team members, at an earlier point in the system lifecycle in the hopes of increasing 

the project success rate.  This study investigates how software development team members 

define information system development (ISD) success.  Past research has used satisfaction as a 

measure of success and Seddon (1997) even states that satisfaction is the closest in meaning to 

overall net benefits, which he views as the difference between benefits and costs attributed to 

using the system (DeLone & McLean, 2003; Kulkarni, et al., 2006; Seddon & Kiew, 1994; Wu 

& Wang, 2006).  ISD success is viewed as consisting of multiple interrelated constructs 

including process quality, functional product quality, non-functional product quality, team 

member benefits, and team member satisfaction.  Process quality, non-functional product quality, 

team member benefits, and team member satisfaction are viewed as being composed of multiple 

dimensions that come together to form the construct.  Process quality is viewed as being 

composed of on time, within budget, completed/cancelled, and process maturity; non-functional 

product quality is viewed as being composed of reliability, usability, testability, 

understandability, modifiability, portability, efficiency, and reusability; team member benefits is 

viewed as being composed of learning/professional growth, teamwork, and recognition; and 

team member satisfaction is viewed as being composed of product satisfaction, process 
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satisfaction, and personal satisfaction.  Process quality, functional product quality, non-

functional product quality, and team member benefits were hypothesized to predict team member 

satisfaction.  Process quality was also hypothesized to predict functional product quality and 

non-functional product quality.  This dissertation was oriented towards building and testing the 

theoretical model of ISD success. 

This chapter is organized as follows: the first section discusses the key findings of the 

major pieces of the model; the second section discusses the findings of the overall model; and the 

last section explores the implications for future research.  Contributions, limitations, and 

concluding remarks are discussed in Chapter 7. 

6.1 Key Findings of the Major Model Pieces 

The findings of this dissertation support the hypotheses developed in Chapter Three 

(Figure 3-1).  The findings for each second-order construct (i.e. team member satisfaction, 

process quality, non-functional product quality, and team member benefits) are discussed 

separately before the overall implications are presented. 

6.1.1 Team Member Satisfaction 

Similar to IS success, the theoretical model of ISD success itself is viewed as consisting 

of multiple interrelated constructs.  Any or some combination of these constructs could be used 

as the dependent variable in a study.  Depending on the goals of the individual study, researchers 

should select the relevant constructs found within the theoretical model of ISD success to 

measure success.  In the theoretical model of ISD success, team member satisfaction is the 

overall dependent variable in the model.  Satisfaction has been widely used to measure success in 
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IS research and Seddon (1997, p. 246) states that satisfaction “is probably the closest in meaning 

to the ideal Net Benefits measure.”  Seddon views net benefits as the difference between all past 

and future benefits and costs attributed to using the system. 

Team member satisfaction is viewed as being composed of the subconstructs product 

satisfaction, process satisfaction, and personal satisfaction in a formative fashion.  With 

formative indicators, the weights from PLS indicate the makeup and relative importance the 

indicators play in forming the construct (Chin, 2010).  As shown in Table 5-15, the weights of 

these three subconstructs are significant, indicating that these dimensions are significant 

components of team member satisfaction as viewed by software development team members.  

The weights indicate that product satisfaction (weight = 0.493) contributes the most to team 

member satisfaction, followed by personal satisfaction (weight = 0.478) and then process 

satisfaction (weight = 0.209).  Reviewing the items used to capture these subconstructs, the 

results indicate that software development team members derive much of their satisfaction based 

on if the product they produce will be used by and benefit the end users.  The results also 

indicate that software development team members perceive that a positive feeling about their 

accomplishments and a sense of pride in their work as contributing to their satisfaction.  Lastly, 

while process satisfaction is a significant component of team member satisfaction, it is not as 

important as either product satisfaction or personal satisfaction.  Process satisfaction indicates 

that team members believe that having an efficient, coordinated, and fair process is a component 

in determining their overall satisfaction.   

These results are consistent with past research.  In a series of studies, Procaccino, Verner, 

and associates (Procaccino & Verner, 2006; Procaccino, Verner, & Lorenzet, 2006; Procaccino, 

et al., 2005) presented a series of statements to software developers and project managers asking 
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them to rate how important they believe each statement is to their definition of a successful 

software project.  Across two studies involving developers, the affective items that correspond to 

the satisfaction items from this research rank at or near the top of the items (ranked by the sum of 

the percentage of the top two Likert-type categories).  The managers also ranked the affective 

items highly but not as high as the developers.  These results support the findings from this 

research and add validity to Seddon’s view that satisfaction can be considered the best overall 

measure of success.  This also adds validity for having team member satisfaction as the overall 

dependent variable in the theoretical model of ISD success. 

6.1.2 Non-Functional Product Quality 

Non-functional product quality is viewed as being composed of the subconstructs 

reliability, usability, testability, understandability, modifiability, portability, efficiency, and 

reusability in a formative fashion.  As described in Chapter 4, the understandability subconstruct 

was not included in the model testing as the indicators developed to measure the subconstruct 

were determined to be neither valid nor reliable.  As shown in Table 5-15, the weights of the 

reliability, usability, testability, and efficiency subconstructs are significant, indicating that these 

dimensions are significant components of non-functional product quality as viewed by software 

development team members.  The weights indicate that usability (weight = 0.471) contributes the 

most to non-functional product quality, followed by reliability (weight = 0.290), efficiency 

(weight = 0.224), and testability (weight = 0.219).  Modifiability (weight = 0.096), portability 

(weight = -0.100), and reusability (weight = 0.007) had small weights that were insignificant, 

indicating that software development team members use these subconstructs to define a 

successful project.  Reviewing the items used to capture these subconstructs, the results indicate 

that software development team members consider a system successful if it is easy to use and if 
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it is easy to learn how to use the system.  They also indicate that successful systems are reliable, 

can handle errors, perform operations efficiently, and are easy to test. 

When combined with functionality; the reliability, usability, and efficiency subconstructs 

form the external quality attributes described by the ISO 9126 in Chapter 1 (Figure 1-1).  These 

external attributes are observed and can be measured when the system is executed.  These results 

suggest that software development team members judge a system to be a success using these 

external quality attributes as opposed to the internal quality attributes.  The internal quality 

attributes measure the details of the product’s code, documentation, models, and other 

deliverables and include the testability, understandability, modifiability, reusability, and 

portability subconstructs.   The lack of consideration of the internal quality attributes may lead to 

the perception of an unsuccessful project over time as it may be hard to adapt and change the 

system to new and evolving circumstances.   

This dissertation represents the first attempt at defining the theoretical model of ISD 

success.  As such, model modifications may be suggested as research validates various portions 

of the model.  Based on findings of the product quality constructs (functional product quality and 

non-functional product quality), future research may want to divide the subconstructs found 

within this portion of the model differently.  These findings suggest that software development 

team members believe functionality, reliability, usability, and efficiency are the characteristics 

that define success.  As mentioned above, these characteristics are classified as external quality 

attributes by the ISO/IEC 9126 standard (ISO/IEC, 2001).  Future research may break the 

subconstructs of product quality into external quality (composed of functionality, reliability, 

usability, and efficiency) and internal quality (composed of testability, understandability, 

modifiability, portability, and reusability) and see how these influence team member satisfaction.  
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If the above modification to the theoretical model of ISD success is made, an interesting future 

study would be to compare the relationships within the model between software development 

team members with a CS educational background versus those without.  During the interview 

stage of this dissertation, a majority of the interviewees who mentioned the internal quality 

subconstructs had a computer science educational background. 

Other possible future research on this portion of the model may view maintainability as a 

second-order factor itself composed of testability, understandability, and modifiability.  The 

proposed theoretical model presented at the end of Chapter Three theoretically views these three 

subconstructs as part of modifiability.  However, during this research each of the subconstructs 

maintained their individuality to test their contribution to the model. 

6.1.3 Team Member Benefits 

Team member benefits is viewed as being composed of the subconstructs 

learning/professional growth, teamwork, and recognition in a formative fashion.  As shown in 

Table 5-15, the weights of the learning/professional growth and teamwork subconstructs are 

significant, indicating that these dimensions are significant components of team member benefits 

as viewed by software development team members.  The weights indicate that 

learning/professional growth (weight = 0.809) contributes the most to team member benefits 

followed by teamwork (weight = 0.437).  The recognition (weight = -0.146) subconstruct had a 

small negative weight that was insignificant indicating that software development team members 

do not view recognition as an important benefit of working on a successful project.  Reviewing 

the items used to capture these subconstructs, the results indicate that software development team 

members place a great deal of importance on learning.  Learning has been shown to be such an 

important benefit that a project can be considered a partial success even if it is a failure as long 
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as they were able to learn something new or an important lesson (Linberg, 1999).  Software 

development team members indicate that another potential benefit of working on a successful 

project is that of increasing their relationship with their co-workers and increasing the efficiency 

of the team.   

These results are supported by the interviews conducted during the theory building phase 

of this dissertation.  Learning/professional growth was coded nearly four times as frequently as 

recognition and teamwork was coded nearly twice as frequently.  The results are also partially 

supported by prior literature.  In one of the Procaccino et al. (2005) studies mentioned above, the 

sum of the top two categories rank the items relating to team member benefits in the order: 

learning/professional growth (professional growth then learning), recognition (increases 

recognition, increases professional responsibility, and then opportunity for career advancement), 

and teamwork (relationship with peers and relationship with subordinates).   

6.1.4 Process Quality 

Process quality is viewed as being composed of the subconstructs on time, within budget, 

completed/cancelled, and process maturity.  As described in Chapter 4, the completed/cancelled 

subconstruct was not included in the model testing as only one participant responded that their 

most successful project was not completed.  As shown in Table 5-15, the weights of the within 

budget and process maturity subconstructs are significant, indicating that these dimensions are 

significant components of process quality as viewed by software development team members.  

The weights indicate that process maturity (weight = 0.621) contributes the most to process 

quality followed by within budget (weight = 0.563).  The on time (weight = 0.033) subconstruct 

has a small weight that was insignificant, indicating that software development team members do 

not view on time as a necessary component of a successful project.  Reviewing the items used to 
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capture these subconstructs, the results indicate that software development team members view 

following a mature process as part of success.   A mature process would include managing the 

systems requirements as well as validating and verifying the system.  Software development 

team members also believe that delivering a system that was cost efficient and within budget as 

part of a successful project.  

The result that software development team members did not view on time as a necessary 

component of a successful project was unexpected.  This result is not supported by the interviews 

conducted during the theory building stage as well as the importance placed on the on time 

subconstruct in past research (Atkinson, 1999; Baccarini, 1999; Pinto & Slevin, 1988; van der 

Westhuizen & Fitzgerald, 2005).  During the interview portion of this study, on time was coded 

the most frequently of all of the codes and within budget was the 8th most coded item.  Numerous 

studies have used on time as a surrogate for project success or project management success.    

The item loadings and cross loadings (Table 5-3) showed that the on time and within budget 

items tended to cross load which may lead to some statistical issues.  However, the latent 

variable scores produced within PLS passed the test for multicollinearity (Table 5-15).  Perhaps 

these results may be the effect of the IT job market or the relatively poor economic climate that 

is occurring today.  Or maybe, on time may have just outlived its usefulness as a surrogate of 

success with the emergence of timeboxing, which is the practice of meeting the deadline at all 

costs, even if that means delivering a product with reduced functionality or reduced quality.  

However, this result is congruent with the belief that on time and within budget are simply 

constraints placed on a software development project (Nance & Arthur, 2002).  Future research 

into this result may explain these findings. 
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Although process maturity is not a new construct in IS research (Landry & George, 

1999); in this dissertation, process maturity was implemented with questions derived from the 

specific goals of the six process areas that compose the engineering process category of the 

CMMI.  Some of these questions tend to be somewhat obscure or leave room for interpretation.  

Future research is necessary to investigate and possibly simplify this construct.  PCA may reveal 

this construct to be multidimensional.  New and better questions can be developed for the 

dimensions found.  

6.2 Overall Model Findings 

Process quality, functional product quality, non-functional product quality, and team 

member benefits have significant relationships with team member satisfaction and explain 81% 

of the construct’s variance.  These results show that the process undertaken, characteristics of the 

product developed, and the benefits gained from working on the project are positively associated 

with and can be used to predict the overall satisfaction of the development team members.   

The additional analysis showed that team member benefits has a large influence on 

overall team member satisfaction.  This indicates that learning and developing relationships with 

team members goes a long way to determine the satisfaction of software development team 

members.  This relationship is strongly supported within the IS success literature.  Wu and Wang 

(2006) studied IS success in the knowledge management system (KMS) context.  They find that 

perceived KMS benefits has a significant positive influence on user satisfaction with benefits 

being measured with items related to impact on job performance.  Petter et al. (2008) report that 

11 out of 11 studies that test this relationship report that net benefits has a positive influence on 

user satisfaction (this includes Wu and Wang’s publication).  
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The additional analysis showed that functional product quality has a medium influence on 

the overall team member satisfaction.  This indicates the importance software development team 

members place on including the desired/required functionality within the delivered system.  Non-

functional product quality has a small influence on the overall team member satisfaction.  This 

indicates that while the characteristics of the software artifact are important in leading to team 

member satisfaction, the non-functional product quality characteristics are not as important as 

the functional product quality characteristics.  In fact, the software development team members 

place even less importance on the internal characteristics (e.g. testability, modifiability, 

reusability, and portability) of the software artifact.  As noted above, this may be an important 

finding when it comes to measuring system success over the life of the system.  If developers 

were to place a larger importance to these factors it may help to increase the ability of the 

software to change and adapt to new requirements and thus, increase the perception of success by 

the end users.  This relationship is strongly supported within the IS literature.  Once again, Wu 

and Wang (2006) find that system quality (measured with stability, response time, user friendly 

interface, and easy to use) has a positive influence on user satisfaction in the KMS context.  

Iivari (2005) studied IS success in the context of a governmental accounting system.  He found 

that perceived system quality (measured with flexibility, integration, response time, 

recoverability, convenience, and language) has a significant positive influence on user 

satisfaction.  Wixom and Todd (2005) find system quality (measured as reliability, flexibility, 

integration, accessibility, and timeliness) to positively influence system satisfaction in the data 

warehouse context.  Petter et al. (2008) report that 21 out of 21 studies that test this relationship 

find that system quality has a positive influence on user satisfaction (this includes the three 

studies mentioned above).  
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Process quality has a small influence on team member satisfaction.  This finding indicates 

that while software development team members feel that following a quality process is 

important, it doesn’t have much of an effect on their satisfaction.  The existence of this 

relationship is supported by the research of Kuilboer and Ashrafi (2000).  They surveyed 

software developers at several software process improvement (SPI) meetings and found that 71% 

of the respondents indicated SPI has increased customer satisfaction (answered increased or 

highly increased on a Likert-type scale). 

Process quality has a significant relationship with functional product quality explaining 

30.3% of the construct’s variance.  This result shows that the process undertaken is positively 

associated with delivering the required/desired functionality of the software artifact delivered.  

This relationship was also supported by Kuilboer and Ashrafi (2000) with 48.6% of the 

respondents indicating that SPI impacts the correctness of the system (answered high to very 

high impact).   

Process quality has a significant relationship with non-functional product quality 

explaining 35.7% of the construct’s variance.  This result shows that the process undertaken is 

positively associated with delivering a software artifact that is reliable, usable, testable, and 

efficient.  These results indicate that managing requirements and verifying and validating the 

system lead to including the desired/required functional requirements and meeting the external 

quality attributes of the system.  This relationship is supported within the literature.  Kuilboer 

and Ashrafi (2000) report the percent of respondents that rate SPI as having a high or very high 

influence on differing dimensions of non-functional product quality (56.8% for reliability, 43% 

for usability, 38.9 % for maintainability, 54.5 for expandability, 55.6 for testability, 40.6 for 

portability, 25.7 % for efficiency, 46.9 % for reusability).  Wixom and Watson (2001) find that 
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project implementation success positively influences system quality in the data warehouse 

context.  However, in their study, Wixom and Watson (2001) measure project implementation 

success with items concerning meeting deadlines and providing required functionality. 

6.3 Implications  

Given the nature of the research question, this study was conducted in two parts: 1) 

theory building and 2) theory testing.  The theory building stage consisted of conducting a 

thorough literature review to develop an initial model of ISD success.  Interviews of actual 

software developers and project managers were conducted to allow any emergent constructs not 

identified during the literature review to be added to the model.  The model was updated to 

incorporate the findings from analyses of the interview data.  The theory testing stage began by 

creating and validating a survey instrument to measure the constructs and subconstructs found 

within the model.  Data was collected from actual professionals and used to statistically test the 

model using PLS regression.  This section discusses the implications of the findings for 

researchers and practitioners. 

6.3.1 Implications for Researchers  

First, this research finds that software development team members perceive information 

systems development success as consisting of multiple interrelated dimensions.  This is 

consistent with prior research as users of information systems also believe that information 

system success is a multi-dimensional construct (DeLone & McLean, 1992, 2003; Seddon, 

1997).  Software development team members perceive that the benefits they gain from working 

on a project have a large influence on their satisfaction while providing a product with the 
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desired functionality has a medium influence on their satisfaction.  Validated measurement items 

were developed for each of the sub-dimensions found within the theoretical model of ISD 

success.  This will allow future research to use the provided instrument which will increase the 

ability to compare results across studies.  When conducting research using ISD success as the 

dependent variable, researchers should select the success components that fit their study and be 

cognizant of the relationships between the success variables selected. 

Second, as mentioned above, this research provides the first step in identifying how 

software development team members define success and provides opportunities for researchers 

to develop and test portions of the model.  One extension would be to investigate the direct 

relationships between the subconstructs to determine how they interact.  For example, what is the 

effect of product quality on reliability, usability, testability, and/or efficiency (the non-functional 

product quality subconstructs)?  A second area for extension would be to investigate how the 

dimensions of ISD success influence and predict IS success.  A third area for extension would be 

to see how the model differs for different groups of software development team members.  One 

alternative already mentioned would be to compare the model for those team members with a CS 

educational background versus those without.  Other possible group comparisons would be to 

compare team roles (project manager vs. developers), types of projects (3rd party development 

vs. product/service vs. in house), different methodologies (Agile vs. traditional waterfall 

method), or even the open source community versus other types of organizations.  A final area 

for possible extension would be to take the methodology for creating the theoretical model of 

ISD success and use it to create success models for the different stages of the development 

project.  For example, if a success model were to be created for the requirements stage of 
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development, then organizations would be able to judge the success of their requirements 

process, possibly heading off problems generated by poor requirements gathering. 

6.3.2 Implications for Practitioners 

First, this research highlights that software development team members do not consider 

the internal quality attributes of modifiability, portability, and reusability when considering an 

information systems development project successful.  The literature review indicates that 

researchers in the CS field believe these attributes to be important components of quality 

software.  Software that is easy to modify, reuse, and is portable should be easier to adapt to new 

or changing requirements and may lead to a more successful software product over time.  

Practitioners should find a way to increase the importance of these attributes to software 

development team members or adopt methodologies that specifically address these attributes to 

try to increase their project success rate.  

Second, this research indicates that software development team members view learning 

as a significant benefit of working on a successful information system development project.  This 

research also indicates that team member benefits has a significant influence on software 

development team member satisfaction.  One way practitioners can keep their software 

development team members satisfied is placing them in opportunities to learn or on teams that 

work well together.   

Third, this research provides practitioners with a way to measure ISD success.  After 

future research has established the relationships between ISD success and IS success, 

practitioners will be able to use ISD success to predict how successful the IS will be.  ISD 

success can be measured before IS success.  Thus, measuring the success at an earlier point in 
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time will allow the developing organization to evaluate the system before it is implemented and 

make corrections before it is used.  
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Chapter 7  
Conclusion 

This dissertation investigated how software development team members define the 

success of a system development effort.  This dissertation adds to the current IS success literature 

by investigating the perspective of the software development team members view of success.  It 

not only identifies the constructs used to define success but it also investigates the relationships 

between the identified constructs and develops validated scales to measure those constructs to 

increase the comparability of results across future studies.  Specifically, this research developed 

the theoretical model of ISD success, a new theoretical model, through the use of both theory 

building and theory testing.  The findings indicate that software development team members 

view ISD success as being composed of process quality, functional product quality, non-

functional product quality, team member benefits, and team member satisfaction.  Team member 

satisfaction is influenced by functional product quality, non-functional product quality, process 

quality, and team member benefits.  Non-functional product quality and functional product 

quality are both influenced by process quality.  With the exception of functional product quality, 

the dimensions themselves are composed of multiple sub-dimensions with process quality being 

composed of on time, within budget, and process maturity; non-functional product quality being 

composed of reliability, usability, testability, understandability, modifiability, portability, 

efficiency, and reusability; team member benefits being composed of learning/professional 

growth, teamwork, and recognition; and team member satisfaction being composed of product 

satisfaction, process satisfaction, and personal satisfaction. 
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7.1 Contributions  

This research provides several contributions to information systems research.  First, this 

dissertation fills gaps in the current IS success literature since DeLone and McLean’s (1992, 

2003) and Seddon’s (1997) models of IS success measure success that result from using the 

system from the perspective of the end user or the using organization.  An information system is 

an artifact, which is composed of the executable, the code itself, hardware, people, database, 

documentation, and procedures (Pressman, 1997).  The traditional models measure the success of 

a system as a set of behaviors when the code is executed in a specific context for a specific type 

of end user and those behaviors are composed of the lines of code used to create the executable.  

However, since the behaviors exhibited by an executable is composed of a set of lines of code it 

is plausible that if the creation of those lines of code followed a proven process and exhibited 

characteristics of quality programming, then it is more likely that the executing program will be 

successful when used by the user in their respective context.  In fact, software process 

improvement (SPI) professionals believe that following an SPI process leads to overall customer 

satisfaction (Kuilboer & Ashrafi, 2000).  The theoretical model of ISD success includes the code 

base as well as the process used to create the code when determining the successful development 

of an information system.   

Second, the theoretical model of ISD success defines success of an information system 

from the perspective of the project manager and practitioners.  The project manager and 

practitioners are important stakeholders during the implementation phase of the information 

system.  The project manager manages the development of the artifacts which comprise the 

information system.  The developers actually build the system.  How these stakeholders define 

success at this stage influences the resulting artifacts, which in turn should influence IS success 
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from the users’ standpoint.  Techniques, knowledge, and code modules gained on one project can 

be transferred to another project.  Additional research is necessary to investigate the influence 

the components of ISD success has on the components of IS success. 

Third, another contribution of this research is the development and validation of a survey 

instrument to measure ISD success.  Following advised validation techniques (DeVellis, 2003; 

Netemeyer, et al., 2003; D. W. Straub, 1989), the process began with a thorough literature review 

to identify potential components to be included within the model.  Interviews with actual 

software developers and project managers were then conducted to identify any emergent 

constructs that needed to be added to the model.  Where applicable, items from previous studies 

were adapted to the present context and new item were created to fill in the gaps.  The items 

underwent a thorough validation process and were tested as to their reliability and validity.  The 

creation and validation of the instrument allows subsequent researchers to consistently measure 

the components within the theoretical model of ISD success.  This will help to make the results 

of any subsequent studies comparable. 

For information system development professionals, this research provides insight into 

how software development team members define success.  After subsequent research has 

established the links from ISD success to IS success, project professionals will be able to use 

ISD success to predict the success of a system, as viewed by the users.  Early prediction may 

allow professionals to head off unsuccessful systems before they are installed and used.  

Additionally, project professionals have historically determined a project to be a success if the 

project was on time, within budget, and included the desired functionality.  Contrary to past 

research (Pinto & Slevin, 1988; Procaccino & Verner, 2006; Procaccino, et al., 2005), this 

dissertation indicates that software development team members do not include the project being 
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on time as an indicator of a successful project.  Perhaps, this is the result of the emergence of the 

practice of timeboxing which is a core aspect of the Agile methodologies.  Timeboxing is the 

practice of meeting the deadline at all costs, even if that means delivering a product with reduced 

functionality or reduced quality.  Future research is necessary to investigate why the on time 

subconstruct is not considered a success metric by today’s software development team members. 

7.2 Limitations 

The choices made in the design of social science research may impose certain limitations 

on the study.  While the design decisions made during this dissertation were selected to minimize 

potential problems, the findings of this study need to be evaluated within the context of these 

limitations. 

7.2.1 Sample 

The sample for the interviews represents a convenience sample.  The sample was limited 

to project managers and software developers within a limited geographic region.  A purposeful 

sampling scheme was implemented to obtain coverage from organizations that develop different 

types of projects (e.g. 3rd party development, product/service, and in-house development) and 

perspectives from both project managers and developers.  However, this sample was limited to 

organizations within driving distance of the primary researcher.  This may have the effect of not 

including emergent constructs into the theoretical model that are important to software 

development team members located in other geographical regions or larger cities.    
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7.2.2 Common Method Bias 

Common method bias may occur when the predictor and criterion variables are provided 

by a common source or rater (Podsakoff, MacKenzie, Jeong-Yeon, & Podsakoff, 2003; 

Podsakoff & Organ, 1986).  Common method bias is a concern in this research as all of the 

variables used to test the theory were provided by participants through surveys.  One method to 

reduce common method bias is to protect the respondent’s anonymity and reduce their evaluation 

apprehension (Podsakoff, et al., 2003).  At the beginning of the survey, the respondents were 

assured that there are no right or wrong answers, their data will be kept confidential, and any 

identifying information will be removed from the collected study data.   

Harman’s single-factor test can be used to statistically test for common method bias 

(Podsakoff, et al., 2003).   Harman’s single-factor test is regarded as the most widely used 

approach for testing common method bias in a single-method research design (Malhotra, Kim, & 

Patil, 2006).  The test is to perform an exploratory factor analysis on all of the items.  If a single 

factor emerges from the unrotated solution or the first factor explains the majority of the variance 

then there is an indication that common method bias exists.  A CFA was run on all of the 

variables included in this research.  The results show that 15 factors emerge from the unrotated 

solution accounting for 77.28% of the total variance.  The results indicate that common method 

bias did not influence participants’ responses.  

7.2.3 Self-Reported Data 

This research used self-reported data as the respondents were asked to think about the 

project that they worked on that they believe to be the most successful and use that project to 

answer the survey questions.  This dissertation uses the participants’ perceived feelings of 

success to measure the variables contained within the model of ISD success.  Self-report bias 
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may lead software development team members to over-report those attributes that seem to be 

more socially desirable to the software development community.  One of the goals of this 

research was to define how project managers and software development team members define 

success.  The use of their perceptions seems reasonable to obtain this goal.  Another goal of this 

research was to create a model that was generalizable across many types of projects and 

organizations.  It would be difficult to obtain objective measures of project success across 

multiple companies, projects, and methodologies used.  However, it would be interesting if 

future research was able to collect objective measures of ISD success and compare the results to 

the project managers’ and software development team members’ perceptions of success. 

7.2.4 Non-Response Bias 

Non-response bias occurs when “the people selected for the survey who do not respond 

are different from those who do respond in a way that is important to the study” (Dillman, 

Smyth, & Christian, 2009, p. 17).  The effects of non-response bias were tested by comparing the 

differences between the early and late waves of respondents on key demographics (Armstrong & 

Overton, 1977).  The results indicated that the later wave of respondents had more software 

development experience than the earlier wave.  Non-response bias is a potential limitation of this 

study. 

7.3 Concluding Remarks 

Acknowledging the limitations of this study, this research makes important contributions 

to Information Systems research and practice.  This research developed and tested the theoretical 

model of ISD success.  This extends the current IS success literature to include the perspective of 
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two new stakeholders: project managers and software development team members.  While this 

model is a new theoretical model that needs to be tested in differing contexts, it provides a 

starting point to measure success of an information system development effort as viewed by 

software development team members.  It also creates a verified and validated instrument to 

measure the constructs found within the theoretical model of ISD success in order to enable 

consistency across subsequent studies.  
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Appendix A 

D&M IS Success Measures (1992) 

IS Success Dimension Measures Used 
(DeLone & McLean, 1992, Table 2 p. 84) 

System Quality Convenience of access 
Data accuracy 
Data currency 
Database contents 
Ease of learning 
Ease of use 
Human factors 
Integration of systems 
Realization of user requirements 

Resource utilization 
Response time 
System accuracy 
System efficiency 
System flexibility 
System reliability 
System sophistication 
Turnaround time 
Usefulness of system features 
and     functions 

Information Quality Accuracy 
Appearance 
Clarity 
Comparability 
Completeness 
Conciseness 
Content 
Currency 
Format 
Freedom from bias 
Importance 
Informativeness 

Precision 
Quantitativeness 
Readability 
Relevance 
Reliability 
Sufficiency 
Timeliness 
Understandability 
Uniqueness 
Usableness 
Usefulness 
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Use Actual vs. reported use  
Amount of use/duration of use:
  

Amount of connect time 
Charges for system use 
Frequency of access 
Frequency of report 
requests 
Number of functions used 
Number of inquiries 
Number of records 
accessed 
Number of reports 
generated 

 Regularity of use 
Binary use:  

Use vs. nonuse 
Institutionalization/routinization 
of use  

Levels of use:  
General vs. specific 

Motivation to use  
Nature of use:  

Appropriate use 
Purpose of use 
Type of information used 
Use for intended purpose 

Percentage used vs opportunity 
for use  
Recurring use  
Report acceptance  
Use by whom? 

Direct vs. chauffeured use 
Voluntariness of use  

User Satisfaction Decision-making satisfaction 
Enjoyment 
Information satisfaction:  
 Difference between information needed and received 
Multi-item measure 
Overall satisfaction 
Satisfaction with specifics 
Single-item measure 
Software satisfaction 

Individual Impact Accurate interpretation  
Causes management action  
Change in decision  
Decision effectiveness:  

Confidence in decision 
Correctness of decision 
Decision making 
participation 
Decision quality 
Improved decision 
analysis 
Time to make decision 

Improved individual productivity
  

Individual power or influence  
Information awareness  
Information recall  
Information understanding  
Learning  
Personal valuation of I/S  
Problem identification  
Quality of plans  
Task performance  
Willingness to pay for 
information 
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Organizational Impact Application portfolio:  
Range and scope of 
application 
Number of critical 
applications 

Contribution to achieving goals
  
Cost/benefit ratio  
Increased market share  
Increased profits  
Increased revenues  
Increased sales  
Increased work volume  

Increased work volume  
Operating cost reductions  
Overall productivity gains  
Product quality  
Ratio of net income to operating 
expenses  
Return of investment  
Return on assets  
Service effectiveness  
Staff reduction  
Stock price 
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Appendix B 

D&M IS Success Measures (2003) 

IS Success Dimension E-Commerce Success Metrics 
(DeLone & McLean, 2003, Table 1 p. 26) 

System Quality Adaptability 
Availability 
Reliability 
Response time 
Usability 

Information Quality Completeness 
Ease of understanding 
Personalization 
Relevance 
Security 

Service Quality Assurance 
Empathy 
Responsiveness 

Use Nature of use 
Navigation patterns 
Number of site visits 
Number of transactions executed 

User Satisfaction Repeat purchases 
Repeat visits 
User surveys 

Net Benefits Cost savings 
Expanded markets 
Incremental additional sales 
Reduced search costs 
Time savings 
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Appendix C 

Letter to Interview Participants 

Dear [participant’s name]: 
 
Thank you again for agreeing to participate in this study.  To confirm our meeting, our interview 
is scheduled for [time] tomorrow at [location].  The interview will last approximately 30 
minutes.  I will be asking several questions to uncover your view of information systems 
development success.  Before our interview, please take some time to think about your 
experiences with information systems development.  I would like you to think broadly about 
your experiences working on information systems.  For example, think of a project which you 
considered a success.  Reflect on why you considered that project a success and the criteria you 
used to make that evaluation.  How did your company view the project and what criteria did they 
use to evaluate the project.  It may help to also think about a project which you considered a 
failure and how that project’s evaluation differed from the successful project.  Please reflect on 
any experiences that you see as relevant to the topic of successful software 
development.  Remember, there are no right or wrong answers: I want to learn about your 
feelings and experiences, whatever they may be. 
                                                                                                                                                            
                 
If you have any questions about the study or if you would like to discuss anything else with me, 
please don’t hesitate to phone me at (xxx) xxx-xxxx or email me at lzelazny@vt.edu.  I look 
forward to our interview! 
 
Best wishes, 
 
Lucian M. Zelazny 
Ph.D. Student in Residence 
Department of Accounting and Information Systems 
Virginia Tech 
lzelazny@vt.edu 
Cell: (xxx) xxx-xxxx 
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Appendix D 

Partial Interview Protocol 

The questions below represent a sample of the questions that guided the interviews with team 
members who develop a product or service.  Further probing was performed as necessary.  
Protocols were adapted based on the type of project worked on (e.g. product or service, 3rd party 
development, open source, or internal department) 
 
Ice Breaker and Background Information 
Framing Statement: 
I would like to start the interview by getting a sense of your environment and work experience. 
 
Could you please describe what your company does? 
 
How long have you been with the company? 
 
What is your role in the company? 
 
How long have you been in this role? 
 
What other roles have you played within the company? 
 
Can you please describe the current project you are working on? 
 
ISD Success 
Framing Statement: 
I would now like to focus on successful projects on which you have worked.  Particularly, I 
would like for you to think of a project that you considered a success. 
 
Please describe the criteria you used to consider the project a success? 
 
Are there any other criteria you would use to consider a project a success? 
 
How do these differ from the criteria used by your company? 
 
Please describe the benefits, both tangible and intangible, you feel that you get from working on 
a successful project. 
 
 How do these benefits make you feel? 
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ISD Success with IS Failure 
Framing Statement: 
I would now like to focus on un-successful projects. 
 
Please describe the criteria your company uses to determine if a project is a failure. 
 
Please describe the criteria you personally use to determine if a project is a failure. 
 
Do you feel that you could get any benefits from working on a project your company considered 
unsuccessful? 
 
Please describe those benefits.  
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Appendix E 

Initial Item Pool 

PROCESS QUALITY 
 Their Construct Question Source 

O
n 

Ti
m

e 

Project Score This IS development project came in 
on schedule. 

Pinto & Slevin (1988)* 

Project Implementation 
Success 

The IS development project met its 
critical project deadlines (rollout 
deadline, initial development 
deadline, etc.). 

Wixom & Watson 
(2001)* 

Team Performance - 
Efficiency 

Your company was satisfied with how 
the IS development project 
progressed. 

Hoegl (2001)** 

Team Performance - 
Efficiency 

Overall, the IS development project 
was done in a time-efficient way. 

Hoegl (2001)* 

Outcome/Project The schedule for the IS development 
project was estimated accurately. 

Procaccino (2005)* 

System The IS development project was 
delivered when needed by the 
customer/user (not necessarily within 
schedule). 

Procaccino (2006 AB)* 

System The IS development project was 
completed on time. 

Procaccino (2006 AB)* 

Schedule Performance To what degree were key integration 
milestones with interoperating 
systems or external elements achieved 
on schedule. 

Deutsch (1991) 
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W

ith
in

 B
ud

ge
t 

Project Score The IS development project came in 
on budget. 

Pinto & Slevin (1988)* 

Team Performance - 
Efficiency 

Overall, the IS development project 
was done in a cost-efficient way. 

Hoegl (2001)* 

Meeting Targets The IS development project costs 
exceeded the budget. 

Deephouse (1995)* 
(Reverse) 

System The IS development project was 
completed at a cost affordable to the 
customer/user (not necessarily within 
budget). 

Procaccino (2006 AB)* 

System The IS development project was 
completed within the initial budget. 

Procaccino (2006 
AB)** 

Cost Performance To what degree did the IS 
development project meet cost targets 
for its predominate budget and 
technical scope baseline. 

Deutsch (1991)* 

    

C
om

pl
et

ed
 / 

C
an

ce
lle

d 

System The IS development project was 
completed (was not cancelled, even if 
agreed upon functionality was 
reduced). 

Procaccino (2006 AB)* 

    

Pr
oc

es
s Q

ua
lit

y 

Product Integration Preparation for information system 
integration is conducted (e.g. involves 
establishing and maintaining an 
integration sequence, the environment 
for performing the integration, and 
integration procedures). 

NEW (Based on CMMI 
SG’s) 

Product Integration The information system component 
interfaces, both internal and external, 
are compatible. 

NEW (Based on CMMI 
SG’s) 

Product Integration Verified information system 
components are assembled and the 
integrated, verified, and validated 
product is delivered. 

NEW (Based on CMMI 
SG’s) 

Requirements 
Development 

Stakeholder needs, expectations, 
constraints, and interfaces are 
collected and translated into customer 
requirements. 

NEW (Based on CMMI 
SG’s) 

Requirements 
Development 

Customer requirements are refined 
and elaborated to develop information 
system and information system 
component requirements. 

NEW (Based on CMMI 
SG’s) 
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Requirements 
Development 

The requirements are analyzed and 
validated, and a definition of required 
functionality is developed. 

NEW (Based on CMMI 
SG’s) 

Requirements 
Management 

Requirements are managed and 
inconsistencies with information 
system development plans are 
identified. 

NEW (Based on CMMI 
SG’s) 

Technical Solution The information system or its 
component solutions are selected 
from alternative solutions. 

NEW (Based on CMMI 
SG’s) 

Technical Solution The information system or its 
component designs are developed. 

NEW (Based on CMMI 
SG’s) 

Technical Solution The information system components, 
and associated support 
documentation, are implemented from 
their designs. 

NEW (Based on CMMI 
SG’s) 

Validation Preparation for validation is 
conducted (e.g. the validation 
environment, procedures, and criteria 
are established). 

NEW (Based on CMMI 
SG’s) 

Validation The information system or its 
components are validated to ensure 
that they are suitable for use in their 
intended operating environment. 

NEW (Based on CMMI 
SG’s) 

Verification Preparation for verification is 
conducted (e.g. the verification 
environment, procedures, and criteria 
are established). 

NEW (Based on CMMI 
SG’s) 

Verification Peer reviews are performed on 
selected portions of the information 
system. 

NEW (Based on CMMI 
SG’s) 

Verification Selected portions of the information 
system are verified against their 
specified requirements. 

NEW (Based on CMMI 
SG’s) 
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FUNCTIONAL PRODUCT QUALITY 
 Their Construct Question Source 

Fu
nc

tio
na

lit
y 

System The requirements of the 
customer/users are met by the 
completed IS. 

Procaccino (2006 AB)* 

System The final IS works as intended. Procaccino (2006 AB)* 
Project Success The IS works as expected. Karlsen (2005)** 
Project Success The IS solves the problems it was 

designed to solve. 
Karlsen (2005)** 

Project Success The technical requirements of the IS 
are met. 

Karlsen (2005)* 

Project Success  The IS contributes to the realization 
of goals. 

Karlsen (2005)*  

Technical Project 
Performance 
:Requirements 
Achievement 

To what degree are specified 
functional requirements satisfied? 
 

Deutsch (1991)* 

Technical Project 
Performance 
:Requirements 
Achievement 

To what degree are specified user 
operational scenarios satisfied? 
 

Deutsch (1991)* 

NON-FUNCTIONAL PRODUCT QUALITY 
 Their Construct Question Source 

R
el

ia
bi

lit
y 

Reliability 
(Dependability of 
operations) 

The operation of the IS is dependable. Wixom & Todd 
(2005)* 

Plan Quality The IS’s uptime is comparable to 
available user time. 

Byrd (2006)* 

Project Success The IS has high reliability. Karlsen (2005)* 
Functionality - 
Correctness 

The IS is error-free. Issac (2006)** 

Efficiency - Availability The IS is always operational for its 
intended use. 

Issac (2006)** 

Reliability :Coherence The information contained in the IS 
matches the actual facts. 

Rivard (1997)* 

Reliability :Error-free The IS issues an error message when 
it detects an error. 

Rivard (1997)* 

 The IS handles errors without the 
system becoming unstable. 

NEW (based on 
Recoverability ISO 
9126, Dromey, FURPS) 
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U

sa
bi

lit
y 

System Users find the IS easy to use. Procaccino (2006 AB)* 
User-friendliness :Ease 
of Use 

Using the IS is easy, even after a long 
period of non-utilization. 

Rivard (1997)* 

User-friendliness :Ease 
of Use 

The terms used in data entry screens 
and menus are familiar to users. 

Rivard (1997) 

User-friendliness :Ease 
of Use 

New users find the IS easy to learn. Rivard (1997)** 

Aesthetics The IS is appealing (attractive) to the 
users. 

Issac (2006)** 

 The IS’s user interface is intuitive to 
use. 

NEW (based on 
aesthetics – FURPS, 
Actractiveness – ISO 
9126, Operability – 
McCall ISO 9126 
Dromey) 

Accessibility (ease with 
which info can be 
accessed or extracted 
from system) 

The IS makes information easy to use. Wixom & Todd 
(2005)* 

User-friendliness :Ease 
of Use 

The reports in the IS are easy to 
understand. 

Rivard (1997)* 

    

M
ai

nt
ai

na
bi

lit
y:

 T
es

ta
bi

lit
y 

System The IS consists of solid, thoroughly 
tested code. 

Procaccino (2006 AB)* 

Reliability :Error-free Errors in the IS are easy to identify. Rivard (1997)* 
Reliability :Error-free Corrections to the IS are easy to 

make. 
Rivard (1997)* 

Product Quality - 
Testability 

Automatically executed test cases 
detect most of the errors found within 
the IS. 

Acuna (2009)** 

 Individual modules within the IS can 
be tested individually. 

NEW (Based off 
Quality Models) 

 It is easy to test the entire IS when the 
individual modules are integrated. 

NEW (Based off 
Quality Models) 

 The IS is structured so that it is easy 
to test. 

NEW (Based off 
Quality Models) 



 
 

227 
 

    
M

ai
nt

ai
na

bi
lit

y:
 U

nd
er

st
an

da
bi

lit
y 

Understandability 
:Modularity 

The IS is broken up into separate and 
independent modules. 

Rivard (1997)* 

Understandability 
:Uniformity 

The same terminology is used 
throughout the entire IS. 

Rivard (1997)* 

Understandability 
:Informativeness 

Variable names provide information 
related to the nature of variables (e.g. 
EMPL_NO = employee number). 

Rivard (1997)* 

Documentation All processes are standardized and 
documented by the developers. 

Issac (2006)** 

 In-line code documentation is used to 
describe what a function/procedure 
does. 

NEW (Based off 
Quality Models) 

 A function/procedure performs one 
and only one action. 

NEW (Based off 
Quality Models) 

 A set of standards is set and 
consistently followed throughout the 
IS (e.g. naming conventions, variable 
declarations, etc.). 

NEW (Based off 
Quality Models) 

 The IS is easy to understand (e.g. 
modules, code, design, etc.). 

NEW (Based off 
Quality Models) 

    

M
ai

nt
ai

na
bi

lit
y:

 M
od

ifi
ab

ili
ty

 / 
Ex

te
ns

ib
ili

ty
 System Quality 

:Flexibility 
The IS is able to change in response 
to new demands. 

Livari (2005)* 

Maintainability - 
Modifiability 

The IS is easy to change in the event 
of a failure or occurrence of error. 

Issac (2006)* 

System Quality It is easy for the IS to change or to 
adjust in response to new conditions, 
demands, or circumstances. 

Almutairi (2005)* 

System - 
Indirect/Longer-term 

The IS is easily maintainable. Kim (1999) 
Peterson (2000)* 

 The IS is easy to maintain. NEW (Based off 
Quality Models) 

 It is easy to add new functionality to 
the IS. 

NEW (Based off 
Quality Models) 

 It is easy to correct errors found in the 
IS. 

NEW (Based off 
Quality Models) 

 The IS is easy to modify. NEW (Based off 
Quality Models) 
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Po

rta
bi

lit
y 

Portability 
:Generalizability 

The IS could be used in other 
organizational environments, similar 
to the one in which it is presently 
used, without any major modification. 

Rivard (1997)* 

Portability :Adaptability The IS can be run on a computer 
similar to the one presently used. 

Rivard (1997)* 

Portability The IS can be run on different 
operating systems. 

Issac (2006)* 

 The IS can be run on machines with 
differing hardware components. 

NEW (based off quality 
models) 

Functionality - 
Installability 

It is easy to install the IS on a 
machine. 

Issac (2006)** 

 The IS is machine independent. NEW (based off quality 
models) 

    

Ef
fic

ie
nc

y 

Timeliness (response 
time for requests or 
action) 

The IS provides information in a 
timely fashion. 

Wixom & Todd 
(2005)* 

Timeliness (response 
time for requests or 
action) 

The IS returns answers to requests 
quickly. 

Wixom & Todd 
(2005)* 

Effectiveness : 
Performance 

Processing of the various operations is 
fast (back up, calculations, ...). 

Rivard (1997) 

Plan Quality The IS’s response times are adequate 
to keep users satisfied. 

Byrd (2006)* 

 The IS uses a reasonable amount of 
the computer’s resources. 

NEW (based off quality 
models) 

 The computer remains responsive 
while the IS is in use. 

NEW (based off quality 
models) 
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R

eu
sa

bi
lit

y 
Maintainability 
:Compatibility 

It is possible to copy parts of the 
application (e.g. screens, reports, data, 
etc.) to be used in other information 
systems. 

Rivard (1997)* 

 The code base is contained within 
libraries which can be used in the 
development of other information 
systems. 

NEW (based off quality 
models) 

 The modules of the IS can be used in 
the development of other information 
systems. 

NEW (based off quality 
models) 

 Proper programming techniques were 
used so that code segments could be 
used in the development of other 
information systems. 

NEW (based off quality 
models) 

 It is easy to reuse code segments in 
the development of other information 
systems. 

NEW (based off quality 
models) 

 Independent self-contained code 
modules are used in the IS. 

NEW (based off quality 
models) 

TEAM MEMBER BENEFITS 
 Their Construct Question Source 

Le
ar

ni
ng

 / 
Pr

of
es

si
on

al
 G

ro
w

th
 Outcome/Personal Working on the IS results in 

professional growth. 
Procaccino (2005)* 

Outcome/Personal Working on the IS increases 
professional status. 

Procaccino (2005)* 

Outcome/Personal Working on the IS increases 
professional responsibility. 

Procaccino (2005)* 

Work You learned something new while 
working on the IS. 

Procaccino (2006 AB)* 

Personal Success - 
Learning 

You were able to acquire important 
know-how through working on the IS. 

Hoegl (2001)* 

Personal Success - 
Learning 

You learned important lessons from 
working on the IS. 

Hoegl (2001)* 
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Te

am
w

or
k 

/ T
ea

m
 B

ui
ld

in
g 

Outcome/Personal Working on the IS increases your 
interpersonal relationship with the 
project manager. 

Procaccino (2005)* 

Outcome/Personal Working on the IS increases your 
interpersonal relationship with your 
peers. 

Procaccino (2005)* 

Outcome/Personal Working on the IS increases your 
interpersonal relationship with your 
subordinates. 

Procaccino (2005)* 

Personal Success - 
Learning 

Teamwork promotes one personally. Hoegl (2001) 

Personal Success - 
Learning 

Teamwork promotes one 
professionally. 

Hoegl (2001) 

    

R
ec

og
ni

tio
n 

Outcome/Personal Working on the IS increases 
recognition. 

Procaccino (2005)* 

Outcome/Personal Working on the IS increases salary 
level. 

Procaccino (2005)* 

Outcome/Personal Working on the IS offers opportunity 
for career advancement. 

Procaccino (2005)* 

Team Performance - 
Effectiveness 

The performance of the team 
advances your image to the customer. 

Hoegl (2001)* 

    

O
th

er
 (?

) Outcome/Personal Working on the IS helps obtain 
additional work. 

Procaccino (2005)* 

Outcome/Personal Working on the IS improves your 
level of job security. 

Procaccino (2005)* 

TEAM MEMBER SATISFACTION 
 Their Construct Question Source 

Pr
oc

es
s S

at
is

fa
ct

io
n 

Work You were provided with enough 
independence and freedom 
(autonomy) to work creatively on the 
IS. 

Procaccino (2006 AB)* 

Satisfaction With 
Development Process 

Overall, you were satisfied with the 
development process. 

Jiang & Klein (1999) 

Client Score You were satisfied with the process 
by which the IS project was 
completed. 

Pinto & Slevin (1988)* 

SD Process Satisfaction The software development process 
used on the IS was efficient. 

Andres & Zmud 
(2001)** 

SD Process Satisfaction The software development process 
used on the IS was coordinated. 

Andres & Zmud 
(2001)** 

SD Process Satisfaction The software development process 
used on the IS was fair. 

Andres & Zmud 
(2001)** 
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Pr

od
uc

t S
at

is
fa

ct
io

n 
Work You had sense that you delivered 

sufficient quality (did a good job). 
Procaccino (2006 AB) 

Solution Satisfaction You are satisfied with the quality of 
the IS. 

Green & Taber 
(1980)** 

Solution Satisfaction You are confident that the IS is 
correct. 

Green & Taber (1980)* 

Solution Satisfaction You feel committed to the IS. Green & Taber (1980)* 
Work You have a sense of achievement. Procaccino (2006 AB)* 
Outcome/Personal Working on the IS development 

project was satisfying. 
Procaccino (2005)* 

Work Working on the IS development 
project was a technical challenge. 

Procaccino (2006 AB) 

Personal Success - 
Learning 

You see this IS as a technical success. Hoegl (2001)* 

Client Score The IS is used by its intended clients. Pinto & Slevin (1988)* 
Client Score Important clients, directly affected by 

this IS, will make use of it. 
Pinto & Slevin (1988)* 

Client Score This IS has/will directly benefit the 
intended users: either through 
increasing efficiency or employee 
effectiveness. 

Pinto & Slevin (1988)* 

Client Score Use of this IS has/will directly lead to 
improved or more effective decision 
making or performance for the clients. 

Pinto & Slevin (1988)* 

Client Score This IS will have a positive impact on 
those who make use of it. 

Pinto & Slevin (1988)* 

    

Pe
rs

on
al

 S
at

is
fa

ct
io

n 

Your Involvement with 
DAS 

You feel a sense of ownership for the 
IS developed. 

Seddon (1994)* 

Your Involvement with 
DAS 

Most of your interests at work are 
centered around the IS developed. 

Seddon (1994)* 

Your Involvement with 
DAS 

Your work on the IS development 
project contributed to your personal 
growth and development. 

Seddon (1994)* 

Your Involvement with 
DAS 

Your work on the IS development 
project increased your feelings of self-
esteem. 

Seddon (1994)* 

Personal Success - 
Work Satisfaction 

After working on this IS project, you 
could draw a positive balance for 
yourself overall. 

Hoegl (2001)* 

Personal Success - 
Work Satisfaction 

You have gained from the 
collaborative IS development project. 

Hoegl (2001)* 

Personal Success - 
Work Satisfaction 

You would like to do this type of IS 
development project work again. 

Hoegl (2001)* 
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Appendix F 

Final Survey Instrument 

Process Quality 
On Time 

The IS development project came in on schedule. Pinto & Slevin (1988)* 
The IS development project met its critical project deadlines (rollout 
deadline, initial development deadline, etc.). 

Wixom & Watson 
(2001)* 

The schedule for the IS development project was estimated 
accurately. Procaccino (2005)* 

The IS development project was completed on time. Procaccino (2006 AB)* 
Within Budget 

The IS development project came in on budget. Pinto & Slevin (1988)* 
Overall, the IS development project was cost-efficient. Hoegl (2001)* 
The IS development project was completed at a cost affordable to 
the customer/user. Procaccino (2006 AB)* 

The IS development project was completed within the initial budget. Procaccino (2006 AB)** 
Completed / Cancelled 

The IS development project was completed (was not cancelled, even 
if agreed upon functionality was reduced). Procaccino (2006 AB)* 

Process Quality 
Preparation for information system integration is conducted (e.g. 
involves establishing and maintaining an integration sequence, the 
environment for performing the integration, and integration 
procedures). 

NEW (Based on CMMI 
SG’s) 

The information system component interfaces, both internal and 
external, are compatible. 

NEW (Based on CMMI 
SG’s) 

Verified information system components are assembled and the 
integrated, verified, and validated product is delivered. 

NEW (Based on CMMI 
SG’s) 

Stakeholder needs, expectations, constraints, and interfaces are 
collected and translated into customer requirements. 

NEW (Based on CMMI 
SG’s) 

Customer requirements are refined and elaborated to develop 
information system and information system component 
requirements. 

NEW (Based on CMMI 
SG’s) 

The requirements are analyzed and validated, and a definition of 
required functionality is developed. 

NEW (Based on CMMI 
SG’s) 

Requirements are managed and inconsistencies with information 
system development plans are identified. 

NEW (Based on CMMI 
SG’s) 
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The information system or its component solutions are selected from 
alternative solutions. 

NEW (Based on CMMI 
SG’s) 

The information system or its component designs are developed. NEW (Based on CMMI 
SG’s) 

The information system components, and associated support 
documentation, are implemented from their designs. 

NEW (Based on CMMI 
SG’s) 

Preparation for validation is conducted (e.g. the validation 
environment, procedures, and criteria are established). 

NEW (Based on CMMI 
SG’s) 

The information system or its components are validated to ensure 
that they are suitable for use in their intended operating 
environment. 

NEW (Based on CMMI 
SG’s) 

Preparation for verification is conducted (e.g. the verification 
environment, procedures, and criteria are established). 

NEW (Based on CMMI 
SG’s) 

Peer reviews are performed on selected portions of the information 
system. 

NEW (Based on CMMI 
SG’s) 

Selected portions of the information system are verified against their 
specified requirements. 

NEW (Based on CMMI 
SG’s) 

Functional Product Quality 
Functionality   

The requirements of the customer/users are met by the completed IS. Procaccino (2006 AB)* 
The final IS provides the intended functionality. Procaccino (2006 AB)* 
The IS solves the problems it was designed to solve. Karlsen (2005)** 
The IS meets the specified functional requirements. Deutsch (1991)* 
Non-functional Product Quality 

Reliability 
The operation of the IS is dependable. Wixom & Todd (2005)* 
The operation of the IS is reliable. Karlsen (2005)* 
The operation of the IS is error-free. Issac (2006)** 

The IS handles errors without the system becoming unstable. 
NEW (based on 
Recoverability ISO 
9126, Dromey, FURPS) 
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Usability 

Users find the IS easy to use. 
Procaccino (2006 AB)* 
(make sure there is an 
NA option) 

New users find the IS easy to learn. Rivard (1997)** 

The IS’s user interface is intuitive to use. 

NEW (based on 
aesthetics – FURPS, 
Actractiveness – ISO 
9126, Operability – 
McCall ISO 9126 
Dromey) 

The IS makes retrieving information easy. Wixom & Todd (2005)* 
Testability 

Automatically executed test cases detect most of the errors found 
within the IS. Acuna (2009)** 

Individual modules within the IS can be tested individually. NEW (Based off Quality 
Models) 

It is easy to test the entire IS when the individual modules are 
integrated. 

NEW (Based off Quality 
Models) 

The IS is structured so that it is easy to test. NEW (repeated from 
above) 

Understandability 
Variable names provide information related to the nature of 
variables (e.g. EMPL_NO = employee number). Rivard (1997)* 

All processes are standardized and documented by the developers. Issac (2006)** 
In-line documentation is used to describe what a function/procedure 
does. 

NEW (Based off Quality 
Models) 

The code used to create the IS is easy to understand. NEW (repeated from 
above) 

Modifiability / Extensibility 
The IS is easy to change in the event of a failure or occurrence of 
error. Issac (2006)* 

It is easy for the IS to change or to adjust in response to new 
conditions, demands, or circumstances. Almutairi (2005)* 

The IS is easily maintainable. Kim (1999), Peterson 
(2000)* 

The IS is easy to modify. NEW (Based off Quality 
Models) 

It is easy to add new functionality to the IS. NEW (repeated from 
above) 
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Portability 
The IS can be run on a computer similar to the one presently used. Rivard (1997)* 
The IS can be run on different operating systems. Issac (2006)* 

The IS can be run on machines with differing hardware components. NEW (based off quality 
models) 

The IS is machine independent. NEW (based off quality 
models) 

Efficiency 
The IS provides information promptly when requested. Wixom & Todd (2005)* 
The IS returns answers to requests quickly. Wixom & Todd (2005)* 
Processing of the various operations is fast (back up, calculations, 
...). Rivard (1997) 

Reusability 
The code base is contained within libraries that can be used in the 
development of other information systems. 

NEW (based off quality 
models) 

The modules of the IS can be used in the development of other 
information systems. 

NEW (based off quality 
models) 

Proper programming techniques were used so that code segments 
could be used in the development of other information systems. 

NEW (based off quality 
models) 

It is easy to reuse code segments in the development of other 
information systems. 

NEW (based off quality 
models) 

Independent self-contained code modules are used in the IS. NEW (based off quality 
models) 

Team-Member Benefits 
Learning / Professional Growth 

Working on the IS development project results in your professional 
growth. Procaccino (2005)* 

Working on the IS development project increases your professional 
responsibility. Procaccino (2005)* 

You learned something new while working on the IS development 
project. Procaccino (2006 AB)* 

You were able to acquire important know-how through working on 
the IS development project. Hoegl (2001)* 

You learned important lessons from working on the IS developmet 
project. Hoegl (2001)* 

Your work on the IS development project contributed to your 
personal growth and development. Seddon (1994)* 
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Teamwork 
Working on the IS development project increases your interpersonal 
relationship with your peers. Procaccino (2005)* 

Working on the IS development project increases your interpersonal 
relationship with your subordinates. Procaccino (2005)* 

Working on the IS development project increases the efficiency of 
the team. New 

Recognition 
Working on the IS development project increases your recognition. Procaccino (2005)* 
Working on the IS development project increases professional 
status. Procaccino (2005)* 

Working on the IS development project offers opportunity for career 
advancement. Procaccino (2005)* 

Team-Member Satisfaction 
Process Satisfaction 

Overall, you were satisfied with the IS development process. Jiang & Klein (1999) 
You were satisfied with the process by which the IS development 
project was completed. Pinto & Slevin (1988)* 

The software development process used on the IS development 
project was efficient. 

Andres & Zmud 
(2001)** 

The software development process used on the IS development 
project was coordinated. 

Andres & Zmud 
(2001)** 

The software development process used on the IS development 
project was fair. 

Andres & Zmud 
(2001)** 

Product Satisfaction 
The IS is/will be used by its intended clients. Pinto & Slevin (1988)* 
The IS has/will benefit the intended users. Pinto & Slevin (1988)* 
The IS has/will have a positive impact on its users. Pinto & Slevin (1988)* 

Personal Satisfaction 
Your work on the IS development project increased your feelings of 
self-esteem. Seddon (1994)* 

Working on the IS development project was satisfying. Procaccino (2005)* 
You had a sense that you did a good job on the IS development 
project. New 

You are proud of your work on the IS development project. New 
Your work on the IS development project gives you a sense of pride. New 
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Appendix G 

Non-Response Bias Results 

The questions asking the participants their age, gender, organization size (number of 

employees), and IT department size (number of IT employees) are considered categorical.  Age, 

organization size, and IT department size are considered categorical since the participants were 

given ranges instead of entering their actual values.  This was done to encourage participants to 

enter an answer for the questions.  Thus, the differences in the waves were tested using a Chi-

Square test.  The results below indicate that there were no differences in early and late 

respondents based on age, gender, organization size, and IT department size. 

 

Pearson Chi-Square Tests 

  
Value df 

Asymp. Sig. 
(2-sided) 

Age 15.122 8 0.057 
Gender 2.953 1 0.086 
Organization Size 
(number of 
employees) 

2.438 4 0.656 

IT Department Size 
(number of 
employees) 

3.245 7 0.861 
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The questions asking the participants their development experience (in months) and length in IT (in months) are considered 

continuous.  The skewness for each is between -2 and 2 and the kurtosis for each is between -7 and 7 indicating that both follow a 

normal distribution (West, Finch, & Curran, 1995).  Thus, the differences in the waves were tested using the standard t-test.  The 

results indicate that the later wave has more experience in IT than the early wave and there is no difference in the groups concerning 

length in IT. 

 

Independent Samples Test 

  

Levene's Test 
for 

Equality of 
Variances t-test for Equality of Means 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Development 
Experience 
(in months) 

Equal variances 
assumed 

6.754 .011 -2.146 106 .034 -39.743 18.520 -76.462 -3.025 

Equal variances 
not assumed     

-2.137 98.895 .035 -39.743 18.601 -76.652 -2.835 

Length in IT 
(in months) 

Equal variances 
assumed 

4.453 .037 -1.668 109 .098 -32.448 19.459 -71.015 6.118 

Equal variances 
not assumed     

-1.659 102.777 .100 -32.448 19.561 -71.244 6.348 
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The questions asking the participants their highest level of education completed and their 

self-rated IT expertise are considered ordinal data.  Thus, the differences in the waves were 

tested using the Wilcoxon-Mann-Whitney U test.  The results indicate that there were no 

differences in the early and late responders in their level of education and self-rated IT expertise. 

 

  
Mann-

Whitney U 
Wilcoxon 

W 
Z Asymp. Sig. 

(2-tailed) 

Education 1609.0 3262.0 -0.099 0.921 
IT Expertise 1565.5 3218.5 -0.364 0.716 
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Appendix H 

Additional Item Analysis 

Panel A: Non-Functional Product Quality 
 

Rotated Component Matrix (Varimax) 

  Component 
1 2 3 4 5 6 7 8 

Reliab1             .632   
Reliab2             .679   
Reliab3         .442       
Reliab5             .653   
Usability1       .748         
Usability2       .723         
Usability4       .423 .511       
Usability5       .761         
Testability1     .755           
Testability2     .741           
Testability3     .501       .445   
Testability4     .649           
Understand1               .737 
Understand2     .586           
Understand3   .459   .500         
Understand4 .553               
Mod2 .648               
Mod3 .595               
Mod4 .737               
Mod5 .768               
Mod7 .787               
Port1               .723 
Port2           .769     
Port3           .795     
Port4           .742     
Effic1         .716       
Effic2         .613       
Effic3         .702       
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Reu2   .751             
Reu3   .767             
Reu4   .705             
Reu5   .817             
Reu6   .467             

Eigenvalues 4.10 3.61 3.04 2.99 2.75 2.40 2.32 1.77 
% Variance Explained (Cumulative in Brackets) 

12.24 10.94 9.21 9.07 8.34 7.26 7.03 5.35 
(12.24) (23.36) (32.57) (41.64) (49.98) (57.24) (64.27) (69.62) 

 
 
Panel B: Team Member Benefits 
 
Rotated Component Matrix (Varimax Rotation) 

  Component 
1 2 3 

Growth1 .599 .618   
Growth2 .564   .455 
Growth3   .818   
Growth4   .833   
Growth5   .832   
Growth6 .516 .541   
Team2     .891 
Team3 .410   .801 
Team4     .685 
Recog1 .807     
Recog4 .859     
Recog5 .789     

28.255 54.164 
Eigenvalue 3.391 3.109 2.488 
% Variance Explained (Cumulative in Brackets) 

28.255 25.909 20.731 
(28.255) (54.164) (74.895) 
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Panel C: Team Member Satisfaction 
 
Rotated Component Matrix (Verimax Rotation) 

  Component 
1 2 3 

ProcessSat1 .805     
ProcessSat2 .889     
ProcessSat3 .799     
ProcessSat4 .879     
ProcessSat5 .821     
ProdSat2     .829 
ProdSat3     .833 
ProdSat4     .791 
PerSat1   .840   
PerSat4 .518 .536   
PerSat5   .821   
PerSat6   .838   
PerSat7   .827   

Eigenvalue 4.132 3.424 2.559 
% Variance Explained (Cumulative in Brackets) 

31.807 26.337 19.688 
(31.807) (58.144) (77.833) 
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Appendix I 

Main Model PLS Output 

Panel A: Outer Model Loadings and Cross Loadings 
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Loading 
Sig. 

(t-  
On Time 0.771 0.390 0.462 0.194 0.471     
Within Budget 0.809 0.444 0.449 0.232 0.500   
Process Maturity 0.835 0.463 0.530 0.265 0.441     
Funct1 0.345 0.771 0.555 0.302 0.509 10.239 *** 
Funct2 0.514 0.885 0.721 0.350 0.688 27.432 *** 
Funct3 0.513 0.928 0.700 0.433 0.726 40.922 *** 
Funct6 0.525 0.903 0.626 0.421 0.672 26.231 *** 
Reliability 0.463 0.738 0.841 0.363 0.663     
Usability 0.503 0.657 0.882 0.465 0.682   
Testability 0.461 0.296 0.587 0.239 0.353   
Modifiability 0.442 0.524 0.713 0.373 0.522   
Portability 0.141 0.253 0.352 0.371 0.320   
Efficiency 0.419 0.592 0.782 0.412 0.625   
Reusability 0.377 0.310 0.550 0.373 0.374     
Learning / 
Professional 
Growth 

0.217 0.408 0.412 0.941 0.690 
  

Teamwork 0.349 0.309 0.416 0.744 0.545   
Recognition 0.182 0.210 0.305 0.587 0.430   
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Product 
Satisfaction 0.488 0.753 0.700 0.558 0.876     
Process Satisfaction 0.609 0.533 0.592 0.468 0.729   
Personal 
Satisfaction 0.425 0.561 0.591 0.754 0.870     

 Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 

 

Panel B: Construct Discriminant Validity Measures 

       PQ     FPQ 
   
NFPQ 

    
TMB 

    
TMS 

Process Quality 
(PQ) 

N/A      

Functional Product 
Quality 
(FPQ) 

0.550 0.874     

Non-Functional Product 
Quality 
(NFPQ) 

0.597 0.748 N/A    

Team Member Benefits 
(TMB) 

0.301 0.435 0.470 N/A   

Team Member 
Satisfaction 
(TMS) 

0.571 0.750 0.751 0.733 N/A 

Diagonal items are the square root of AVE. 
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Appendix J 

Alternate Model PLS Analysis 

Panel A: Outer Model Loadings and Cross Loadings 
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Loading 
Sig. 

(t-  
On Time 0.751 0.391 0.450 0.200 0.475     
Within Budget 0.779 0.438 0.434 0.229 0.494   
Process Maturity 0.879 0.505 0.548 0.297 0.488     
Funct1 0.367 0.772 0.553 0.304 0.508 10.331 *** 
Funct2 0.529 0.885 0.703 0.350 0.683 28.438 *** 
Funct3 0.526 0.928 0.673 0.433 0.722 38.184 *** 
Funct6 0.541 0.903 0.613 0.421 0.669 27.636 *** 
Reliability 0.422 0.720 0.796 0.366 0.623     
Usability 0.459 0.608 0.811 0.419 0.612   
Testability 0.443 0.263 0.567 0.222 0.328   
Modifiability 0.466 0.521 0.742 0.371 0.522   
Portability 0.150 0.248 0.353 0.366 0.308   
Efficiency 0.428 0.576 0.789 0.414 0.610   
Reusability 0.386 0.308 0.570 0.371 0.378     
Learning / 
Professional 
Growth 

0.236 0.410 0.407 0.943 0.700 
  

Teamwork 0.363 0.309 0.424 0.742 0.551   
Recognition 0.199 0.209 0.301 0.596 0.442   
Product 
Satisfaction 0.613 0.527 0.580 0.455 0.717     
Process 
Satisfaction 0.506 0.752 0.679 0.560 0.872   
Personal 
Satisfaction 0.433 0.550 0.563 0.765 0.870     

 Loadings shown in bold. 
* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 
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Panel B: Construct Discriminant Validity Measures 

       PQ     FPQ 
   
NFPQ 

    
TMB 

    
TMS 

Process Quality 
(PQ) 

N/A      

Functional 
Product Quality 
(FPQ) 

0.568 0.874     

Non-Functional 
Product Quality 
(NFPQ) 

0.598 0.730 N/A    

Team Member 
Benefits 
(TMB) 

0.319 0.435 0.469 N/A   

Team Member 
Satisfaction(TMS) 

0.587 0.746 0.728 0.742 N/A 

Diagonal items are the square root of AVE. 
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Panel C: Formative Indicators Evaluation 

Latent 
Variable Indicator Weight VIF 

Process 
Quality 

On Time 0.048   3.050 
Within Budget 0.481 ** 2.780 
Process Maturity 0.670 *** 1.291 

Non-
Functional 
Product 
Quality 

Reliability 0.248 * 2.041 
Usability 0.386 *** 1.815 
Testability 0.225 * 1.568 
Modifiability 0.197 2.286 
Portability -0.121 1.381 
Efficiency 0.302 ** 1.871 
Reusability 0.036 2.092 

Team Member 
Benefits 

Learning / 
Professional 
Growth 

0.807 *** 1.554 

Teamwork 0.424 * 1.711 
Recognition -0.128   1.918 

Team Member 
Satisfaction 

Product 
Satisfaction 0.212 *** 1.526 

Process 
Satisfaction 0.488 * 1.641 

Personal 
Satisfaction 0.487 *** 1.623 

* Significant at p < 0.05 level. 
** Significant at p < 0.01 level. 
*** Significant at p < 0.001 level. 
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Appendix K 

IRB Forms 

IRB – Interviews - Original 
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IRB Approval – Interviews – Amendment 1 
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IRB Approval – Interviews – Continuation 
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IRB Approval – Survey – Original 
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IRB Approval – Survey – Amendment 1 
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IRB Approval – Survey – Amendment 2 
 

 
 

 


