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Foreword

Evan W. Duggan (University of Alabama, USA) and Han Reichgelt (Georgia
Southern University, USA) state the following in the first chapter of this impor-
tant book on the quality of information systems: “Despite the fact that the IS
discipline is over a half a century old and numerous articles have been written
about software quality, there is, as yet, not a great deal of convergence of
opinions on approaches for attaining quality.” Does this statement surprise you?
Many global organizations have spent most of the past 20 years learning how to
attain quality leadership in manufactured goods, the most basic of products. In
the U.S., automotive companies are still playing catch up to Toyota and, most
recently, Hyundai.

Since the Japanese quality revolution in the late 1970s, to the most recent inva-
sion of quality goods from Korea and China, we are now just learning what it
takes to plan, control, and improve the quality of physical goods, let alone soft-
ware or systems.

Professors Duggan and Reichgelt have pulled together some of the latest re-
search from capable authors to answer some of the most basic and important
questions related to managing the quality of information and software systems.
This book will become required reading for many including university and col-
lege students becoming exposed to quality management techniques in their uni-
versity classes; quality professionals who have been looking for answers to IT
quality problems; and IT professionals that design products and services to
meet the dynamic quality requirements of their customers. In today’s world,
quality means “to attain the lowest level of failure, the highest level of quality at
the lowest possible cost” as mandated by the customer. That is no small task in
the IT world.

In 1985, the world was just beginning to see the benefits of software develop-
ment and IT systems. At that time, while working as an internal quality leader
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at the Perkin Elmer Corporation, a manufacturer of analytical instrumentation,
I was asked, “how do we apply the quality management techniques that we
learned from Juran, Deming, and others to non-manufacturing goods like soft-
ware?” | was then a babe in the field of quality compared to quality gurus such
as Dr. Joseph M. Juran (who was then 76 years old and is now 105!) but I had
to figure out what to do. There were few books to read, few published cases on
lessons learned, and even fewer “champions” that we could consult to answer
the question: “how do we manage the quality of software and systems?” We
did what we could and what we did was not much. It was not that important
then because many citizens of this planet had not yet experienced the Internet,
e-mail, or other IT innovations.

Now it is 2006, and the scenario has not changed much for the quality of IT
systems. We are still struggling to find answers to the question of how to man-
age information system quality. Now as citizens of this planet, we rely on infor-
mation systems that we did not care much about in 1985 to do just about every-
thing. Information systems quality is now a “big thing” and “it needs improve-
ment”. The IT revolution will continue into the coming years: Many organiza-
tions are already seeing their internal IT infrastructures and people outsourced
to larger more specialized companies; CIOs continue to change positions rap-
idly; Moore’s Law will still be applicable; and organizations will continue to
seek to improve the quality of IT systems to stay ahead of competition, or
worse, avoid obsolescence.

I am not a young lad anymore, nor am I as wise or as old as Dr. Juran but I have
learned the secrets of attaining quality — good research, a high degree of col-
laboration among experts, and a need to change. All three are here. The re-
search conducted in preparation for this book has provided answers to some of
the most common questions about I'T and software quality. The collaboration on
the part of these top researchers and practitioners in the field lend credibility to
understanding the lessons learned. The need for change in IT and systems
quality is here.

Put all three together and business and society can reduce the pain of the sys-
tem failures that plagued us in the last century. The Juran Institute has stated
that we are moving into “the Century of Quality”. This century will be driven by
the needs of society to have perfect quality. In the later part of the last century,
we began to understand how to manage the quality of product. Now we have a
better understanding of how to manage IT and software and systems quality. If
we can figure out how to put the two (hardware and software quality) together,
the citizens of this planet will enjoy this next century.

Joseph A. De Feo , USA
President & CEO Juran Institute Inc.
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Preface

After years of experience with building systems, the information systems (IS)
community is still challenged by systems delivery, that is, planning the imple-
mentation project, determining system features and requirements, sourcing and
deploying the software, and managing its evolution. High-quality systems are
still elusive. Yet organizations invest heftily in IS to support their business op-
erations and realize corporate priorities, either in search of competitive advan-
tage or as a competitive necessity. One of the major paradoxes of our era is the
disparity between the many innovations that have been enabled by information
technology (IT) and the failure of the IS community, comprising developers,
managers, and users, to exploit these advances to consistently produce high-
quality IS that provide value to organizations. This phenomenon, which is high-
lighted by Brynjolfssen (1993), Gibbs (1994), and others, has been dubbed “the
software crisis.”

The IS Quality Landscape

The effects of the software crisis are demonstrated in the number of projects
that are abandoned before completion (The Standish Group, 2003), deployed
with poor quality, consuming inordinate maintenance resources (Banker et al.,
1998), or remain unused after implementation (Markus & Keil, 1994). The IS
community has rightly focused on how to reverse the trend of low-quality sys-
tems, especially as IS become more central to the accomplishment of organiza-
tional mission. The quality drive in IS delivery is reminiscent of the intensified
focus on quality in the manufacturing and service areas, and the IS discipline
has built on many of the concepts articulated by Deming and others.



However, the systems delivery process has at least two key complicating fac-
tors that are absent from most other manufacturing processes. First, IS are not
confined to single operations, but typically address a network of interdependent
business processes and interfaces to other technical systems (Liu, 2000), and
are embedded within the social systems of the organization (Robey et al., 2001).
Second, while the erection of physical structures takes increasing physical shape
as the construction progresses, software artifacts remain “invisible” throughout
development (Brooks, 1987). Progress is therefore much harder to monitor, and
systems delivery more difficult to manage.

It is little wonder that the pursuit of quality-enhancing approaches has taken
many turns and has focused on a variety of factors. IS quality has been defined
in various ways and encompasses several interpretations depending on the per-
spective of the particular stakeholder. To address the many perspectives, the IS
community has variously focused on the contribution of people, delivery pro-
cesses, and development philosophies (methods) to the attainment of defined
quality attributes of intermediary and final software products.

User involvement in systems delivery facilitates the capture of the knowledge
of appropriate domain experts, leads to greater commitment to system deci-
sions and outcomes, and reduces the probability of usage failures (Barki &
Hartwick, 1994). The IS community has also embraced the underlying logic of
continuous process improvement programs, namely that process quality largely
determines product quality (Deming, 1986). This has been substantiated in IS
research (Harter et al., 1998, Khalifa & Verner, 2000; Ravichandran & Rai,
2000). Yet scholars have lamented that software process interventions are not
well employed in IS organizations to improve quality (Fichman & Kemerer,
1997). Similarly, several systems delivery methods (design principles for driv-
ing specific development techniques), such as rapid application development,
object-oriented development, and agile methods (Duggan, 2004), all purport to
improve IS quality.

Despite the fact that the IS discipline is over a half a century old and numerous
articles have been written about software quality, there is, as yet, very little
convergence of opinions on approaches for attaining quality. In several cases,
the same method attracts simultaneous claims of efficacy and ineffectiveness
in different quarters. There is not even a commonly accepted definition for IS
quality. This obviously affects agreement on important questions such as what
are its determinants, what are the mechanisms by which quality is incorporated
into the IS delivery process, and under what conditions are particular tech-
niques likely to be successful.



What Does This Book Offer?

This book presents an international focus on IS quality that represents the ef-
forts of authors from several countries. Despite this diversity and the presenta-
tion of the uncoordinated research findings and objective, conceptual analyses
of multiple dimensions of IS quality by several authors, the result is integrative.
It reflects the common position that improving objective knowledge of potential
quality-enhancing methods is far more likely to assist the production of high-
quality software than wanton experimentation with each new “gadget.” Hence,
the editors and chapter authors share a common motivation to reduce the un-
certainty and ambivalence about the efficacy of particular methods, the con-
texts and conditions under which they are effective, and what synergies might
obtain from combined approaches.

The book therefore provides thoughtful analyses and insights to explain some
of the contradictions and apparent paradoxes of the many IS quality perspec-
tives. It offers prescriptions, grounded in research findings, syntheses of rel-
evant, up-to-date literature, and verifiable leading practices to assist the assimi-
lation, measurement, and management of IS quality practices in order to in-
crease the odds of producing higher quality systems. In addition to both de-
scriptive contributions (to elucidate and clarify quality concepts) and prescrip-
tive solutions (to propose quality-enhancing approaches), there are also norma-
tive features to rationalize perceptive gaps and balance conflicting views.

The Intended Audience

The book is intended to serve the diverse interests of several sectors of the IS
community. It will be supportive of teaching, research, and application efforts
in the increasingly important area of information systems delivery quality. It will
both provide answers to enhance our state of knowledge and generate ques-
tions to motivate further research. In teaching, it may be used to provide supple-
mentary material to support courses in systems analysis and design, software
engineering, and information systems management.

This book will be useful for researchers in several ways. First, it provides an
up-to-date literature review of this subject area. Second, it clarifies terminology
commonly used in IS quality literature and generates some points of conver-
gence; as noted by Barki et al. (1993), the absence of a common vocabulary
and inconsistent use of terms in the IS literature severely constrains cumulative
research. Third, most chapters suggest a variety of research questions and
propose directions for future research for both seasoned researchers and doc-
toral students who intend to focus on IS process improvement and quality is-
sues.
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Itis also valuable for IS practitioners by providing objective analyses of quality-
enhancing methods and practices in context. Practitioners typically sift through
a maze of claims and hype about the effectiveness of several techniques from
their proponents and need useful information to evaluate these claims. This
book helps by clarifying the muddy waters, explicating the quality requisites of
a successful information systems, providing information for effective decision-
making about appropriate process strategies and their fit to particular IS deliv-
ery settings, and assessing the strengths, weaknesses, and limits of applicability
of proposed approaches.

Organization of This Book

The 15 chapters of this book contain a mixture of conceptual and research
papers, and are organized into five sections, each with a distinct focus:

. Section 1 introduces IS quality concepts, definitions, perspectives, and
management techniques and issues.

. Section 2 discusses quality issues in the early and formative stages of an
information system,;

. Section 3 is devoted to the contribution of process-centricity to quality IS
products.

. Section 4 describes and evaluates metamethods and frameworks for evalu-
ating software process improvement (SPI) programs and process struc-
turing methodologies.

. Section 5 analyzes quality issues in less researched applications and insti-
tutions.

Section I: Introduction and Overview of
Quality Concepts and Dimensions

The three chapters of Section I provide a general introduction to and overview
of the critical definitions, concepts, perspectives, and nuances of IS quality and
its determinants and measures. It lays the appropriate foundation and sets the
tone for further examination of the concepts, issues, and controversies pre-
sented in later sections.

Chapter I provides a solid opening in its introductory overview, which covers
the breadth of IS quality considerations to prepare readers for the more de-
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tailed analyses in subsequent chapters. It provides an overview of the threats
to IS delivery and the quality of the final product and highlights the many per-
spectives and heterogeneity of IS stakeholders. Consequently, many approaches
(sometimes uncoordinated) have been adopted to improve the quality, usage,
and perceived value of IS within organizations. The authors undertake an ex-
tensive review of the IS quality literature to develop a general conceptual model
of the elements — people, process, and practices — that contribute to soft-
ware quality. They posit that the objective quality attributes of a system do not
necessarily offer system success; the perceptions of users, however formed,
are also influential. Beyond setting the tone for the topics that follow, Chapter I
also makes its own contributions and provides some insights on IS quality issues
that are not covered elsewhere in the book.

Chapter II provides an overview of the concepts and management issues that
surround the measurement and incorporation of quality features into an IS de-
velopment project. It provides a detailed review of the literature in this field in
general, and of software quality, in particular. It also presents an overview of
what to expect in the upcoming international standards on software quality re-
quirements, which transcend the life cycle activities of IT processes. The chapter
provides validation for a sub-theme of the book, namely that the concept of
software quality cannot be defined abstractly, but that any adequate definition
must take into account the application context of the software.

Chapter III examines several definitions of quality, categorizes the differing
views of the concept, and compares different models and frameworks for soft-
ware quality evaluation. The author emphasizes the notion that a particular
view can be useful in varying contexts, and that a particular context may be
better or worse served by varying views. The chapter examines both historical
and current literature to provide a focused and balanced discussion of recent
research on the Software Evaluation Framework (SEF). SEF gives the ratio-
nale for the choice of characteristics used in software quality evaluation, sup-
plies the underpinning explanation for the multiple views of quality, and de-
scribes the areas of motivation behind software quality evaluation. The frame-
work which has its theoretical foundations in value-chain models found in the
disciplines of cognitive psychology and consumer research, introduces the use
of cognitive structures to describe the many definitions of quality.

Section II: Quality in the Early Stages of IS
Delivery

Section II contains three chapters which examine various dimensions of IS
quality, particularly in the early stages of the information systems life cycle.
System failures resulting from poor deliverables in the early stages of develop-
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ment are pervasive (Dodd & Carr, 1994). It is generally acknowledged that
quality, in the early stages of IS delivery, sets the tone for subsequent stages
and determines the extent of design errors and rework (Byrd et al., 1992; Kang
& Christel, 1992). It also tends to ripple through to the final product.

Chapter IV examines the problem of requirements defects, which remain a
significant issue in the development of all software intensive systems including
information systems, and reduces the quality of the product. The author asserts
that progress with this fundamental problem is possible once we recognize that
individual functional requirements represent fragments of behavior, while a de-
sign satisfying a set of functional requirements represents integrated behavior.
The chapter offers a solution to the problem that accommodates this perspec-
tive by using behavior trees, formal representation for individual functional re-
quirements, to construct a design out of its requirements. Behavior trees of
individual functional requirements may be composed, one at a time, to create an
integrated design behavior tree (DBT) to detect different classes of defects at
various stages of the development process. This has significant quality-enhanc-
ing implications.

Chapter V builds on the theme that improper specification of systems require-
ments has thwarted many splendid efforts to deliver high-quality information
systems and links this problem largely to poor communication among systems
developers and users at this stage of systems development. It focuses on the
devastating impact of user-developer miscommunication and the inadequacy of
some of the models available for communicating specifications to users to ob-
tain the degree of participation and high-quality feedback necessary for effec-
tive validation of systems requirements. The chapter presents an overview of
both longstanding and newer requirements specification models and represen-
tational schemes for communicating specifications and evaluates their capabil-
ity to advance user participation in this process and incorporate stated quality
attributes. It also reports on preliminary evaluations of animated system engi-
neering (ASE), the author’s preferred (newer) technique, which adds anima-
tion and the capability to model dynamic and concurrent activities. The evalua-
tion of ASE indicates that it has the potential to improve the effectiveness of
requirements specification.

Chapter VI introduces the concept of scenarios (rich picture stories) to pro-
mote collaboration in the design of new information systems and provides in-
sights into the opportunities available for the application of valid user scenarios.
Systems designers need contextual information about their users in order to
design and provide information systems that will function effectively and effi-
ciently within those contexts. Storytelling or scenarios allow developers and
users to create that all important “meeting place” that permits collaborative
efforts in the design of new systems and richer information flows to raise the
quality of the design. The chapter also explores the question of validation, which
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is one of the primary issues inhibiting the wider use of storytelling or scenarios
in information systems development. The chapter demonstrates how the struc-
tured use of user-driven scenarios can assist practitioners in improving the quality
of information systems design and encourages researchers to explore this in-
teresting approach.

Section III: Process Contribution to IS
Quality

Credible evidence that sound systems development processes contribute to the
delivery of better information systems (Harter et al., 1998; Kalifa & Verner,
2000; Ravichandran & Rai, 2000) provides the justification for organizations to
invest in process improvement programs. Such programs assess the capability
of an organization’s IS processes and based on the results, define goals and
plans to institutionalize documented standards and practices to guide the execu-
tion of repetitive development activities in order to reduce variability from one
development project to the next. This section contains four chapters that ad-
dress process contributions to IS quality.

Chapter VII explores the reasons for the persistent anxiety about low-quality
IS, on the one hand, and the demonstrated relationship between systematic IS
development processes and system success on the other. It presents a broad
overview of IS process improvement concepts, applications, and contributions
to IS delivery quality. The chapter synthesizes core facts from real world expe-
riences, practitioner reports and anecdotes from current practice, and insights
gleaned from scholarly research to provide a general exposition of the perspec-
tives and issues surrounding this increasingly important and interesting topic.
The chapter provides the foundation and background for the deeper analyses of
various aspects of process-centered approaches in succeeding chapters of this
section of the book. In addition, it makes a meaningful contribution to the on-
going debate about the relevance and potential of process-centricity in the de-
livery of high-quality IS by assessing the contexts in which quality-enhancing
software process improvements can realistically thrive.

In Chapter VIII, the authors report on the results of a set of research projects
that investigated the SPI movement against the background that the search for
new ideas and innovations to improve software development productivity and
enhance software system quality continues to be a key focus of industrial and
academic research. They sought answers to the apparent disconnect between
the extensive focus on SPI programs based on the premise that system devel-
opment outcomes are largely determined by the capabilities of the software
development process, and the slow diffusion and utilization of SPI initiatives in
the software engineering community. They found that (1) software developers’



XV

perceived control over the use of a SPI impacts its diffusion success and (2)
that software developers’ perceptions of enhanced software quality and in-
creased individual productivity achieved through the use of SPI impact the suc-
cessful diffusion of the SPI. Results of these research efforts support the com-
pilation of a clear set of management guidelines for the effective use of SPI
initiatives in software development organizations.

Chapter IX introduces, defines, and elaborates on agile development methods
and how quality information systems are created through the values and prac-
tices of people using agile approaches. The chapter covers key differences
among agile methods, the SDLC, and other development methodologies and
offers suggestions for improving quality in IS through agile methods. Following
this objective analysis, the authors recommend adopting the principles of agile
methods, propose several IS quality improvement solutions that could result,
and raise future research issues and directions that could provide further in-
sights into the contribution of agile methods to information systems quality. They
also call for more education about the value of agile approaches and the expan-
sion of their application to include more people, use in a variety of organiza-
tional cultures, and renaming agile methods to signify the value system inherent
in the approach. The chapter provides excellent background coverage for Chap-
ter X.

Chapter X presents an empirical assessment of the quality of the process of
building software systems with agile development methods, which were de-
signed to help with the development of higher quality information systems un-
der given conditions. The research assessed eXtreme Programming (XP), one
of the several agile development approaches. It compares XP with a traditional
(design-driven) software construction process by observing and measuring the
work of several student groups using different approaches to produce software
for commercial companies during a semester. The data collected were ana-
lyzed following the Bayesian approach. The results indicate that that XP could
cope with small to medium sized projects and delivered measurable improve-
ment in the quality of the system as judged by business clients.

Section IV: Managing Risks of SPI Projects
and Methodologies

Section IV focuses on process contributions to IS quality and the several ve-
hicles for accommodating SPI programs and institutionalizing streamlined soft-
ware processes through system development methodologies (SDM). However,
there are risks in the adoption and use of these methodologies; their success is
highly dependent on how well these processes fit the organizational culture and
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can be interwoven into its social systems (Curtis et al., 1995; Perry et al., 1994).
The two chapters in this section address risk mitigation approaches to adopting
SPI programs and meta-methodologies for evaluating the effectiveness of meth-
odologies respectively.

Chapter XI shows how action research can help practitioners develop IT risk
management approaches that are tailored to their organization and the specific
issues they face. Based on literature and practical experience, the authors present
a generic method for developing risk management approaches for use in real-
world software innovation projects. The method is based on action research
into an organization’s specific risk management context and needs. The chap-
ter illustrates the method by presenting the results of the authors’ experiences
in developing the tailored approach to risk management in SPI projects at a
large Danish bank.

Chapter XII discusses the evaluation of information systems development meth-
odologies, which are considered cornerstones for building quality into an infor-
mation system. If methodologies are indeed pivotal to system quality, then the
effective evaluation of methodologies becomes crucial. This evaluation is usu-
ally achieved through the use of evaluation frameworks and metamodels, both
of which are considered meta-methodologies. The chapter provides a compre-
hensive overview of how to construct efficient and cost-effective meta-meth-
odologies and identify their quality attributes in a scientific and reliable manner.
It reviews representative meta-methodologies and summarizes their quality fea-
tures, strengths and limitations, and compares the functional and formal quality
properties that traditional meta-methodologies and method evaluation paradigms
offer in addressing properties such as computability and implementability, test-
ing, dynamic semantics capture, and people’s involvement.

Section V: IS Quality Issues in
Under-Researched Areas

The quality and SPI foci have been dominated by issues in a corporate context,
where software is sourced through traditional means. The three sections in this
chapter widen the perspective to include quality concerns in areas that are not
as well discussed and researched. The first examines quality issues with open
source software (OSS) development, which has grown from the preoccupation
of hackers to viability as a software development alternative (Henderson, 2000).
The others examine peculiar problems of quality in non-corporate organizations
— general issues in government organizations and ERP implementation diffi-
culties in a University environment.

Chapter XIII examines quality features of Open Source Software (OSS) pro-
cesses against the background that these processes are not well researched.
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The chapter describes the principles and processes used to generate OSS and
their differences with processes used for proprietary software, the responsibili-
ties of producer and consumer communities, and the protocols that govern their
actions. The author then uses Bass et al.’s (2000) quality model that assesses
software by attributes of the system such as performance, security, modifiabil-
ity, reliability, and usability to explore the challenges these attributes pose to the
open source development process and how the open source community mea-
sures up to these challenges.

Chapter XIV analyzes the peculiar challenges public agencies face in creating
and sustaining IS quality. Unlike private sector firms, governments exist to meet
mandated service requirements with limited ability to create revenue streams
to fund IS programs that are essential to managing organizational bureaucra-
cies and serving the public interest. The author provides a historical perspec-
tive of IS quality (with selected examples of both low- and high-quality sys-
tems) in the public sector, where high-profile failures have masked the relative
successes of the majority of systems that work adequately within a compli-
cated network of several interrelated governmental entities. The chapter de-
notes that the expectation of IS quality varies, but operational success over the
long run may be considered the most highly valued feature of quality informa-
tion systems in that sector. However, demands for productivity and innovation,
increased responsiveness, and more sophisticated leadership may shape new
quality profiles for the future.

Chapter XV presents a case study of the implementation of an ERP system in
a large Australian university, viewed through the lens of Eriksson and Torn’s
(1991) Software Library Evolution (SOLE) quality model. The study explores
the relationship between ERP systems capability and the quality requirements
of individual users and highlights the problems encountered by organizations
such as universities, where implementation failures of such mammoth systems
could be relatively more disastrous than in corporations. The literature suggests
other differences in the deployment of these systems compared to stand-alone
systems, particularly in terms of the nature and timing of user involvement.
Given these and other peculiar difficulties of non-traditional adoption of ERP
systems, the authors refer to the lessons of this case to prescribe useful prac-
tices for such implementations and suggest some solid directions for similar
research in the future.
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Abstract

Business organizations are still struggling to improve the quality of
information systems (IS) after many research efforts and years of
accumulated experience in delivering them. The IS community is not short
on prescriptions for improving quality;, however the utterances are somewhat
cacophonous as proponents of quality-enhancing approaches hyperbolize
claims of their efficacy and/or denigrate older approaches, often ignoring
the importance of context. In this chapter we undertake an extensive review
of the IS quality literature to balance the many perspectives of stakeholders
in this heterogeneous community with the necessarily varied prescriptions
for producing high-quality systems. We develop an IS quality model, which
distills determinants of IS product quality into effects attributable to
people, processes, and practices and denote that IS success results from the
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2 Duggan and Reichgelt

combination of discernible IS quality and stakeholders’ perceptions of IS
quality. This chapter serves as a general introduction to the detailed
analyses of topics that follow in subsequent chapters but also provides
insights that are not covered elsewhere in the book.

Introduction

The crusade to effectively confront information systems (IS) quality problems
is as persistent as the problems themselves and the issue has been on the radar
screens of IS researchers and practitioners for a long time (Bass et al., 2003;
Dromey, 1996; Duggan, 2004a; Floyd, 1984; Floyd et al., 1989; Harter et al.,
1998; Kautz, 1993; Khalifa & Verner, 2000; Kitchenham, 1989; Meyer, 1988;
Miles, 1985; Rae et al., 1995; Ravichandran & Rai, 2000). Systems builders,
whether developing customized products for proprietary use or generalized
commercial packages, have long contended with the challenge of creating
sophisticated software applications of high-quality, with the requisite features
that are useable by their clients, delivered at the budgeted cost, and produced on
time. The dominant experience, however, is that these goals are not frequently
met; hence, the recurring theme of the past several years has been that the IS
community has failed to exploit IT innovations and advances to consistently
produce high-quality business applications. This apparent paradox has been
dubbed the “IS crisis” (Brynjolfsson, 1993; Gibbs, 1994).

This perceived crisis manifests itself in a variety of ways. For example, many
systems delivery projects are initiated without adequate planning and with
unresolved feasibility concerns (Hoffer et al., 2002). Some are aborted before
deployment, and others are implemented with significant errors due to faulty
design and inadequate testing (Butcher et al., 2002). Ineffective process
management is also prevalent (Gladden, 1982) and some successfully deployed
IS consume a disproportionate share of organizations’ development resources
for maintenance activities (Banker etal., 1998). Even technically sound systems
are not immune to failure; some remain unused because of unfavorable user
reactions (Lyytinen, 1988; Markus & Keil, 1994; Newman & Robey, 1992).

The list below is a chronological sample of twenty years of negative scholarly and
practitioner commentary on various IS problems. Although the entire list does not
pertain to IS quality — which we will define shortly — it depicts arange ofissues
that gives credence to the perception of a crisis:

. IS development is fraught with recurrent problems caused by poor,
undisciplined, and incomplete development practices (Gladden, 1982)
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. 75 percent of all systems development undertaken is never completed or,
if completed, remain unused (Lyytinen, 1988)

. Runaway IS delivery projects — grossly over budget and hopelessly behind
schedule — are prevalent (Mousinho, 1990)

. The improvement of IS delivery quality is one of the top ten IS management
problems (Niederman et al., 1991)

. KPMG Peat Marwick found that over 50 percent of IS failed to deliver
expected benefits (Computerworld, April 25, 1994)

*  According to Charles B. Kreitzberg, President of the Cognetics Corpora-
tion, as quoted in the March 1, 1997 issue in the CIO Magazine, CIOs
estimated the failure rate for IS projects at 60% (CIO, 2001)

*  Only 24 percent of IS projects in Fortune 500 companies are successful
(The Standish Group, 2002)

. The cost of systems downtime is estimated by the Standish Group at
$10,000 per minute for mission-critical applications (Schaider, 1999)

. Approximately 50 percent of IS executives expressed dissatisfaction with
the quality of their organization’s business software (CIO, 2001)

. Systems maintenance consumed 60 to 80 percent of organizational re-
sources allocated to IS delivery and evolution (Hoffer et al., 2002)

There are also assorted perspectives on IS quality, some rooted in the subjective
appraisal of various stakeholders based on their interests and not necessarily on
objective properties of the system. Executive sponsors of IS typically view
quality in terms of return on investments and other business value to the
organization. Functional managers judge the operational benefits of the system
and its support for decision making. End users are mostly concerned with
usability — ease-of-use and the capability to enhance their personal effective-
ness. System designers and builders fixate on conformance to specifications and,
according to Bandi et al. (2003), IS support groups agonize over maintainability
— the ease and speed with which systems can be understood and modified.

In this chapter, we explore these quality perspectives broadly (if not in depth) to
set the tone for deeper analyses in the conceptual expositions and research
pieces in the chapters that follow. Particularly, we frame the discussion above
the fray of hype, advocacy, or implied allegiance to any particular approach.
However, beyond this introduction we have three other aims: (1) to explicate the
range of quality considerations by offering objective analyses based on a
balanced overview of the IS quality literature — empirical observations and
impartial practitioner accounts; (2) to clarify ambiguous terminology; and (3) to
identify quality-enhancing practices and indicate how they contribute to IS
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Table 1. Definition of key systems delivery terms

Concept Description
Information systems (IS) All the activities involved in the overall planning, analysis, sourcing and
delivery deploying an information system. The term “delivery” is used instead of

“development” to account for all the possible methods (in-house
development, purchase, outsourcing, rental, etc.) of sourcing an
information system

IS delivery paradigm Commonly distinguishing features of a family of life cycle models driven
by some overarching delivery objective (e.g., Waterfall SDLC model,
Reuse-based models)

IS deployment The process of transferring a completed system from its development
environment into the operational environment

Software engineering The application of technologies and practices to the management and
creation of software components

Software production Principles and methods adopted for implementing particular software
method engineering philosophies and objectives (e.g., Rapid application
development; extreme programming; component-based development)

Systems development Comprehensive set of principles for structuring the delivery process that

methodology describes what, when, and how activities are performed, the roles of
participants, and the supported methods and tools (e.g., Information
Engineering; Method 1; Navigator, RUP)

quality and success. Generally, this book prescribes approaches designed to
increase the probability of overcoming the pervasive problem of low-quality IS
deployment; this chapter leads the way.

Unlike older business disciplines, the relatively new IS field does not yet enjoy
consensus on the definitions of many of the important constructs that are
regularly discussed and researched. This absence of a common vocabulary has
led to inconsistent use of terms in the IS literature and hampered cumulative IS
research (Barki & Hartwick, 1994; Barki et al., 1993). Table 1 therefore defines
the meanings of the key concepts we discuss in this chapter that are pivotal to
the assimilation of the points we intend to make and to general semantic
consistency.

In the following sections, we analyze the salient factors that account for the IS
quality challenges as a basis for developing a model of IS quality, which
distinguishes between IS quality and IS success. We then use the model to
structure the discussion of the contributors — people, processes, and practices
—to IS product quality, which in turn is moderated by stakeholders’ perceptions
to determine IS success. We conclude with recommendations for further
analyses of some of the issues that are not detailed in subsequent chapters of the
book.

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



The Panorama of Information Systems Quality 5

The Nature of IS Delivery Challenges

The problem factors — conformity, changeability, invisibility, and complexity —
that Brooks (1987) attributed to the essential difficulties of delivering intangible
IS products have not disappeared and, indeed, several other IS delivery
complexities have emerged since (Al-Mushayt et al., 2001; Chen et al., 2003).
Nevertheless, organizations rely increasingly on advanced IS to support a wider
array of functional operations and enable strategic priorities. Consequently
organizational systems have become more ubiquitous; they cover a wider
spectrum of business operations and are more integrative in order to exploit the
cross-functional dependencies of work-systems across organizational value
chains.

Technological Challenges

Several converging factors have also increased IS delivery complexities (Duggan,
2005). For example, there are more sophisticated enterprise systems and several
distributed application architecture choices and data distribution strategies.
Novel software production methods, such as the dynamic systems development
method (DSDM) and extreme programming (XP), have emerged. Commercial
off the shelf (COTS) software acquisitions have replaced in-house development
as the dominant IS sourcing method (Carmel, 1997), while outsourcing of some
orall of IS delivery is increasing and rental through application service providers
(ASPs) is now an option for smaller organizations.

Waves of new technology and other innovations have presented organizations
with new options for, and greater flexibility in structuring their operations,
facilitating e-commerce and the emergence of virtual corporations, and providing
support for telecommuting. Business organizations have also exploited political
initiatives that have created regional trading alliances to extend their global reach
and increase collaborative business ventures. Multinational and transnational
corporations have launched multi-organizational IS projects, which have given
rise to virtual teams (Sarker & Sahay, 2003) and the need for global systems to
support business process operations within and across national borders (Boudreau
et al., 1998). This greater reliance on IT increases the urgency of delivering
quality systems (Vessey & Conger, 1994) and more ambitious goals elevate the
risks of IS failure (Kirsch, 2000).
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Challenges During the IS Delivery Cycle

The system life cycle (SLC) consists of activities that span the period between
the inception and the retirement of a system. Typically, it is broken down into
several stages, the end of each marking a significant milestone. However, there
is no agreement about how many stages SLC comprises — depending on the
source of information, the number of stages could range from two to as many as
15. We have therefore concocted a generic life-cycle model to avoid the possible
controversy of using any of the available models. The manner in which the
activities at the various stages of the SLC are conducted influences the quality
of the deliverables at each stage as well as the quality of the eventual system
(Hoffer et al., 2002). Table 2 summarizes the dominant influences on the
outcomes of each of the four generic stages we have chosen.

Effective stakeholder interaction and collaboration are acknowledged as critical
success factors during the conceptualization stage of the life cycle to determine
the feasibility of alternative approaches, agree on the scope and terms of
reference of the project, and determine the features that should be provided. The
effectiveness of the collaboration at this stage has both a direct impact on the
quality of the eventual product (Barki & Hartwick, 1994) and a ripple effect on
the success of deliverables at other stages.

Similarly, we propose that the effectiveness of the delivery process, the practices
employed, and the software production method adopted (if applicable) are the
dominant impacts on quality during the creation stage. Here the system is
sourced through one of the following methods: In-house development (in-
sourcing), which involves design and construction at this stage; COTS acquisi-
tion, which invokes a set of procedures for maximizing the fit between the
requirements of the demanding organization and the capability of the available
software packages; or outsourcing, where the design and construction is
contracted.

Table 2. Stages of a system life cycle: The Four Cs Model

Activity Conceptualization Creation Consummation Consolidation
Meaning: Obtaining Determining the Deploying the finished Adapting and
information for structure of the system perfecting the
planning and system and system
determining a producing it
feasible solution
Dominant Stakeholder Systems delivery The adoption The objective
Impact interaction process and propensities of users quality of the
software production  and their perceptions product
methods of the quality of the
product
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During consummation the system is deployed for ongoing usage. While organi-
zations justify IS investments on the basis of promised business value, the
realization of those benefits are predicated on successful consummation —
effective adoptive behavior of IS users that leads to acceptance and use (Silver
etal., 1995). Although the adoption of organizational systems is not voluntary,
potential users may engage in passive resistance and subtle rejection (Hirschheim
& Newman, 1988; Marakas & Hornik, 1996) through avoidance, circumvention,
or sabotage.

At the consolidation stage, the information system evolves in use as corrective
and perfective modifications are identified and implemented over its useful life.
The goal is to maintain or improve the quality of the system by keeping it attuned
to the business operations it enables (Floyd, 1984), prevent degradation due to
atrophy (i.e., deterioration for lack of sustenance), and delay entropy — and
impairment due to natural decay. IS stability may be attained by the extent to
which the former is avoided and the latter delayed (Duggan, 2004b).

Towards a Model of IS Quality

Many of the basic concepts of IS quality were borrowed from the literature on
process improvement and product quality (and their relationship) in manufactur-
ing environments. There, process thinking evolved through concepts of statistical
quality control, total quality management, continuous process improvement,
business process (re)engineering, process innovation, and six sigma approaches.

Garvin’s (1984) categorization of dimensions of the quality of physical products
provides auseful starting point for our reflection on IS quality. He alluded to five
perspectives: (1) the transcendental dimension of quality that concentrates on
recognizable but not necessarily definable properties of a product; (2) the
product dimension, which focuses on measurable characteristics; (3) the user-
based dimension rooted in the notion of fitness for use and the satisfaction of
stated or implied needs; (4) the manufacturing-based dimension that addresses
conformance to specification; and (5) the value-based view that bears on the
generation of measurable business benefits.

Quality evaluations in IS involve similar considerations but include other factors
that address legions of perspectives, which do not have equivalent importance in
manufacturing: support for interdependent business processes, interfaces with
social systems, alternative technological choices, a variety of process structuring
practices, and several available software production methods. These consider-
ations have spawned many perspectives and quality initiatives. There is some
agreement, though not consensus, that (1) pursuing IS process improvement is
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an important organizational objective; (2) a quality process leads to a quality
product; and (3) that high-quality IS are generally elusive. Beyond these, there
is considerable diversity of views about what constitutes a quality system and
how to measure it (Ravichandran & Rai, 1994).

The diversity of IS stakeholders and their varied interests also lead to multiple
views of quality and quality evaluation and attainment. Furthermore, stakehold-
ers’ perspectives are not always informed by rational system objectives; some
perspectives are politically motivated (Robey & Markus, 1984). Nevertheless,
Palvia et al. (2001) interpreted IS quality as discernible features and character-
istics of a system that contribute to the delivery of expected benefits and the
satisfaction of perceived needs. Other scholars, such as Erikkson and McFadden
(1993), Grady (1993), Hanna (1995), Hough (1993), Lyytinen (1988), Markus
and Keil (1994), Newman and Robey (1992), have further explicated IS quality
requisites that include:

. Timely delivery and relevance beyond deployment

*  Overall system and business benefits that outstrip life-cycle costs
*  The provision of required functionality and features

*  Ease of access and use of delivered features

*  The reliability of features and high probability of correct and consistent
response

*  Acceptable response times

*  Maintainability — easily identifiable sources of defects that are correctable
with normal effort

. Scalability to incorporate unforeseen functionality and accommodate growth
in user base

e Usage of the system

These quality requisites denote considerations along several dimensions. They
reflect the heterogeneous perspectives of multiple IS stakeholders — develop-
ers, managers/sponsors, and users — and involve both technical and social
dimensions (Newman & Robey, 1992; Robey etal.,2001), touching cultural and
political issues, and instrumental (task-related) and affective (behavioral) con-
siderations. Consequently, there are multiple prescriptions for quality attainment.
We also recognize that there are other related, though not identical, concepts
such as IS success which may or may not be determined by the objective quality
of the system.
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The quality model (Figure 1) depicts this multidimensional effect of several
forces that collectively influence IS quality and success. It denotes that the IS
delivery process and its product are both impacted by the process management
practices employed and by people. Practices include the existence and useful-
ness of a systems development methodology (SDM), the appropriate choice of
a software production method, and the effectiveness of project management —
the guardian of the faithful application of the SDM and production method
(Duggan, 2005). People issues encompass the degree of user involvement, the
application of socio-technical systems principles, and the motivation of partici-
pants in the delivery process (Al-Mushayt et al., 2001; Palvia et al., 2001).

While these forces have considerable impacts on the quality of the delivered IS
product, people individually and collectively generate perceptions of IS quality,
sometimes independently of objective quality indicators. Therefore the model
also denotes that IS success is not always positively correlated with IS quality;
it may sometimes be partially — and occasionally wholly — determined by user
perceptions. In the ensuing discussion, we use this model as a basis for organizing
the discussion of the contributions of people, process, and practices to product
quality and further elaborate on the distinction we make in the model between IS
quality and IS success.

Figure 1. Information systems quality model
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People Dimensions of IS Quality

We have indicated that the definition of IS quality is modulated by the perspec-
tives of its several stakeholders. IS quality is similarly impacted by the contribu-
tions of stakeholder groups — managers and sponsors, users, and technocrats
(Vessey & Conger, 1994). Each stakeholder group can make unique contribu-
tions but it is almost axiomatic that effective collaboration among the communi-
ties is a significant determinant of system success.

Beyond the provision of financial sponsorship for IS investments, executive
management and high-level leadership are further required to transform organi-
zations into high-performance systems units, capable of delivering high-quality
IS with consistency (Conradi & Fuggetta, 2002). The Standish Group (2002)
found that proactive executive involvement in IS project delivery is one of the
critical factors for successfully managing the changes in workforce practices
and orchestrating the cultural shifts necessary to accommodate sustainable
improvements in IS delivery practices.

There is some consensus that user-centered IS delivery approaches increase the
odds of producing higher quality systems (Al-Mushayt et al., 2001; Barki &
Hartwick, 1994; Doherty & King, 1998; Newman & Robey, 1992; Palvia et al.,
2001; Robey et al., 2001). Such approaches encourage the adoption of socio-
technical systems (STS) principles and user involvement in IS delivery pro-
cesses. STS principles emphasize the importance of joint attention to, and the
cogeneration of requirements for both the technical and social environment into
which IS are delivered (Al-Mushaytetal.,2001) and the assessment of the social
and organizational impact of alternative technical solutions (Doherty & King,
1998).

User involvement with IS delivery is considered to be a prerequisite for
producing high-quality systems because it maximizes the inputs of domain
experts and other business process participants in IS decisions and generates
affiliation with the process and outcome (Barki & Hartwick, 1994). However,
research findings have been inconclusive about this intuitively appealing relation-
ship (Carmel et al., 1995). Barki and Hartwick attribute these mixed results to
the invalid operationalization of user association constructs; often the same
terms are used to describe distinctly different concepts. For example, user
participation and user involvement are used interchangeably. Duggan and
Duggan (2005) identified four different gradations of user association con-
structs, each indicating a higher level of user commitment and effectiveness:

. User participation: intellectual involvement with completing assigned
tasks;
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. User involvement: psychological involvement and a sense of affiliation
with the project;

. User ownership: the level of involvement that motivates pride of posses-
sion and a sense of responsibility for the success of the system,;

*  User championship: the state which produces “missionary” zeal in
promoting the system and encouraging adoption.

Competent IS specialists with the skills and experience necessary to manage
both the technical and behavioral elements of IS delivery are central to the
successful delivery of high-quality IS products (Perry et al., 1994). IS project
managers are the guardians of the IS process management structure and its
faithful application. They have the crucial responsibility of coordinating the
resources for realizing project objectives within approved budgets and timeframes,
resolving problems, and identifying risks that are inimical to quality outcomes
(Duggan, 2005). Nowadays, the project management office (PMO) — a
repository of project management knowledge — has been established to provide
contingency responsiveness, particularly for large and complex projects that
require coverage beyond the cognitive capability of a single project manager
(Lee & Xia, 2002).

Several user-centered design philosophies have been applied to influence IS
delivery and product quality. They include prototyping (Davis, 1992; Weinberg,
1991), joint application development (Davidson, 1999; Duggan & Thachenkary,
2004; Kettelhut, 1993; Wood & Silver, 1995), participatory design (Gill &
Kreiger, 1999; Kjaer & Madsen, 1995; Mankin & Cohen, 1997; Muller et al.,
1993), effective technical and human implementation of computer systems
ETHICS (Hirschheim & Klein, 1994; Mumford, 1983, 1993), and software
quality function deployment (SQFD) (Elboushi, 1997; Erikkson & McFadden,
1993; Martins & Aspinwall, 2001; McDonald, 1995).

Process Management Dimensions of IS Quality

Alarge body of evidence supports the claim that IS quality is positively correlated
with the quality of the delivery process (Harter et al., 1998; Khalifa & Verner,
2000; Ravichandran & Rai, 1996, 2000). Yet there is recognition that a quality
process is not a sufficient precondition for producing high-quality systems (Rae
et al., 1995). Hence, many organizations invest upstream in two generic IS
process improvement approaches: (1) formal process assessment instruments
for measuring their IS delivery capability and (2) process management standards
for implementing improvements identified in step one (Humphrey, 1988). The
capability maturity model (CMM) as well as other similar instruments —
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software process improvement capability determination (SPICE) (Melo et al.,
1998) and Bootstrap (Kuvaja et al., 1994) — have been adopted to effect the
former, while SDMs are used to implement the latter.

CMM/CMMI

The CMM was developed by the Software Engineering Institute (SEI) of
Carnegie Mellon University under the sponsorship of the Department of Defense
to promote stability in the IS delivery process and reduce variability (SEI, 2002).
The first such model developed was the software capability maturity model (SW-
CMM), which defined process characteristics along a continuum consisting of
five levels of maturity. For each level, it identified the practices that signify their
attainment (Humphrey et al., 1991). Other models — the systems engineering
capability maturity model (SE-CMM), systems engineering capability assess-
ment model (SECAM), software acquisition CMM, and people CMM — have
been developed since. These models have been combined into the capability
maturity model integration (CMMI) (SEI, 2002), which has six levels of
capability instead of five.

Evidence fromresearchers (Ashrafi, 2003; Goldenson & Gibson, 2003; Hollenbach
et al., 1997; Subramanyam et al., 2004; Yamamura, 1999; Zahran 1998) and
practitioners (CIO, 2001) suggest that IS delivery process improvements have
produced benefits such as better scheduling, lower costs, higher delivery
productivity, fewer defects, shorter delivery cycle time, less rework, more
maintainable products, and greater conformance to specifications. However,
there are also misgivings (Fayad & Laitinen, 1997; Gray & Smith, 1998; Leung,
1999; Pfleeger, 1996) about the massive implementation effort, ambiguous
prescriptions, and the inability to link performance to assessed levels.

Stabilizing the IS Delivery Process

A systems development methodology (SDM) is a comprehensive set of stan-
dards that specifies the process to be used for producing each deliverable across
the development stages of IS. It prescribes the timing of each deliverable,
procedures and practices to be followed, tools and techniques that are supported,
and identifies roles, role players, and their responsibilities (Riemenschneider et
al., 2002; Roberts et al., 1998; Roberts et al., 1999). Its target is process
consistency and repeatability as IS projects advance through the systems life
cycle. Many commercial and proprietary SDMs exist — for example, Informa-
tion Engineering, Method 1, Navigator, Rational Unified Process and System
Wyrx; however, in order to ensure the required stability, an organization should

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



The Panorama of Information Systems Quality 13

adopt a single SDM to which all systems delivery participants are trained
(Duggan, 2004a).

SDMs help to eliminate project start-up inertia associated with deciding the
process structure that should govern that project and/or the delivery phases, and
permitmore flexible deployment and redeployment of people to projects, thereby
mitigating the risk of project failure due to attrition. However, the rigor they
impose may also be onerous, frustrating some development efforts that do not
require high structure (Fitzgerald, 2000; Flatten, 1992). The SDM learning curve
is also particularly steep (Dietrich et al., 1997).

Software Production Methods

Software production methods such as rapid application development (RAD) or
object oriented development and SDMs, described previously, are distinct
concepts that are often used interchangeably or with overlapping implications.
The misapplication of these terms leads to miscommunication and confusion and
undoubtedly affects our ability to interpret research results in this area. Recall
that SDMs are process structuring standards for maintaining the consistency of
IS delivery processes; software production methods are approaches for imple-
menting particular philosophies that guide the engineering and creation of the
software components.

Robeyetal. (2001) suggest that systems delivery efforts are guided by particular
delivery paradigms (defined in Table 1), such as:

. the waterfall model, which demands the complete prespecification of
requirements before system design and progresses through IS delivery
stages sequentially;

. incremental/iterative models that promote the “growing” of systems by
progressively and /or iteratively delivering increments of software func-
tionality;

. reuse based models that are geared toward producing well constructed IS
artifacts that may be reused as is or with modification in other environments
with similar requirements.

While some software production methods were developed within the constraints
of given paradigms — for example, RAD under iterative rules and object-
oriented development for reuse — SDMs typically support IS delivery under any
paradigm (Duggan, 2004a).
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The best-known systems delivery paradigm is the SDLC model, which is often
called the waterfall method. It is characterized by the grouping of life cycle
methods into related activities (called phases) and the sequential execution of
these phases. Another of its features is the complete prespecification of
information requirements. Robey etal. (2001) identified the iterative/incremen-
tal and the software reuse paradigms as two other IS delivery models that have
addressed some of the deficiencies of the waterfall method and may enhance
quality under given circumstances.

The iterative/incremental delivery paradigm describes a class of systems
delivery methods that concentrates on techniques that produce manageable
pieces of a system iteratively, and/or deliver functionality incrementally (Bandi
etal., 2003). This paradigm includes production methods, such as:

. the spiral model, which combines the sequential development philosophy of
the waterfall model and prototyping to deliver software in an evolutionary
development approach that “grows” software in several rounds (or itera-
tions) by “spiraling” repeatedly through a sequence of IS delivery activities,
including the development of objectives for the current iteration, risk
assessment and resolution, engineering and evaluation of the new compo-
nent, and planning for the next spiral (Boehm, 1988);

*  rapidapplication development (RAD), which involves high user-developer
interaction to produce systems expeditiously (time boxing) by fixing devel-
opment time and varying scope and quality (Bourne, 1994; Hanna, 1995;
Hough, 1993);

*  cleanroom software engineering (CSE), which seeks to generate defect-
free IS with statistically certified reliability by employing independent
specification, development, and certification teams, conducting peer re-
views, and using inferential statistics to test the error-free hypothesis;
erroneous modules are discarded, not modified (Hausler etal., 1994; Head,
1994; Jerva, 2001; Spangler, 1996; Trammell et al., 1996);

e agile development methods — Extreme Programming (XP), Adaptive
Software Development, Feature Driven Development, Crystal Clear Method,
Dynamic Systems Development Method (DSDM), Scrum, and others —
depend on intense user-developer interaction to expedite software delivery
by producing small pieces of functionality (releases) at regular intervals
(Beck, 2000; Glass, 2001; Hoffer et al., 2002; Paulk, 2001).

The reuse paradigm focuses on producing high-quality reusable objects and
components — packets of functionality — that are meant to reduce the scale-
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Table 3. Selected delivery methods

Production Delivery
Methods Paradigm Features Target
SDLC Waterfall Sequential delivery process, prespecification Deliverable tracking through
of system requirements sequential flow, milestone
management, project control
The Spiral Iterative Combines elements of Waterfall method and Complexity reduction,
Model prototyping; emphasis on risk assessment and ~ improved requirements,
mitigation development productivity
RAD Iterative Fast delivery of functionality, time boxing, Small applications without
variable scope, uses prototyping computational complexity,
delivery speed
CSE Incremental Small independent teams, statistical quality Defect prevention, production
control, product certification of failure-free software in
field use, complex projects
with low fault tolerance
Agile Iterative/ Process agility and simplicity, requirements Environments of high
Methods Incremental based initially on partial knowledge, business process volatility
functionality delivered in small releases, small
co-located development teams, pair
programming, continuous testing, on-site
customer
OOD Reuse Encapsulation, design systems as collections Complexity reduction
of interacting objects, development rigor,
models that are usable in several delivery
stages
CBD Reuse System delivery by assembling independent, Complexity reduction,

platform-neutral components, interface

standards, flexibility

domain expert involvement
with IS delivery

related complexities of large systems (Szyperski, 1998). This paradigm employs
the following production methods:

. object-orientated development (OOD), in which software is modeled and
designed as collections of interacting objects using the philosophy of
encapsulation — packaging data with the program procedures that manipu-
late them and hiding the packaged information from other objects (Brown,
2002; Johnson et al., 1999; Schmidt & Fayad, 1997; Vessey & Conger,

1994);

. component-based development, a production (assembly) method that deliv-
ers software by (1) selecting suitable modules of software functionality
from an inventory of independently produced, interoperable software
components and (2) assembling them into a functional system (Szyperski,
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1998). Systems may therefore be constructed by business domain experts
rather than by traditional developers (Robey etal., 2001). Table 3 provides
a summary of selected software production methods.

IS Product Quality
and Successful Systems

Attributes of Product Quality

IS product quality is concerned with inherent properties of the delivered system
that users and maintenance personnel experience. The ISO/IEC 9126-1 quality
model is one of the popular frameworks for assessing the quality attributes of
software. The model is presented as a hierarchical organization of six discernible
characteristics — functionality, reliability, usability, efficiency, maintainability,
portability — of both internal (as measured by the satisfaction of requirements)
and external (as demonstrated by the system in execution) quality. Each quality
characteristic is divided into subcharacteristics, as denoted in Figure 1, which
may themselves be further decomposed (ISO/IEC 9126-1, 2001).

IS Quality vs. IS Success

Itis intuitive to presume that the delivery of high-quality IS naturally leads to IS
success. However, the garbage heap of failed information systems contains
many brilliantly conceived and technically sound systems (Duggan, 2004b);

Figure 2. ISO 9126 characteristics and subcharacteristics of IS quality

Reliability:
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« Maturity
« Fault Tolerance
« Recoverability

- Suitability
« Accuracy
« Interoperability
 Security

Portability: Usability:

+ Understandability|
« Learnability
« Operability
* Attractiveness

« Adaptability
« Installability

« Conformance
* Replaceability

IS Product
Quality

Maintainability:

Efficiency:

« Changeability
« Stability
« Testability

« Time Behavior
* Resource Behavior
* Analyzability
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alternatively, some systems of poor quality are considered successful. Systems
success is not necessarily determined by objective system quality and technical
validity alone but also by the perceptions of stakeholders, which shape their
behavioral responses (Lyytinen, 1988; Markus & Keil, 1994; Newman & Robey,
1992). We have therefore distinguished between IS quality and IS success as
distinct constructs in our model and conceptualized IS success as the extent to
which IS satisfy functional and usage requirements and deliver the desired
business value, while overcoming both objective and perceptual impediments to
adoption and use.

The results of research devoted to the evaluation of IS success in organizations
have been inconclusive (Gable et al., 2003; Seddon, 1997). They portray
successful IS as having positive organizational impacts (Barua et al., 1995;
Barua & Lee, 1997; Brynjolfsson & Hitt, 1996; Lehr & Lichtenberg, 1999;
Mukherjee, 2001) but also denote less favorable systems with neutral or even
negative contributions (Attewell & Rule, 1984; Brynjolfsson & Yang, 1996;
Quinn & Cameron, 1988; Wilson, 1993). DeLone and McLean (1992) attributed
these mixed results to the many indicators used to assess IS success. They
identified six generic determinants of IS success that include both objectively
ascertainable properties of the system and the information it produces, and
perceptual indicators of success such as user satisfaction and other individual
impacts. Our definition of IS success represents a distillation of various
measures into a few key benchmarks such as whether the system (1) is deployed
with the required functionality to solve the problem at hand (Swanson, 1997); (2)
provides value to the organization that deploys it (Brynjolfsson & Hitt, 1996); and
(3) is accepted and used (Lyytinen, 1988).

Typically, organizations identify important features of IS in which to invest to
obtain benefits such as increased productivity, improved information flows,
increased profitability and market share, improved communication flows, better
customer service, and other business values. These benefits contribute to
organizational effectiveness. However, according to Silver et al. (1995), these
are second order effects; first-order effects derive from appropriate and
effective system use. Our IS quality model denotes that IS success is not only
determined by the objective quality of the IS artifact but also by stakeholders’
subjective assessment of its fitness for use — ease of use and usefulness (Kim,
1989) and “goodness” in use; both generate user satisfaction (Kitchenham,
1989).
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Summary and Conclusion

Even as the IS community magnifies the struggle to overcome the complexity of
IS delivery, IS quality remains a key concern for both researchers and practitio-
ners, and the essential difficulties continue to confound and frustrate many.
Incremental gains and new IS quality knowledge are often eroded by loftier IS
ambitions that contribute to new delivery challenges as organizations increase
their reliance on IS to cover a wider spectrum of operations, integrate interde-
pendent business processes, leverage waves of new IT to implement more
sophisticated systems, and extend global operations and reach.

In this chapter, we have identified several IS issues and described their bearing
on the varying perspectives of IS quality. We have also provided an IS quality
model which was used as the basis for analyzing the several approaches that may
be considered rallying platforms against the challenges to IS quality. There are
mixed indications of the success of many of these approaches, and we have
identified both supporting and dissenting findings in the literature. We have been
more faithful to breadth than depth in this introductory analysis; however, many
of these issues will be elaborated in greater detail in subsequent chapters.

Despite the numerous prescriptions for improving software quality processes
and descriptions of product properties that delineate high-quality IS, there is a
dearth of recommendations for incorporating quality requirements into design
artifacts that can be translated into implementable quality attributes (Barbacci et
al., 1995). IS process improvement recommendations focus on establishing
process features that contribute to process stability in order to increase the odds
of producing high-quality systems; these do not guarantee IS product quality.
Similarly, while identifiable product characteristics that demonstrate the quality of
a completed system are discernable after the fact, they have to be designed in.

Perhaps one of the approaches (which is not covered in subsequent chapters)
that may provide food for further thought is the recommended use of software
quality function deployment (SQFD) (Elboushi, 1997; Erikkson & McFadden,
1993; Hoetal., 1999; Martins & Aspinwall, 2001; McDonald, 1995) for capturing
and prioritizing user quality requirements, translating them into corresponding
technical requirements, and monitoring their accommodation throughout the IS
delivery process.

To some extent, this chapter represents the beginnings of a meta-analysis of IS
quality research; however, given its more limited scope and intention, such an
undertaking could not be entirely accommodated. We intend to complete this
meta-analysis, using our quality model as a basis for (1) identifying particular foci
of past research and what metrics have been used, and (2) using the model along
with the dimensions of IS quality we discussed as the basis for the development
of a taxonomy of IS quality issues.
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Similarly, we may need to leverage our learning to date about how people, IS
process, and software production methods have contributed to IS quality and
used to address identified quality-bearing attributes of the delivered product. Our
insights have been based on examinations of these phenomena in isolation.
Further research and experimentation may be required to understand the
synergies that may result from, and the quality impact of, combined treatments
and their applicability in various contexts.
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Abstract

This chapter introduces the generally accepted knowledge on software
quality that has been included in the (SWEBOK) Software Engineering
Body of Knowledge (ISOTR 19759, 2005). One chapter of the SWEBOK is
dedicated to software quality (April et al., 2005). It argues that ethics play
an important role in applying the quality models and the notions of cost of
quality for software engineers. It also describes the minimal content
required in a software quality assurance plan. Finally an overview of what
to expect in the upcoming international standards on software quality
requirements, which transcend the life cycle activities of all IT processes,
is presented.
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Introduction

The business value of a software product results from its quality as perceived by
both acquirers and end users. Therefore, quality is increasingly seen as a critical
attribute of software, since its absence results in financial loss as well as
dissatisfied users, and may even endanger lives. For example, Therac-25, a
computer-driven radiation system, seriously injured and killed patients by mas-
sive overdosing (Levenson & Turner, 1993). Improving recognition of the
importance of setting software quality requirements and of assessing quality
causes a shift in the “center of gravity” of software engineering from creating
technology-centered solutions to satisfying stakeholders. Software acquisition,
development, maintenance, and operations organizations confronted with such a
shift are, in general, not adequately equipped to deal with it. Until recently, they
did not have at their disposal the quality models or measurement instruments to
allow (or facilitate) the engineering of quality throughout the entire software
product life cycle. The objective of software product quality engineering is to
achieve the required quality of the product through the definition of quality
requirements and their implementation, measurement of appropriate quality
attributes, and evaluation of the resulting quality. The objective is, in fact,
software product quality.

This chapter is structured in accordance with the SWEBOK classification of the
software quality body of knowledge (www.swebok.org) shown in Figure 1.

Figure 1. Adapted breakdown of software quality topics (ISOTR 19759,
2005)
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Software Quality Fundamentals

Agreement on quality requirements, as well as clear communication on what
constitutes quality, require that the many aspects of quality be formally defined
and discussed. Over the years, authors and organizations have defined the term
“quality” differently. IBM used the phrase “market-driven quality”, which is
based on achieving total customer satisfaction. This definition was influenced by
the total quality management approach of Phil Crosby (1979), who defined
quality as “conformance to user requirements”. Watts Humphrey (Humphrey,
1990), looking at quality in the software industry, defined it as “achieving
excellent levels of fitness for use”. More recently, quality has been defined in
ISO 9001 (2000) as “the degree to which a set of inherent characteristics fulfills
the requirements.” The next section looks at how organizational culture and
individual ethics play arole in quality in the organization.

Culture and Ethics

Edward B. Tylor (1871) defined human culture as “that complex whole which
includes knowledge, belief, art, morals, law, custom, and any other capabilities
and habits acquired by man as a member of society.” Culture guides the
behaviors, activities, priorities, and decisions of an individual, as well as those of
an organization. Karl Wiegers (1996), in his book Creating a Software
Engineering Culture, illustrates (see Figure 2) the interaction between the

Figure 2. A software engineering culture (Wiegers, 1996)
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software engineering culture of an organization, its software engineers and its
projects. Why should we, as technical people, care about such a “soft” issue?
First, a quality culture cannot be bought. It needs to be developed, mostly at the
beginning, by the founders of the organization. Then, as employees are selected
and hired, the initial leader’s culture will start to slowly adjust to the pressures
of'the environment, as shown in Figure 2. Quality culture cannot be “bolted on”
to an organization; it has to be designed-in and nurtured. The ultimate aim of
upper management is to instill a culture that will allow the development of high-
quality products and offer them at competitive prices, in order to generate
revenues and dividends in an organization where employees are committed and
satisfied.

The second reason why we should be interested in the cultural aspects of quality
is that any change an organization wants to make, for example, moving up on the
Capability Maturity Model integration®™ (CMMi%M) (SEI, 2002) maturity scale,
cannot simply be ordered; the organization has to cope with the current culture
when making a change in maturity, especially when such a change implies a
profound change in that culture. An organization cannot just “buy and deploy”
off-the-shelf processes that contain quality. It has been demonstrated that one
of the major inhibitors of change is the culture of the organization. The
management of change is imperative (Laporte & Trudel, 1998) in order to
achieve the desired result.

The issue of quality is also central to the Code of Ethics, developed by and for
software engineers, which was released in 1999 (Gotterbarn, 1999; Gotterbarn
etal., 1999; IEEE-CS, 1999). The Code describes eight top-level technical and
professional obligations against which peers, the public, and legal bodies can
measure a software engineer’s ethical behavior. Each top-level obligation, called
a principle, is described in one sentence and supported by a number of clauses
which gives examples and details to help in interpretation and implementation of
that obligation. Software engineers adopting the Code commit to eight principles
of quality and morality. The following are examples: Principle 3 (Product) states
that software engineers shall ensure that their products and related modifications
meet the highest professional standards possible. This principle is supported by
15 clauses, and clause 3.10 reads that software engineers shall ensure adequate
testing, debugging, and review of software and related documents on which they
work. The Code has been translated into eight languages: Chinese, Croatian,
English, French, Hebrew, Italian, Japanese, and Spanish, and all versions are
available at http://seeri.etsu.edu/Codes/default.shtm. It has been publicly adopted
by many organizations, as well as by a few universities as part of their curriculum
in software engineering.
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Value and Costs of Quality

To promote a quality approach to software, a number of arguments must be
developed to support its value and benefits. Quality, as a whole, is not always
perceived positively and is a hard sell for software project managers. One
famous book (Crosby, 1979) addressing the cost of quality has been published on
this topic. Since its publication, many organizations, mainly manufacturers, have
successfully promoted the use of the cost of quality concepts and framework in
their project management processes. A few papers have been published on the
adoption of these concepts in the software industry (Campanella, 1990; Diaz,
2002; Dobbins, 1999; Galin, 2004a; Mandeville, 1990; Slaughter etal., 1998), but
very few case studies have been published by the software industry itself (Dion,
1993; Haley, 1996; Houston, 1999; Knox, 1993). A paper by Haley of Raytheon
(Haley, 1996) illustrates very well the links between the cost of rework and the
investment needed to reduce waste. Haley also illustrates that a long-term
perspective is needed, as well as a commitment from senior management, in
order to capture the benefits. Another fact illustrated by Haley is the link
between the investment/benefits and the Capability Maturity Model for Soft-
ware (CMM)® (Paulk et al., 1993) maturity level of an organization (see Figure
3). At the initial CMM maturity level, most, if not all, organizations have no
reliable data or measurement system. When an organization has reached levels

Figure 3. Improvement data (Dion, 1993, Haley, 1996)
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Table 1. Illustration of the cost and benefits of quality practices (Galin,
2004a)

Quality assurance activity Standard plan Comprehensive plan
Percentage of  Cost of removing Percentage of Cost of removing
defects removed defects (cost units) defects removed  defects (cost units)

1. Requirements specification review 7.5% 7.5 9% 9

2. Design inspection - -- 28.7% 71.8

3. Design review 21.3% 53.2 7.4% 18.5

4. Code inspection - -- 24.4% 158.6

5. Unit test — code 25.6 166.4 4.2% 27.3

6. Integration test 17.8% 284.8 9.8% 156.8

7. Documentation review 13.9% 222.4 9.9% 158.4

8. System test 7.0% 280 4% 160.

Total for internal QA activities 93.1% 1014.3 974 760.4

Defects detected during operation 6.9% 759 2.6% 286

Total 100.0% 1773.3 100% 1046.4

2 and 3, it has the foundation to measure and select beneficial process
improvement areas. Many organizations have published the results obtained in
climbing the maturity ladder. They show the relationships between maturity
level, quality, productivity, and project cost.

Galin (2004b), in a recent software quality assurance book, illustrates the cost
and benefits of quality practices. As shown in Table 1, the addition of effective
quality practices, such as inspection and review, even reduce the cost of a project
by eliminating rework. The left-hand column lists typical quality assurance
activities, such as reviews and inspections, of an on-going project. The middle
column shows the effectiveness of typical defect removal activities included in
a software quality plan. It shows that such a process would deliver a product
where 93.1% of the total defects have been detected, leaving 6.9% of them, for
aQA costof 1014.3 units. On the right-hand side, two activities have been added
to the quality plan: a design inspection and a code inspection. Even though these
activities are not free (18.5 and 158.6 units, respectively), the net result is that
97.4% of the total defects have been detected, leaving only 2.6% of the defects
in operation. Note also that the total QA costis 760.4 units, compared to 1014.3
units previously.

The following quote from Norman Augustine (1997) summarizes this section: “It
costs a lot to build bad products.”

Model and Quality Characteristics

Quality models for software have been developed to assess both software
processes and software products. Software process engineering has made many
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Figure 4. ISO/IEC 14598 — Evaluation process (Sur03)
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advances in the last decade and has introduced numerous quality models and
standards concerned with the definition, implementation, measurement, manage-
ment, change, and improvement of the software engineering process itself.
Assessing the quality of software products requires that the quality character-
istics of software be defined and measured. The quality of a software product
is determined by its properties. Some of these are inherent to the software
product, while others are assigned, by priority, to the software product during its
requirements definition process. Process quality is concerned with the technical
and managerial activities within the software engineering process that are
performed during software acquisition, development, maintenance, and opera-
tion.

In contrast, software product quality models describe the many quality attributes
of software. These have been presented by many authors (Boehm et al., 1978;
McCalletal., 1977) and have more history. Although this is an older topic, it has
not quite reached the popularity of software process quality models. During the
early years, the terminology for software product quality differed from one
model of software quality to another. Each model had a different number of
hierarchical levels and number of characteristics, and the different naming
conventions were especially confusing. Based on these efforts, the International
Organization for Standardization (ISO) normalized three software product
quality models (i.e., internal quality, external quality, and quality in use) (ISO
9126, 2001) and accompanied them with a set of guides like ISO/IEC14598
which explains how to evaluate a software product (see Figure 4).
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Software Quality Management Process

Software quality management (SQM) defines processes, process owners,
requirements for those processes, measurements of the process, their outputs,
and, finally, feedback channels (Arthur, 1992). SQM processes are useful for
evaluating the process outcome as well as the final product.

The Juran Trilogy Diagram, illustrated in Figure 5, depicts quality management
as comprising three basic processes: quality planning, quality control, and quality
improvement. The diagram shows how waste caused by mismanaging quality, or
notmanaging it, can be reduced by introducing quality improvement and feeding
back the lessons learned from this into the quality planning process. Many, if not
most, software engineering managers are not aware of the magnitude of the
waste, i.e., between 30 and 40%, in their processes.

Software quality management processes consist of many activities. Some may
find defects directly, while others indicate where further examination may be
valuable. Planning for software quality involves:

1. defining the required product in terms of its quality characteristics;

2. planning the processes to achieve the required product quality.

Figure 5. Juran trilogy diagram
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Some of'the specific SQM processes are defined in standard IEEE 12207 (1996):

. Quality assurance process
. Verification process

. Validation process

. Review process

. Audit process

These processes encourage quality and also find possible problems, but they
differ somewhat in their emphasis. SQM processes help ensure better software
quality in a given project. They also, as a by-product, provide management with
general information, including an indication of the quality of the entire software
engineering process.

SQM processes consist of tasks and techniques to indicate how software plans
(e.g., management, development, and configuration management) are being
implemented and how well the intermediate and final products are meeting their
specified requirements. Results from these tasks are assembled into reports for
management before corrective action is taken. The management of an SQM
process is tasked with ensuring that the results of these reports are accurate.

As described in this Knowledge Area (KA), SQM processes are closely related;
they can overlap and are sometimes even combined. They seem largely reactive
in nature because they address the processes as practiced and the products as
produced, but they have a major role at the planning stage in being proactive in
terms of the processes and procedures needed to attain the quality characteris-
tics and degree of quality needed by the stakeholders in the software.

Risk management can also play an important role in delivering quality software.
Incorporating disciplined risk analysis and management techniques into the
software life cycle processes can increase the potential for producing a quality
product (Charette, 1989). Refer to the Software Engineering Management KA
of the SWEBOK for material related to risk management.

Software Quality Assurance Process

Software quality assurance processes have been found to have a direct effect
on the quality of a software product. During a software development project, it
is difficult to completely distinguish the quality of the process used to develop the
software from the quality of the product itself. Process quality assurance
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influences process quality, which in turn influences the quality characteristics of
the software product.

Process quality is addressed by two important process models, ISO9001 and
CMMIi*™ (SEI, 2002). First, ISO9001:2000 (ISO 9001, 2000) is an international
standard, while CMM:i is a process model. Compliance with the key quality
concepts of the ISO9001:2000 standard requires an interpretation for each
industry. Software, a service industry, has initially had more difficulty interpret-
ing and implementing the ISO9001 standards (Bouman et al., 1999; May, 2002;
Niessink, 2000). Service organizations also experience greater difficulty disso-
ciating the final product from the processes used in its production (May, 2002).
To help with this problem, additional guidance has been developed by the ISO for
the implementation of ISO9001:2000 in the software industry (Hailey, 1998;
May, 2002). This guide, numbered ISO90003 (2004), helps link all the software-
related standards to the quality system required by ISO9001:2000.

In contrast, CMMi (SEI, 2002) is a process model which proposes proven
practices at different maturity levels. It is divided into process areas, and the
following are key to quality management: (a) process and product quality
assurance; (b) process verification; and (c) process validation.

There was initially some debate over whether ISO9001:2000 or CMMi should be
used by software engineers to ensure quality. It has been observed that many
organizations use their [SO9001 certification assets as a stepping stone toward
meeting the CMMirequirements. It is believed that level 3 of CMMi is reachable
for an organization that already has ISO9001:2000 certification. In competitive
situations, it is not unusual to find that the two are used concurrently to meet
shared quality objectives.

In general, process quality models are concerned with process outcomes.
However, in order to achieve the process outcomes desired (e.g., better quality,
better maintainability, greater customer satisfaction), we have to implement and
measure the process in action.

Current quality models are not complete at this time, as there are many other
factors to consider which have an impact on outcomes. Other factors, such as

Figure 6. Relationships between process and outcomes (ISOTRI19759,
2005)
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the context, industry domain, capability of the staff, and the tools used also play
an important role (see Figure 6). “Furthermore, the extent to which the process
is institutionalized or implemented (i.e., process fidelity) is important, as it may
explain why ‘good’ processes do not give the desired outcomes” (ISOTR19759,
2005).

A word of caution is needed with regard to the term software quality assurance
(SQA). It is actually a misnomer, because SQA cannot assure quality, but only
provide adequate assurance. 1SO 12207 (ISO/IEC12207.0-96) defines an
SQA process as a process for providing adequate assurance that the software
products and processes in the project life cycle conform to their specified
requirements and adhere to their established plans.

The persons or groups providing SQA services need to be independent of the
developers in order to provide an unbiased opinion on the conformance of
products and processes to the standards imposed by a customer, an organization,
or a country. SQA services can be provided by an entity that may be internal or
external to the developing organization.

An SQA plan, often mandated by an SQA standard, derives its requirements
from the contract, the project plan, and the organization’s quality system. It
defines the means that will be used to ensure that software developed for a
specific product satisfies the user’s requirements and is of the highest quality
possible within project constraints. The content and format of an SQA plan are
available in government documents, such as ESA and NASA, or publicly, in
standards such as IEEE standard 730 (IEEE730, 2002).

ISO/IEC 12207 (1996) proposes a minimal content for the SQA plan:

. Quality standards, methodologies, procedures, and tools for performing
quality assurance activities (or their references in the organization’s official
documentation);

. Procedures for contract review and their coordination;

Table 2. Organizational quality practices (Cusumano et al., 2003)

Architectural specifications 70.4% 54.8%
Functional specifications 92.6% 74.2%
Detailed designs 85.2% 32.3%
Design reviews 100% 77.4%
Code reviews 74.1% 71%
Regression testing 96.3% 71%
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Table 3. Performance comparison (Cusumano et al., 2003)

Performance Crieria Japan US

Median output (see note 1) 469 270

Median defect rate (see note 2) .020 .400

Note 1: Output per programmer-month of effort in new
Lines of Code (LOC).

Note 2: Number of defects reported per 1000 LOC (in the
12 months after delivery to customers).

Table 4. Productivity and quality improvements over a decade (Cusumano
et al., 2003)

Japan—1990 Japan-2003 US-1990 US-2003
Productivity 389 469 245 270

Quality .20 .020 .83 400

. Procedures for identification, collection, filing, maintenance, and disposi-
tion of quality records; resources, schedule, and responsibilities for con-
ducting the quality assurance activities;

. Selected activities and tasks from processes, such as verification, valida-
tion, joint review, audit, and problem resolution.

To illustrate the importance of SQA practices, Table 2 (Cusumano et al., 2003)
lists a few practices included in a sample of Japanese and American organiza-
tional processes. The data show the percentage of sampled projects using a
particular practice.

Table 3 from the same paper shows the performance data resulting from
implementation of the practices. As can be observed, the increased performance
of the practices in Japan resulted in increased productivity and quality perfor-
mance in that country.

Table 4 illustrates the important improvements, especially in quality, measured
in Japan and the US over the 10-year period.

Software Product Quality

The quality of software is not only influenced by the quality of the process used
to develop it, but by the quality of the product as well. Software product quality
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has also been the subject of much research and of many international standards
and publications. Software engineers determine, with the stakeholders, the real
purpose of future software. In this regard, it is of prime importance to keep in
mind that the customer’s requirements come first and that they should include
non-functional requirements like quality, not just functionality. Thus, the soft-
ware engineer has a responsibility to elicit quality requirements from future
software which may not be made explicit at the outset. It is key that the software
engineer assess their relative importance, as well as the level of difficulty in
achieving each of them. The section on value and cost of quality presented the
additional processes associated with defining and assessing software quality that
need to be added to software projects, and each carries additional costs.

Software product quality standards define the related quality characteristics and
subcharacteristics, as well as measures which are useful for assessing software
product quality (Suryn et al., 2003). In the standards, the meaning of the term
product is extended to include any artifact which is a software process outcome
used to build the final software product. Examples of a product include, but are
not limited to, an entire system requirements specification, a software require-
ments specification for a software component of a system, a design module,
code, test documentation or reports produced as a result of quality analysis tasks.

The software product quality model provided in ISO/IEC 9126-1 (ISO9126,
2001) defines six quality characteristics: functionality, reliability, usability,
maintainability, portability and efficiency, as well as quality in use, which is
defined as effectiveness, productivity, safety, and satisfaction (see Figure 7).
The six quality characteristics have defined subcharacteristics, and the standard
also allows for user-defined components. The intention is that the defined quality

Figure 7. External/internal quality of ISO/IEC 9126 (ISO9126-2001)
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characteristics cover all quality aspects of interest for most software products
and, as such, can be used as a checklist for ensuring complete coverage of quality
early in the specifications phase.

The quality model suggests three views: internal quality, external quality, and
quality in use.

Internal quality provides a ‘white box’ view of the software and addresses
properties of the software product that typically are available during
development. External quality provides a ‘black box’ view of the software
and addresses properties related to its execution. “The quality-in-use view
is related to application of the software in its operational environment, for
carrying out specified tasks by specified users. Internal quality has an
impact on external quality, which again has an impact on quality in use.
(Suryn et al., 2003)

External and internal quality models presented by ISO/IEC9126 are less trivial
and have to be explained further. Let us take the maintainability of software as
a quality attribute, and see both the external and internal perspectives in action.

From an external point of view, maintainability attempts to measure the effort
required to diagnose, analyze, and apply a change to a software product. Thus,
an external measure of maintainability would constitute the effort to make a
specific change.

From an internal product point of view, the quality model proposes measurement
of the attributes of the software that influence the effort required to modify it.
A good example is source code complexity. Structural complexity measures are
generally extracted from the source code using observations on the program/
classes/module/functions and graph representation of software source code.
The more complex the source code, the more difficult it is to grasp its meaning
and to understand and document it. These studies are based on work carried out
in the 1970s by Curtis, Halstead, and McCabe (Curtis, 1979; Halstead, 1978;
McCabe, 1976). These are all internal measures, which in turn affect the
external point of view of maintainability.

While most product quality publications have described product quality in terms
of the final software and system performance, sound software engineering
practice requires that key artifacts impacting quality be evaluated throughout the
software development and maintenance processes.
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Practical Considerations

Software Quality Requirements

In order to implement software process and product quality, the software
engineer must choose and document quality characteristics at the outset of the
projects during the requirements definition process. A generic life cycle model
like ISO/IEC 15288 — System life cycle processes demonstrates generic stages
of a typical development process (Figure 8) and the mapping to show how
standards can be used across all stages of the life cycle of a software product.

We have already stated that both functional and non-functional requirements are
captured using the requirements definition process (Pfleeger, 2001). Functional
requirements specify what a product should do. Non-functional requirements,
also called quality requirements, place constraints on the functional require-
ments. The quality requirements need to refer to a quality model, like the one
described in ISO/IEC 9126-1, to be well understood. Quality requirements
address important issues of quality for software products. Software product
quality requirements are needed for:

Figure 8. Product life cycle mapping to the technical process life cycle
(Suryn et al., 2003)
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. Specification (including contractual agreement and call for tender)

. Planning (e.g., feasibility analysis and translation of external quality re-
quirements into internal quality requirements)

. Development (early identification of quality problems during development)

. Evaluation (objective assessment and certification of software product
quality)

The requirements definition process typically takes all stakeholders’ needs,
requirements, and expectations into consideration and ranks them by priority. All
relevant stakeholders must be identified before the exercise begins. A first
analysis activity during the requirements definition process is aimed at identifying
user requirements, sometimes also called business requirements. This view of
software requirements should be documented in wording that is easily under-
stood by both users and customers.

Business requirements describe the functionality that the software executes as
needed by the stakeholders. Good functional requirements are expressed clearly
and are consistent. All requirements need to be correct, non-redundant, and not
be in conflict with other requirements. Each requirement has to be uniquely
identified and traceable to identified stakeholders. They should also be docu-
mented in the business requirements specification (BRS). If a stakeholder
requirement is not taken into consideration, the software engineer needs to state
the reason why in the documentation.

The second analysis activity is aimed at transforming stakeholder functional
requirements into system requirements that can be used by designers to build
software. This more technical view of requirements is called a software
requirements specification (SRS). During this second analysis activity, the
quality requirements are added to the functional requirements. They need to be
stated clearly and unambiguously. It is the software engineer’s responsibility to
go through each quality characteristic and assess the need to include it in the
project. System requirements should also be verifiable and state both the
business requirements and the non-functional requirements that the software
must possess in order to satisfy all stakeholder requirements. If they do not, they
may be viewed, interpreted, implemented, and evaluated differently by different
stakeholders. If the software engineer does not become involved in promoting
the non-functional requirements, they may be ignored altogether. This may result
in software which is inconsistent with user expectations and therefore of poor
quality.

We have often talked about stakeholders, but who are they? Stakeholders
include all individuals and organizations with a legitimate interest in the software.
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Different stakeholders will express different needs and expectations that
represent their own perspective. For example, operators, testers, and quality
engineers are stakeholders. These needs and expectations may change through-
out the system’s life cycle and need to be controlled when changed. The
stakeholders rarely express non-functional requirements, as they may have an
unclear understanding of what quality really means in a software process. In
reality, they typically perceive it initially as more of an overhead than anything
else. Quality requirements will often appear as part of a contractual agreement
between acquirer and developer. They may also be required for a specific
product quality evaluation when some level of software criticality is reached and
human lives are at risk.

We have already stated that a software quality requirement should refer to a
specific quality model. To clearly specify quality requirements, ISO/IEC working
group six (WG6) of the software engineering subcommittee (SC7) is developing
a standard as part of the new ISO/IEC 25000 — SQuaRE (Software Product
Quality Requirements and Evaluation) initiative. The Quality Requirements
standard will include a new section for the specification of quality requirements.

A number of obligations are likely to be imposed on software engineers that
demand conformance to this new section of ISO/IEC 25000. First, each quality
requirement will need to be categorized and prioritized according to an explicit
quality model, like:

. Quality-in-use requirement;
. External quality requirement;

. Internal quality requirement.

A software quality requirement will also need to be specified with reference to
aset of functional properties. It is also possible that critical functional properties
will create an obligation to impose some quality characteristics on a quality
requirement.

Since each quality requirement needs to be assessed throughout all the life cycle
stages, it needs to be specified in terms of a measurement function and be
assigned target values. This new standard will provide examples of measures
which may be adapted to specific organizational needs for specifying quality
requirements. This new standard is also likely to recommend that software
engineers develop and maintain a list of quality measures that are used
consistently across their organization. Applying the same set of measures makes
it possible to create a homogeneous repository of historical data, which in turn
helps in the creation of predictive models such as productivity and estimation
models.
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The new standard could also focus on the notion of the degree of uncertainty
associated with a quality requirement. Measures tending to yield large deviations
need to be explained because of their erratic behavior. Explanations include the
measurement process of that measure and the errors associated with each of its
components.

Many quality standards already identify the review and approval stages, so that
the set of quality requirements is identified and reviewed, and who approved
them is clearly stated. The last item likely to appear in such a standard refers to
the need for quality requirements, just like functional requirements, to be
managed according to a configuration and change management system through-
out the entire project.

Software Quality Measurement

The main reason why product quality measurement is only slowly gaining
acceptance is the inherent difficulty of measuring in a practical way its quality-
impacting processes and artifacts throughout the software engineering process.
Some product quality perspectives (e.g., size and source code structure) have
been easier to measure than others (e.g., suitability, replaceability, and attrac-
tiveness). “Furthermore, some of the dimensions of quality (e.g., usability,
maintainability and value to the client) are likely to require measurement in
qualitative rather than quantitative form” (ISOTR19759, 2005).

For practical purposes, the software engineer will need to define the quality
requirements and the means to assess them early on in the life cycle of the
project. During the requirements definition stage, statements about the quality of
each quality characteristic are defined as expressing the capability of the
software to perform at, and maintain, a specified level of service. The measure-
ment approach requires that individuals who carry out software engineering
activities capture the measures and make a judgment about the degree to which
the many software properties fulfill their specified requirements as agreed by the
stakeholders. Both qualitative and quantitative measures can be collected during
all stages of the software life cycle.

The ISO9126 quality model offers definitions of software properties which can
be distinguished as quantitative or qualitative. Before quality attributes can be
captured and validated, someone has to design them. Then, the most practical
means possible must be implemented to measure them.

We measure by applying measurement method rules (see Step 2 in Figure 9). A
measurement method is a logical sequence of operations that can be used by
software engineering personnel to quantify an attribute on a specified scale. The
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Figure 9. Software measurement method (Abran & Jacquet, 1997)
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resultof applying a measurement method is called a base measure. The ISO9126
quality characteristics that were defined and agreed on can now be measured.

A list of “Quality Measures” is available in ISO/IEC 9126 and ISO/IEC 14598,
and the standards present examples of mathematical definitions and guidance for
practical measurement of internal quality, external quality, and quality in use.

The proposed ISO/IEC 25000-SQuaRE will help by providing guidance, as

follows:

Measurement reference model and guide — to present introductory
explanations, the reference model and the definitions that are common to
measurement primitives, internal measures, external measures, and qual-
ity-in-use measures. The document will also provide guidance to users for
selecting (or developing) and applying appropriate measures;

Example: the construction phase creates intermediate, non-executable
software products that can only be evaluated from a static point of view.
Inthis case, users will be directed to the internal quality measures standard,
where they can choose the measures that best serve their information
needs;

Measurement primitives — to define a set of base and derived
measures, or the measurement constructs for the internal quality, external
quality, and quality-in-use measurements;

Measures for internal quality — to define a set of internal measures for
quantitatively measuring internal software quality in terms of quality
characteristics and subcharacteristics;

Measures for external quality — to define a set of external measures
for quantitatively measuring external software quality in terms of quality
characteristics and subcharacteristics;

Measures for quality in use — to define a set of measures for measuring
quality inuse. The document will provide guidance on the use of the quality-
in-use measures.
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Software Quality Improvement

As defined by the ISO/IEC 12207 (1996) standard, an Improvement Process is
a process for establishing, assessing, measuring, controlling, and improving a
software life cycle process. This definition assumes that an organization already
has a written development process in place. A first step in any improvement
strategy is to assess the current situation (i.e., a baseline), and then to identify
improvement goals and implement the actions required to achieve the goals.
Similarly, quality improvement should follow the same steps. Important assump-
tions are that the organization has stable processes such that data collected are
reliable and that they are quality data. If no data are available, some baseline
activities have to be performed. The measurement and analysis process area of
the CMMi (SEI, 2002) describes the basic components of such a process.

The organization then has to establish quality goals. One approach is to use the
well-known Goal Quality Metric (GQM) method (Basili & Rombach, 1988). The
organization determines its business goals, and then the technical personnel
establish quality goals in order to meet the organization’s goals. The quality goals
could be established using the Cost of Quality approach or a standard business
case approach, that is, by evaluating the cost of prevention and evaluation and
the cost of internal and external failure.

Quality could be improved, first, by removing defects as early as possible in the
development life cycle using techniques such as reviews, walkthroughs, and
inspections (IEEE-1028, 1997), and second, by putting in place defect prevention
activities. Software inspection (Gilb & Graham, 1993; IEEE-1028, 1997; Radice,

Figure 10. Inspection process (Adapted from Holland, 1998)
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Table 5. Distribution of defect detection effectiveness of inspections
(Briand et al., 1998)

Defect Detection Minimum Most Likely

Technique Value Value

Design 25% 57% 84%
Inspections

Code Inspections  19% 57% 70%

Table 6. Defect detection effectiveness (Radice, 2002)

Level 5 90% - 100%
Level 4 75% - 90%
Level 3 65% - 75%
Level 2 50% - 65%
Level 1 Less than 50%

Table 7. Distribution of average effort to detect defects (Briand et al.,
1998)

Defect Detection Minimum Most Likely
Technique Value Value

Design 0.58 1.58 2.9
Inspections

Code Inspections  0.67 1.46 2.7
Testing 4.5 6 17

2002)is an example of a widely recognized quality improvement practice. A Web
site displays this technique and provides a wealth of supporting information
(www.goldpractices.com/practices/fi/index.php). The inspection process is typi-
cally composed of six stages: plan, kick-off meeting, document checking, logging
meeting, editing (i.e., rework), and follow-up (Figure 10).

As shown in Table 5, the defect detection effectiveness of inspections can reach
84%. Radice (2002) has collected data from organizations of different CMMi
maturity levels which show an effectiveness varying from as low as 50% to as
much as 100% (Table 6).

It is interesting to note that using inspection to detect defects is more effective
than testing. Table 7 (Briand et al., 1998) shows the average effort required to
detect defects in hours per defect. Unfortunately, even though it has been around
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for close to 30 years (Fagan, 1976), most organizations ignore this practice.
Many organizations, if not most, rely only on tests performed toward the end of
the development process to identify defects, even though tests are much less
effective than inspections at defect removal. One of the reasons is that
inspections find defects where they occur, while testing finds only the symptoms,
and then only very late in the development cycle.

Future Trends and Conclusions

To illustrate the current state of the quality of many shrink wrap software
vendors, here is a typical warranty statement as printed on a software product:
By opening this sealed software media package, you accept and agree to
the terms and conditions printed below. If you do not agree, do not open the
package. Simply return the sealed package. The software media is distrib-
uted on an ‘AS IS’ basis, without warranty. Neither the authors, the
software developers nor Acme Inc make any representation, or warranty,
either express or implied, with respect to the software programs, their
quality, accuracy, or fitness for a specific purpose. Therefore, neither the
authors, the software developers nor Acme Inc shall have any liability to
you or any other person or entity with respect to any liability, loss, or
damage caused or alleged to have been caused directly or indirectly by the
programs contained on the media. This includes, but is not limited to,
interruption of service, loss of data, loss of consulting or anticipatory
profits, or consequential damages from the use of these programs. If the
media is defective, you may return it for a replacement.

As more customers demand quality from their vendors, the competitive market-
place will eventually respond to these demands, and software products will be
warranted in the same way as any other products. Vendors will be held
responsible for making the appropriate corrections at their expense like other
industrial sectors. Already a few organizations have demonstrated that quality,
productivity, cycle time, and cost could all be improved provided that senior
management commit adequate resources and time to improvement. Diaz (1997,
2002) has published results of major improvement programs at Motorola and
General Dynamics. For example, at General Dynamics, rework dropped from
23.2% to 6.8%, phase containment effectiveness increased from 25.5% to
87.3%, defects reported by customers dropped from 3.2 per thousand source
lines of code (KSLOC) to 0.19, and productivity increased by a factor of 2.9.
Such organizations have the data to manage the quality of their processes and

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



50 April and Laporte

their products. As stated by Boehm and Sullivan (2000), since design is an
investment activity, knowing the economics of software engineering, these
organizations can offer their customers an optimized value proposition by using
the proper processes, tools, and metrics.

There is no instant gain, however, as illustrated in Figure 3. [t takes time to define
and stabilize a process, measure its performances, and make improvements.
Those organizations that have succeeded know that improvements require not
only resources, but also a major culture change. By definition, a cultural change
takes time and can rarely be imposed, and it has to be managed from the top, with
senior executives no longer requesting unrealistic schedules with unrealistic
budgets to deliver quality products. Moreover, if software developers in the West
do not shape up rapidly, what has happened and is still happening to the
automobile industry may happen to them, that is, a take-over by foreign, high-
quality, lower-cost manufacturers.

With the arrival of India (Moitra, 2001) and China (Ju, 2001) into the software
market with their focus on quality and process maturity, the software industry
will be pushed to move faster; otherwise, Darwin will favor those who survive
this fight.
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Chapter I11

Different Views
of Software Quality

Bernard Wong, University of Technology Sydney, Australia

Abstract

This chapter examines the different definitions of quality and compares the
different models and frameworks for software quality evaluation. It will
look at both historical and current literature. The chapter will give special
attention to recent research on the Software Evaluation Framework, a
framework for software evaluation, which gives the rationale for the
choice of characteristics used in software quality evaluation, supplies the
underpinning explanation for the multiple views of quality, and describes
the areas of motivation behind software quality evaluation. The framework
has its theoretical foundations on value-chain models, found in the disciplines
of cognitive psychology and consumer research, and introduces the use of
cognitive structures as a means of describing the many definitions of
quality. The author hopes that this chapter will give researchers and
practitioners a better understanding of the different views of software
quality, why there are differences, and how to represent these differences.
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Introduction

Adopting an appropriate Quality Assurance philosophy has been often viewed as
the means of improving productivity and software quality (Hatton, 1993; Myers,
1993). However unless quality is defined, it is very difficult for an organization
to know whether it has achieved quality clearly. To date, this has usually involved
conformance to a standard such as AS3563 or ISO9001 or following the
Capability Maturity Model of the SEI. The challenge often faced is that one finds
as many definitions of quality as writers on the subject. Perhaps, the latter have
been remarkably few in number considering the obvious importance of the
concept and the frequent appearance of the term quality in everyday language.

Though the topic of software quality has been around for decades, software
product quality research is still relatively immature, and today it is still difficult
for a user to compare software quality across products. Researchers are still not
clear as to what is a good measure of software quality because of the variety of
interpretations of the meaning of quality, of the meanings of terms to describe its
aspects, of criteria for including or excluding aspects in a model of software, and
of the degree to which software development procedures should be included in
the definition. A particularly important distinction is between what represents
quality for the user and what represents quality for the developer of a software
product.

Perceptions of software quality are generally formed on the basis of an array of
cues. Most notably, these cues include product characteristics (Boehm et al.,
1976; Carpenter & Murine, 1984; Cavano & McCall, 1978; McCall etal., 1977;
Kitchenham & Pfleeger, 1996; Kitchenham & Walker, 1986; Sunazuka et al.,
1985). The cues are often categorized as either extrinsic or intrinsic to the
perceived quality. Simply, intrinsic cues refer to product characteristics that
cannot be changed or manipulated without also changing the physical character-
istics of the product itself; extrinsic cues are characteristics that are not part of
the product (Olson & Jacoby, 1972). Price and brand are thus considered to be
extrinsic with respect to product quality.

This chapter examines the different definitions of quality and compares the
different models and frameworks for software quality evaluation. This chapter
will address both the topics of interest for the information systems community
and the software engineering community. It will look at both historical and
current literature. The chapter will give special attention to recent research on
the Software Evaluation Framework, a framework for software evaluation,
which gives the rationale for the choice of characteristics used in software
quality evaluation, supplies the underpinning explanation for the multiple views
of quality, and describes the areas of motivation behind software quality
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evaluation. The framework has its theoretical foundations on value-chain
models, found in the disciplines of cognitive psychology and consumer research,
and introduces the use of cognitive structures as a means of describing the many
definitions of quality.

Background

Software users today are demanding higher quality than ever before, and many
ofthem are willing to pay a higher price for better quality software products. The
issue of software quality has come to the forefront in Europe, the United
Kingdom, the United States, and more recently Australia. The quality movement
in software is not new. A search of the information systems literature has shown
that attempts to achieve quality software have been on-going for many years.
Software quality models include the product-based view (Boehm et al., 1976;
Carpenter & Murine, 1984; Cavano & McCall, 1978; McCall et al., 1977;
Kitchenham & Pfleeger, 1996; Kitchenham & Walker, 1986; Sunazuka et al.,
1985), process focused models following a manufacturing-based view (Coallier,
1994; Dowson, 1993; Humphrey, 1988; Ould, 1992; Paulk, 1991), and more
recently, techniques and tools to cater for the user-based view (Delen &
Rijsenbrij, 1992; Erikkson & McFadden, 1993; Juliff, 1994; Kitchenham, 1987;
Kitchenham & Pickard, 1987; Thompsett, 1993; Vidgen et al., 1994). However,
the many models and approaches seem to contradict each other at times. Garvin
(1984) tries to explain these contradictions by introducing different views of
quality. He describes the models as transcendental-based view, product-based
view, manufacturing-based view, economic-based view, and user-based view,
which we will define later.

As the software market matures, users want to be assured of quality. They no
longer accept the claims of the IT department at face value, but expect
demonstrations of quality. There is a firm belief that an effective quality system
leads to increased productivity and permanently reduced costs, because it
enables management to reduce defect correction costs by emphasizing preven-
tion. A better-designed development process will accrue fewer lifetime costs,
and higher productivity will therefore be possible. As such, many attempts at
improving quality have been to focus on the development processes. However,
productivity measurements are worthless unless they are substantiated by
quality measurements. To develop software quickly, on time, and within budget
is no good if the product developed is full of defects. It is the view of many that
the costs of correcting defects in software late in development can be orders of
magnitude greater than the cost of correcting them early (Kitchenham &
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Pfleeger, 1996; Pfleeger, 2001). Preventing defects in the first place can save
even more. Productivity measurements require quality measurements.

The market for software is increasingly a global one, and organizations will find
it increasingly difficult to succeed and compete in that market unless they
produce and are seen to produce quality products and services. From simple
issues concerning efforts required to develop software systems, there have been
amyriad of developments and directions that have occurred since the beginning
of the last decade concerning the process of software development. From all of
these new directions, the consideration of the quality of the software produced
is one of the major thrusts that have occurred. Software used to be a technical
business, in which functionality was the key determinant of success. Today, one
can no longer just adopt this view.

The Meaning of Quality

The Oxford English Dictionary (OED, 1990) states that quality is the “degree of
excellence.” While this definition of quality is found in an internationally
accepted dictionary, it must be pointed out that there are many variations to this
definition, which are not given here.

A formal definition of quality is provided by the International Standards Organi-
zation (ISO, 1986): The totality of features and characteristics of a product
or service that bear on its ability to satisfy specified or implied needs.

This standard definition associates quality with the products’ or services’ ability
to fulfill its function. It recognizes that this is achieved through the features and
characteristics of the product. Quality is associated both with having the required
range of attributes and with achieving satisfactory performance in each at-
tribute.

The best-known and most widely adopted definition of quality is simply “fitness
foruse” or some variant thereof. For example, Wimmer (1975) and Genth (1981)
adopted the definition “fitness for use.” Box (1984) defined quality as “the
degree to which a product fulfils its functions, given the needs of the consumer,”
and Kotler (1984) speaks of “the rated ability of the brand to perform its functions
as perceived by consumers.” Kawlath (1969) defined perceived quality as “the
fitness for certain goals.”

Maynes (1976) proposed the following definition: “The quality of a specimen (a
product/brand/seller/combination) consists of the extent to which the specimen
provides the service characteristics that the individual consumer desires.” A
similar definition is suggested by Monroe and Krishnan (1985): “Perceived
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product quality is the perceived ability of a product to provide satisfaction relative
to the available alternatives.” Kuehn and Day (1962) stated that the quality of
a product depends on how well it fits in with patterns of consumer preferences.

Kupsch and Hufschmied (1978) regarded quality as a bundle of need-satisfying
attributes. A similar position was taken by Oxenfeldt (1950). Bockenhoff and
Hamm (1983) defined quality as the composite of all product attributes irrespec-
tive of whether these attributes are in reality existent in the product and
objectively measurable, and whether consumers are correct in their evaluations.

Thurstone (1985) suggested: “Quality is the index that reflects the extent to
which the customer feels that his need, the product, and his expectations for that
product overlap.” He concluded that the relevant measure of quality does not
reside in the product but in the customer. A similar position is taken by Wolff
(1986) who argued that quality should be measured from the customer’s
perspective: “If the customer says it’s good, it’s good; if he says it’s bad, it’s
bad.”

Trenkle (1983) distinguished three manifestations of quality:

. neutral concept (i.e., “much quality” - “not much quality”), defined as the
nature of a product, given by the whole of all the attributes which
discriminates the product from the other products in the same category;

. evaluative concept (“good quality” - “bad quality”), defined as the fitness
foruse of a product, given by the whole of all the attributes that are relevant
to the evaluation of the product;

*  positive judgment (“quality products™), defined as superior or excellent with
respect to all attributes.

Some researchers have followed Wittgenstein’s (1953) linguistic approach that
“the meaning of a word is its use in the language” and explored the word quality
interms of everyday use of the term. For instance, quality often means reliability,
general approval, or general excellence in the eyes of the consumers (Holbrook
& Corfman, 1983). The ordinary language approach, however, does not get one
very far conceptually with respect to the meaning of perceived quality.

The Different Perspectives of Quality

There are numerous definitions and meanings given to quality. The previous
section lists some of the popular definitions; however, they do not necessarily
describe the perceptions of quality held by all individuals. David Garvin (1984)
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concluded in his paper “that quality is a complex and multifaceted concept.” He
described quality as being made up of five different perspectives — the
transcendental-based view, the product-based view, the manufacturing-based
view, the economics-based view, and the user-based view.

Transcendental-Based View

According to the transcendental-based view, quality is synonymous with “innate
excellence.” It is both absolute and universally recognizable, a mark of uncom-
promising standards and high achievement. Nevertheless, proponents of this
view claim that quality cannot be defined precisely; rather, it is a simple, not
analyzable property that we learn to recognize only through experience. This
definition borrows heavily from Plato’s discussion of beauty, where he argues
that beauty is one of the “platonic forms,” and, therefore, a term that cannot be
defined. Like other such terms that philosophers consider to be “logically
primitive,” beauty (and perhaps quality as well) can be understood only after one
is exposed to a succession of objects that display its characteristics.

Product-Based View

Product-based definitions are quite different; they view quality as a precise and
measurable variable. According to this view, differences in quality reflect
differences in the quantity of some ingredient or attribute possessed by a product.
For example, high quality ice cream has high butterfat content, just as fine rugs
have a large number of knots per square inch. This approach lends a vertical or
hierarchical dimension to quality, for goods can be ranked according to the amount
ofthe desired attribute they possess. However, anunambiguous ranking is possible
only if virtually all buyers consider the attributes in question preferable.

Product-based definitions of quality first appeared in the economics literature,
where they were quickly incorporated into theoretical models. In fact, the early
economic research on quality focused almost exclusively on durability, simply
because it was so easily translated in the above framework. Since durable goods
provide a stream of services over time, increased durability implies a longer
stream of services — in effect, more of the good. With regard to software,
durability can be understood as the length of time a piece of software is used in
a live environment. Of course, one recognizes that the software may need
upgrades from time to time, as products can require repairs or modifications.
Quality differences could, therefore, be treated as differences in quantity,
considerably simplifying the mathematics.
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There are two obvious corollaries to this approach. First, higher quality can only
be obtained at higher cost. Because quality reflects the quantity of attributes that
a product produces, and because attributes are considered to be costly to
produce, higher quality goods will be more expensive. Second, quality is viewed
as an inherent characteristic of goods, rather than as something ascribed to them.
Because quality reflects the presence or absence of measurable product
attributes, it can be assessed objectively and is based on more than preferences
alone.

User-Based View

Garvin (1984) states that the user-based definitions start from the opposite
premise that quality “lies in the eyes of the beholder.” Individual consumers are
assumed to have different wants or needs, and those goods that best satisfy their
preferences are those that they regard as having the highest quality. This is an
idiosyncratic and personal view of quality and one that is highly subjective. In the
marketing literature, it has led to the notion of “ideal points:” precise combina-
tions of product attributes that provide the greatest satisfaction to a specified
consumer; in the economics literature, to the view that quality differences are
captured by shifts in a product’s demand curve and in the operations manage-
ment literature, to the concepts of “fitness for use.” There are two problems in
each of these concepts. The first is practical — how to aggregate widely varying
individual preferences so that it leads to meaningful definitions of quality at the
market level. The second is more fundamental — how to distinguish those
product attributes that connote quality from those that simply maximize con-
sumer satisfaction.

A more basic problem with the user-based view is its equation of quality with
maximum satisfaction. While the two are related, they are by no means identical.
A product that maximizes satisfaction is certainly preferable to one that meets
fewer needs, but is it necessarily better as well? The implied equivalence often
breaks down in practice. A consumer may enjoy a particular brand because of
its unusual features, yet may still regard some other brand as being of higher
quality. In the latter assessment, the product’s objective characteristics are also
considered.

Even perfectly objective characteristics, however, are open to varying interpre-
tations. Today, durability is regarded as an important element of quality. Long-
lived products are generally preferred to those that wear out more quickly. This
was not always true until the late nineteenth century; durable goods were
primarily possessions of the poor, for only wealthy individuals could afford
delicate products that required frequent replacement or repair. The result was
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a long-standing association between durability and inferior quality, a view that
changed only with the mass production of luxury items made possible by the
Industrial Revolution.

Manufacturing-Based View

Manufacturing-based definitions focus on the supply side of the equation and are
primarily concerned with engineering and manufacturing practice. Virtually, all
manufacturing-based definitions identify quality as “conformance to require-
ments.” Once a design or a specification has been established, any deviation
implies that the specification may not be complete. Excellence is equated with
meeting specifications and with “making it right the first time.”

While this approach recognizes the consumer’s interest in quality, its primary
focus is internal. Quality is defined in a manner that simplifies engineering and
production control. On the design side, this has led to an emphasis on reliability
engineering (Boehm, 1963; Garvin, 1984); on the manufacturing side, to an
emphasis on statistical quality control (Garvin, 1984; Juran & Gryna, 1980). Both
techniques are designed to weed out deviations early: the former, by analyzing
a product’s basic components, identifying possible failure modes, and then
proposing alternative designs to enhance reliability; and the latter, by employing
statistical techniques to discover when a production process is performing
outside acceptable limits.

Each of these techniques is focused on the same end: cost reduction. According
to the manufacturing-based approach, improvements in quality (which are
equivalent to reductions in the number of deviations) lead to lower costs, for
preventing defects is viewed as less expensive than repairing or reworking them
(Crosby, 1978; Erikkson & McFadden, 1993; Garvin, 1984). Organizations are,
therefore, assumed to be performing suboptimally: were they only to increase
their expenditures on prevention and inspection — testing prototypes more
carefully or weeding out a larger number of defective components before they
become part of fully assembled units — they would find their rework, scrap, and
warranty expenses falling by an even greater amount.

Economic-Based View

Economic-based definitions define quality in terms of costs and prices. Accord-
ing to this view, a quality product is one that provides performance at an
acceptable price or conformance at an acceptable cost. Under this approach, a
$500 running shoe, no matter how well constructed, could not be a quality
product, for it would find few buyers.
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Garvin shows how each of these views can be used to define product quality.
Engineers who believe a product has set characteristics often adopt the product-
based view. These characteristics are used as the measure of quality. The
manufacturing-based view is adopted when one believes the quality development
process determines a quality product. And more recently, many organizations
have been certified with the Capability Maturity Model, CMM, or SPICE (Paulk,
1991; Paulk et al., 1993). Certification assesses the manufacturing process and
is awarded on successfully having a quality management system in place.
Economists who believe that price has a correlation with quality adopt the
economics-based view. And lastly, the user-based view is the one which
emphasizes that each individual will have his or her own perception of quality.
Garvin (1984) states that most existing definitions of quality fall into one of these
categories, be they conformance to specification, meeting user requirements, or
best development practice.

Inamorerecent paper, Braaand Ogrim (1994) also tried to expand the definition
of quality. Rather than just focusing on technical properties, they considered the
functional and organizational aspects of quality. Five aspects of quality are
introduced.

Technical Quality

Technical quality refers to a system’s structure and performance. The technical
quality ofa computer system is the basis of'its functionality — the computer must
perform expected operations. However, there is no need for a technically
excellent computer system; it is more important that it suits the work tasks it is
supposed to support.

Use Quality

By use quality we mean quality as experienced by the users when working with
the computer-based system. Use quality is difficult to specify in advance. It is
often necessary to experiment with design models, such as prototypes, to express
needs and claims (Greenbaum & Kyng, 1991). Throughout the specification and
design activities, users and developers will then learn about the limitations and
the possibilities of the computer system in use. Consequently, learning is an
important factor in the specification process, as well as in design.
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Aesthetic Quality

Inmany other disciplines, such as the car industry, or building industry, aesthetic
quality isused to evaluate the quality of artifacts. The idea of aesthetics is usually
related to physical objects. However, aesthetics can also be applied to immaterial
objects, for example, the notion of elegant proofs in mathematics. However, the
aesthetic perspective is almost always neglected in software development
(Dahlborn & Mathiassen, 1993; Stolterman, 1991). One possible exception is the
design of user interfaces. An aspect of aesthetic quality is “elegance,” intro-
duced as a criterion by which to assess quality (Checkland & Scholes, 1990). An
attempt to increase aesthetic quality and make it more visible is to raise questions
such as: Is the transformation well designed? Is it aesthetically pleasant? Is it
overcomplicated? Is it over- or under-engineered? These assessments allow the
users’ subjective experiences as well as the professionals’ experience of similar
systems to be included in the judgment of quality.

Symbolic Quality

Computer systems are not only artifacts, they are also used as symbols in the
organization. This view is supported by Feldman and March’s (1981) study of the
use of information in organizations. They found that information is often used
symbolically, e.g., signaling a well-driven organization, independent of whether
the information isused or not. Symbolic, as well as aesthetic, aspects of computer
systems are important factors in tailoring a system to the business philosophy and
organization culture. For example, an organization wishing to have an innovative
and modern image should have computer systems with graphical user interfaces
and colors. Symbolic quality may be contradictory to the use quality. This can be
illustrated by a hotel owner who wanted to install a computerized reception
system. It turned out that the main purpose of the system was to create the
impression of amodern, successfully run hotel and to recruit educated personnel.
Not much attention was paid to the functionality of the system. If the motivation
is of a symbolic character, as in this example, the use quality will probably be
ignored.

Organizational Quality

When a computer system is well adapted to the organization, it can be said to be
of'high organizational quality. When assessing the quality of information systems,
questions of economy, power and interests will arise sooner or later: Are the
computer systems developed for the interests of individual users, for groups of
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users, or for the organization as a whole? Different user groups may have
diverging, perhaps contradictory, ideas of what signifies good quality. A person-
nel control and wage system might represent good use quality for management
and the personnel department, but not for the workers who are being controlled.
A medical journal system in a hospital may be of good quality for the doctors, but
at the same time decrease the influence of the nurses and use of their
competence. This may, in turn, decrease the quality if their work. The different
groups of users make different demands on functionality, in order to support their
work. If these different interests are not met, an intersection of several interests
is developed and the result could be a computer system, which is not suited for
anyone. This, in turn, may decrease the organizational quality of the system.

Hyatt and Rosenberg (1996) add another quality perspective, the project
manager’s view. The project manager views the software quality as “software
that works well enough to serve its intended function and is available when
needed”. Project managers are usually concerned in producing software that is
reliable, maintainable, and keeps customers satisfied. They usually face budget
and/or time constraints, which will impede either one of their quality goals. The
constraints will potentially sacrifice the testing (level, extent, and depth),
walkthrough inspections, and documentation, which are some of the factors
contributing to software quality. While Hyatt and Rosenberg focus only on the
view of the project manager, it must be pointed out that many definitions of
quality share this same view (Box, 1984; Genth, 1981; Wimmer, 1975).

The Software Perspective of Quality

Researchers in the software engineering area have tried different ways to define
quality. In fact, they have moved progressively from the product-based view, to
the manufacturing-based view, and more recently to the user-based view. They
have also focused heavily on technical quality with a growing consideration for
use quality and aesthetic quality. However, no models in software engineering
seem to exist following the transcendental, economic, aesthetic, symbolic, or
organizational based views of quality.

Table 1 presents some of the software quality models introduced in this chapter.
There are other quality models; however, these are the most discussed models
in the literature. These are only the most notable among many in research. At
first glance, the list of software quality models gleaned from areview of literature
is daunting. One might conclude that they are many and varied; however, many
ofthese models are developments of earlier ones, and some are combinations of
others with and without uniqueness. For example, ISO quality factors are very
similar to those in the earlier McCall and Boehm models. Bootstrap, Trillium, and
MMM are all evolutions of CMM. SPICE is an evolution of Bootstrap, CMM,
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Table 1. Various software quality models and their relationship to Garvin’s
and Braa’s quality perspectives

Software quality models Garvin’s quality

McCall Product view Technical Quality

Boehm Product view Technical Quality

Gilb Product view Technical Quality

Murine Product view Technical Quality

Schmitz Product view Technical Quality

Schweiggert Product view Technical Quality

Willmer Product view Technical Quality

Hausen Product view Technical Quality

1SO9000-3 User view Technical Quality

ISO9126 User view, product view Use Quality

Dromey Product view Technical Quality
COQUAMO User, manufacturer, product view  Technical Quality, Use Quality
Squid User, manufacturer, product view  Technical Quality, Use Quality
CMM Manufacturer view Technical Quality

Bootstrap Manufacturer view Technical Quality

Trillium Manufacturer view Technical Quality

MMM Manufacturer view Technical Quality

Scope Manufacturer view Technical Quality

Processus Manufacturer view Technical Quality

SPICE Manufacturer view Technical Quality

QFD User, manufacturer, product view _ Technical Quality, Use Quality

trillium, and ISO9001. SCOPE and PROCESSUS are efforts at combining
process and product through connecting ISO9001 and ISO9126. And SQUID
uses elements of ISO9126 and McCall. In most cases, the reworking can be
considered one researcher’s improvements on another’s. This leaves few
originals. Shari Pfleeger (1997) states that since models illustrate the relationship
between apparently separate events, the lack of real variety in models in
software engineering is symptomatic of a lack of system focus.

The research on software quality indicates that it is divided into two main schools
of thought. There is the Product school, where practitioners advocate that to
clearly define, measure, and improve quality, one must measure characteristics
of the software product which best influence quality. Then there is the Process
school, where practitioners advocate that one may be unable to properly define
quality, but states that a product’s quality is improved when the software
engineering process used to make the product is improved. A process model’s
quality factors refer to the product development life cycle as a way of expressing
the product’s quality.

According to this product-process division, Boehm’s model, the COQUAMO
model, McCall’s model, Murine’s SQM model, ISO9126, SQUID, and Dromey’s
model are all examples of product models: they focus on the final product. The
process model includes ISO9001-3, CMM, SPICE, BOOTSTRAP, Trillium, and
MMM. SCOPE and PROCESSUS are a composite of both product and process
models.
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The Product Quality models are basically those models that view quality as
inherent in the product itself. These models decompose the product quality into
anumber of quality factors (some models describe it as quality features, criteria,
or characteristics). They are decomposed further into lower levels. The lowest
are the metrics to measure or indicate the criteria. The metrics are used to assess
the quality of the software. The result of the assessment is compared against a
set of acceptance criteria. This determines whether the software can be
released. Many of the software quality models in this group do not suggest what
metric values are acceptable and hence leave it to the software practitioner to
decide.

The Process Quality models are those models that emphasize process improve-
ment and development standards, with the aim that the process improvements
will lead to improving the quality of the product. In the past, much software
development was performed without proper process and management control.
The software developers were more guided by intuitive approach or habit, rather
than by using any particular standards. Rae et al. (1995) emphasizes the
importance of standardizing the development process and states that it will
reduce software development to a rational and well-defined series of tasks,
which can be managed and controlled (Rae et al., 1995). Watts Humphrey
(1988), in introducing the CMM, stated that the premise of the CMM lies in the
relationship between the quality of the process and the quality of the product. The
belief is that effective process management will be the key factor in producing
high quality software. However, Gillies (1992), Paulk et al. (1993), and Rae et
al. (1995) indicated that the adoption of a good quality process will not
automatically guarantee a good quality product.

Schneidewind (1996) and Fenton (1996) debated whether the existence of a
standard process is good enough to improve the quality of software.
Schneidewind’s view is that there is a need for a standard first, even though it
is not perfect. Fenton argued that a good standard process is required to improve
the quality of a product and a bad standard will not help at all. In my opinion, a
standard is necessary as a guideline. However, as resources to set up the
standards are scarce, they have to be initially established as well as possible. The
standards have to be constantly reviewed and updated, because the technology
and software engineering methodology change. Fenton suggested that organiza-
tions should contribute to the resources.

Voas (1997) criticizes the software process movement in general and claims that
the focus of software process movement and methods on improving quality give
the impression that “clean pipes can produce only clean water.” He states that
we must not forget the part to be played by product oriented methods, with their
focus on software metrics and system level testing that allow the developing
product to be sampled for its internal quality. He claims that the preoccupation
with process quality in the software industry is partly a result of the difficulty of
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reliable testing. And software metrics, he adds, as do others such as Gulezian
(1995), brings its own set of problems related to what exactly measures should
be, as well as how and when they are best measured. For example, although
software reliability assessment has been accepted as a measure of software
quality, most reliability models predict failure by looking at error history (Voas,
1997). Unfortunately, this data can be computed differently by different models,
so the reliability results may not even be reliable. Gulezian states that structural
metrics cannot capture the dynamics of software behavior where an input is
transformed into an output by a set of instructions. Thus we see from this
direction that much of the future of software quality lies linked to research in
metrics, and providing some acknowledgment of the roles of both product and
process measurement in the quality of a piece of software. While much more can
be said of the process models, focus in the rest of the chapter will be given to
product quality.

Criticism of Models

The product models, particularly McCall’s and Boehm’s models (and the later
1SO9126), have had similar criticisms aimed at them from multiple directions
(Rozmanetal., 1977). These criticisms have all stated that there is a lack of clear
criteria for selection of not only the higher-level quality attributes but also of the
subcharacteristics. There is a lack of consensus between researchers on what
level a quality characteristic should be placed and for the apparent arbitrary
placement of these characteristics, for the lack of agreement on terminology, and
for the paucity of discussion of the measurement aspect of each of the models.
An additional complication and criticism of McCall’s and Boehm’s models is that
each ofthe quality subcharacteristics is not related to a single quality factor. This
complicates measurement and interpretation of results. For example, McCall’s
model shows the quality factor flexibility influenced by quality characteristics
of self-descriptiveness, expandability, generality, modularity. To further
confound interpretation of any measurements that might have been gathered,
these same quality subcharacteristics also influence the quality factors portabil-
ity, reusability, interoperability as well as testability and maintainability. In
ISO9126 each subcharacteristic influences only one high level quality factor —
the model is completely hierarchical.

Gillies (1992) and Kitchenham and Pfleeger (1996) stated that there are a
number of issues with the hierarchical models:

1. The selection of quality factors and criteria seem to be made arbitrarily. It
implies that there is no rationale for determining:
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. which factors should be included in the quality model and

. which criteria relate to a particular quality factor.

2. The hierarchical models cannot be tested or validated, because they do not
define the quality factors in a measurable way.

3. The measurement methods of both models have a large degree of subjec-
tivity, hence the software quality cannot be measured objectively.

4.  In1987,Perry Gillies (1992) pointed out that some quality factors or criteria
conflict with each other due to inverse relationships. For example, there is
an inverse relationship between usability and efficiency. The improve-
ments in human-computer interface will increase the usability of the
software; however, it will lead to reduction in efficiency as more coding will
be required.

Despite the criticism, both models (especially McCall’s) form the basis for most
of the research in software quality today.

Kitchenham and Walker (1986) made anumber of observations. They stated that
there seemed to be little supporting rationale for including or excluding any
particular quality factor or criteria. In fact, definitions of quality factors and
criteria were not always consistent when comparing one model to the next.
Different terminologies between the models exist, with little explanation for the
meanings behind them. There was no rationale for deciding which criteria relate
to a particular factor. Thus the selection of quality characteristics and
subcharacteristics can seem arbitrary. The lack of rationale makes it impossible
to determine whether the model is a complete or consistent definition of quality.

Though quality has been widely used and accepted, the differences between
them highlights how one’s view can dictate the perception of quality. The degree
of'subjectivity varies substantially from one question to another, even though all
responses are treated equally. This variation makes combining metrics difficult,
if not impossible. Moreover, when appropriate, the detail and complexity of the
response should be reflected in a richer measurement scale. For example, while
itis reasonable to expect a yes or no response to the question “Does this module
have a single exit or entry point?”, questions about documentation clarity
probably require a multiple-point ordinal scale to reflect the variety of possible
answers.

The models recommend direct measures, but most of them do not describe
clearly how to conduct the measure. There appears to be no description of how
the lowest level metrics are composed into an overall assessment of higher
leveled characteristics. In particular, then, there is no means for verifying that
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the chosen metrics affect the observed behavior of a factor. That is, there is no
attempt to measure factors at the top of the hierarchy, so the models are not
testable.

More Recent Developments of Product Models

Dromey’s Model

A morerecent and promising model of product quality is found in Dromey (1995),
who strongly pushes for amore comprehensive software quality model. He holds
that software does not manifest quality attributes; rather it exhibits product
characteristics that imply or contribute to quality attributes. He states that most
models fail to deal with the product characteristics. Dromey’s model expresses
the same internal view as the classic Boehm and McCall models, because he
specifically aims at quality of software code (although he claims this can be
applied equally well to other artifacts of the development cycle such as
requirements specification or user interfaces). He states that the requirements
of any product model are that it provides an adaptable methodical system for
building quality into software, and it classifies software characteristics and
quality defects. He proposes a bottom up/top down approach. In bottom up one
begins with a set of structural forms whose quality carrying properties are
identified and must be satisfied. These properties impact certain higher leveled
quality attributes. This allows a bottom up movement by ensuring particular
product properties are satisfied, for example, for programmers. In his top down
appraisal, designers begin with the quality attribute and move to the quality
carrying property. In this way, for example, designers may identify properties
that need to be satisfied for each structural form.

Dromey’s model is broad enough to be applied across languages and projects —
as long as it evolves as new languages evolve. Dromey provides a substantial
contribution to the software quality field in that he has provided a complex
analysis, which established direct lines between tangible product characteristics
and quality attributes. However, his complete disregard for characteristics that
can be evaluated externally could be argued to result in an excellent product that
does not do what the customer has requested. The model also needs to be
broadened to include the same principles applied to other aspects of the design
process such as requirements specification.

The Dromey model has been developed to address many of the problems of the
earlier models. Dromey (1995) criticized the earlier quality models for failing to
deal adequately with the product characteristic problems and to link the quality
factors/attributes to product characteristics. He points out that hierarchical
models that use top-down decomposition are usually rather vague in their
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definitions of lower levels. They thus offer little help to software developers who
need to build quality products. To overcome this, he proposed specific quality-
carrying properties and systematic classification of quality defects. The quality-
carrying properties are:

Correctness properties (minimal generic requirements for correctness)
Structural properties (low level, intramodule design issues)

Modularity properties (high level, intermodule design issues)

el N

Descriptive properties (various forms of specification/documentation)

Correctness properties fall broadly into three categories that deal with comput-
ability, completeness, and consistency. Structural properties have focused upon
the way individual statements and statement components are implemented and
the way statements and statement blocks are composed, related to one another,
and utilized. The modularity properties address the high-level design issues
associated with modules and how they interface with the rest of the system. And
the descriptive properties reflect how well the software is described. Explicit
comments are added to a program to document how the implementation realizes
its desired functionality by manipulating variables with prescribed properties.

Dromey believes that itis impossible to build high-level quality attributes such as
reliability or maintainability into products. Rather, software engineers must build
components that exhibit a consistent, harmonious and complete set of product
properties that result in the manifestations of quality attributes.

Dromey’s approach is important because it allows us to verify models. It
establishes a criterion for including a particular software property in amodel and
ameans of establishing when the model is incomplete. For example, each quality-
carrying property has quality impact, for example, reliability and quality defects.
By identifying the defects, the software developer will take measures to prevent
the defect from occurring.

Kitchenham and Pfleeger (1996) noted that Dromey’s quality model provides a
constructive approach to engineering software quality which can be refined and
improved further. Dromey even developed tools to assist in the production of
quality software, a static analyzer to detect quality defects, and a programming
language aimed at preventing developers from building defects into their
programs.

The criticism of Dromey’s model is that he does not use the metric approach in
measuring the software quality. This is because he uses the concept of defect
classification. However, as Kitchenham and Pfleeger (1996) pointed out, the
model is proof that there are other means to measure quality.
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Constructive Quality Model (COQUAMO)

Kitchenham shares Dromey’s concern for the need for precision in measure-
ment out of the quality models. She has developed various models in her search
to define and measure software quality. COQUAMO (Gulezian, 1995) was
developed to further this research. It was the REQUEST (Reliability and Quality
for European Software Technology) project which adapted Boehm’s COCOMO
model to use the more precise measurement of Rome Laboratory Software
Quality Framework. (RLSQF provided a framework for using certain metrics for
measuring 29 software oriented attributes and relating them to 13 user-oriented
quality factors). The beauty of COQUAMO was that Kitchenham saw the need
for measurement tools to vary from one environment to another. This was a
substantial improvement on all research to date, which had been trying to
increase the objective measurements for specific characteristics, without pro-
ducing any results.

Kitchenham introduced the concept of a “quality profile” and made a distinction
between subjective and objective quality measures. It is an attempt to integrate
the user, manufacturer, and product views in one software quality model
(Kitchenham & Pfleeger, 1996). The COQUAMO model was developed based
on Gilb’s model and Garvin’s views of quality (Gillies, 1992).

The COQUAMO model consists of the following components:

1. Transcendent Properties: these are qualitative measures that are hard
to measure. People have different views and definitions. An example is
usability.

2. Quality Factors: these are system characteristics, which are made up of
measurable factors of quality metrics and quality attributes. The quality
factors themselves could be subjective or objective characteristics such as
reliability and flexibility.

3. Merit Indices: these define the system subjectively. They are measured
subjectively by quality ratings.

The objectives of COQUAMO and the relevant tools to assist the software
developers are in the following table:

*  topredict product quality
*  tomonitor progress toward quality

*  toevaluate the results as feedback to improve prediction of the next project
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Figure 1. COQUAMO toolset diagram (Gillies, 1992)
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The initial input to COQUAMO-1 are estimates of the following quality drivers:

*  product attributes such as quality requirements

*  process attributes such as process maturity

*  personnel attributes such as the developer’s experience and motivation
*  project attributes such the quality norm expected

e organizational attributes such as quality management

The toolset of COQUAMO-2 consists of guidelines to monitor the progress
toward quality product, while toolset COQUAMO-3 provides guidelines to
assess the quality of the product and compare it against the prediction. The result
of this will be input to COQUAMO-1 for the next project.

The distinctive characteristic of this model that differentiates it from previous
models is that the evaluation and feedback processes are introduced here to
improve the quality of software in the next project. There is a similarity with some
aspects of Total Quality Management (TQM) in software quality modeling, that
is, improvement of quality. This is featured by the COQUAMO-3 toolset.

The SQUID Product Model

The SQUID model, an ESPRIT 3 SQUID project (Kitchenham et al., 1997), was
the result of a reassessment by Kitchenham of what constituted a quality model.
It was developed after COQUAMO and after the results of the ESPRIT project
concluded that there were no software product metrics that were likely to be
good predictors of final product qualities. Kitchenham built SQUID based on
these results and held firmly to the importance of monitoring and controlling
internal measures.
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Based on the McCall and ISO9126 models, SQUID aimed to use measurable
properties to link internal properties and external characteristics to quality
characteristics. A key principle to the SQUID model is that it must be customized
for each project/product. Kitchenham states that the underlying principle of
SQUID is that software quality requirements cannot be considered indepen-
dently from a particular software product. Kitchenham acknowledges her
alignment with Gilb (1996) on this point when he states that quality requirements
arise from the operational properties required of the software, or of its support/
maintenance environment. SQUID provides a concrete link between a concrete
feature/component and the quality factor. The SQUID approach is to use
measurement as the link between the product quality requirements and the
quality characteristics (it uses ISO9126 characteristics as accepted results of
research). In the application of the model to a product, concrete internal
measures, with targets, are developed for the desired software properties, which
reference quality characteristics. For example, the internal measures for the
software property correctness were the number of faults detected, and the
grouping into which the faults fell.

The SQUID model comes far closer than any in being able to balance the need
for internal and external views and being able to consider the change in
characteristics and metrics that are involved with each type of software in each
context. The model’s necessary broadness to suit this recognized need means
that it takes a different form from the other models. There is no naming of quality
factors and quality characteristics. The true strength of this model, as already
stated, is its ability to be used in any project.

Other Approaches to Quality Evaluation

Quality Function Deployment (QFD) is a rigorous and high-structured process
used in manufacturing. It provides a means of translating customer requirements
into the appropriate technical requirements for each stage of product develop-
ment and production. The process has been adopted in software engineering
(Delen & Rijsenbrij, 1992; Erikkson & McFadden, 1993; Juliff, 1994; Thompsett,
1993). It required that before each software development project began, the
appropriate characteristics along with the degree of importance of these
characteristics had to be first identified by the stakeholders. The project quality
would then be measured against these functions. Though QFD is very much a
product definition process which helps businesses identify and integrate user
needs and requirements to a product, Thompsett (1993) states that QFD is a tool
which can help define software quality. Erikkson and McFadden (1993) claim
that this approach gives a good structure within which users’ needs are taken into
account and progressively refined to give appropriate product metrics. QFD has
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been described as a customer-driven system that attempts to get early coupling
between the requirements of the customer and system designers. It has not only
proven itself in manufacturing and service environments, but has been shown to
be equally beneficial in software development (Erikkson & McFadden, 1993;
Juliff, 1994; Thompsett, 1993). Erikkson & McFadden (1993) describe several
benefits of QFD from their case study:

. QFD encourages focus on customer needs and helps to prioritize the
requirements.

*  QFD encourages developers to think in terms of defect prevention.

. QFD is a powerful communication vehicle that allows modeling of the
discussions between customers, software designers, and other partici-
pants.

. QFD allows easy tracking of important customer requirements to the
related software characteristics, product features, and product metrics.

*  QFD provides an opportunity to follow the consequences in the process.

*  Ascanbe seen from this list, QFD is a powerful manufacturing process to
ensure customer requirements are met. QFD differs from traditional
models, in that its approach is to develop software products from the
customers’ perspective, not from the suppliers’ perspective. While QFD
supports the many views of quality, described by Garvin (1984), it does not
try to understand the differences, nor does it try to identify similarities
between customers.

Vidgen et al. (1994) proposed a framework to define quality based on the
multiview development method (Wood, 1992; Wood-Harper & Avison, 1992).
They believed that multiple perspectives of software quality are required if one
is to assess product quality properly. The framework was based on customer
satisfaction, relating the product with its use and the services provided to support
it. The three views of IS quality provide the basis for the multiple perspective.
It was not merely an exercise in looking at the same object from different angles,
but it entailed different assumptions about what quality is. Though this frame-
work was introduced, no further research followed.

Criticism of These Recent Models

Kitchenham acknowledges some problems with the SQUID model (Kitchenham
et al., 1997). Using the ISO9126 model as a framework led her to make
recommendations for on-going improvements to the ISO9126 standard. Among
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her recommendations is a request for a further broadening of the ISO9126
standard. Her reasons are good ones and may lead critics of the broadness of
ISO9126 to rethink their reasons for seeking further specificity. She says that
insofar as software products do not have a standard set of functional require-
ments, then it seems that rather than give a fixed set of quality requirements, the
standards should specify how the quality characteristics should be defined by
those involved in the project. From this generic outline, the development team
would have guidance to develop their product model. Kitchenham also states that
the lower level properties should be clearly classified as external or internal
characteristics. She finally recommends that research should focus on ways to
validate quality models. She acknowledges the contribution Dromey’s (1995)
research has made in providing a criterion for including a software property in
amodel. Dromey supports this need for a broad model to be developed by those
involved in the project and states that it would involve the project team specifying
the subcharacteristics of each quality characteristic of each component, estab-
lishing the metrics that correlate to the characteristics of the software product
and to the environment in which it is functioning, and to provide arating level that
expresses a degree of user satisfaction. Since each set of users and developers
needs is different, each rating level will change. This is acomplex task that would
require much guidance.

Vollman (1993) provides additional comment on this issue of model broadness:
notonly is the subdivision of quality characteristics influenced by the evaluator’s
point of view and the product’s context, but when this occurs, the algorithms
applied when evaluating will need to differ. In 1993, the ISO9000 standards
included a publication that was the precursor to this need for the measure to be
applied by multiple evaluators in multiple situations, and stated that an organiza-
tion should use whatever metrics it deems appropriate to its applications as long
as the ISO9000 metrics methodology is followed. Schneidewind (1993) states
that this broadness allows metrics to be used by developers, managers, quality
assurance organizations, maintainers, and users. Clearly the newest metric for
software quality measurement will receive much heated discussion as a result of
the move to balance internal measures with measures of external product
attributes.

From this section, it can be concluded that there have been vast improvements
in defining software quality. Yet overall, software product quality research is still
relatively immature, and today it is still difficult for a user to compare software
quality across products. Researchers are still not clear as to what is a good
measure of software quality because of the variety of interpretations of the
meaning of quality, of the meanings of terms to describe its aspects, of criteria
for including or excluding aspects in a model of software, and of the degree to
which software development procedures should be included in the definition
(Comerford, 1993). Although many ofthe criticisms of product models are valid,
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Voas (1997) proposes that because product-oriented methods are more focused
on achieving quality than assessing it, they play a critical role in software quality
research. He contends firmly that software behavior, irrespective of the
software’s development history, is what defines software quality. He sees
organizations and research caught in a bind with software testing measuring the
right thing but with insufficient precision and process measurement more
accurately measuring the wrong thing.

Measuring Quality with the Software
Evaluation Framework

There have been many studies on the topic of software quality, yet little empirical
studies on what influences the perception of quality for different people. Earlier
research of Wong (Wong, 1998; Wong & Jeffery, 1995, 1996) concluded that
different groups of people view quality in different ways and that it was possible
to group people with similar definitions of quality and similar choices of
characteristics in their quality assessment process.

During the past 30 years there have been many studies on the topic of software
quality; however, there have been none on a framework for software quality,
which considers the motivation behind the evaluation process, other than the
earlier version of this framework introduced by Wong and Jeffery (2001). This
framework is based on the notion that software evaluators are influenced by their
job roles. This is supported by earlier studies (Wong, 1998; Wong & Jeffery,
1995, 1996) where stakeholders with different job roles were found to focus on
different sets of software characteristics when evaluating software quality.
What motivates these differences is found within the broader context of value,
where studies have shown that values are a powerful force in influencing the
behavior of individuals (Rokeach, 1968; Yankelovich, 1981).

The theoretical basis for developing such a framework was based on the theory
found in cognitive psychology and adopted by Gutman’s Means-End Chain
Model (Bagozzi, 1997; Bagozzi & Dabholkar, 2000; Gutman, 1982, 1997;
Valette-Florence, 1998), which posits that linkages between product character-
istics, consequences produced through usage, and personal values of users
underlie the decision-making process or, in this case, the software quality
evaluation process. It is the aim of the framework to not only show the
relationships between the characteristics and software quality, but also show
that there are relationships between the characteristics and the desired conse-
quences, and between the characteristics and the sought-after values.
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Personal values are beliefs people have about important aspects of themselves
and the goals toward which they are striving. Personal values are the penultimate
consequences of behavior for people: their feelings of self-esteem, belonging,
security, or other value orientations. As such, personal values are part of the
central core of a person. That is, personal values determine which consequences
are desired and which are undesired.

Values have been shown to be a powerful force in influencing the behaviors of
individuals in all aspects of their lives (Rokeach, 1968; Yankelovich, 1981). Itis
proposed in this research, that their use in software quality evaluation shows the
behavior of software evaluators and the relationship between the software
characteristics, the desired consequences, and the values sought. Several
attempts in consumer research have been made to provide a theoretical and
conceptual structure connecting consumers’ values to their behavior (Gutman,
1982; Howard, 1977; Vinson et al., 1977; Young & Feigin, 1975). The basis by
which the study is performed is via adopting Gutman’s means-end chain model
(Bagozzi, 1997; Bagozzi & Dabholkar, 2000; Gutman, 1982, 1997; Valette-
Florence 1998), which posits that linkages between product characteristics,
consequences produced through usage, and personal values of users underlie the
decision-making process or, in our case, the software quality evaluation process.
The term means refers to the software product and services, and ends refers to
the personal values important to the user.

Gutman’s model is able to give a complete representation of the means-end
chain, representing linkages from the characteristics to the values, along with the
capability of explicating the chain. Earlier models (Howard, 1977; Vinson etal.,
1977; Young & Feigin, 1975) failed to consider the means-end chain. They
focused only on the consequences and values without considering how they
relate to the characteristics or attributes. The means-end chain model seeks to
explain how a person’s choice of a product or service enables him or her to
achieve his or her desired result. Such a framework consists of elements that
represent the major usage processes that link personal values to behavior. Two
assumptions underlie this model:

. all user actions have consequences; and

. all users learn to associate particular consequences from the usage of the
product or service.

Consequences may be desirable or undesirable; they may stem directly from
usage or the act of usage, or occur indirectly at a later point in time or from
others’ reaction to one’s consumption behavior. The central aspect of the model
is that users choose actions that produce desired consequences and minimize
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undesired consequences. Of course, because it is the characteristics that
produce consequences, consideration for the characteristics that the software
product possesses must be made. Therefore, it is important to make aware the
characteristic-consequence relations. Overall, the characteristic-consequence-
value interrelations are the focus of the model. Values provide the overall
direction, consequences determine the selection of specific behavior in specific
situations, and the characteristics are what is in the actual software product that
produces the consequences. It is knowledge of this structure that permits us to
examine the underlying meaning of quality.

As highlighted in the literature, the benefit of utilizing Gutman’s model in the
framework is that it shows how the desired values influence the behaviors of
individualsinall aspects of their lives (Gutman, 1982; Rokeach, 1968; Y ankelovich,
1981). Gutman’s model suggests that the desired consequences and the values
sought are the motivators behind the choice of characteristic for software
evaluation. In addition to this, the framework also highlights the significance of
this relationship through the relationships between characteristics and conse-
quences and also between the characteristics and value. It is through these
relationships that the possibility of using the characteristics to evaluate each
consequence and value becomes apparent.

The framework shown in Figure 2 is based on Gutman’s Means-End Chain
Model. As can be seen in this diagram, the framework consists of a number of
boxes describing the three elements of Gutman’s model, the stakeholders who
evaluate the software quality, the outcome for the quality evaluation, and the

Figure 2. SEF: Software evaluation framework
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arrows linking these elements, while also describing the direction of the
influence. The Means-End Chain Model has been placed in the main box, as it
is proposed, in this framework, to be the central influence for the choice of
characteristics used in software evaluation, and the influence for the differences
found between stakeholders. The framework not only shows the related
elements, which influence software quality evaluation, but also introduces a way
of describing the relationships between the characteristics, the consequences,
and the values. These diagrams are called cognitive structures. Cognitive
structures can be drawn for each stakeholder, allowing stakeholder differences
to be described through a diagram (Wong, 2002, 2003a; Wong & Jeffery, 2001).

The recent studies of Wong and Jeffery (Wong, 2002, 2002a; Wong & Jeffery,
2001, 2002) provide the premise to this framework. An exploratory study by
Wong and Jeffery (2001), utilized a qualitative approach to explore the influence
of value on the choice of characteristics, and to determine whether cognitive
structures could be used as a tool to represent the links between the character-
istics, consequences, and values. The results of the study not only gave strong
support for the influence of value on the choice of characteristic in software
evaluation, but also supported earlier pilot studies on stakeholder differences
(Wong, 1998; Wong & Jeffery, 1995, 1996), identifying different cognitive
structures for users and developers.

A more recent paper by Wong (2002a) reported on a large quantitative study,
which tested the appropriateness of utilizing Gutman’s Means-End Chain Model
(Bagozzi, 1997; Bagozzi & Dabholkar, 2000; Gutman, 1982, 1997; Valette-
Florence, 1998) in software evaluation. Unlike previous studies of Gutman’s
Model, this study showed strong support for the Means-End Chain Model in a
software evaluation setting. The results showed strong correlations between the
characteristics, the consequences and the values, and supported the results of
the qualitative study (Wong & Jeffery, 2001) described earlier.

The Software Evaluation Framework has also been applied to the requirements
phase of the software development project (Wong, 2003a, 2003b, 2004). The
results showed support for the use of the framework. The results showed that
the measurements between the different phases are not the same, though the
motivation behind the choice of these measurements is the same for a stake-
holder group. The study also finds that the two groups of stakeholders are very
similar in the measurements they choose for evaluating requirements documents;
however, the motivation behind their choice of these measurements differs
between the stakeholder groups. These results are a contrast to that of the
implementation phase. More recently, studies have also been conducted on the
metrics, which could be used to measure the characteristics of the software
product (Wong, 2003a, 2003c, 2004, 2004a).
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Conclusion

An exhaustive and critical review of the research concerned specifically with
software product quality is reviewed in this chapter. It is clear that some models
have provided more progress toward refining the definition of software quality
while others have contributed to a better understanding of the process for
measuring software quality. While the attempts of many of the models have been
admirable, the development of the Software Evaluation Framework has suc-
ceeded in introducing a framework which fills the gaps found in many of the
models.

Several broad conclusions can be drawn from the literature.

First, it is understood that there are different views of quality and that an
understanding of these views is required; however, it is difficult to adoptall views
at the same time when evaluating software. Though a number of assertions have
been made in the literature regarding the multiple views of quality, there have not
been many studies to support this, nor are there any frameworks or models which
give the rationale for the different views.

Second, we know little about what rationale is used for selecting a characteristic
for software evaluation. There is a need to consider what motivates the
characteristics used in software evaluation for EACH different view.

Third, the Software Evaluation Framework, introduced in this chapter, showed
support for applying Gutman’s Means-End Chain Model in software quality
evaluation. The results endorse the links between characteristics, consequences
and values, which have been regarded as rich constructs for understanding
software evaluator behavior (Izard, 1972; Rokeach, 1973; Tolman, 1951). The
results of the study provided further evidence of a connection between patterns
of characteristics, consequences, and values and gives valuable support for the
use of cognitive structures as a means of describing this relationship. Knowing
this relationship is valuable for marketing and promoting the software, which is
important for software acceptance. Software developers have often been
challenged with conducting appropriate software demonstrations. For many
developers, there is a lack of understanding of what is important to the user. The
Software Evaluation Framework introduces the motivation for user acceptance
of the software and allows the developer to have a better understanding of the
desired consequences and how they are related to the software. The framework
is valuable for understanding the differences in views of quality among the many
stakeholders in a software development project. The cognitive structures
introduced a way of describing these differences, showing clearly the character-
istics of the software product, which are significant in their evaluation of
software quality, along with the desired consequences and sought-after values
associated with these characteristics.

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



82 Wong

Fourth, the use of the cognitive structures, introduced in the Software Evaluation
Framework, can better the understanding of the characteristics selected for
quality evaluation and how they are related to what the evaluators seek as
desired consequences from the use of the software. The cognitive structures not
only showed that users and developers differ in their choice of characteristics,
but show differences in the consequences sought and the values desired.
Software Quality has been described as a combination of characteristics, with
ISO9126 being adopted as the current international standard. However, though
support for [ISO9126 appeared in some of the results, evidence suggests that non-
ISO9126 characteristics are also important when evaluating software quality.
This is supported by the cognitive structures and the results of earlier studies of
Wong and Jeffery (Wong, 1998; Wong & Jeffery, 1995, 1996). The results found
that ISO9126 characteristics, usability, and functionality strongly affect soft-
ware quality for both developers and users, while technical characteristics, like
portability and maintainability, were only significant for the developers. How-
ever, the results surprisingly found operational characteristics, like efficiency
and reliability, to minimally affect software quality. This result was not expected
since many of the measurements for software quality, like defects and failures,
focus on reliability. As to the non-ISO9126 characteristics, support was found
to be important for both users and developers, while the economic and institu-
tional characteristics were only relevant for users. It is evident that further work
is required to identify whether the non-ISO9126 characteristics should be part
of the ISO9126 set of characteristics. The use of the cognitive structures can
also help to identify the problems that may be occurring in current evaluation
practices. Software Quality is seldom confined to just one characteristic, though
very often, reliability seems to be the only focus. Defects and failures have often
been the only metrics collected. While reliability, an operational characteristic,
is important, the results of the research show that other metrics need to be
collected if a more generally applicable set of measure for Software Quality is
desired for different stakeholders.
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Chapter 1V

Making Real Progress
with the Requirements
Defects Problem

R. Geoff Dromey, Griffith University, Australia

Abstract

Requirements defects remain a significant problem in the development of all
software intensive systems including information systems. Progress with
this fundamental problem is possible once we recognize that individual
functional requirements represent fragments of behavior, while a design
that satisfies a set of functional requirements represents integrated behavior.
This perspective admits the prospect of constructing a design out of its
requirements. A formal representation for individual functional
requirements, called behavior trees makes this possible. Behavior trees of
individual functional requirements may be composed, one at a time, to
create an integrated design behavior tree (DBT). Different classes of
defects are detected at each stage of the development process. Defects may
be found at the translation to behavior trees, and then at the integration of
behavior trees and when individual component behavior trees are projected
from the DBT. Other defects may be found by inspection and model-
checking of the DBT.
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Introduction

There are seven well-known potential problems (Davis, 1988) with the functional
requirements and their use in the development of modern software intensive
systems:

*  they may be incomplete, inconsistent, and/or contain redundancy
*  they may not accurately convey the intent of the stakeholders

. in transitioning from the original requirements to the design, the original
intention might not be accurately preserved

*  over the course of the development of the system, the requirements may
change

*  the system the requirements imply may not be adequate to meet the needs
of'the intended application domain

. the number and complexity of the set of requirements may tax people’s
short-term memory beyond it limits

*  the alignment between the requirements for a system, its design, and the
implementation may be not preserved

Confronted with these challenges, existing methods for requirements analysis,
inspection, representation, and then design are often not up to the task — we end
with multiple partial views of a system that have a degree of overlap that makes
it difficult to see/detect many types of defects, particularly those that involve
interactions between requirements (see Booch et al., 1999; Harel, 1987; Schlaer
& Mellor, 1992).

Given all this, is there a more practical way forward? Our chief concerns are:

. to get the complexity of the requirements under control,

*  topreserve the intention of the stakeholders, and where there are ambigu-
ities or other problems, clarify the original intention,

. to detect requirements defects as early as possible, and

. to ease the consequences of needing to change requirements as develop-
ment proceeds and our understanding of the problem at hand improves.

We suggest there is a way to deliver these benefits and consistently make real
progress with the requirements problem. It demands that we use the require-
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ments of a system in a very different way. Traditionally the goal of systems
development is to build a system that will satisfy the agreed requirements. We
suggest this task is too hard, particularly if there is a large and complex set of
requirements for a system. The Principle of Totality (Mayall, 1979) gives aclear
insight into what the difficulty is. [t tells us “all design requirements are always
interrelated and must always be treated as such throughout a design task”
(the degree of relationship can vary from negligible to critical between any pair
of requirements). As soon as we have to deal with a large set of requirements,
we have to take into account all their potential interactions. This almost always
taxes the capacity of our short-term memory beyond its limits because we do not
have a practical way of ensuring that all requirements, and all requirements
interactions, are properly accounted for as we proceed with each design
decision. The problem is further exacerbated by failure to detect defects that
result from interactions between requirements.

A much simpler and easier task is to seek to build a system out of its
requirements (Dromey, 2003). Building a design out of its requirements means
that we only need to focus on the localized detail in one requirement at a time.
This is cognitively a much more manageable task and less likely to cause our
short-term memory to exceed its capacity (e.g., we only have to consider one
requirement at any time rather than try to consider one hundred or a thousand
requirements at a time which could easily be needed for a large system). It also
means that requirements interactions are systematically accommodated be-
cause each requirement has a precondition associated with it which determines
how and where it integrates into a design (c.f. how a given jigsaw puzzle piece
slots into the solution to the overall puzzle — except that inserting requirements
is easier than placing jigsaw puzzle pieces). If we opt to build a system out of its
requirements, itimplies:

*  we have a representation that will acurately represent the behavior in
individual requirements;

*  wehaveawayofcombining individual requirements to create a system that
will satisfy all requirements.

Existing notations like UML (Booch etal., 1999), state-charts (Harel, 1987) and
others (Schlaer & Mellor, 1992) do not make it easy to combine individual
requirements to create a system design. To explore the design strategy of
building a system out of its requirements, it has been necessary to develop and
extensively trial on a diverse set of both large and small systems a notation called
Behavior Trees. The behavior tree notation solves a fundamental problem —
itprovides a clear, simple, constructive, and systematic path for going from a set
of functional requirements to a problem domain representation of design that will
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satisfy those requirements. Individual requirements are first translated, one at a
time, to behavior trees. Behavior trees are then integrated to create a design
behavior tree (DBT). From the design behavior tree it is possible to derive the
architecture of a system and the behavior designs of individual components. The
processes of requirements translation, requirements integration, and the processes
of model checking and inspecting the integrated design behavior tree provide a
powerful means for finding many different classes of requirements defects.

Behavior Trees

The behavior tree notation captures in a simple tree-like form of composed
component-states what usually needs to be expressed in a mix of other notations.
Behavior is expressed in terms of components realizing states, augmented by the
logic and graphic forms of conventions found in programming languages to
support composition. The vital question that needs to be settled, if we are to build
a system out of its requirements, is: can the same formal representation of
behavior be used for requirements and for a design? Behavior trees make this
possible, and as a consequence, clarify the requirements-design relationship.

Definition: A behavior tree is a formal, tree-like graphical form that
represents behavior of individual or networks of entities which realize or
change states, make decisions, respond-to/cause events, and interact by
exchanging information and/or passing control.

To support the implementation, of software intensive systems we must capture,
first in a formal specification of the requirements, then in the design, and finally
in the software the actions, events, decisions, and/or logic, obligations, and
constraints expressed in the original natural language requirements for a system.
Behavior trees do this. They provide a direct and clearly traceable relationship
between what is expressed in the natural language representation and its formal
specification. Translation is carried out on a sentence-by-sentence basis, for
example, the sentence “when the button is pressed, the bell sounds” is translated
to the behavior tree below:

BUTTON
[Pressed ]

|

Bell
[ Sounds]
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The principal conventions of the notation for component-states are the graphical
forms for associating with a component a [State], ??Event??, ?Decision?,
<Data out>, or [Attribute := expression | State ], and reversion “*”. Exactly what
can be an event, a decision, a state, and so forth is built on the formal foundations
of expressions, Boolean expressions and quantifier-free formulae (qff). To
assist with traceability to original requirements, a simple convention is followed.
Tags (e.g., R1 and R2, etc., see below) are used to refer to the original
requirement in the document that is being translated. System states are used to
model high-level (abstract) behavior, some preconditions/postconditions and
possibly other behavior that has not been associated with particular components.
They are represented by rectangles with a double line (===) border.

Component-State Label Semantics
Indicates that the component
tay COMPONENT Internal State has redized the particular
[F=t] internd state. Passes contral
‘l! when state is redized
Indicates that the component
t GOMPONENT Attribdte - State  will assign s value to one of
| pibe = vaig its attributes.
Indizates that the component
COMPOMENT IF - State will anly pass contral if If-state
B9 S IF-State 7 is TRUE
Indicates that the component
t COMPONENT WHEM - State will anly pass control when and
49 | +7 MHEN-StE T if the event WHEM=state happens
Indicates that when the
COMPOMENT | Dats-out State component has realized the
tag | otaflow Out state it will pass the data to
the component that receives
‘-l-’ the flow
COMEONENT Diata-In State Indicates that when .the
tag = D atafloneln < component has realized the
state it will receiwe the data
\lr from the component that
zsends the flow
The system component,
tag System-Name System - State System-Mame realizes the
[ State] state "State" and then passas
i control to its output
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Genetic Design

Conventional software engineering applies the underlying design strategy of
constructing a design that will satisfy its set of functional requirements. In
contrast to this, a clear advantage of the behavior tree notation is that it allows
us to construct a design out of its set of functional requirements, by integrating
the behavior trees for individual functional requirements (RBTs), one-at-a-time,
into an evolving design behavior tree (DBT). This very significantly reduces the
complexity of the design process and any subsequent change process. Any
design, built out of its requirements, will conform to the weaker criterion of
satisfying its set of functional requirements. We call this the genetic design
process (Dromey, 2005) because of its links in similarity to what happens in
genetics. Woolfson (2001), in the introduction of his book, provides a good
discussion of this.

What we are suggesting is that a set of functional requirements, represented as
behavior trees, in principal at least (when they form a complete and consistent
set), contains enough information to allow their composition. This property is the
exact same property that a set of pieces for a jigsaw puzzle and a set of genes
possess (Woolfson, 2000). The obvious question that follows is: “what informa-
tion is possessed by a set of functional requirements that might allow their
composition or integration?” The answer follows from the observation that the
behavior expressed in functional requirements does not “just happen”. There is
always a precondition that must be satisfied in order for the behavior encap-
sulated in a functional requirement to be accessible or applicable or executable.
In practice, this precondition may be embodied in the behavior tree representa-
tion of a functional requirement (as a component-state or as a composed set of
component states) or it may be missing; the latter situation represents a defect
that needs rectification. The point to be made here is that this precondition is
needed, in each case, in order to integrate the requirement with at least one other
member of the set of functional requirements for a system. (In practice, the root
node of a behavior tree offen embodies the precondition we are seeking.) We
call this foundational requirement of the genetic design method the precondition
axiom.

Precondition Axiom

Every constructive, implementable individual functional requirement ofa system,
expressed as a behavior tree, has associated with it a precondition that needs to
be satisfied in order for the behavior encapsulated in the functional requirement
to be applicable.

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



96 Dromey

A second building block is needed to facilitate the composition of functional
requirements expressed as behavior trees. Jigsaw puzzles, together with the
precondition axiom, give us the clues as to what additional information is needed
toachieve integration. With ajigsaw puzzle, whatis key, is not the order in which
we put the pieces together, but rather the position where we put each piece. If
we are to integrate behavior trees in any order, one at a time, an analogous
requirement is needed. We have already said that a functional requirement’s
precondition needs to be satisfied in order for its behavior to be applicable. It
follows that some other requirement, as part of its behavior tree, must establish
the precondition. This requirement for composing/integrating functional require-
ments expressed as behavior trees is more formally expressed by the following
axiom.

Interaction Axiom

For each individual functional requirement of a system, expressed as a
behavior tree, the precondition it needs to have satisfied in order to exhibit
its encapsulated behavior, must be established by the behavior tree of at
least one other functional requirement that belongs to the set of functional
requirements of the system. (The functional requirement that forms the root of
the design behavior tree, is excluded from this requirement. The external
environment makes its precondition applicable.)

The precondition axiom and the interaction axiom play a central role in defining
the relationship between a set of functional requirements for a system and the
corresponding design. What they tell us is that the first stage of the design
process, in the problem domain, can proceed by first translating each individual
natural language representation of a functional requirement into one or more
behavior trees. We may then proceed to integrate those behavior trees just as we
would with a set of jigsaw puzzle pieces. What we find when we pursue this
whole approach to software design is that the process can be reduced to the
following four overarching steps:

. Requirements translation (problem domain)
. Requirements integration (problem domain)
. Component architecture transformation (solution domain)

e  Componentbehavior projection (solution domain)

Each overarching step needs to be augmented with a verification and refinement
step designed specifically to isolate and correct the class of defects that show
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Table 1. Functional requirements for Microwave Oven System

R1. There is a single control button available for the use of the oven. If the oven is
idle with the door closed and you push the button, the oven will start cooking (that is,
energize the power-tube for one minute).

R2. If the button is pushed while the oven is cooking, it will cause the oven to cook
for an extra minute.

R3. Pushing the button when the door is open has no effect (because it is disabled).
R4. Whenever the oven is cooking or the door is open, the light in the oven will be
on.

RS5. Opening the door stops the cooking.

R6. Closing the door turns off the light. This is the normal idle state, prior to cooking
when the user has placed food in the oven.

R7. If the oven times out, the light and the power-tube are turned off and then a
beeper emits a sound to indicate that the cooking has finished.

up in the different work products generated by the process. A much more
detailed account of this method is described in Dromey (2003).

To maximize communication our intent here is to only introduce the main ideas
of the method relevant to requirements defect detection and do so in a relatively
informal way. The whole process is best understood in the first instance by
observing its application to a simple example. For our purposes, we will use
requirements for a Microwave Oven System taken from the literature. The
seven stated functional requirements for the Microwave Oven problem (Schlaer
& Mellor, 1992, p.36) are given in Table 1. Schlaer and Mellor have applied their
state-based object-oriented analysis method to this set of functional require-
ments.

Requirements Translation

Requirements translation is the first formal step in the Genetic Design process
and the first place where we have a chance to uncover requirements defects. Its
purpose is to translate each natural language functional requirement, one at a
time, into one or more behavior trees. Translation identifies the components
(including actors and users), the states they realize (including attribute assign-
ments), the events and decisions/constraints they are associated with, the data
components exchange, and the causal, logical, and temporal dependencies
associated with component interactions.

The behavior trees resulting from translations for the first six functional
requirements for the Microwave Oven System given in Table 1 are shown in
Figure 1.
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Figure 1. Behavior trees for Microwave Oven functional requirements

Requirement-R1 Requirement-R2 Requirement-R3

If the oven idle w ith the door closed If the button is pushed w hile the Pushing the button w hen the door
and you push the button the oven wil oven is cooking it will cause the is open hasno effect (because
start cooking(thatis, energize the oven to cook for an the button is disabled)

pow er-tube for one minute)

extra-minute.

OVEN
[Cooking]
R2 USER
+ | 72Button-Push??
BUTTON
{Pushed]

BUTTON
Disabled |

OVEN
R2 OVEN *
+ [Cooking]

Requirement-R4 Requirement-R5 Requirement-R6
Whenever the ovenis cooking Opening the door stops the Closing the door turns off the light.
or the door is open the light in cooking This is the normal idle state prior

the oven willbe on. to cooking w hen the user has
placed the food in the oven.
OVEN
[Cooking]
R5 USER
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Figure 2. Behavior tree produced by translation of requirement R7 in
Table 1

Requirement-7

If the ov en times-out the light and the
povy er-tube are turned of f and a heeper
emits a sound to indicate that cooking has
finished.
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Example Translation

Translation of R7 from Table 1 will now be considered in slightly more detail. It
involves identifying the components (including actors and users), the states
(italics) they realize (including attribute assignments), and the order indicators
(underlined), that is, the events and decisions/constraints they are associated
with, the data components exchange, and the causal, logical, and temporal
dependencies associated with component interactions. In making translations,
we introduce no new terms, translate all terms, and leave no terms out. When
these rules are followed, translation approaches repeatability. Functional re-
quirement R7 is marked up using these conventions. “If the oven times out the
light and the power-tube are turned off and a beeper emits a sound to indicate
that cooking has finished.” Figure 2 gives a translation of requirement R7, to
a corresponding requirements behavior tree (RBT). In this translation, we have
followed the convention of associating higher level system states (here, OVEN
states) with each functional requirement, to act as preconditions/postconditions.

What we see from this translation process is that even for a very simple example,
it can identify problems that, on the surface, may not otherwise be apparent (e.g.,
the original requirement, as stated, leaves out the precondition that the oven
needs to be cooking in order to subsequently time out). In the behavior tree
representation tags (here R7), provide direct traceability back to the original
statement of requirements. Our claim is that the translation process is highly
repeatable if translators forego the temptation to interpret, design, introduce new
things, and leave things out, as they do an initial translation. In other words
translation needs to be done meticulously, sentence-by-sentence, and word-by-
word. In doing translations, there is no guarantee that two people will get exactly
the same result because there may be more than one way of representing the
same behavior. The best we can hope for is that they would get an equivalent
result.

Translation Defect Detection

During initial translation of functional requirements to behavior trees, there are
four principal types of defects that we encounter:

. Aliases, where different words are used to describe a particular entity or
action, and so forth. For example, in one place the requirements might refer
to the Uplink-ID while in another place, it is referred to as the Uplink-Site-
ID. It is necessary to maintain a vocabulary of component names and a
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vocabulary of states associated with each component to maximize our
chances of detecting aliases.

*  Ambiguities, where not enough context has been provided to allow us to
distinguish among more than one possible interpretation of the behavior
described. Unfortunately there is no guarantee that a translator will always
recognize an ambiguity when doing a translation — this obviously impacts
our chances of achieving repeatability when doing translations.

*  Incorrect causal, logical, and temporal attributions. For example, in R4 of
our Microwave Oven example, itis implied that the oven realizing the state
“cooking” causes the light to go on. Here it is really the button being pushed
which causes the light to go on and the system (oven) to realize the system-
state “cooking.” An example of the latter case would be “the man got in the
car and drove off.” Here “and” should be replaced by “then”, because
getting in the car happens first.

. Missing implied and/or alternative behavior. For example, in RS for the
oven, the actor who opens the door is left out, together with the fact that
the power-tube needs to be off for the oven to stop cooking.

A final point should be made about translation. It does not matter how good or
how formal the representations are that we use for analysis/design, unless the
first step that crosses the informal-formal barrier is as rigorous, intent-
preserving (Leveson, 2000), and as close to repeatable as possible, all subse-
quent steps will be undermined because they are not built on a firm foundation.
Behavior trees give us a chance to create that foundation. And importantly, the
behavior tree notation is simple enough for clients and users to understand
without significant training. This is important for validation and detecting
translation defects.

When requirements translation has been completed, each individual functional
requirement is translated to one or more corresponding requirements behavior
trees (RBTs). We can then systematically and incrementally construct a design
behavior tree (DBT) that will satisfy all its requirements by integrating the
individual requirements’ behavior trees (RBT) one at a time. This step throws
up another class of defects.

Requirements Integration

Integrating two behavior trees turns out to be a relatively simple process that is
guided by the precondition and interaction axioms referred to previously. In
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practice, it most often involves locating where, if at all, the component-state root
node of one behavior tree occurs in the other tree and grafting the two trees
together at that point. This process generalizes when we need to integrate N
behavior trees. We only ever attempt to integrate two behavior trees at a time
— either two RBTs, an RBT with a DBT, or two partial DBTs. In some cases,
because the precondition for executing the behavior in an RBT has not been
included, or important behavior has been left out of a requirement, it is not clear
where a requirement integrates into the design. This immediately points to a
problem with the requirements. In other cases, there may be requirements/
behavior missing from the set which prevents integration of a requirement.
Attempts at integration uncover such defects with the requirements at the
earliest possible time. Many defects with requirements can only be discovered
by creating an integrated view because examining requirements individually
gives us no clue that there is a problem. In Figure 4, we show the result of
integrating the seven RBTs that result from requirements translation (plus the
missing requirement R8 — see subsequent discussion). It is easy to see because
of the tags, R1, R2, and so on, where each functional requirement occurs in the
integrated DBT. “@@” mark integration points.

Example Integration

To illustrate the process of requirements integration we will integrate require-
ment R6, with part of the constraint requirement R3C to form a partial design
behavior tree (DBT) (note: in general, constraint requirements need to be
integrated into a DBT wherever their root node appears in the DBT. This is
straightforward because the root node (and precondition) of R3C, DOOR[Closed]
occurs in R6. We integrate R3C into R6 at this node. Because R3C is a
constraint, it should be integrated into every requirement that has a door closed

Figure 3. Result of integrating R6 and R3C

Requirement - R6

Point of

Requirement - R3C Integration (@ @)

R6 DOOR
@@| [Closed

BUTTON
[Encbled]

R3
C+

BUTTON

[of] [Enabled]

v
+ -[me]

’RG‘ LIGHT
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Figure 4. Integrated design behavior tree (DBT) for Microwave Oven
System
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OVEN
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state (in this case, there is only one such node). The result of the integration is
shown in Figure 3.

When R6 and R3C have been integrated, we have a “partial design” (the evolving
design behavior tree) whose behavior will satisfy R6 and the R3C constraint. In
this partial DBT it is clear and traceable where and how each of the original
functional requirements contribute to the design. Using this same behavior tree
grafting process, a complete design is constructed and evolves incrementally by
integrating RBTs and/or DBTs pairwise until we are left with a single final DBT
(see Figure 4).
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This is the ideal for design construction, realizable when all requirements are
consistent, complete, composable, and do not contain redundancies. When it is
not possible to integrate an RBT or partial DBT with any other, it points to an
integration problem with the specified requirements that need to be resolved.
Beingable to constructa design incrementally significantly reduces the complex-
ity of this critical phase of the design process. And importantly, it provides direct
traceability to the original natural language statement of the functional require-
ments.

Integration Defect Detection

During integration of functional requirements, represented as behavior trees
(RBTs), there are four principal types of defects that we encounter:

. The RBT that we are trying to integrate has a missing or inappropriate
precondition (it may be too weak or too strong or domain-incorrect) that
prevents integration by matching the root of the RBT with a node in some
other RBT or in the partially constructed DBT. For example, take the case
of R5 for the Microwave Oven: it can only be integrated directly with R1
by including OVEN[Cooking] as a precondition.

*  The behavior in a partial DBT or RBT where the RBT needs to be
integrated is missing or incorrect.

*  Both ofthe first two types of defects occur at the same time. Resolving this
type of problem may sometimes require domain knowledge.

. In some cases, when we attempt to integrate an RBT we find that more than
the leaf node overlaps with the other RBT or partial DBT. In such cases
this redundancy can be removed at the time of integration.

While in principal, it is possible to construct an algorithm to “automate” the
integration step, because of the integration problems that we frequently encoun-
terinreal systems, itis better to have manual control over the integration process.
Tool support, however, can be used to identify the nodes that satisfy the matching
criterion for integration. Our experience with using integration in large industry
systems is that the method uncovers problems early on that have been completely
overlooked using conventional formal inspections. The lesson we have learned
is that requirements integration is a key integrity check that it is always wise to
apply to any set of requirements that are to be used as a basis for constructing
a design.
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Inspection and Automated Defect Detection

Once we have a set of functional requirements represented as an integrated
design behavior tree, we are in a strong position to carry out a range of defect
detection steps. The design behavior tree turns out to be a very effective
representation for revealing a range of incompleteness and inconsistency
defects that are common in original statements of requirements. The Microwave
Oven System case study has its share of incompleteness and other defects.

The DBT can be subject to a manual visual formal inspection, and because
behavior trees have a formal semantics (Winter, 2004) we can also use tools
(Smith etal.,2004) to do automated formal analyses. In combination, these tools
provide a powerful armament for defect finding. With simple examples, like the
Microwave Oven, it is very easy to do just a visual inspection and identify a
number of defects. For larger systems, with large numbers of states and complex
control structures, the automated tools are essential for systematic, logically
based, repeatable defect finding. We will now consider a number of systematic
manual and automated defect checks that can be performed on a DBT.

Missing Conditions and Events

A common problem is with original statements of requirements that describe a
set of conditions that may apply at some point in the behavior of the system. They
often leave out the case that would make the behavior complete. The simplest
such case is where a requirement says what should happen if some condition
applies but the requirements are silent on what should happen if the condition
does not apply. There can also be missing events at some point in the behavior
of the system. For example, with the Microwave case study, a very glaring
missing event is in requirement R5. It says, “opening the door stops the cooking”
but neglects to mention that it is possible to open the Microwave door when it is

Figure 5. Missing event detected by the event completeness check rule

R6 OVEN
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idle/closed. To systematically “discover” this event-incompleteness defect we
can use the following process. We make a list of all events that can happen in
the system (this includes the user opening the door). We then examine those
parts of the DBT where events occur and ask the question, “could any of the
other events that we have listed occur at this point?” In the case where the
OVEN([Idle] occurs, the only event in the original requirements is that the user-
event of pushing the button to start the cooking can occur (see Figure 4).

In this context, when we ask what other event, out of our list of events, could
happen when the Oven is Idle, we discover the user could open the door. We
have added this missing event in as requirement R8. It is interesting to note that
when Schlaer and Mellor (1992) transition from the stated requirements to a
state transition diagram, the missing behavior has been added without comment.
Because of this sort of practice, traceability to the original requirements is lost
in many design methods. Behavior trees which apply explicit translation and
integration of requirements maintain traceability to the original requirements.

Missing Reversion Defects

Original statements of requirements frequently miss out on including details of
reversions of behavior that are needed to make the behavior of a system
complete. Systems that “behave,” as opposed to programs that execute once and
terminate, must never get into a state from which no other behavior is possible
—if such a situation arises, the integrated requirements have a reversion defect.
Take the case of the Microwave Oven DBT in Figure 4. We find that if the Oven
reaches either an OVEN[Cooking Stopped] or an OVEN[Cooking Finished]
state, then no further behavior takes place. In contrast, when the system

Figure 6. Reversion “~” nodes added to make DBT behavior reversion-
complete
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realizes an OVEN”[Cooking] leaf-node, it “reverts” to a node higher up in the
tree and continues behaving. To correct these two defects we need to append
respectively to the R5 and R7 leaf nodes the two reversion nodes “*”, shown
in Figure 6.

Deadlock, Live-Lock, and Safety Checking

The tool we have built allows us to graphically enter behavior trees and store
them using XML (Smith et al., 2004). From the XML we generate a CSP
(Communicating Sequential Processes) representation. There are several trans-
lation strategies that we can use to map behavior trees into CSP. Details of one
strategy for translating behavior trees into CSP are given in Winter (2004). A
similar strategy involves defining subprocesses in which state transitions for a
component are treated as events. For example, to model the DOOR [Open] to
DOOR [Closed] transition, the following CSP was generated by the translation
system:

DoorOpen = userDoorClosed — doorClosed — DoorClosed

The CSP generated by the tool is fed directly into the FDR model-checker. This
allows us to check the DBT for deadlocks, live-locks and also to formulate and
check some safety requirements (Winter, 2004).

Figure 7. Missing behavior detected by checking OVEN/[Idle]/OVEN"[Idle]
component state consistency
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Reversion Inconsistency Defect Detection

The current tool does a number of consistency checks on a DBT. One important
check to do is a reversion “*” check where control reverts back to an earlier
established state. For example, for the Microwave Oven example in Figure 4, one
reversion check that needs to be done is to compare the states of all components
at OVEN][Idle] with those at OVEN"[Idle]. What this check allows us to do is
see whether all components are in the same state at the reversion point as the
original state realization point. Figure 6 shows the bottom part of the Oven DBT
from Figure 4.

We see that requirement R7 (and the DBT in Figure 4) is silent on any change
to the state of the BUTTON component. This means we get from R1 that
BUTTON][Pushed] still holds when OVEN”[Idle] is realized. However this is
inconsistent with OVEN][Idle] established by R6 and constraint R3 which has the
state for BUTTON as BUTTON][Enabled]. That is, the system-state definitions
which show up the inconsistency are as follows:

OVEN[Idle] = DOOR[Closed] A LIGHT[Off] A BUTTON[Enabled] A ...
OVEN"[Idle] = DOOR[Closed] A LIGHT[Off] A BUTTON[Pushed] A ...

These sort of subtle defects are otherwise difficult to find without systematic and
automated consistency checking.

There are a number of other systematic checks that can be performed on a DBT,
including the checking of safety conditions (e.g., in the Microwave Oven
requirement R5, it indicates that the door needs to realize the state open to cause
the power-tube to be turned off — this clearly could be a safety concern). We
will not pursue these checks here as our goal has only been to give a flavor of
the sort of systematic defect finding that is possible with this integrated
requirements representation. We claim, because of its integrated view, that a
DBT makes it easier to “see” and detect a diverse set of subtle types of defects,
like the ones we have shown here, compared with other methods for representing
requirements and designs. We have found many textbook examples where this
is the case.

Once the design behavior tree (DBT) has been constructed, inspected, and
augmented/corrected where necessary, the next jobs are to transform it into its
corresponding software or component architecture (or component interaction
network — CIN) and project from the design behavior tree the component
behavior trees (CBTs) for each of the components mentioned in the original
functional requirements. We will not pursue these design steps here or the
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associated error detection. They are dealt with elsewhere (Dromey, 2003), as is
the necessary work on creating an integrated view of the data requirements and
compositional requirements of a system which reveal still other defects.

Having provided a detailed description of how behavior trees, in combination
with genetic design, may be systematically used to detect a wide range of defects
it is important to position this approach relative to other methods that are used
to detect requirements defects. Here we will only do this at a high-level and in
a qualitative way, because it is on the big issues where behavior trees differ from
other options for requirements defect detection.

Comparison with Other Methods

Methods for detecting requirements defects can be divided into three broad
classes: those that involve some form of human inspection of the original
informal natural language statement of requirements, Fagan (1976), and more
recently, a perspective-based approach (Shull & Basili, 2000); those that seek
to create graphic representations of the requirements information (Booch et al.,
1999; Harel, 1987); and those that seek to create a formal (usually symbolic)
representation of the requirements information (Prowell et al., 1999) in an effort
to detect defects.

There are three weaknesses with the informal inspection methods for require-
ments defect detection. They make no significant attempt to tackle the problem
of complexity because they make no changes to the original information and
therefore they come up against the memory overload problem. They also do
nothing of significance to detect problems associated with the interaction
between requirements because they do not create an integrated view. And
thirdly, because they do not seek to map the original requirements to another
representation they are less likely to uncover ambiguity and other language
problems (aliases, etc.) with a large set of requirements. In contrast behavior
trees tackle complexity by only needing to consider one requirement at a time,
they create an integrated view of requirements, and they employ a translation
process that seeks to preserve original intention.

Graphic analysis and design methods, like UML (Booch etal., 1999), state-charts
(Harel, 1987), and the method proposed by Schlaer and Mellor (1992), provide
an analysis strategy that involves the creation of a number of partial views of the
requirements information. The main difficulties with these approaches is that
different analysts are likely, for a given problem and method, to produce widely
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different work products including the choices they make about which types of
diagram to produce. The problem is compounded by overlap between some of the
different types of diagram, and in some cases, these diagrams lack a rigorous
semantics and are therefore open to more than one interpretation. There is also
no direct or clear focus on how to use these methods and the various views/
diagrams to detect defects. Because a variety of diagrams may be used, and the
mapping does not involve rigorous translation, it is very difficult to guarantee
preservation of intention; this introduces yet another potential source for creating
defects. We also commonly find, when these methods are used by practitioners,
that things in the original requirements get left out, new things get added, and the
vocabulary changes as the transition is made from textual requirements to a set
of graphic views (Dromey, 2005). In contrast to these problems with graphic
methods, the behavior tree notation allows us to create a single integrated view
of the behavioral requirements and a single integrated view of the static
compositional and data requirements (not discussed in this chapter) of a system.
Creation of behavior tree work-products approach repeatability of construction
when produced by different analysts because they are based on rigorous
translation which always has the goal of preservation of intention. As we have
shown, behavior trees also employ a number of clearly defined strategies for
detecting a number of different classes of defects. Behavior trees have also been
given a formal semantics, which makes it possible to implement formal auto-
mated model-checking.

The use of formally based notations and methods has always been seen as a way
of detecting defects with a set of requirements because of the consistency and
completeness conventions they enforce. While there is no doubt in principle that
this is true, there are three common problems with the use of formal notations.
They require a transition from an informal statement of requirements to a formal
representation. The problem here is whether this transition is done in a way that
preserves the original intention. Most formal notations, for example, the Cleanroom
method, do not employ a process that approaches the repeatability of require-
ments translation in making the transition from the informal to the formal
representation. Another difficulty with formal notations is that very often they
are not easily understood by clients and end users. This can make it much more
difficult to guarantee intention has been preserved. In contrast, clients and end
users have little difficulty in understanding behavior trees because the notation
is relatively simple. One of the greatest difficulties with formal notations is that
they do not usually easily scale up to dealing with larger and more complex
systems. This is much less of a problem with behavior trees provided one has the
necessary tool support.
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Conclusion

Control of complexity is key to detecting and removing defects from large sets
of functional requirements for all software-intensive systems, including informa-
tion systems. Genetic design facilitates the control of complexity because it
allows us to consider, translate, and integrate only one requirement at a time. At
each of the design steps, a different class of requirements defects is exposed.
Itis also much easier to see many types of defects in a single integrated view than
spread across a number of partially overlapping views as is the case with
methods based on representations like UML or state-charts. Because the design
is built out of individual requirements, there is direct traceability to original natural
language statements of requirements. Translation of individual requirements
rather than some form of abstraction goes a long way to preserve and clarify
intention as well as to find defects in original statements of requirements. This
approach to design and defect detection has been successfully applied to a
diverse range of real (large) industry applications from enterprise applications,
to distributed information systems, to workflow systems, to finance systems, to
defense-related command and control systems. In all cases the method has
proved very effective at defect detection and the control of complexity. The
utility of the method will increase as we develop more powerful tools that make
it easy to control vocabulary, support multiple users, and perform a number of
formal checks at each of the design stages.
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ChapterV
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Specifications:

An Evaluation of
Traditional Models and
Animated Systems
Engineering Techniques

Heinz D. Knoell, University of Lueneburg, Germany

Abstract

Improper specification of systems requirements has thwarted many splendid
efforts to deliver high-quality information systems. Scholars have linked
this problem to, between others, poor communication among systems
developers and users at this stage of systems development. Some believe
that specifying requirements is the most important and the most difficult
activity in systems development. However, limitations in human information
processing capabilities and the inadequacy of the structures available for
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communicating specifications and obtaining feedback and validation help
to exacerbate the difficulty. This chapter presents an overview of both
longstanding and newer requirements specification models and evaluates
their capability to advance user participation in this process and incorporate
stated quality attributes. It also reports on preliminary evaluations of
animated system engineering (ASE), the author’s preferred (newer)
technique, which indicate that it has the capability to improve the
specification effectiveness.

Introduction

It is estimated that between 30% and 80% of software projects fail (Dorsey,
2003; Standish Group, 1994), depending on whether the basis is budgets or
number of projects. Many of these software projects fail because of their
inability to adequately specify and eventually meet customer requirements (Zave
& Jackson, 1997). The following quotation from The Standish Group (1994)
provides an excellent summary of the situation and puts the problem in perspec-
tive:

In the United States, we spend more than $250 billion each year on IT
application development of approximately 175,000 projects. The average
cost of a development project for a large company is $2,322,000; for a
medium company, it is $1,331,000; and for a small company, it is $434,000.
A great many of these projects will fail. Software development projects are
in chaos, and we can no longer imitate the three monkeys — hear no
failures, see no failures, speak no failures.

The Standish Group research shows a staggering 31.1% of projects will be
cancelled before they ever get completed. Further results indicate 52.7% of
projects will cost 189% of their original estimates. The cost of these failures
and overruns are just the tip of the proverbial iceberg. The lost opportunity
costs are not measurable, but could easily be in the trillions of dollars. One
just has to look to the City of Denver to realize the extent of this problem.
The failure to produce reliable software to handle baggage at the new
Denver airport is costing the city $1.1 million per day.

Based on this research, The Standish Group estimates that in 1995 American
companies and government agencies will spend $81 billion for canceled
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software projects. These same organizations will pay an additional $59
billion for software projects that will be completed, but will exceed their
original time estimates. Risk is always a factor when pushing the technology
envelope, but many of these projects were as mundane as a driver’s license
database, a new accounting package, or an order entry system.

The fact is that too many software projects fail, that these failures may be due
to both technical and behavioral reasons. Obtaining accurate systems require-
ments (Zave & Jackson, 1997) and translating them into feasible specifications
is a well-discussed problem; however, involving potential users in the develop-
ment project is an important factor in this process. In Levina and Vaast’s (2004)
investigation of how innovations are brought into enterprises, they underscored
the pivotal nature of user involvement in successful implementation.

The specification of the requirements of an information system occurs fairly
early inthe development lifecycle. To accomplish this task, users and developers
collaborate to describe the processes and static structures thatare involved in the
application domain and define their relationships. Quite often both sides speak a
different language, using terminology that may be unfamiliar to the other. Clients
express themselves using (in the view of technocrats) informal business termi-
nology; developers write system specification from a technical perspective. It is
widely acknowledged that this miscommunication is the reason for the preva-
lence of poorly specified systems and the root cause of many of the failed
information systems (Byrd et al., 1992; Raghaven et al., 1994).

To solve this problem, the information system community introduced several
models to improve communication between developers and users, particularly
the accuracy and understandability of the representation of the business process
information that eventually will be used to create the design artifact. But even
with these models, users often experience some difficulty in assimilating the
essence of the specification details. Sometimes they do not participate in the
process because of cognitive limitations and an inability to comprehend the
models. However, user participation in this process is essential to the production
of accurate specifications. This has intensified the need to provide representa-
tional schemes for communicating specifications that are both accurate and easy
to understand.

This chapter uses a real life scenario to assess a variety of modeling techniques
and tools that have been employed to improve the quality of systems specifica-
tions and their success at accommodating user participation to improve user-
developer communication. It reviews the models and demonstrates how they
represent the scenario details. The discussion is organized somewhat chronologi-
cally beginning with the earlier techniques and culminating with a more detailed
description of a proposed set of methods — animated system engineering (ASE)
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— which the author believes may overcome many of the difficulties of earlier
models.

User Involvement in Improving the
Quality of Requirements Specification

Several quality assurance initiatives have been undertaken in information
systems development since Dijkstra (1972) alluded to the “software crisis”.
Earlier efforts focused on the quality assurance of computer programs. Soon it
was recognized that this was far too late to be effective. Either programs were
implemented with significant patchwork or they had to be extensively revised. In
the worst-case scenarios, total recoding was necessary, which, according to
Knoell and Suk (1989), was tantamount to sabotage. However, it has long been
acknowledged that software quality assurance should at least begin with
requirements specification (Karlson, 1997). At this point, there is already enough
information compiled to necessitate a quality review.

While several well-established characteristics exist to assess the quality of a
finished software product, these cannot be applied to requirements specification.
The concern at this stage is how to drive toward the attainment of the eventual
software quality by applying standards that will increase the quality of the
deliverable at this stage of development. Scholars have begun to focus on this
area. For example, Davis et al. (1997) identified several quality criteria related
to software requirements specification, and Knoell et al. (1996) provided an
ontology of quality terms in requirements specification to simplify and promote
user understanding and participation in the process. In this chapter we refer to
the quality criteria for requirements specification that have been suggested by
the German working group of accounting auditors (IDW, 2001) because of their
simplicity and absence of technical nomenclature. Table 1 summarizes these
characteristics.

Despite the existence of these quality criteria, the problems with requirements
enumerated by Dorsey (2003), which include incomplete and ambiguous speci-
fication and lack of change management and user involvement in requirements
specification, are remarkably similar to those Boehm and Ross (1989) identified.
This suggests that very little has changed within that last 15 years, and improper
specification of software requirements continues to thwart many splendid efforts
to deliver high-quality information systems (Dorsey, 2003).

Scholars have linked this problem to, among other things, poor communication
between systems developers and users at this stage of systems development
(Raghaven et al., 1994). Metersky (1993) and Zmud et al. (1993) believe that
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Table 1. Quality characteristics of requirements specification

Quality

Characteristics Meaning How Determined

Completeness Inclusion of all information about work When the attributes for application
sequences and objects (transactions and projects, processes, entities, transactions,
entities), including a reliable catalog of all and functions are given content values in
attributes of transactions, transaction types, | the validity range for the respective
entities, and entity types attribute

Consistency No contradiction in the information about Cross-checking the attributes of the
transactions and entities in the catalog of all | system components
permissible transactions and entities

Clarity Precise and unambiguous statement of the Verification of system specification with
system features in terms that can be future users and through forward
understood by all those participating in the | traceability into the design
project

Factual The extent to which functions of the Verifying that all the internal processing

accuracy existing business system description are rules, operational procedures, and data
contained in the requirements specification | are accounted for

Feasibility Whether the requirements are achievable Matching resources against project
with the available resources demands

specifying requirements is arguably the most important and the most difficult
activity in systems development. However, limitations in human information
processing capabilities and the inadequacy of the structures available for
communicating specifications to users to obtaining their feedback and validation
help to exacerbate the difficulty.

This is because software requirements specification depends on the constructive
collaboration of several groups, typically with different levels of competence,
varying interests and needs (Knoell & Knoell, 1998). The challenge is how to
effectively communicate the perspectives of all stakeholders, in a manner that
is understandable to all, to help them participate in a process of information
sharing to rationally decide the correct approach and unearth creative solutions
that may well involve non-technical issues such as new work flows and business
process alterations. There is little doubt that user involvement in this process is
pivotal and the models used to capture and present this perspective for effective
user decision making even more so.

In the following sections, we provide an overview of traditional methods and then
describe newer and less known models. The older ones are still useful in various
contexts as we will describe; however, complex new systems also require other
models to incorporate user participation in order to accommodate desirable
quality characteristics and improve results.
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Overview of Models Used
for Specifications

In order to more clearly demonstrate the techniques that will be described and
make their underlying principles more concrete, the following real-life scenario
will be used to construct a simple example of the models that will be discussed.
These methods are flow charts and a modified version of the flow chart, data
flow diagrams, entity relationship diagrams, decision tables, the use case diagram
— one of the models from the family of the unified modeling language (UML)
that supports object-oriented development — and Petri Nets, a modeling
language used to graphically represent systems with facilities to simulate
dynamic and concurrent activities.

This scenario involves requirements for a system at a non-profit organization in
Germany, which supports grieving families after the loss of a child. Besides
membership administration, the organization maintains lists of contact persons,
rehabilitation hospitals, speakers, and seminars and distributes books, brochures,
and CDs to interested persons and organizations. The three major tasks in the
process of distributing informational material are order entry, order checking,
and sending notifications about the status of orders.

Flow Charts

The flow charting technique has been around for a very long time, so long in fact,
that there is no “father of the flow chart” and no one individual is accorded rights
of'authorship. In general, a flow chart can be customized to describe any process
in order to communicate sequence, iteration, and decision branches. It may be
used in a variety of situations and is recognized as an excellent technique for
helping to demonstrate processes in order to improve quality (Clemson Univer-
sity, 2004). Figure 1 shows the flow chart for our case study.

The Modified Flow Chart

The basic flow chart technique has been modified by Knoell etal. (1996) in order
to enhance communication by the introduction of additional symbols that make
it easier for non-technical users to understand. This modified technique distin-
guishes between objects (ellipse or oval) and actions (rectangle) by including
icons, which symbolize the object and action, respectively. Figure 2 depicts the
modified version. This representation has been used successfully in several
projects and has been well accepted by non-technical users. It has also been used
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Figure 1. Order processing flow chart
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in the design phase, where several refinement levels have been added (Knoell
etal., 1996).

Data Flow Diagrams

Structured Analysis (SA) (DeMarco, 1979; Svoboda, 1997; Yourdon, 1979) has
been developed to support systems analysis and particularly to demonstrate
process and data structures in order to improve user-developer communication
and understanding of the processes to be automated. Three basic models exist:
(1) the data flow diagram, which supports requirements specification (and will
be elaborated on later), provides a functional view of processes including what
is done (processes) and the flow of data between these processes; (2) the entity
relationship diagram, which provides a static view of data relationships; and (3)
a transition diagram, which provides a dynamic view of when events occur and
the conditions under which they occur.

The data flow diagram uses two symbol sets (or representation schemes)
(Svoboda, 1997): one originated by Y ourdon and DeMarco (DeMarco, 1979) and
the other provided by Gane and Sarson (1977). We have selected the Yourdon-
DeMarco notation in this chapter.

The description of the system is refined into as many levels as needed. The first
is the context level data flow diagram (Figure 3), which depicts the interaction
of the system with external agents that provide and receive information to and
from it. This level is used to give a general overview of the system to be
developed. It is the basis for the first meetings with users. As soon as this level
is accepted by the users and acknowledged to be feasible by the systems
analysts, the next level, a data flow diagram, is developed (see Figure 4).

Figure 3. Context level data flow diagram
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Figure 4. Level 0 data flow diagram
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The functions of the level 0 data flow diagram are shown in Figure 4. It is a high
level view of the system. Each process can be elaborated in its own diagram until
the so called “functional primitive” level is reached. At that point, there is little
communication value in decomposing the process further.

In addition to data flow diagrams, which were very prominent in the 1980s and
1990s, several other methods have been used to support functional analysis.
Newer techniques, such as those provided by the Unified Modeling Language
(UML), the de facto notations and modeling standard used in object-oriented
development, have made structured techniques redundant in many cases.
Although SA is still in use in industry, most universities have switched to UML.
According to the experience of IT consultants (Berger, 2001; Kuehl, 2001), the
SA Data Flow Diagrams have been harder for non-IT users than flow charts —
“The average user thinks like that: I take A, perform B and the output is C”
(Berger, 2001).

Entity Relationship Diagrams (ERD)

The data-oriented approach to requirements specification (Jackson, 1975) was
introduced during the period when large software systems threatened to
confound programmers, a phenomenon that Dijkstra (1972) dubbed the “Soft-
ware Crisis.” Chen (1976) helped to solve the problem of representing informa-
tion in a way that systems analysts, programmers, and customers could all
understand; this solution was the Entity Relationship Diagram (ERD) approach
to database design, which was extended to the ERD technique for systems
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Figure 5. Entity-relationship diagram (Chen, 1976)
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design (Chen & Knoell, 1991). The ERD approach enlightened both technocrats,
who had struggled with a combination of hierarchical databases (and the
emerging relational databases), as well as users, who began to understand the
structure of data.

Figure 5 demonstrates the entities and their relationships involved in the scenario
that is used as an example in these models. It gave the customer and the
programmer a relatively simple way to discuss the requirements of the system
to be built. Chen developed rules to create optimum databases out of the ERDs
(Chen & Knoell, 1991), which helped the analysts and programmers develop
normalized, non-redundant relational databases.

Decision Tables

Sometimes, because of the many rules to apply to certain decision points in a
process, it is not useful to use diagrams with decision branches (such as flow
charts, or UML and Petri Nets, which will be discussed later). A graphic
representation of such complex decision processes is often difficult to under-

Figure 6. Example of a decision table

Conditions Rule #1 |Rule #2 [Rule #3 |Rule #4 |Rule #5 [Rule #6 |Rule #7 |Rule #8
wholesaler Y Y Y Y N N N N
regular customer Y Y N N Y Y N N
order value > $ 10,000.- Y N Y N Y N Y N
actions

3 % discount - X - X X - X

5 % discount X - X - - - - -
free shipping X X - - X X - -
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stand, especially for non-technical users. In those situations decision tables,
which have been the basis for program generators in COBOL in the 1980s like
Vorelle (mbp GmbH) and SWT (SWT GmbH) (Grawe, 2001), are far more
suitable. A decision table is divided into quadrants: upper left (a list of conditions);
upper right (the combination of conditions into rules); lower left (a list of possible
actions); and lower right (the combination of actions according the rules —
combination of conditions).

Unlike the methods described previously, a decision table is not suitable for
outlining the logical structure of the information, or the flow of data, or the
sequence of processes. It is an add-on to the other methods, used to describe the
system’s behavior at a certain point of the process flow. However, the decision
table is well suited for specification negotiations with business users who are
more accustomed to working with tables. If the process is very complex, nested
decision tables may be used to decompose a very large decision into smaller,
interdependent tables in which the master decision table contains the dependent
decision tables as actions.

Use Cases from the Unified
Modeling LLanguage (UML)

UML integrated the concepts of Booch (1993), Object Modeling Technique
(OMT) (Rumbaugh et al., 1991) and Object-Oriented Software Engineering
(OOSE) developed by Ivar Jacobson in 1992 (Wikipedia, 2004), by combining
them into a single, common notation and modeling standard for object-oriented
software development that is now widely used to model concurrent and
distributed systems (Wikipedia, 2004) and was the basis for the Object Manage-

Figure 7. UML use case diagram
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ment Group (OMG) Unified Modeling Language Specification (OMG, 2003). Of
the several UML models, the most popular is the Use Case diagram for
requirements specification, and, in the experience of the author, it is easily
understood by users. In Figure 7 we have modeled the main processes of the
system highlighted in the case scenario inan UML Use Case diagram. The model
also further supports a narrative description of the use case (which is not
developed here).

Rational Rose is one of the several tools that have been developed to support the
construction of use case diagrams. It was developed by James Rumbaugh and
Ivar Jacobson and later acquired by IBM and incorporated into the Software
Group Division where it became an IBM software brand. Originally, Rational
Rose was designed to support the development of ADA programs but later C++
and Java were added. In the newest version, Rational Rose supports the
development of any object-oriented software system and allows animations of
the designed UML diagrams in order to verify the process sequences and the
associated data structures (IBM, 2004).

Petri Nets

The Petri Net models described below are methods for capturing and graphically
representing requirements that attempt to facilitate better user understanding,
assimilation, and assessment in order to increase the odds of accommodating
quality attributes. Like the other tools, they assist visual communications but, in
addition, can simulate dynamic and concurrent activities. Petri Nets are a well-
known design method in Europe, though not as widely used in the United States.
Originally they were used in technical computing (e.g., in switchboards);
however, for the last 20 years or so, they have been used increasingly in
information systems development.

The Petri Net methodology was developed by Petri (1962) primarily to show the
behavior of finite state machines (a theoretical construct in computer science).
Initially, its application was restricted to technological problems, but since the
1990s it has been used in the specification phase of information systems
development. Petri Nets can be animated, but they are mostly used for the
resolution of technical problems like concurrent, asynchronous, distributed,
parallel, non-deterministic, and/or stochastic systems.

Nowadays, an abundance of Petri Net-based design tools are available. These
range from open-source facilities in the public domain to expensive professional
tools. Three such tools, that are outstanding for their animation features, are
BaaN Dynamic Enterprise Modeler, Pavone Process Modeler, and Animated
Process Illustration (APRIL).
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Figure 8. Petri Net
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The BaaN Dynamic Enterprise Modeler (DEM) (BaaN, 1999) is a graphic
program, which is used for the representation of the company’s business
processes. This model is used to assist users to customize the BaaN system and
for the transfer of the business process model into the BaaN ERP system. The
DEM has an animation mode in which users can check settings prior to the
installation of the ERP software system. Furthermore, the graphic model is the
user interface, from which users can trigger BaaN sessions.

The Pavone Process Modeler (Pavone, 2001) was developed to support the
design of workflow in Lotus Notes applications. Figure 9 shows an example
drawn with this program. For computer-naive personnel, this depiction is much
easier to understand as the Process Modeler uses icons to the differentiation of
various processes. In addition, the persons or groups associated with the process
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have to be added. The Process Modeler also has an animation mode, similar to
BaaN DEM, which isused to trace process flows, a feature is particularly helpful
in communication with non-IT staff.

Animated Process Illustration (APRIL) is a Petri-Net-based approach to
developing information systems that uses diagrams to make the process more
transparent to both system engineers and users. The diagrams are used
throughout the entire software development process. APRIL diagrams provide
the means to simulate and analyze the system’s behavior by synthesizing
common techniques and adjusting them to each other and generating prototypes.
The CASE tool NEPTUN is used in conjunction with APRIL to automatically
generate a stand-alone platform and database system independently of the
system’s generic model (Simon et al., 1997). APRIL diagrams and the CASE-
tool NEPTUN are integral parts of the Animated Systems Engineering Method,
which is described in detail in the next section.

Animated Systems Engineering (ASE)

Animated systems engineering is based on the philosophy that prototyping in the
problem definition, analysis, and design phases through animation will help to
circumvent most of the communication and decision errors that are typical of
participating stakeholders (Boehm & Ross, 1989). The term animation is used
instead of simulation because no executable specification is generated based on
the dynamic model (Marx, 1998). ASE uses a graphic method to give the vivid
representation of the dynamic system behavior without programming. For quality
assurance purposes, executable specifications are available too late in the
software development life cycle to figure out misunderstandings in the actual
state analysis regarding requirements definition.

The animation of a Petri Net allows one to visualize the performance of a system
(e.g., user interaction and loops) and to find problems in the system. It provides
a good opportunity to recognize missing or misunderstood parts in the model
under construction, because of the needed knowledge about the correct order of
actions and object flows and not only about the static structure. It will also be
useful for management to prove the progress of a project.

Pahnke and Knoell (1999) found that the ASE method indirectly improved the
quality of specifications during groupware development by:

. structuring the software development process under consideration of
quality criteria;
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. showing the dynamics of the groupware processes;

. reducing the impact of language differences, which increases user partici-
pation by promoting agreement among project participants;

*  managing complexity with easy-to-understand graphic elements; and

*  producing an early graphic prototype to develop an executable problem
description or requirements analysis.

To effect these benefits, ASE includes several tools such as the METAPLAN-
Technique, Petri Net diagrams, object modeling diagrams, animation, mask/
screen and text generators, and a document management system with versioning.
These are noted below:

e The METAPLAN (2003) moderation is a communication and discussion
technique, which motivates a working atmosphere, within participating
groups that are free of hierarchy influences (Piitz, 1999). In our students’
projects the METAPLAN cards should be used in the form of prefabricated
APRIL-Symbols to speed up the discussion.

. APRIL prototype from the Neptun Project of the University of Koblenz
(Neptun, 2002) is used for the validation of ASE.

. Object Modeling Diagrams (OMD) are not directly needed for the core
method, but they are useful from the detailed design phase and include the
object oriented representation of the static view (data view), using classes,
attributes and roles, as well as the graphic representation of association,
aggregation, and inheritance.

*  Animation is the core part of the ASE method. It is used to build and show
scenarios during the investigation and analysis of the actual state. Sce-
narios show a sequence of events according to Rumbaugh et al. (1991).
Animation is more effective than prototyping and provides more than the
look and feel dimension of prototyping; its processes are performed on a
higher level of abstraction. For user acceptance, this modeling approach
needs easily understandable graphic elements. It should be used as late as
possible (after a structure of the system is visible, but as early as needed)
to get an overview of the dynamics of the system.

The following components of ASE are directly needed for quality assurance of
specifications. They serve to fulfill the requirements for quality explanation
according to ISO 12119 (ISO, 1994); the Capability Maturity Model (Paulk etal.,
1993); standards in the pharmaceutical industry (which has very strict rules for
software development, generally, and requirements specification, in particular;
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for example, ISO 10007, 1995); and European Community guidance note for
Good Clinical Practice (APV, 1996; Committee for Proprietary Medical Prod-
ucts, 1997).

. The Mask/Screen Generator is needed to produce the graphic user
interface as early as possible, to easily develop a simple representation of
menus. This representation should help novice users to overview and
develop a vision of feasible solutions.

* A Text Generator is also very useful for documenting the decisions of the
development team participants. The ideal situation would be the capability
to branch from the respective Petri Net or animation directly to these
documents.

. A Document Management System with versioning is required to prove the
changes during the phases and identify requirements. The Petri Net
animation has to be integrated into a document management system, to
allow versioning through an archive.

Indications of the Effectiveness of ASE

The motivation for recommending ASE as a possible cure for the communication
problems that often beset requirements specification is based on indications of
its successful use. Pahnke et al. (2004) reported on supervised students in two
independent projects and further conducted a case study of a groupware
development project at a pharmaceutical company in which ASE played a
significantrole in generating high-quality requirements.

Inthe two independent student projects, teams of students, each using a different
method, generated the requirements specification of software systems. They
were required to elicit requirements and present and discuss the specification
with the future users. They then developed a prototype of the system. In both
projects the teams using ASE were judged to be the ones that obtained the
highest quality results and produced the best prototype (Pahnke, 2003).

The case study (Pahnke et al., 2001) was a more elaborate undertaking. It
involved the pharmaceutical company, Merck KgaA. Merck has to meet quality
standards specified by the US Food and Drug Administration (FDA). All of the
drug studies submitted by Merck to the FDA and other regulatory agencies must
satisfy good laboratory practice (GLP), good clinical practice (GCP), and good
manufacturing practice (GMP). The FDA also requires that computer hardware
and software used in drug studies satisfy good practices and conform to
standards. The company uses several groupware and workflow systems and
puts them through a quality assurance (QA) process using advanced QA
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concepts beyond the “fitness for purpose” requirement of ISO/IEC 12119 (ISO,
1994); these include user convenience, effectiveness, and data safety.

The company launched the Merck Electronic Document Management & Infor-
mation System (MEDIS) to manage the global collection, electronic compilation,
and dissemination of information through the planning, preparation, and publica-
tion of documents and dossiers, and related management processes including the
preparation of all pharmaceutical submissions to regulatory agencies. Triple D
(short name for Drug Data to Disc) was the project name for a document and
workflow management system, developed to satisfy special needs of Merck’s
pharmaceutical submissions.

Merck adopted groupware as the management technology and implemented
role-based privileges for managing the creation, and publishing of dossiers. An
essential mandate of the FDA and other regulatory agencies is for dossier
creation and submission to be under version control. In Merck’s case, those
allowed to create documents are able to build their own information workflows;
however, the workflows for review and approval have to be predefined for some
roles within a working group. The project therefore required the collaboration of
several stakeholders and coordinated decision-making by several participants.

Merck decided to apply ASE after evaluating the presented examples in relation
to the special QA needs of the MEDIS project. Participants were trained in ASE
techniques and later determined the ASE features that would be required to
monitor and achieve their quality requirements in all development phases. They
selected a mask/screen generator and an integrated text generator as well as
version management to support the QA requirement for traceability of docu-
ments.

ASE contributed to the success of the project by significantly lowering error rate
and contributing to higher user satisfaction in comparison to previous projects in
the company. Gunther Knabe, the project manager of MEDIS, expressed it thus:
“We have never had such a smooth project like this before. At first sight ASE
seemed to require greater effort. But finally these efforts paid off” (Knabe,
1999).

Summary and Conclusions

Software development efforts are often complicated by the fact that decisions
taken early in the development process are pivotal to the eventual quality of the
system. However, such decisions are often based on incomplete and insufficient
information. This is related to the inadequacy of communication models to assist
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the capture and assimilation of information to guide the specification of require-
ments, an activity that is universally acknowledged as pivotal to successful
outcomes. Wrong decisions from poor information typically cost organizations a
great deal.

Several models have been used to assist users and developers communicate
more effectively about, and specify, the requirements that are needed to produce
useful and usable systems with high quality. However, despite the extensive use
of these models over several years, indications are that inadequate systems,
resulting from poorly specified requirements, are still very prevalent. Effective
user participation in the specification phase of a software project contributes to
the elimination of misunderstandings of the requirements in the earlier phases,
the enhancement of quality, and saves time and money in subsequent phases.
Effective QA depends on the definition of quality criteria in user language and
a useful and understandable structure for depicting the specifications that can
also identify deficiencies.

This chapter discussed most of the existing models that are used to promote user-
developer communication during requirements specification under the umbrella
of traditional (and popular) models and more recent (but less well known) ones.
Some of the older models are still very useful; however, like information
technology that has been coming at us at a rapid pace, we need to explore new
and improved techniques to match the complexity of new systems and provide
effective tools foraccommodating desirable quality attributes into the process of
specifying requirements. In this regard, our research presented in this chapter
suggests that the set of ASE techniques has proven to be reasonably successful
in circumventing some of the problems that have plagued other approaches.

Animation and virtual reality have been applied successfully in a variety of
technologies to simulate actual usage experience of physical structures (for
example, in computer aided design). We should make use of its capability to
better incorporate user views and improve the accuracy in requirements
specification. After all, most of the quality-enhancing methods in the later stages
of systems development are still destined to failure if we cannot improve the
quality of the specifications by affording users tools to better contribute their own
information and assimilate the contributions of others in order to positively
influence the completeness, consistency, clarity, accuracy, and feasibility of
specifications.

The preliminary indications from our rudimentary assessment of ASE need to be
followed by more rigorous research efforts to establish the limits of the efficacy
of this approach and to provide insights into its strengths and weaknesses. It
would be useful to conduct such studies with industrial strength applications and
to apply it in combination with other techniques to evaluate whether some
synergies would result from such applications. Other future research efforts
could examine more sophisticated tools to enable more realistic animated
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simulations of IS in development and determine the effects on the quality of the
deliverables they support as well as the quality of the final product.
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Chapter VI

Academic Storytelling:

The Development of
User-Driven Scenarios

Robert Cox, University of Tasmania, Australia

Abstract

This chapter introduces the concept of rich picture stories or scenarios to
establish a collaborative effort in the design of new information systems.
Systems designers need contextual information about their users in order
to design and provide information systems that will function effectively and
efficiently within those contexts. Story-telling or scenarios allow developers
and consumers alike to create that all-important “meeting place” from
which comes a collaborative effort in the design of new systems. One of the
primary issues inhibiting the further use of storytelling or scenarios in
information systems is the issue of validation, which is explored. It is hoped
that this chapter will provide insights into the opportunities available to
information systems users and designers to improve the quality of information
systems through the use of valid user-driven scenarios.
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Introduction

Scenarios are alternative descriptions or stories of how the future might
unfold. Scenarios are especially important where rapid change is likely to
occur and where there is high uncertainty about the future. In the process,
they often provoke the imagination, raise fundamental questions, make
explicit our deeply held values, and stretch our worldviews. (Institute for
Alternative Futures, 2001)

Scenarios are not predictions of the future. Rather, in this context, they
encourage people to think about how to navigate successfully through the
developmental processes that lead to the creation of new, consumer-focused and
user-centered information systems. Scenarios can, and should, expand our field
of view, resulting in the cost-wise identification of possible opportunities and
threats. They are an investment in learning.

Scenario-thinking endeavors to ensure that we are distinctively aware that there
isnot a single future coming and that we understand that what will eventuate will
be shaped by what actions we perform today. The development of new
information systems and their associated technology, for example, the much-
anticipated video phone, have often been distracted by the anticipation of a
monetary windfall made possible through a vast and pervasive future use for
a system or technological device. The scenario process moves away from this
predictive distraction in favor of clarifying the plausible and preferred future in
a validated story.

Further, because the future is so elusive and can only be described in ethereal
and insubstantial terms, it is useful to remember the adage of Professor Jim
Dator, founder of the Alternative Futures program at the University of Hawaii:
“Any useful statement about the future should seem ridiculous” (Institute for
Alternative Futures, 2001).

The objectives of this chapter are to encourage readers to consider how
scenarios can assist in developing the design of new information systems and to
hopefully encourage researchers and designers alike, to consider the advantages
available to them from the structured use of user-driven scenarios as one method
of improving information systems quality.

Background

Just about every tribe or society of people has recognized certain members of
their communities for their ability as storytellers. This skillful arthas been passed
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down from one generation to another by chosen, recognized, or hereditary
storytellers. Some stories are shared at certain times of the year, in designated
areas and on special occasions. As well, parents, family members, and elders
share their knowledge with the younger generations in the course of their daily
activities. There have been stories told by and about almost every facit of our
society today: sports, business, education, work, and home life.

Stories play a very important part in our social structure. It is possible from our
fairy tale and childhood stories that we learn about our environment, social
norms, and expected behavior patterns, just as we learn from our employer’s
lunchroom edicts acceptable performance and behavior norms at our workplace.
The world today is a very different place from the one in which many of us grew
up. Family, church, and school are no longer the primary sources of information
for life.

Haraway (1991) documents how the “informatics of domination” have shifted an
“organic industrial society to a polymorphous information system” (p. 164).
Further, this information system has already transformed our bodies into cyborgs
— part human, part machine — at least, part telephone. The pervasiveness of
technology in our everyday lives has come about, it would appear, so quickly that
ithas caughtalot ofus off guard. We are now inundated with an expanding range
of multimodal digital communication systems; wrist watches that have a multi-
tude of superfluous functions; even our domestic appliances have more process-
ing power than the Apollo mission to the moon (Thompson, 2004). Yet, it would
appear that most technology clients have had little or no input into the technology
that they so pervasively use! This non-involvement has contributed greatly to
ineffective user-developer communication and eventually low quality informa-
tion systems products (Barki & Hartwick, 1994).

This brings about the question of how a technology consumer can converse
constructively with a technologist. It is not possible for the technology consumer
to instantly gain the technological experience necessary with which to offer
positive design directions to the technologist, just as it is not possible for the
technologist to unlearn the knowledge gained over many years of research and
development, so both parties can find the commonalities necessary for human
communication. Therein lies the problem: the lack of a common meeting place
from which mutual ideas may flow.

The following excerpt from Thomas Erickson (1996) of Apple Computer Inc.,
writing in his paper “Design as Storytelling”, does an excellent job of introducing
the scenario or storytelling process:

Storytelling is an integral part of my approach to design, both at the earliest
stages, as well as later on in the process. I have a repertoire of stories that
I've built up over my years of design practice. I collect them. I write them.
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I tell them. I piece together new stories out of bits of old ones. I make up
stories about my own observations and experiences. I use these stories to
generate discussion, to inform, to persuade. I notice that other designers
have their own collections of stories as well, and often use them in similar
ways. Stories are very powerful tools. (p. 3)

John Seely Brown, Chief Scientist of Xerox and co-author of 7he Social Life of
Information, offers a further scenario or miniature story to help communicate
what a different future, with an intelligent use of computers, would be like:

I could create an envisioning of the year 2020 ... that just felt like ... sitting
on my porch at home, able to be on the borderline between public and
private. Being able to see what’s happening around me, being able to
interact with my neighbours, with my community when I want. Being able to
sit back and read quietly, sense the tranquility yet connectedness, the
ability to get perspective on big problems and yet be a part of the local
scene. (Seely Brown & Duguid, 2000, p. 3)

And yet another author, Steve Denning (2000), asks the question: why is there
resistance to the role of storytelling/scenarios? (Denning, 2000). He then
postulates that academics sometimes suggest that research, using storytelling/
scenarios, may drag the world back into the Dark Ages of myth and fable from
which science has only recently extricated the masses. He further lists the
antecedents to science’s current hostility to storytelling/scenarios and proposes
that:

. Plato had a hand in whipping up the hostility to storytelling, although his own
masterful practice of storytelling undercuts the explicit arguments that he
makes in The Republic (Plato, ¢.375 BCE);

*  Writers like Francis Bacon (1561-1621) were sometimes seen as opposing
scientific experimentation as mere narrative or anecdote, often without the
recognition that the results of scientific experiments could only be de-
scribed in a narrative;

. Antagonism toward storytelling may have reached a peak in the twentieth
century with the determined effort to reduce all knowledge to analytic
propositions, and ultimately physics or mathematics; and

*  Logical positivists vainly struggled to construct a clockwork model of the
universe, in which only observable phenomena were conceded to exist, and
the universe was thought of as comprising a set of atoms randomly bouncing
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off each other, and human thoughts and feelings were essentially non-
existent.

Albeiton the positive side, the academic pursuit of literary studies took narrative
or storytelling seriously, but with the rise of science they were considered to be
very much on the intellectual periphery, or “the seamy slum of modern academia”
(Denning, 2000).

Even further, the postmodernist critique of Jean-Francois Lyotard (1984) cites,
“science itself rests on a foundation of narrative [that] was intellectually
impeccable” even though Lyotard’s own theories predicted that it would be
“systematically ignored by the high priests of science — the technologists”
(Lyotard, 1984, p. 2).

The main problem, as I see it, rests on an inability of the learned to reach a mutual
and constructive meeting place with the un/earned and vice versa. So how does
one communicate between the /ofty heights of information systems research
and the perceived lowly slum of consumer machinations? The answer may
belong in the realm of the user-driven scenario. Unfortunately, this common
meeting place does not come without its fair share of problems and concerns,
both for the consumer and the technologist.

Issues and Problems

Validation

One of the primary issues debilitating the further use of storytelling or scenario
building is the issue of validation. It is rarely considered that an untrained or
unskilled and possibly uneducated consumer could have anything to offer
designers or researchers in the way of technological direction. Yet most of our
recent technological advances have come from such people; for example,
Jonathon Barouch, the Sydney schoolboy, now-millionaire, creator of an online
e-commerce site. This is not to say that designers and academic researchers
should not be prudent and thorough in their approach to validating stories or
scenarios, but just how does one validate a series of hypothetical events utilizing
a postulated technological device?

Van Krieken et al. (2000), in their book Sociology: Themes and Perspectives,
cite that “data are valid if they provide a true picture of what is being studied. A
valid statement gives a true measurement or description of what it claims to
measure or describe” (van Krieken et al., 2000, p. 241). One should expect that
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any given scenario’s operational environment would contain elements of natural
validity — for example, being grounded by a geographical location, space, and
time. Further, any postulated technological device must remain, to some extent,
within a plausible technological realm. Creating fantastic environments and
ethereal technological vistas does nothing to communicate need or desire for a
device that will alleviate consumer problems, existing or otherwise!

Pickard and Dixon (2004) cite that there is a need to differentiate between
quantitative and qualitative research, particularly when determining the validity
of research. They cite that quantitative research’s validity is based upon four
established criteria:

Truth value, established by internal validity;
Applicability (or generalizability), determined by external validity;

Consistency, determined by reliability; and

el N

Neutrality, determined by objectivity. (p. 6)

And, these four criteria “make it impossible to judge one [qualitative] by a criteria
established to judge the rigour of the other [quantitative], accommodation
between and among the paradigms on axiomatic grounds is simply not possible”
(Pickard & Dixon, 2004, p. 9), thus the need for the development of a further
series of axiomatic criteria with which to judge qualitative research.

Further, experimental studies are often criticized on the grounds that conclusions
based on experimental data cannot be applied to settings outside the laboratory
because the laboratory is too unlike the real world. For this reason, “research is
found wanting because it lacks ecological validity” (Neisser, 1976, p. 354).
Newman identifies ecological validity as “the degree to which the social world
described by the researcher matches the world of [its] members” (Neuman,
1991, p. 166).

In support of this criticism is the contention that “human behaviour outside the
laboratory cannot be predicted from what has been learned in the laboratory”
(Hopkins, 2000). Further, Neisser (1976) identifies that observations made in the
laboratory have to (or are meant to) mimic the everyday life phenomena.
However, Mook (1983) counter-argues that:

This criticism of the experimental approach [to research] is incorrect
because experimental studies are concerned with what can happen not what
does happen. Nor do experimental conclusions serve to predict a function.
Instead, experimental conclusions come about as a result of predicting
from theories. (p. 98)
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But where do these theories come from in the first instance? Quite possibly from
informal scenarios.

1 suspect stories, in particular, haven’t been discussed much because they
aren’t ... well, stories aren’t very respectable. Stories are subjective.
Stories are ambiguous. Stories are particular. They are at odds with the
scientific drive towards objective, generalisable, repeatable findings. In
spite of this — or, I will suggest, in part because of this — stories are of great
value to the interaction designer. (Erickson, 1996, p. 3)

Observations and consumer directives, collected in their natural settings and
subsequently set down in narrative text, can be what are needed to test a
theoretical information system design, to contain all the validity required and to
offer positive direction for both system designers and consumers.

Scenario Focus

The focus of scenarios has, until recently, belonged primarily to technologists
who used them to communicate device-operating parameters and, to some
extent, their creations’ marketability to industry and research stakeholders. This
same process is now being used by consumers to communicate with systems
designers and technologists on what they want a system/device to do, rather than
designers communicating with consumers on 4ow they should use their new
system/device.

Central to the theme of these new-style scenarios should be the idea of User-
Centered Design (UCD). UCD, as expounded by authors such as Michael
Dertouzos (2001) and Karl Vredenberg et al. (2002), see the process of
technology design as changing from technologist driven to that of solving
identifiable consumer problems. Hence systems change from technical won-
ders to solution providers.

Carroll and Rosson (1990) give examples of the focus of scenarios through five
different criteria:

An individual consumer or persona;
Using a specific set of computer facilities or activities;

To achieve a specific outcome;

el N

Under specified circumstances;

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Academic Storytelling: The Development of User-Driven Scenarios 141

5. Over a certain time interval (explicitly includes a time dimension of what
happens when).

Importantly, the focus is on the consumers understanding and input into the
design process rather than the technological aspects of the design. This is
because consumers readily find it easier to relate to the task-orientated nature
of the scenario than to the abstract, and often function-orientated, nature of
systems specifications (Nielsen, 1993).

Solutions and Recommendations

Validation

It would appear that scenarios suffer from some of the same issues that
qualitative research has for the past few decades. Doug Ezzy (2002), in his book
on qualitative research, identifies that:

Rigour in qualitative research is as much situated and linked to the politics
and particularities of the research as it is to following methods and
practices .... Rigour and ethics were originally considered to be quite
separate ... [however], it has become increasingly clear that all knowledge
is inextricably moral with ethical implications. (p. 52)

Certainly, validity refers to whether an information system is internally coherent,
and to whether it accurately reflects this external world. However, scenarios are
notobjective entities but rather subjective. Their creation has been influenced by
the values, interests, and hopes of the researchers and contains the rich dialogue
of hopes and desires for the postulated system and devices, the answers to the
consumer problems, and the design direction of the technologist.

The idea that theory should accurately reflect the experiences of the system
consumer is clearly problematic if there is not one clear meaning of that
technological experience. One of the main purposes of scenario use is to obtain
a consensus of experience between the consumer and the technologist. The
creation of scenarios that contain within them all the consumer’s desire and
intent about the postulated system, its technology, and its hypothetical operating
environment would seem to fulfil the ecological validity requirement established
by Neisser, thereby answering to some extent the scenario’s validation require-
ment.
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Further, Pickard and Dixon (2004) suggest that a new series of four criteria
should be established to determine the validity of qualitative research, particu-
larly constructivist inquiry, which encompasses the data gathering exercise of
scenarios. These might be:

1. Credibility — established by prolonged engagement with the research
participants, persistent observation of those participants, triangulation of
the techniques used to study those participants and their contexts, peer
debriefings, and member checks (Pickard & Dixon, 2004, p. 6).

2. Transferability — to allow the transferability of the research findings
rather than wholesale generalization of those findings, as established by
Dervin (1996), such that if the research reader identifies similarities in the
research, then it is reasonable for that reader to apply the research findings
to his/her own context (Pickard & Dixon, 2004, p. 6).

3. Dependability — established by the inquiry audit and external auditor who
is asked to examine the research process, the way in which the research
was carried out, examining the data produced by the research in terms of
accuracy relating to transcripts and levels of saturation in document
collection (Pickard & Dixon, 2004, p. 6).

4.  Confirmability —established through ensuring that the results, accepted as
subjective knowledge of the researcher, can be traced back to the raw data
of the research, that they are not merely a product of the research interests
(Pickard & Dixon, 2004, p. 6).

Abstract models, as scenarios are frequently qualified, often do not provide
sufficient information or insights upon which to base the planning and delivery of
service or tools. However, if modeling or scenarios are to be established as a
desired result of qualitative research, then scenarios must be validated and
placed in context. From these scenarios, themes may be established, and these
themes would become all the more relevant for having emerged from diverse and
often conflicting realities.

Scenario Methodology

The development of user-centric scenarios is an individual process, mostly
unique to each and every scenario built. Although there are some steps that will
be ubiquitous to all scenarios created (i.e., development of the initial scenario
draft) most steps will involve consultation and group work with a core of industry-
specific consumers whose input will not overlap to other scenarios.

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Academic Storytelling: The Development of User-Driven Scenarios 143

The initial scenario idea develops from observations or consultations with either
an individual “expert” in a specific industry-sector or as a result of an expert
panel meeting. These panel meetings are convened for the specific purpose of
obtaining directives and observations from consumers from within. Further
clarifying information is then obtained by returning to specific experts from
within the panel and verifying that the scenario draft fulfils the intended
consumer activities and outcomes.

The draft scenario is then brought before a focus group (Caplan, 1990; Goldman
& McDonald, 1987; Greenbaum, 1993; O’Donnell etal., 1991) where six to nine
consumers are brought together to discuss the scenario concepts and identify and
clarify the scenario’s plausibility and facilitate technology over a period of about
two hours. Each group is run by a moderator who is responsible for maintaining
the focus of the group. “From the consumers-perspective, the focus group
session should feel free-flowing and relatively unstructured, but in reality, the
moderator has to follow a pre-planned script for what issues to bring up”
(Nielsen, 1993, p. 54).

Once “approved” by the focus group, the scenario is free to be passed onto the
technologists for their input. This process should be iterative, with the scenario
moving freely between consumer groups and technologists until such a time
when they both agree on its substance, at which times it may turn into a
demonstrator proposal.

The use of a scenario template may introduce a needed formality into scenario
creation. The suggested format uses Carroll and Rosson’s (1990) five-scenario
criteria to describe the postulated device and hypothetical usage: persona,
device, outcome/performance, situation/circumstances, and time considerations.

Example Scenario

The format of this scenario is based on Maurice Castro’s (2002) Exploring
Location paper and introduces a persona involved in a profession which is
potentially hostile to computing technology and sensitive equipment, in general.
This persona is used to explore the concepts of practicality of use of communi-
cation devices in agricultural based occupations. The idea of location is also
explored, as previously identified by Castro.

A persona has been constructed within the agricultural environment. The
manufacturing, building, light and heavy industrial environmental sectors would
also have similar problems with work day hazards and equipment robustness.
The agricultural environment is particularly hazardous as exposure to bright
sunlight, water, chemicals, dust, and lengthy periods of vibration from farm
equipment are normal daily activities.
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Like all personas, Graeme does not represent a real person. Instead, he is a
composite of many individuals, representative of this industry sector. The
persona has sufficient detail and depth for a developer to relate to, as if Graeme
were a human being.

PERSONA — Graeme

Graeme is a third generation farmer. He is married with three children — two
boys and one girl who has an intellectual disability. Graeme gained his farming
experience from his father and a farm apprenticeship, completed with formal
agricultural college training. He has a flare for mechanics and farm equipment,
especially irrigation equipment.

Graeme is a good farmer. He plants and harvests differing crops and runs a small
herd, about 150 head, of beef cattle. He works long hours for small return but
considers the lifestyle to be the most important reason to continue farming.

His farm is spread over a large geographical area and on differing sites. He
grows on contract for several different companies, both local and international.
Graeme grows small niche crops “on spec” as a continuation of the farming
tradition set down by his grandfather. His wife keeps the farm records on a
home-based computer. Both he and his wife enjoy “surfing the net” when they
can, as their children tend to monopolize the computer.

The farm employs two workers, one son, and one farmhand from a local family.
Graeme is the only irrigation service person in the district, so he can get quite busy
at times. He has a limited supply of irrigator spare parts in his shed and often
needs to order special parts. Ensuring the right crop is planted, watered,
fertilized, harvested, and sold is central to his farm’s success, just as fulfilling
irrigator repair requests is essential to keeping a cash flow for the family.

Graeme is often frustrated by a lack of current prices for irrigation spare parts
and equipment, current crop seed, and commodity prices. Further, his family
needs to know where he is at all times, as his daughter has high needs and they
need security from the possibility of farm machinery breakdown/accident in an
outlying paddock.

Some of the problems that he would like to see solved are to have a better form
of contact than second-hand information relayed by radio from home; often
missing irrigation repair requests and needing to recontact the complainant for
further details, a cost in both time and dollars; needing to lower his farm
operational expenditure, especially fuel consumption; and he would like a more
accurate financial overview of his farming operations.
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Device: Farmers Right Hand

For purposes of this scenario we will postulate the existence of a device known
as the FRH — Farmers Right Hand. This device is a palm-based computer that
is rugged, waterproof, acid proof, has a specific gravity of less than 1 (so that it
floats on fresh water) and an effective battery life of 100 hours. The device is
sized so that it will fit comfortably into the breast pocket of a King-Gee® work
shirt. The device can be operated inside the shirt pocket but will also clip onto
abelt. The device incorporates mobile telephone facilities, wireless networking,
speaker and microphone, and a touch screen. Input is provided by either a virtual
keyboard on the touch screen, by individualized “icon-based” shortcuts on the
touch screen or by a T9-like abbreviated word completion system.

Farms are an equipment hostile environment. Equipment is subject to:

*  Physical shocks — equipment may be dropped, stood on, or otherwise
physically assaulted in day-to-day operation.

. Loss — equipment may be placed down and forgotten, especially when a
situation demands urgent attention (i.e., a cow calving).

. Incomplete telecommunications — farms are often geographically
large. Access to network facilities may not be possible in all farm locations,
at all times.

. Interference — the proximity of motorized farming equipment (i.e.,
tractors, irrigation pumps) can cause interference with telecommunica-
tions.

*  Multiple users — equipment may be used by more than one person on
several occasions, requiring several consumer profiles to be stored and
accessible.

Performance

Location

This scenario uses location and a geographical position. Definition to within 3
meters (9.75 feet) is sufficiently accurate for this scenario’s applications.
Subscenario’s 5.2 through 5.5 all utilize a GPS (Geographical Positioning
System). Code phase differential GPS is the most common technique to gain
better accuracy when using a GPS receiver. The accuracy is approximately 3
meters with a Code Phase GPS receiver such as one used for recreation
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purposes and 1 meter or less with a GPS receiver with carrier phase smoothing.!
In this scenario, location is used to influence the behaviour of the device. The
preferred options of the location for the device should be able to be configured
by the consumer — with the consumer being able to choose several options of
locatability (i.e., by paddock; by grid reference; by map).

Privacy

There are going to be occasions when Graeme may not want his location to be
revealed either to his family or to business/farming associates. However, he
would want to give accurate information about the time it will take for him to get
somewhere, and if he is in an unfamiliar location or environment, then naviga-
tional assistance would be appreciated. When Graeme decides to make his
location available should be decided by Graeme only. Subscenario 5.4 makes
allusion to the problems of open locatability.

Identity

A device belonging to Graeme, who is in an occupation that is prone to severe
accidents, should be able to identify its consumer. The portability of this device
will need a process of consumer identification such as a consumer name/
password operation — especially for the T9 input methodology.

Accessibility

Probably more tied into the size and robustness attributes, accessibility of the
device should not be limited to one person. However, the portability of the device
will be limited by the T9 voice input training — seeing it is specific to a single
consumer. The incorporation of a textual/graphical consumer interface will
assist in the devices portability, as will a generic voice-recognition interface.

Size and Robustness

The size of the device is of special importance in this scenario. A device that is
large or cumbersome is more likely not to be used or damaged. Ensuring it fits
into the pocket of a standard work shirt would ensure its utilization and, to some
extent, its protection from casual damage.
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Communication

Certainly one of the primary activities for any mobile device is communication.
Whether it be mobile telephony and Internet connectivity, roaming or mobile
communication is what gives the device its power and usability. The quality of
communication is certainly an issue, especially small devices, as they would
usually necessitate small-sized power units with small power outputs reducing
the effective communicable range. Graeme needs the device to be able to locate
and use effective communications.

Computing/Calculation

The ability to action prewritten software in a range of software languages and
possibly operating systems would certainly enhance the devices portability. It
may be possible to create a specific operating system by downsizing an existing
OS (i.e., Linux or Mac OS10) to fit. Certainly, the computational power of the
device will need to be high (i.e., Pentium 4 — 2Ghz+) to ensure that the
communication, GPS, and T9 voice systems operate quickly and effectively, with
little delay. Graeme would not appreciate having to wait for a lengthy period of
time for the calculations/communications/GPS functions to be displayed or
actioned.

Data Storage

Effective and efficient data storage is a further issue for device operation and
size considerations. Housing sufficient internal memory size-wise is always a
design predicament. Further, the type of memory is also an important consider-
ation — does the memory erase when the power source ceases, or are certain
sections of the inbuilt memory able to be permanently stored (i.e., setup
configurations, downloaded GPS maps). The access to the device’s memory
should also be flexible with input through an inbuilt USB port from home/business
computers and possibly external memory devices such as CD-Rom and floppy
disk.
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Situation

Refueling: A Costly Exercise

Its 5:30 A.M. on what’s purported to be a fine day, and Graeme is starting his
daily routine. Today, according to his schedule, he needs to check on the
condition of the crops sown into the farms outlying paddocks; ensure that the
irrigator has run its interval and irrigated the potato crop successfully; ear tag a
couple of dozen newly acquired beef calves; fix the neighboring farmer’s
traveling irrigator; and finally pick his younger son and daughter up from the
temporary school bus stop 10 km up the road. This will necessitate the use of
several pieces of farm equipment, namely the 4WD tractor and the farm Ute.

Graeme busily fills up the 4WD tractor with diesel fuel from the farms supply
tank, making a note into the FRH of the quantity of fuel issued through a shortcut
on the touch panel. The FRH screen identifies the piece of farm equipment,
requests an edit format — fuel update — and stores the keyed information for
later reporting. The FRH also displays an estimate of the amount of operating
time this refueling will enable on this particular machine and requests that an
alarm be sounded when the remaining time is at or below 10%. With the flick of
a key, the tractor and Graeme, are off to investigate the first of the days duties
— an appraisal of the outlying paddocks. The journey will take approximately 20
minutes for Graeme to reach the first of the paddocks.

A Crop to Harvest

Graeme stops the tractor at the gate of what his family has always identified as
the River Paddock — a paddock of feed sorghum, approximately 40 Ha in size,
with the river as the boundary fence running down one side. Graeme casts his
eyes across the paddock and, after a short walk through the immediate area,
forms the opinion that this crop of sorghum is ready for harvest. He retrieves the
FRH from his shirt pocket and asks:

“Can you tell me what the weather forecast is for next 3 days in this area?”

The FRH, using the in-built GPS identifies Graeme’s location and then sends a
request via mobile telephony to the Bureau of Meteorology for the weather
forecast for the requested area for the next 3 days. The FRH responds with a
graphical display on the touch screen showing that the forecast for the next 3
days is going to be fine.
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Graeme’s farming experience ensures him that this crop can be left for up to
another week in the paddock without any detriment. The primary factor for
Graeme on whether to harvest or not is the price he will receive from the local
commodity buyers. Graeme now asks the FRH:

“Can you tell me what the harvested purchase price for sorghum is at
present, in this area?”

The FRH processes the request and, using mobile telephony again, contacts the
commodity buyers in Graeme’s district. The FRH responds with a graphical
display on the touch screen identifying the current purchase price for sorghum
from the two local buyers, Webster and Pivot.

As this information is very locally based and can only be appreciated in context
with the current commodity price for the crop, Graeme further asks the FRH:

“Can you tell me what the commodities market value is for export sorghum
at present?”

The FRH again processes the request and, using mobile telephony, contacts the
ASX (Australian Stock Exchange) and requests the commodity market price for
exportsorghum. The FRH displays the information both as a textual message and
a graph, indicating the previous 2 weeks’ prices as a trend line. The trend is
currently steady.

Satisfied that he will gain an equitable return, Graeme decides to harvest the crop
now. This will necessitate the booking of a contract harvesting business. Graeme
now asks the FRH:

“Can you tell me if Harrison’s Harvesting has a team available in the next
3 days?”

The FRH identifies the request and, using the harvesting companies telephone
numbers stored in its mobile telephony system, contacting not only Harrison’s
Harvesting but also two contract harvesting companies for harvesting team
availability in the next 3 days. The FRH then sends details of the paddock size,
location, crop, and anticipated harvesting date to the contractors. The FRH
displays the results of the search as a pick list of companies contacted and their
availability on the touch screen. Unfortunately, there are no teams available to
harvest this crop in the next 3 days. However, the FRH identifies that Harrison’s
has a team available from the fifth day on.
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How Much Water?

Having successfully negotiated the harvesting of the sorghum crop in the River
Paddock and completing an inspection of the remaining outlying farm paddocks,
Graeme now attends to the irrigation of the potato crop.

As Graeme arrives at the paddock gate, he notices that the traveling irrigator has
stopped about half way down the paddock. A problem has been encountered, and
the irrigator needs to be engaged to irrigate the remaining paddock. This
particular paddock draws water from a common source, with each farmer
allocated a certain day (and even a certain time period on that day) on which to
draw water for irrigation. Therefore, it is important for Graeme to know how
much water has been pumped onto the paddock, how long the irrigator ran for,
and how long the irrigator will need to operate to cover the remaining paddock
area. Graeme asks the FRH:

“Can you calculate for me the running time of the irrigator in this
paddock?”

The FRH, utilizing the in-built GPS, locates the irrigators identifying signal which
places it in a known farm paddock. The FRH uses given formulae to calculate
how far the irrigator has traveled and therefore how long it operated.

The final resultant — 4 hours — is displayed as a figure on the touch screen.
Graeme stores this figure into the working memory of the FRH using a shortcut
on the touch screen. Knowing that the amount of water placed onto the paddock
will have decided effects on the growth potential and the damage received to the
crop, Graeme now asks the FRH:

“Can you calculate for me the amount of water that was placed onto this
paddock during an operating time of 4 hours of this irrigator?”

The FRH uses a series of predetermined formulae to calculate the result which
is displayed onto the touch screen as text— 1.5cm/sq m. This figure is also stored
into the working memory of the FRH. To ensure an even growth of the crop,
Graeme must ensure that the remainder of the crop is irrigated at the same rate
as the previously irrigated section. Graeme now asks the FRH:
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“Can you calculate how long this irrigator will need to operate to ensure
that 1.5cm/sq m of water is applied to the remainder of this crop?”

Again, the FRH uses preprogrammed calculations to determine that 2.2 hours of
irrigation will be needed to ensure equal irrigation on the remaining crop. This
figure is also displayed as text on the touch screen. Graeme also needs to know
whether his access to the common water supply has expired for the day and so
again asks the FRH:

“Can you tell me when access to this paddock’s water supply will end?”

The FRH uses mobile telephony to contact his home computer where details of
the paddock’s location are matched against his farm records which hold the
water access information. The FRH displays the results as text on the touch
screen — 4:30 P.M. today — a remainder of 3 hours. Graeme is free to continue
the irrigation of this paddock.

An Urgent Request

Having set and restarted the traveling irrigator, Graeme now sets off to return
the tractor to the farm shed. He arrives and notes the machines operational hours
into the FRH. The FRH screen identifies the piece of farm equipment, requests
an edit format — hours update — and stores the keyed information for later
reporting.

Stepping across the shed, he hops into the farm Ute and heads off for the farms
cattle yards, where he hopes his two farmhands are awaiting his arrival. On the
way the FRH plays an audible alarm, which indicates that an incoming message
has arrived. Graeme asks the FRH:

“Can you tell me the new message?”

The message is from his farmhand son, Mark, and the FRH audibly sounds:

“Dad, I need you down here fast. A calf has been jammed against the yard
fence and been stabbed in the belly by a loose dropper. It doesn’t look very
good. Whatever you're doing, you'd better leave it and come here quickly.”
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Graeme not only receives the important information but also hears the small
panicin his son’s voice, which communicates even more efficiently the urgency
of the situation. Graeme heads off hastily toward the cattle yards. As a
consequence of the message operation, the FRH asks whether a reply to the
message is to be sent. Graeme confirms that a reply will be sent and speaks the
following reply to the FRH, while it is still located in his breast pocket:

“Son, I'm on my way now. Be there soon.”
As an adjunct to the reply, Graeme asks the FRH:
“Can you advise Mark of my location and ETA?”

The FRH identifies the request and, using the in-built GPS, locates Graeme’s
current position and the position of the farm’s cattle yards. Using a series of
preprogrammed calculations, the FRH constructs an ETA and advises Mark’s
FRH of Graeme’s ETA.

Upon arrival Graeme notices that Mark and the farmhand have isolated the
injured calf in the stockyard. After a brief appraisal of the situation, Graeme
decides he needs to contact the vet, so he asks the FRH:

“Can you phone the local vet?”

The FRH again identifies the request and, using mobile telephony, connects the
FRH to the local vet so that Graeme can explain the situation in more detail. The
vetadvises that he is attending another farmer in an outlying district and will likely
be another 3 hours before he could be there; however, he has sent Graeme’s
FRH some suggestions on how they should proceed. The FRH sounds an alarm
that a message has been received. Graeme thanks the vet, requesting that he
come when he can and terminates the telephone connection.

Conclusion

Information systems development is, by its very nature, a collaborative work.
The development of scenarios is one means by which users can give acceptable
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and valid input into the design of information systems without the need for lengthy
induction programs and information sessions, thereby contributing to the quality
of deliverables.

Scenarios also provide two cost-effective uses: First, scenarios can be used
during the design of a human interface (HCI) as a way of expressing and
promoting understanding of how consumers will eventually interact with the
future system, as identified in the above scenario example. Second, scenarios
can be used during the early evaluation of the HCI design to obtain consumer
feedback without the expense of a running prototype. The scenario example
above gives both the farmers and system designers/technologists opportunities
to provide feedback on the style, frequency, and possibility of the proposed
system and device interactions.

Donald Schon (1987), aleading HCI designer, argues that professional develop-
ers — a category within which he includes HCI designers — employ artistry as
much as science in their daily practice. He notes that developers are not initially
presented with well-formed problems, but rather with messy, indeterminate
situations. While Schon’s investigations focus on work by only one or two
designers, interaction design involves many people from widely varying back-
grounds.

For the new emerging Internet developer, scenarios or stories provide one way
to deal with the lack of structure in problems. When first starting out, scenarios
provide a way of getting a feel for the new terrain. Scenarios reveal a
consumer-eye view of the landscape and provide an extremely effective way for
getting people — both consumers and systems designers — involved and talking
with one another, that mystical “meeting place.”

“A key element of the power of stories, I believe, is their informality,” cites
Erickson (1996, p. 4). Like the first rough sketches of an architect, scenarios
have a sort of redundancy. We all know that scenarios are subjective, exagger-
ated, and unique, and any scenario is liable to questioning, reinterpretation, or
rejection. At the same time, scenarios provide concrete examples that people
from vastly different backgrounds can relate to. “Thus, as a collection of stories
[scenarios] accretes around a project, and provide a common ground, a body of
knowledge which can be added to, and questioned by, all participants” (Erickson,
1996, p. 4).

Establishing that scenarios are validated, rich sources of insights to assist in the
information transferral of important consumer data to systems designers and
technologists is one thing; using them is another.
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Abstract

The growing attendance at seminars and conferences dedicated to quality
programs attests to the increasing recognition of the continued importance
of quality. Unfortunately, in many organizations, this intensified quality
focus has not been effectively applied to information systems — a surprising
outcome given the many demonstrations of a direct relationship between
information systems delivery process and information systems quality and
success. In this chapter, we analyze process-centered contributions and
solutions to the increasing challenges of producing high-quality systems.
We provide a balanced overview of evidence that has emerged from
practical, real-world experiences and empirical research studies, an
overview that incorporates the positions of both proponents and opponents
of process-centricity. We then provide an assessment of the contexts in
which software process improvements and quality- enhancing initiatives
can thrive.
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Introduction

Some organizations have managed to deliver successful information systems
(IS); however, a large number have not obtained the expected benefits from their
investments in software products (Banker et al., 1998). Yet, organizational
reliance on information technology (IT) to support business processes and enable
strategic priorities has increased conspicuously over the last two decades. This
increased dependence has accentuated the challenge to IS developers, users,
and managers to interact more effectively with each other (Vessey & Conger,
1994) in order to produce more sophisticated, more complex, and more reliable
IS.

A central premise of most continuous process improvement philosophies is that
the quality of the product and/or service is largely determined by the quality of
the process used to produce it (Deming, 1986). This assumption has been
substantiated in IS organizations (Harter et al., 1998; Khalifa & Verner, 2000;
Ravichandran & Rai, 1996, 2000). It is noteworthy that IS are rarely confined to
single processes; they usually support organizational networks of interdependent
business processes and multiple interfaces to other systems. To address these
and other complexities, the role of IS practitioners continues to evolve and
increase in importance and with it the expectation that IS practice must
continuously improve.

Accepting this premise places a considerable burden on IS quality management
groups to support various business process owners and other interested parties.
These stakeholders often have different business cycles and distinct quality,
innovation, discipline, rigor, and productivity requirements. Consequently, in
order to increase competence and improve process quality, [S organizations are
forced to focus more intensely on implementing process management and
improvement programs (similar to efforts in manufacturing and other service
organizations). This focus typically involves two major steps: (1) objectively
assessing the effectiveness (capability) and discipline (maturity) of the IS
delivery process and (2) launching process improvement initiatives guided by the
results of the assessment (C/O Magazine, 2001).

To complete the assessment, organizations typically use formal process analysis
instruments such as the capability maturity model (CMM). The result of this
examination then provides a baseline for planning IS process improvements and
enhancing capability (Duggan, 2004). The vehicle used for initiating process
improvement activities, in many cases, is the institutionalization of a highly
structured systems development methodology (SDM) (Riemenschneider et al.,
2002; Roberts et al., 1997). SDMs standardize an organization’s IS process in
order to effect the consistency and predictability needed to obtain successful
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outcomes that do not rely significantly on epic individual and project group
performances (Riemenschneider et al., 2002).

In this chapter we analyze the contributions of these practices to the delivery of
quality IS. We present a broad overview of the history of, concepts surrounding,
rationale for, and results of IS process-centered interventions. The discussion
represents a synthesis of core facts from real-world experiences, practitioner
reports, anecdotes from current practice, insights gleaned from scholarly
research, and our combined academic/professional backgrounds. The intention
is to contribute to the assimilation of already accumulated knowledge about IS
process improvement both as a general exposition of perspectives and issues and
as a foundation for deeper analyses in subsequent chapters of this book. The
ultimate objective is to make a meaningful contribution to the on-going debate
about the relevance and potential of process-centricity in the delivery of high-
quality IS.

In the following sections we provide background information to outline the
history of IS delivery process structures, and we discuss the evolution of varying
perspectives on IS process management principles and methods. Then we
analyze the conceptual and practical justification for our focus on this phenom-
enon. We identify successful software process improvement initiatives, claimed
benefits, and some implementation problems encountered and offer an explana-
tion for differences in perspectives. Finally, we provide a summary and conclu-
sion that underscore the salient elements of our analysis.

While we recognize the differences between IS development and software
engineering, for convenience, we use the terms IS process improvement (our
preferred term) and the more widely used software process improvement (SPI)
interchangeably. Additionally, we have avoided reference to the debate among
proponents of traditional process-centered development methodologies (now
termed plan-driven approaches) and agile development methods. We prefer,
instead, to view both philosophies as having SPI intentions but adopting different
foci with applicability in particular IS project contexts and overlapping in others.
Boehm (2002) provides an excellent discussion of this issue.

Background: Toward Process
Management Effectiveness

The push to implement effective process support for IS development is as old as
the history of IS development itself. The intention of early computing efforts in
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business organizations was to apply emerging information technology (IT) to
improve administrative efficiency in accounting and finance (Somogyi & Galliers,
2003). Systems developers were mostly professionals in these areas who
obtained training in computer programming; however, they had little understand-
ing of IS delivery processes and thus were unconsciously incompetent (Brown,
2002). Consequently, this early stage of software development was character-
ized by craftsmanship with scant attention to process and management controls.
Nevertheless, several sound systems were implemented.

Soon afterwards, however, there was a desire for more structured procedures
to streamline and regulate systems delivery activities in order to increase
productivity. According to Brown (2002), these accountants-turned-developers
drew on their domain orientation and established an output-centered approach.
Starting with required reports, they worked backwards to the inputs and then
established a network of cross-references to required calculations and files. The
problems with this approach (including the difficulty of modifying the systems so
developed) are largely outside the scope of this chapter, but the quest for an
adequate process had begun.

The original process structures were called programming processes (Lehman,
1987). As the size and complexity of systems development projects increased,
developers attempted to simplify the conceptual, planning, and execution frame-
work by segmenting and grouping related systems life cycle activities. The
systems development life cycle (SDLC) models originated from these early
attempts. According to Lehman, Benington (1956) made the first reference to
such a concept, in which he outlined the characteristics of what later became the
waterfall model — the best known SDLC model. The name itself was proposed
by Royce (1970) and the concept was later expanded and popularized by Boehm
(1976).

Many organizations have adopted this model as their guide for managing the
systems development process more effectively. Unfortunately, this segmenta-
tion merely provides a conceptual overview of what is to be done and identifies
the deliverables at the boundaries of these segments (called milestones). Little
consideration is given to the #ow. Developers (in the same organization) may
structure the same activities quite differently under the waterfall model. This is
antithetical to the consistency objectives of effective process management.
Standardization and stability underlie modern software process improvement
programs as prerequisites for high-quality products. The demand for higher
quality IS has intensified with the growing perception of an IS/IT paradox. This
was described by Brynjolfssen (1993), Gibbs (1994), and others as the failure of
the IS community to fully exploit the power and proliferation of IT and associated
innovations to produce higher quality IS.
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Capability Maturity Models

In response to this perceived crisis, other quality problems, escalating software
costs, and runaway IS projects, the U.S. Department of Defense sponsored the
Software Engineering Institute (SEI), a federally funded research and develop-
ment center at Carnegie Mellon University. The focus of the SEI was the
promotion of software process excellence (SEI, 2002a). In 1991, SEI completed
the development of the capability maturity model for software (SW-CMM), a
process improvement model for software engineering. Several such models have
been established since.

A capability maturity model (CMM) provides an instrument for assessing the
maturity and the degree of discipline of an organization’s IS delivery processes
against anormative ideal (Paulk etal., 1993; Paulk, 2001). Essentially, it defines
the attributes of a mature, disciplined software process within several process
areas and specifies practices to be followed by each process to approach
maturity. It also describes an evolutionary improvement path for progressing to
higher levels of effectiveness from ad hoc, immature processes to disciplined
mature processes with improved quality (Humphrey et al., 1991).

Several systems and software CMMs exist (SEI, 2001). The best known are
SEI’s model for software engineering (SW-CMM), the systems engineering
capability maturity model (SE-CMM) designed by enterprise process improve-
ment collaboration (EPIC), and the systems engineering capability assessment
model (SECAM) from the International Council on Systems Engineering
(INCOSE). Others include the software acquisition CMM, the people CMM, and
the integrated product development CMM.

These many variations may have prompted Boehm (1994) to express the
concern that despite the central function of software in modern systems delivery,
the two acknowledged engineering disciplines (systems and software) have not
been well integrated. Software is an increasingly significant component of most
products; it is therefore vital that teams of software and systems engineers
collaborate effectively to build reliable, cost-effective products.

In 2002, SEI released a single integrated capability maturity model for systems
engineering, software engineering, integrated product and process development,
and supplier sourcing of software (SEI, 2001, 2002b). Similarly, the Electronic
Industries Alliance (EIA), EPIC, and INCOSE attempted to merge the systems
engineering CMMs into a single model that was called systems engineering
capability model (SECM). In order to reduce the redundancy, complexity, and
cost of using multiple CMMs (SEI, 2001, 2002a), the previous models are now
consolidated under the umbrella of the capability model integration (CMMI).
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CMMLI is intended to further improve the ability of organizations to manage the
critical interactions among the people, technology, and methods that are involved
in systems and software development and to monitor the delivery of the requisite
quality.

Maturity Levels

The definition of levels of process capability and quality did not originate with
CMM. Crosby (1979) first defined quality as conformance to requirements and
acknowledged that processes that contribute to the development of a technology
occur in coherent patterns and not in random combinations (see Table 1). Radice
et al. (1985) then adapted Crosby’s five patterns to software development, and
Humphrey (1998) expanded on their work when he identified five levels of
process maturity. The SEI CMMI model incorporated a more flexible frame-
work to guide process improvement efforts that has six capability levels.

Weinberg (1992) asserted that the relativity of quality is the reason for the many
unproductive discussions of it; the definition is often emotional and includes
political considerations. He suggested recasting Crosby’s (1979) definition of
quality (as conformance to requirements) because software requirements are
seldom ever accurate. Moreover, requirements are not an end themselves, but
a means to the goal of providing value. Consequently, it is possible to deliver
“unrequired” features that are acknowledged as valuable. Table 1 summarizes
this evolution of quality patterns and capability levels.

Table 1. Evolution of quality patterns to maturity levels

Level Crosby’s Management' CMM? (CMMI) Weinberg CMMI
Attitude Patterns Maturity Level Congruence Capability
Patterns Levels

0 Oblivious Incomplete

1 Uncertainty Initial Variable Performed

2 Awakening Repeatable Routine Managed
(Managed)

3 Enlightenment Defined Steering Defined

4 Wisdom Managed Anticipating Quantitatively
(Quantitatively Managed
Managed)

5 Certainty Optimizing Congruent Optimizing
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IS Process Management:
Principles and Practices

According to Cordes (1998), the most important lessons that today’s IS
practitioners can learn from W. Edwards Deming and the quality management
movements of the 1980s are (1) quality equals process and (2) everything is
process. Zipf (2000) agreed with this pronouncement and provided further
explanation in his claim that all work efforts involve processes and that their
effective management is pivotal in achieving high-quality outcomes. He further
contended that quality management studies performed in past decades have
validated this position.

This almost sacrosanct notion (of process as a repository of quality) provides
motivation and justification for striving to improve IS delivery processes in order
to produce better systems. Empirical evidence indicates that a well defined
software process significantly impacts the quality of the information system it
produces (Harter et al., 1998; Khalifa & Verner, 2000; Krishnan & Kellner,
1999; Ravichandran & Rai, 1996, 2000); however, three important caveats have
been noted:

1. Excellent process management does not automatically guarantee high-
quality IS, itis anecessary — though not sufficient — condition (Rae et al.,
1995).

2. Attaining some degree of process consistency is not the end but the end of
the beginning; the process has to be continuously improved through
organizational learning (Humphrey, 1998; Humphrey et al., 1991).

3. The process structures that an organization adopts must be suited to its
culture and social systems (Curtis et al., 1995; Perry et al., 1994).

These caveats recognize that IS process considerations involve more than
standards and procedures. A successful process integrates people, technology,
and methods into an effective whole (Perry et al., 1994). We subscribe to
Humphrey’s (1998) definition of a software process as a sequence of activities
that involves the interactivity of (1) people with the requisite skill, training, and
motivation; (2) tools and technologies; and (3) methods — practices and
principles. The fixation on any one of the three at the expense of the others is
suboptimal and will not produce the desired results.

Software process management for effecting process stability, consistency, and
improvement requires an infrastructure that gives appropriate consideration to
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this trilogy of people, technology, and methods (Krishnan & Kellner, 1999);
however, trade-offs are expected. For example, when working on comparatively
small projects with a few developers, the dominant contribution to product quality
may well be the competence and dedication of a few participants (McConnell,
1993). In larger systems development efforts, where many people must work
together effectively, process methods become more important. Global projects
with mission-critical functions require a high quality process that involves
excellent execution of all these elements.

People

People are the guardians of the process structure and its faithful application, with
the crucial responsibility of tracking down sources of inconsistency and negoti-
ating their resolution. In addition, the progressive use of procedures, tools, and
models must be complemented by considerations of the existing social and
organizational infrastructure (Perry et al., 1994). In any event, process innova-
tion invariably involves organizational changes. Therefore, inadequate attention
to people issues constitutes suboptimization, which could conceivably reduce the
impact of the innovation (Debou, 1999).

IS specialists are scarce, and the attrition rate for the profession is high
(Riemenschneider et al., 2002). Competent people with the requisite skill and
experience are needed to ensure effective, accurate, and efficient process
performance. Itis crucial that participants in IS delivery are capable of managing
both the technical and behavioral challenges in a variety of project scenarios
(Perry etal., 1994). Attempts to apply a high-level process improvement model
with limited resources typically results in a choice between people, tools, and
methods — each of which has associated problems. Similarly, organizations
should avoid introducing workforce practices that employees are unprepared to
apply (Curtis et al., 1995).

The people CMM (P-CMM), mentioned earlier, recognizes the role of people
and their importance in SPI efforts. P-CMM focuses on the characteristics and
capabilities of the people who contribute to process improvement and quality. It
is concerned with the maturity of workforce practices, workforce development
issues (e.g., individual competencies), team effectiveness and rapport, and
priorities for improving performance and relationships that are necessary for
workforce development (Curtis et al., 1995). P-CMM assists an organization in
selecting standards and practices that are more suited to the characteristics and
capabilities of its people.
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Technology

Technologies that support process improvement facilitate formal process defi-
nition and representation, analysis, and automation in some cases (Glass, 1999).
Some are small modeling tools and techniques. Others are fairly elaborate, fourth
generation languages (4GL), computer aided software engineering (CASE),
simulation engines, and a variety of process frameworks and facilities (Krishnan
& Kellner, 1999). Some organizations adopt powerful, integrated tools such as
Workflow Management Systems and Process-Centered Software Engineering
Environments (PSEEs) to support the entire spectrum of life-cycle operations
(Christie, 1995).

These technologies are quite important and in several cases, have helped to
provide process and product improvements; however, accepting that the over-
whelming majority of performance problems, resulting from variation in work,
are caused by procedures (Deming, 1986), necessarily leads to the understand-
ing that the major problems facing organizations are managerial, not technical.
Yet almost 20 years later, many improvement exercises are still focusing
exclusively on the technological aspects of building software systems — the
tools, techniques, and languages people use to produce the software (Perry et al.,
1994).

Methods

We have provided evidence of widespread, though not unanimous, acceptance
of the notion that a mature IS delivery process is a prerequisite for delivering
high-quality systems. This acceptance has triggered an extensive focus (almost
an obsession in some quarters) on IS process improvement and formal process
management practices (C/IO Magazine, 2001); however, the route to an
effective IS process management structure — including a rational and well-
defined set of procedures for establishing consistency and predictability and
general improvement — is a process itself. It requires focus and tenacity to
cause the necessary investigation and the subsequent planning for and imple-
mentation of interventions and practices that are appropriately filtered and
interpreted to fit the culture and other peculiar characteristics of the adopting
organization (Bamberger, 1997).

This process involves: (1) understanding and assessing the effectiveness of the
organization’s current systems development practices, (2) using the assessment
asa guide for developing a vision and prioritized goals, (3) establishing implemen-
tation plans for achieving process consistency and predictability, and (4)
instituting a culture conducive to continuous improvement (Humphrey, 1998). In
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the following sections we discuss the two main vehicles through which organi-
zations accomplish these objectives. The first is through process assessment,
which attempts to gauge competence in preparation for the second vehicle:
formalizing and institutionalizing relevant practices. The process assessment is
completed largely through the capability maturity models we have discussed and
the formalization through systems development methodologies (SDMs).

Process Assessment

The assessment of an organization’s IS delivery process requires an objective,
internal analysis of the maturity level and discipline of its IS development
processes. The CMM is the best known of several instruments used for this
purpose. The International Standards Organization’s (ISO) Software Process
Improvement Capability Determination (SPICE) (El Emam & Goldenson, 1996)
is also quite popular. It was developed collaboratively by 14 nations under the
auspices of the International Standards Organization. Others — such as
Bootstrap (Kuvaja et al., 1994), software evaluation process model (SEPRM),
and personal software process (PSP) — are not as well known as CMM and
SPICE.

Systems Development Methodology

One way of interpreting the maturity levels of the CMM is to regard levels 1 and
2 as the absence of structures and procedures that contribute to process
consistency; level 3 as the acquisition and full deployment of such standards; and
levels 4 and 5 as post-implementation learning and improvement of the standards
(Riemenschneider etal., 2002). Process consistency can only be achieved by the
institutionalization of a comprehensive set of protocols to regulate IS delivery
activities and blueprint the steps for advancing through the SDLC. This set of
protocols is usually called a systems development methodology (SDM).

SDMs vary in their intricacy and rigor, but generally cover what, when, and how
activities are performed, the deliverables (and their quality standards) from
different implementation stages, the roles of people, and the tools and techniques
that are supported (Roberts et al., 1999; Wynekoop & Russo, 1995). Several
commercial and proprietary SDMs exist; however, it is recommended that an
organization adopts a single methodology (Duggan, 2004).

SDMs allow project teams to eliminate project start-up inertia and focus more
on the contextual characteristics of the current project. The risk of failures due
to attrition is also reduced with a well-defined process; a participant in one
project can be dynamically redeployed to others, and the loss of key people is not
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as disruptive (Duggan, 2004). Researchers have found that the use of SDMs
generally results in increased productivity, quality, and reduced cycle time and
effort (Harter et al., 2000; Herbsleb et al., 1994).

A methodology is not a panacea for all IS delivery problems (Riemenschneider
et al., 2002), nor is its efficacy universally acknowledged. The SDM learning
curve is particularly steep (Dietrich et al., 1997) and some methodologies may
be onerous, particularly ifapplied to small projects without adaptation (Fitzgerald,
2000; Flatten, 1992). Itis notunusual, however, for amethodology to be modified
for a specific project but fully sanctioned by the governing body. SPI requires
“fine-tuning” based on measures of effectiveness and organizational learning to
drive toward optimal practices.

Perspectives on Process-Centricity

Researchers and practitioners have identified several instances where improved
software processes have contributed to IS quality and success. There are
examples of direct and indirect organizational benefits from these IS quality-
enhancing initiatives. Among others, desirable system benefits such as reduced
defects and cycle time have been reported. Some of these system benefits have
also been linked to the creation of business value (e.g., increased profitability)
downstream (SEI, 2002a), but support for process-centered approaches is not
unanimous. There are counterclaims about the validity of the focus, challenges
to the value of its contributions, and doubts about whether the investment is
misspent or justified by the benefits. Some have also alluded to serious SPI
implementation problems.

Acknowledged Benefits

SPI efforts have yielded several direct benefits which addressed longstanding
systems delivery problems (Ashrafi, 2003; C/O, 2001; Subramanyam et al.,
2004; Yamamura, 1999; Zahran, 1998):

. The improvement in estimating development effort, which has resulted in
fewer schedule overruns, shorter development cycle times, and reduced
time to market

*  Improvement in the quality of intermediate deliverables, which reduces
error rates and results in fewer delivered defects
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. Improved maintainability and the reduction of rework
*  Lower development costs and higher development productivity

*  Greater conformance to specifications

Other indirect benefits have been enabled by standardized software processes.
These include increased customer satisfaction, improved organizational flexibil-
ity, and greater internal (user) and external (client) customer satisfaction (Florac
et al., 1997). Moreover, other organizations claim benefits such as more
proactive IS development teams, valuable, unsolicited end-user feedback about
improvement opportunities, improvement in their capability to assess project
risks, and other cost-reduction opportunities (C/0, 2001; Diaz & Sligo, 1997;
Haley, 1996; Hollenbach et al., 1997).

Goldenson and Gibson (2003) provide credible quantitative evidence (see Table
2) that CMMI-based process improvements can result in higher quality products.
Example cases shown in the table provide evidence of measured improvements
in quality, mostly related to reducing defects or product life cycles. Several
authors have also reported cases of significant business value creation that are
traceable to improvements in the software process (Table 3).

Table 2. Process-centered quality impacts (Goldenson & Gibson, 2003)

Organization Quality Impact of SPI

Fort Sill Fire Support Software Substantial reduction in defects with significantly more rigorous

Engineering Center engineering practices due to CMMI.

Harris Corporation Substantial decrease in code defects after adoption of CMMI.

Lockheed Martin Systems Reduced software defects per million delivered SLOC by over 50%

Integration compared to defects prior to CMMI.

Lockheed Martin Maritime Reduced defect rate at CMMI MLS5 approximately one third compared

Systems & Sensors—Undersea to performance at SW-CMM MLS5.

Systems

Northrop Grumman Defense Only 2% of all defects found in fielded system. Reduced identified

Enterprise Systems defects from 6.6 per KLOC to 2.1 over five causal analysis cycles.

Siemens Information Systems Improved defect removal before test from 50% to 70%, leaving only

Ltd., India 0.35 post release defects per KLOC.

Accenture 5:1 ROI for quality initiatives.

Boeing Ltd, Australia 33% decrease in the average cost to fix a defect.

Bosch Gasoline Systems Reduction in error cases in the factory by one order of magnitude.

Sanchez Computer Associates Saved $2 million in first 6 months, most through early detection and
removal of defects.
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Table 3. Business value impacts

Organization Quality Impact of SPI
Raytheon (technology-based Gained twofold increase in productivity; almost eightfold ROI
company) improvement; Savings of $4.48M (1990) from a $0.58 million

investment; Eliminated $15.8 of rework costs for the period (1988 to
1992) (Dion, 1993).

Hughes Aircraft (Software Annual savings of $2M ROI of 5:1 on process maturity assessment
Engineering Division) and two-year improvement initiative of $445,000 (Humphrey et al.,
1991).
Motorola (Government CMM Level 4 assessment (1995); An initial investment of $90,180
Electronics Division) returned $611,200, giving an ROI of 6:1 (Diaz & Sligo, 1997).
Software Process Engineering 2003 Software Process Achievement (SPA) awardee. Improved
Group (SEPG) at Wipro customer satisfaction, 40% increase in organizational productivity,
Technologies reduced time to market (Subramanyam et al., 2004)

Reported Problems

Several authors are critical of the software process movement and remain
unconvinced of its potential benefits. There are many other perspectives
between Leung’s (1999) assessment of only limited success of such programs
and Fayad and Laitinen’s (1997) categorization of some efforts as wasted and
counterproductive. There are perceived ambiguities and difficulties in applying
CMM recommendations for successful process modification (Pfleeger, 1996;
Ravichandran & Rai, 2000); Gray and Smith (1998) argue that the CMM model
is invalid because of the lack of correspondence between assessment levels and
performance. The SEI’s report that approximately 70% of SPI implementations
are unsuccessful (SEI, 2002a) lends credence to the opponents of these
programs.

Balancing the Perspectives

The primary source of real-world process improvement failure is implementation
(Fayad & Laitinen, 1997; SEI, 2002b). Perhaps the most surprising finding from
SEI assessments of organizational process implementation (SEI, 2002b) is that
the problems are common knowledge in the IS domain and well known within
organizations. Why then are organizations not fixing them? Process implemen-
tation is a social process that occurs slowly. During this period people and
systems undergo significant change, learning, adaptation, and growth (Perry et
al., 1994). Success depends on high-level orchestration; however, senior man-
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agers rarely become noticeably occupied with software quality or process
improvement issues.

While organizations make process improvement decisions, it is the people who
adopt them. Conventional wisdom is that rational behavior will cause people to
adopt and successfully utilize superior innovations to replace outmoded systems
and technologies, but this concept has been constantly challenged. In general,
organizational change cannot be managed by mandate nor will adoption occur by
merely presenting a new process for use. In particular, SPI presumes that
changes to the manner in which role-players in systems development interact,
learn, and work will change organizational culture (Conradi & Fuggetta, 2002).
Consequently, attaining consensus (even on best practices) without executive
management support is usually very difficult.

People, having different psychological traits and profiles, will bring their own
perspectives to both the selection and adoption of approaches. Popular psychol-
ogy holds that people are either predominantly right- or left-brained, which
predisposes them to particular behaviors. The Myers-Briggs indicator also
typifies individuals into dichotomous profiles in four dimensions. For example, on
the “Sensing/Intuition” dimension, intuitive people receive data through hunches
and insights, while sensing individuals rely more on hard facts (Myers &
McCauley, 1985). The former will visualize a better process and become easily
frustrated by the pace of the change; the latter tends to accept smaller
incremental improvements.

From our experience, the method of process structure creation also influences
performance. Experience-based processes grown mostly from feedback are
sometimes chaotic. Concept-based processes begin with a rationale (an area of
order) and will be useful if the area of order matches the area of need. Perhaps
the most effective approach is to begin with concept-based practices and
improve them through learning. Regardless of the path taken, key success
factors include high-level leadership, the degree of congruence between people
and methods, and the usefulness of the assumptions from a business perspective.

Implications and Conclusions

Severe problems can arise when complex systems are developed without a
defined process or effective engineering and management practices. Some
organizations also experience difficulties even after fully deploying a defined
process. Obviously, the benefits of SPI programs do not accrue merely from the
existence of institutionalized and documented standards and practices. The
manner in which managers involve themselves in the implementation as elabo-
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rated by Weinberg (1992) is also critical. Deming (1986) emphasized the
importance of leadership in his fourteen points for achieving quality improve-
ment’. We have noted that among the business benefits of well managed
software process improvement endeavors is the less recognized contribution to
corporate profitability and competitive positioning; this should be incentive
enough for executive commitment.

The Standish Group (2002) suggests that executive support is one of the ten most
important success factors in IS project delivery. Furthermore, other factors —
including user involvement, experienced project management, clear business
objectives, minimized scope, agile requirements process, standard infrastruc-
ture, formal methodology, reliable estimates, and skilled staff — also require
executive support. Senior management’s dedication and commitment are essen-
tial to the success of any sustainable program of process improvement.

The volatility and unpredictability of the IS field, however, contributes to a
management style that is primarily reactive and conducive to crisis response.
The accolades and promotions usually go to the “heroes” who rescue organiza-
tions from impending disasters. Very little recognition goes to professionals who,
through effective planning, avoided the trouble in the first place. The evolution
of IS delivery processes toward standardization and consistency necessitates a
change in management style from reactive to proactive planning and building.
Good systems will not automatically materialize from arbitrary software process
manipulations.

Now more than ever, there is greater acceptance that high quality IS are no more
likely to emerge from hodge-podge process structures than from no process
structure at all. Fenton (1996), who supports process-centricity, cautions that
poor and poorly implemented process structures will have no impact on product
quality. Instead, an organization should develop the will and tenacity to (1) create
a focused approach based on objective analysis, (2) design and implement an
enterprise-appropriate plan to improve the discipline and capability of its systems
delivery process, (3) learn by measuring the performance of the process, and (4)
sustain the focus through perpetual attention to its improvement.

Some software process insights are now almost axiomatic, for example:

. For successful outcomes, software improvement initiatives must pay
attention to all of the three fundamental components of an effective
process: people, technology, and process structures.

. Process improvement goals must be supported by the culture and charac-
teristics of the adopting organization.

. Success is dependent on the realism of the goals and their congruence with
organizational capability and needs.
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. Efforts will be unrewarding if an organization does not believe in the merits
of the process improvement exercise.

There is still no consensus on other highly-debated issues; further research is
required to provide more definitive insights. For example, what should be the
tradeoff between process rigor and flexibility, and what are the determining
factors? Is there a clash of priorities between Agile Development Methods and
traditional SDMs? Given the alternative methods available for sourcing systems,
should an organization adopt one or multiple SDMs? These issues were not
addressed in this chapter.

Enough evidence exists to confirm that SPI initiatives and standards have
contributed to the improvement of software quality. It would be irrational,
therefore, to attribute failed SPI implementation efforts or failed implementation
processes to the process structure itself. Voas’ (1997), in criticizing the
extensive focus on software processes, asks rhetorically whether clean pipes
can only produce clean water. The more important aspect of the analogy,
however, is that dirty pipes cannot produce clean water.
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Endnotes

! Crosby (1979) calls these levels stages and describes them as follows
(Humphrey, 2002).

*  Uncertainty: Management embraces quality notions but has no
understanding of, or commitment to, it.

*  Awakening: Management recognizes the potential benefits of a
quality program but are unwilling to invest time or money to quality
improvement.

*  Enlightenment: Management commits to and launches a quality
improvement program.

*  Wisdom: A quality executive is appointed and quality is now
measured and managed.

*  Certainty: The organization has developed a quality competence
and becomes a vital corporate activity.

2 CMM Levels (Extracted from Duggan, 2004):

J Level 1, the “initial” stage is characterized by the absence of formal
procedures — a state of near chaos, where proper project planning
and control are non-existent. Organizations may experience suc-
cessful implementations but these depend on heroic individual effort.
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. Level 2 is called the “repeatable” stage, where basic project
management capability exists. The organization can establish and
track schedules and cost, and monitor and report on progress. But
process management discipline does not exist and individual project
leaders supply their own process management techniques. Project
success depends greatly on the skill of the project group.

. An organizations at Level 3, the “defined” stage, uses a common,
institutionalized process management method (systems development
methodology), for all its IS projects. The process management
discipline produces consistent, stable, and predictable outcomes.
This allows dynamic redeployment of human resources and reduces
attrition-related failure risks.

e AtLevel 4, the “managed” stage, organizational learning is a key
objective. Establishing a common methodology is not viewed as the
end-all of process management. The organization collects detailed
measures of process and product quality, which is used to refine the
development process.

. An organization at Level 5 has “optimized” its process manage-
ment capability. [t uses the metrics from Level 4, acknowledged best
practices, and benchmarks, and the results of controlled experiments
and pilot studies to adjust the process to achieve continuous process
improvement.

3 Deming’s 14 Points (Deming, 1986)

1. Create Consistency of Purpose for continual improvement of prod-
ucts and service to become competitive, to stay in business, and to
provide jobs.

2. Adopt the new philosophy. We are in a new economic age. Western
management must waken to the challenge to halt the continued decline
of business and industry.

3. Cease dependence on inspection. Eliminate the need for mass
inspection as the way of life to achieve quality by building quality into
the product in the first place.

4.  End lowest tender contracts. End the practice of awarding business
on the basis of price tag. Instead minimize total cost by minimizing
variation. Reduce the number of suppliers for the same item on a long-
term relationship built on loyalty and trust.
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10.

I1.

12.

13.

14.

Improve constantly and forever every process for planning, produc-
tion, and service. Search continually for problems in order to improve
every activity in the company to improve quality and productivity, and
thus to constantly decrease costs.

Institute training on the job for all, including management, to make
better use of every employee.

Adopt and institute leadership to help people, machines, and gadgets
do a better job.

Drive out fear throughout the organization so that everybody may
work effectively and more productively for the company.

Break down barriers between departments. People in different
areas, such as research, design, sales, and production must work in
teams to tackle problems that may be encountered with products or
service.

Eliminate slogans, exhortations, and targets by asking for zero
defects and new levels of productivity. Such exhortations only create
adversarial relationships.

Eliminate quotas for the workforce and management by numbers.
Substitute leadership.

Permit pride of workmanship. Remove the barriers that rob hourly
workers and people in management of their right to pride of workman-
ship. Abolish annual meritrating systems; change from sheer numbers
to quality.

Institute a vigorous program of education and encourage self
improvement.

Transformation is everyone’s. Create a structure in top management
that will push to take action to accomplish the transformation.
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Chapter VIII

Developer-Driven
Quality:
Guidelines for

Implementing Software
Process Improvements

Gina C. Green, Baylor University, USA
Rosann Webb Collins, University of South Florida, USA

Alan R. Hevner, University of South Florida, USA

Abstract

Much attention has been given to Software Process Improvements (SPls)
based on the premise that system development outcomes are largely
determined by the capabilities of the software development process. The
content of this chapter presents the results of a set of research projects
investigating why SPIs have not been diffused and utilized in the software
engineering community as expected (Fayad et al., 1996; Fichman &
Kemerer, 1997; Lugi & Goguen, 1997, Pfleeger & Hatton, 1997). We show
that a software developer’s perceived control over the use of an SPI
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impacts its diffusion success. Additionally, we show that a software
developer’s perceptions of enhanced software quality and increased
individual productivity achieved through SPI use impact the successful
diffusion of the SPI. Results of these research efforts support the compilation
of a clear set of management guidelines to ensure the effective use of SPIs
in software development organizations.

Introduction

The search for new ideas and innovations to improve software development
productivity and enhance system quality continues to be a key focus of industrial
and academic research. Much attention has been given to Software Process
Improvements (SPIs) based on the premise that system development outcomes
are largely determined by the capabilities of the software development process.
Recent attempts to improve software development practices have focused on
defining, monitoring, and measuring development activities in an effort to identify
and subsequently verify areas of improvement. Work in this area has resulted in
anumber of SPI innovations such as the Capability Maturity Model Integration
(CMMI), the Personal Software Process (PSP), the Team Software Process
(TSP), Cleanroom development methods, agile development methods, and
others.

Proponents of SPIs have asserted that well-defined and measured processes
eventually lead to gains in software quality and programmer productivity, yet
there is evidence that many promising SPI techniques have not been effectively
transitioned into successful use. This chapter reports on our research studies that
investigate why this trend exists.

Motivation

The motivation for our research is to better understand the phenomenon of SPI
diffusion in order to inform software development managers on how to ensure
successful use of SPIs in their organizations. Solutions to the problems of
software development should include both human and technical dimensions
(Constantine, 1995; DeMarco & Lister, 1999; Yourdon, 1996). Thus, a basic
premise of our research is that an effective understanding of SPI diffusion should
integrate technical research in software engineering with behavioral research in
information systems and other fields.
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Research Questions

Our research on SPI diffusion attempts to answer the following research
questions:

1.  What constitutes successful diffusion of an SPI in software development
organizations?

2. What factors influence the successful diffusion of SPIs in software
development organizations?

To answer these questions, we begin by conducting a review of relevant
software engineering and information systems research as summarized in the
research model of Figure 1.

Figure 1. Diffusion of software process improvements: The research model

Developer’s Perceived Control

Voluntariness
- adopt or not

SPI Diffusion Success

Choice
- when to use

Satisfaction
Process

With SPI Use
- howtouse

Predi ctability
- predict develop-
ment outcomes

SPI Usefulness

Perceptions of
Productivity

Improvements
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Background and Research Foundations

Defining Successful SPI Diffusion in Organizations

Diffusion of innovations research finds that successful implementations of
innovations are indicated by sustained use of the innovation in the organization
(Fowler & Levine, 1993; Rogers, 1982). In areview of information systems (IS)
research on IS success, DeLone and McLean (1992) observe that IT use is the
most frequently reported measure of IT implementation success. Thus, our
research model includes SPI use as an indicator of successful SPI diffusion.
However when use of an IT is mandated, satisfaction is suggested as a more
appropriate measure of IT success (Adams et al., 1992; Chau, 1996; DeLone &
McLean, 1992). Thus, our research model also includes satisfaction with the SPI
as a second indicator of successful SPI diffusion.

Our model also tests a relationship between these two SPI success variables.
DeLone and McLean (1992) posit that increases in satisfaction with an IT are
related to increases in its use; however, they do not test this relationship
empirically.

Factors Influencing Satisfaction with an SPI: Personal
Control

In the job satisfaction literature, control over work methods and task activities
has generally been found to be motivating (Aldag & Grief, 1975; Hackman &
Oldham, 1976). Thus, the research model indicates that one’s amount of personal
control over the use of an SPI can impact one’s satisfaction with SPI use.
However, our studies go further to explore ways in which a software developer’s
sense of personal control can be influenced. In social psychology, personal
control has been defined as “an individual’s beliefs, at a given point in time, in his
or her ability to effect a change in a desired direction” (Greenberger & Strasser,
1986, p. 165). Personal control has been described as having several dimensions
as summarized in Table 1. These dimensions are included in our research model
as factors that can influence a software developer’s satisfaction with SPI use.

Factors Influencing Use of an SPI: Quality, Productivity,
and Usefulness Perceptions

While previous research has identified the perception of usefulness as an
important indicator of use, understanding what factors software engineers
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Table 1. Dimensions of perceived control and study variables

Dimensions of Perceived Control from the Psychology and Perceived Control
Organization Sciences Literature Study Variables in the
SPI Context

O “strategic”: freedom to set goals (Manz & Sims, 1980; Parsons,
1960)

Q “decisional”: opportunity to choose among various possible
actions (Baronas & Louis, 1988; Langer, 1983)

Q “decision authority”: authority to make decisions on the job (Fox
etal., 1993)

Q “participation”: degree to which the individual has input into or
influence over operating issues that directly or indirectly affect
the task domain (Ashforth & Saks, 2000)

0O “administrative”: responsibility for managing work activities
(Parsons, 1960)

O  “skill discretion”: about the variety of skills to be employed on
the job; freedom to monitor own work (Fox et al., 1993; Manz &
Sims, 1980)

O “job autonomy”: freedom to be your own master within the
prescribed task domain, including work methods (Ashforth &
Saks, 2000)

Q  “self control”: freedom to determine what actions are required
(Henderson & Lee, 1992)

QO “operational”: freedom to determine how to achieve goals
(Parsons, 1960)

Q “process or behavioral”: individual has the ability to take direct
action on the environment to influence an event (Baronas &
Louis, 1988; Langer, 1983)

Q  “self control”: freedom to determine how to execute work
activities; control over order of task performance, pacing,
scheduling of work breaks, procedures, and policies in the
workplace (Fox et al., 1993; Henderson & Lee, 1992)

O knowledge of what event(s) will occur and when; not necessarily
controlling the event (Langer, 1983)

Voluntariness: software
developer can determine
whether or not an
innovation should be
adopted

Choice: software
developer can determine
when it is appropriate to
use an innovation during
systems development

Process control:
software developer can
determine how to use an
innovation without
organizational or
innovation-imposed
constraints

Predictability: software
developer can predict
software development
outcomes when using the
SPI innovation

consider key to determining the usefulness of the SPI has not been achieved.
Riemenschneider et al. (2002) study factors that influence a developer’s
intention to use a development methodology. They find that the usefulness of the
methodology to developers influences their intention to sustain use of the
methodology. They further note that to be useful to developers, the methodology
must enable developers to be more productive and achieve higher levels of
performance in their jobs.

In software engineering literature, two frequently-cited objectives of SPI
innovations are to reduce development costs through improved developer
productivity and to improve end user satisfaction with the resulting software by
reducing software defects. Thus for managers and developers to perceive an
SPI asuseful, they would likely expect to see gains in their software quality and/
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or their work productivity as a result of using the SPI. Thus, our model includes
these two factors as influencing the perceived usefulness of an SPI to a
developer.

Research Methodology

Our research model has been tested in two major, related studies. The first study
(Green et al., 2004) focuses on influencing developer satisfaction with SPI use
through the understanding of the software developer’s perceived control over
the use of the SPI. The second study (Green et al., 2005) focuses on influencing
sustained developeruse of an SPI through understanding the software developer’s
perceptions of how the SPI influences software quality and developer produc-
tivity. Both studies use the Personal Software Process (PSP) as the SPI
innovation for testing the research model.

PSPSM ! as a Software Process Improvement (SPI)
Exemplar

PSP is a process framework and set of software development methods that
enable developers to become more productive and disciplined software engi-
neers. PSP requires that developers continuously improve their skills so that their
productivity and product quality improve over time. Similar to other quality
assessments, PSP establishes four levels of maturity in development. At the
initial level, PSP asks developers to focus on knowledge creation; documentation
of'their current practices and recording of productivity and quality metrics. More
mature levels require developers to use processes that embody best-practice
knowledge (e.g., effective specification methods, defect prevention) as well as
to adapt effective development processes based on their own knowledge and
environment.

PSP is a particularly appropriate research context for the study of the implemen-
tation of an SPI innovation because of the role of the Software Engineering
Institute (SEI), which defines PSP’s advantages and benefits, as well as the
organizational changes needed for its implementation. The SEI also provides
training on PSP, so the costs and knowledge barriers to PSP implementation can
be significantly reduced (Fichman, 2000; Swanson & Ramiller, 1997). In
addition, PSP is a software process improvement that is implemented at an
individual level, which supports research at the individual level of analysis.
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Variable/Scale

Sources of Scale
Items

Cronbach’s
Alpha

Voluntariness
... superiors expect me to use PSP
... use of PSP is voluntary
... supervisor does not require me to use PSP
... using PSP is not compulsory

Moore and Benbasat
(1991)

Livari (1996)

92

Choice
... can you decide what parts of PSP you use
... can you decide when you will use PSP
techniques

Researcher-developed

.94

Process Control
... pre-specified sequence of steps that I was
required to follow
... required to follow existing standards

Researcher-developed

71

Predictability
...does use of PSP allow you to better predict
your development effort
...does use of PSP allow you to better predict
quality of software

Tetrick and LaRocco
(1987)

.84

Quality
...use of PSP has decreased the number of
errors in software products I build
..software developed with PSP requires less
maintenance
...use of PSP has improved the quality of
software products I build

Tivari (1996)

Researcher-developed

78

Productivity
...use of PSP has greatly speeded up my
development of new applications
...use of PSP has definitely made me more
productive
...use of PSP has significantly reduced the
time I spend in software development

Tivari (1996)

.83

Usefulness
...using PSP improved my job performance
...PSP was successful in transforming me into
amore disciplined software engineer
...using PSP made it easier to do my job
...I found PSP useful in my job

Davis (1989)

.90

Satisfaction
... PSP is exactly what I need
... PSP meets my software development needs

Doll and Torkzadeh
(1989)

.87

Use
... proportion of projects I use PSP with
... how often do you use PSP

Tivari (1996)

.90

Data Collection

In order to examine and test the research model, we conducted a field survey of
software developers in multiple organizations who had adopted the PSP within
their projects. The survey instrument was pretested with researchers, graduate
students, and practitioners to ensure content validity. Table 2 lists the questions
contained on the disseminated survey. Respondents answered most items using
a7-point Likert scale; for these items, variable scores were determined by taking
the average of the item scores for each variable. The exception to this is the USE
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measure; items for this measure were summed to produce the score for this
variable. In addition, respondents were given an open-ended question at the end
of the survey where they could make comments on their use of and satisfaction
with PSP. In response to this question developers were encouraged to identify
additional factors that influenced their attitudes toward PSP.

Surveys were distributed to 154 software developers who agreed to participate
in the study; 71 completed surveys were returned, resulting in a response rate of
46%. Of these, 8 were unusable, resulting in a sample size of 63 for the studies.
The 63 respondents represent 24 different organizations. Approximately halfthe
sample classified themselves as programmers. Approximately 80% of the study
respondents were male. The average age of respondents was approximately 33
years and over 40% had advanced degrees.

To determine the reliability of scales, Cronbach’s alpha was computed for each
scale. Results of the final reliability assessment are shown in Table 2. All scales
exhibit reliability levels greater than 0.70, the recommended minimum level of
acceptable reliability (Nunnally, 1978). Using the collected survey data, the
relationships depicted in the research model were tested using a Partial Least
Squares (PLS) analysis (Green et al., 2004). Figure 2 summarizes the results of
these analyses.

Figure 2. Results of model testing

Developer’s Perceived Control

Voluntariness -
- adopt or not

+ SPI Diffusion Success
Choice +
+ - Satisfaction
@ With SPI Use
- howtouse

Predictability —+

- predict develop-
+
S
. P

ment outcomes,

Perceptions of
Productivity
Improvements

Perceptions of
Quality
Improvements
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Discussion

The study results provide an initial test of the relationship between Satisfaction
and Use that was posited by DeLone and McLean (1992). While the cross-
sectional nature of the research method does not permit a test of the direction
ofimpact, the significant relationship (p <.1) found between satisfaction with the
SPIand frequency of'its use supports this link in the model. A better understand-
ing of the relationship between Satisfaction and Use is important in many
software engineering innovation contexts, since developers who are more
satisfied with an innovation are more likely to be opinion leaders and champions
of the innovation (Leonard-Barton, 1987).

Developer Personal Control

The findings of this study clearly support the multidimensional conceptualization
of personal control, since different aspects of personal control are found to have
differing impacts on diffusion success. As predicted, the more the adoption of the
SPI is of free will (voluntariness), the less frequent the use of the SPI (p =.05).
This finding mirrors prior research (Karahanna et al., 1999) which finds that
organizational mandates on use of an SPI increase the frequency of its use.
Voluntariness is positively related to choice over when to use an SPI (p =.01),
and this choice has a positive relationship with satisfaction with that use (p =
.05). Predictability of development outcomes when using the SPI also appears
to enhance satisfaction (p = .01).

However, increased developer control over how to use the SPI in development
(process control) has a negative impact on satisfaction (p = .05). This seeming
contradiction with the overall positive relationship between personal control and
diffusion success underscores the importance of conceptualizing and measuring
the separate dimensions of personal control. The negative relation between
process control and satisfaction may reflect the unique nature of the software
development context, which is quite complex and unstructured. Our results
indicate that developers prefer a situation in which they have discretion over
when to use the SPI, but they prefer reduced process choice about how to use
the innovation in everyday use. In other words, well-defined standards and best
practices for use of a new technique (e.g., PSP, ICASE, UML) provide for a
more structured work environment and reduce overall task complexity.
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Quality and Productivity Perceptions

In contrast to the relationships between the dimensions of personal control and
SPI diffusion success, the links between SPI usefulness, perceptions of quality
and productivity improvements from using the SPI, and SPI use are simple.
Developers’ perceptions of quality and productivity have a significant, positive
relationship with perceived usefulness of the SPI (p < .01 and p < .05,
respectively), and perceived usefulness has a strong, positive relationship with
frequency of SPI use (p <.01).

These findings support the expected link between perceptions of usefulness of
an SPl and use, but more importantly, discover two important factors that explain
what creates that overall perception of usefulness. Taken together, perceptions
of quality and productivity explain 66% of the variance in perceived useful-
ness. In qualitative data collected from the survey, 14 of the 43 comments made
by respondents concerned quality and productivity impacts of the SPI. For
example, these comments about the SPI describe how it improves the quality of
the software being developed:

“[the SPI] makes me more aware of typical syntax and data type errors I
commonly make.”

“[the SPI] helps me keep excellent track of defects at all levels.”

These comments reflect the impacts of the SPI on quality and productivity. The
source of those benefits appears to stem from the process structure discussed
earlier:

“[the SPI] gives me the structure I need to come back to programming tasks
and pick them up and start up again with hope that I can maintain a high
level of quality throughout.”

Additional Factors in Perception of Usefulness

What accounts for the other 34% in the variance in that overall perception of
usefulness of the SPI? At the end of the survey instrument, developers were
given the opportunity to identify other factors that influence their perceptions of
SPI usefulness. The issues identified by the developers offer some possible
explanations.
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The issue receiving the most attention dealt with the importance of matching the
SPI to the developer’s task or task environment, in other words, task-techno-
logy fit. Comments suggest that when developers are responsible for tasks such
as maintenance and debugging, work on exploratory projects, or programming in
4GL or Unix environments, they find the PSP to be more difficult to adapt,
constraining their use of PSP in these environments. For example:

“The difficulty I have had with applying PSP has been trying to keep pace
with changing platforms and languages and trouble adapting it to a
maintenance environment.”

“More study needs to be done on how to use PSP with new tools/
environments ...."

I

. challenges we have ... involve use of PSP during Maintenance phases
of a project, and use of PSP with 4GLs.”

I

. colleagues active in other activities like maintenance and support ...
leads to a weak usage of PSP.”

“What I use from PSP is creation of techniques for tasks I do frequently ...."”

“It is my experience that the techniques are useful when you are working
on projects where a large percentage of what needs to be done is known
and understood. In developing for new platforms or unfamiliar products,
I found that PSP estimates were off by as much as a factor of 4 .... In our
environment, we are constantly doing new things, making PSP ... usefulness
difficult [in this situation].”

The above comments and others like them suggest that development managers
should ensure that use of SPIs is clearly targeted for or tailorable to specific
development tasks and environments. This observation has support in research
examining task-technology fit. Goodhue (1995) suggests that a lack of fit
between an IT and the user’s task can inhibit use of the IT. Indeed, Goodhue
(1995) and others (e.g., Lim & Benbasat, 2000; Mathieson et al., 2001) suggest
that the fit of the technology to the task of the user impacts the usefulness of the
technology to the user. Broad implementations of SPIs will meet with less
success than those implementations where SPI use is tailored to the specific
needs of software developers.
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The second most cited issue in the comments data relates to improvements in
managing and understanding projects, as well as managing personal tasks.

I

. on one small project, [PSP] did not improve my productivity or reduce
my error rate ... however, I understand the flow of my work better and know
where to look for trouble. I can head off trouble before it starts.”

“... I have not noticed a significant amount of time saved. What I gained
most from PSP was more effective techniques of reviewing my work...realizing
the importance of following a checklist of review items ... [coming] up with
an organized method of reviewing my work.”

“We have a better knowledge of where we are on projects and what

resources we require.”

Management Guidelines for Selecting
and Implementing SPIs

The research summarized above highlights how the nature of the SPI and the
implementation environment impact software developer perceptions, satisfac-
tion, and use of a specific SPI, for example PSP in our studies. While some of
the relationships are simple and not surprising (e.g., usefulness is positively
related to use), the role of managerial discretion regarding how or whether to use
an SPI is much more complex (Green & Hevner, 2000). In the next sections, we
identify specific guidelines to managers that may assist in positively influencing
the key developer perceptions identified in our research. These guidelines are
grouped into three categories that correspond to organizational processes over
which managers have direct influence: the SPI selection process, SPI training,
and the SPI implementation process. The desirable characteristics of an SPI can
beused to guide SPIselection, although itis possible that effective SPI training can
be designed to increase satisfaction with and use of techniques that do not meet
these characteristics. These guidelines are summarized in Table 3.

Guidelines for Selection of an SPI

There are four principal characteristics of an SPI that we found to have a positive
impact on satisfaction and use:
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Table 3. Summary of management guidelines for implementing SPls

Selection Select SPIs that enable developers to predict their effort
Guidelines and quality outcomes.

Select SPIs that demonstrably increase software quality.

Select SPIs that demonstrably improve developer
productivity.

Select SPIs that have clear fit with the tasks and
implementation environments on which they are to be

used.
Training Train developers on how to determine when use of the
Guidelines SPI is most appropriate.

Train developers on the best process for using the SPI
effectively.

Demonstrate to developers the positive outcomes from
SPI in terms of predictability of outcomes, increased
software quality, and increased developer productivity.

Set expectations for developers for continuous learning

via SPI use.
Implementation Involve developers in the adoption decision.
Environment
Guidelines Provide clear standards and practices for applying the SPI

in the organization.

Allow voluntariness for developers early, but not later in
the implementation process.

Promote and assess both satisfaction and use as desired
outcomes of SPI diffusion.

. Predictability of Outcomes. If developers are better able to predict their
effort and the quality outcomes from using an SPI, then both their
satisfaction and use of the SPI will be increased.

. Increased Software Quality. SPIs that are perceived to increase soft-
ware quality are more likely to be used. Green et al. (2005) find that
perceived quality was the most important factor for developers in their
perceptions of the usefulness of an SPI. Therefore emphasizing SPIs that
incorporate techniques such as walkthroughs, inspections, peer reviews,
mathematically-driven designs, formal testing, and other quality focused
techniques can increase the likelihood that developers will find the SPI
useful, and therefore will continue to use the SPI.

. Increased Development Productivity. Software development tech-
niques that are perceived to improve a developer’s productivity are more
likely to be used.
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*  Task-Technology Fit. While not measured directly in our research model,
in their qualitative comments, developers identified issues of task-technol-
ogy fit as critical to their perceptions of SPI usefulness. Rather than
mandating SPI use in all development environments, SPIs should be
targeted to those specific development environments that may benefit the
most from sustained use (e.g., for PSP, this may include medium-to-large
development projects with clearly-defined tasks).

Guidelines for SPI Training

Once selected, developers need in-depth training on how and when to use the SPI
effectively. As with any software tool, developers require training on new SPIs
so that they can employ the SPI effectively and with relative ease. Green and
Hevner (2000) noted that training occasions present an ideal opportunity to
influence the expectations of software developers. Thus, we feel it important
that managers offer adequate opportunity for SPI training to ensure successful
use of the SPI in their development organizations.

This training must help developers control their development environment when
using the SPI. Because this research found that software developers desire more
control over the process of determining when it is appropriate to use a particular
SPI, training should address how developers should make the determination
about which development efforts will benefit from SPI use. On the other hand,
developers desire more directed instruction in Zow to use the SPI. Our research
indicates that they do not want personal control over the process of using the
innovation. Behavior modeling training, which in this context would include
demonstrations of how to decide when to use the SPI combined with hands-on
practice with using it, should be the most effective approach for these specific
training goals (Gist et al., 1989).

Another aspect of the special training needs for a new SPI is a focus on key
benefits from using the SPI. Training materials should include evidence that the
software development technique will enhance software quality and productivity,
and will increase the predictability of those quality outcomes and the developer
effort required to achieve them. This is particularly important if during the
selection of the SPI, managers see that the predictability or nature of outcomes
from using an SPI is not obvious or inherent in the technique.

A third, special aspect of training on an SPI is the need to set expectations for
developers about their continued learning from using the SPI. Green et al. (2005)
find that many software developers who sustained use of SPIs such as PSP
considered themselves more skilled estimators, planners, and coders as a result
of'this use. It is probable that a major factor in this is the feedback to developers
on actual development processes and outcomes. Training is an ideal occasion for
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discussing continuous learning and improvement in software development, and
the role of an SPI in that process.

Interestingly, our research did not find a significant relationship between ease of
use of the SPI and either perceived usefulness or eventual use of the innovation
(Green et al., 2005). We believe that ease of use factors do support more rapid
training on a SPI. However, ease of use factors should never be given a higher
priority than factors that enhance quality and productivity in the SPI according
to our findings.

Guidelines for the Implementation Environment

The implementation environment also has an impact on the satisfaction with and
use of a software development technique, in particular in terms of how it impacts
developers’ perceptions of control. In this research several specific tactics
employed in implementation were found to increase satisfaction and use of the
SPI.

. Involve Software Developers in the Adoption Decision. Developer
choice in the adoption decision for an SPI is associated with higher levels
of developer satisfaction with and sustained use of the SPI (Green et al.,
2004), and developer choice is increased when developers are involved in
the adoption decision. This involvement may take the form of identifying
areas that need improvement or tools and techniques that help with that
improvement. Involvement may also include determining objectives and
analyzing costs and benefits for the innovative technique. However,
managerial direction on the choice in adoption, through champion support,
decreases developers’ perceptions of choice and reduces satisfaction, so
champion support should be made less visible to developers during the
decision to adopt a SPI.

. Provide Clear Standards and Practices for Applying the SPI in the
Organization. While the amount of software developer control over the
SPI adoption and use is strongly related to satisfaction with SPI use, Green
et al. (2004) found that not all kinds of control have the same impact on
developer satisfaction. Having too much freedom in applying SPI tech-
niques to development tasks was found to have a negative effect on
software developer’s satisfaction with, and sustained use of, the SPI. This
may be because such freedom increases task complexity in the already
unstructured and highly complex task of software development. Therefore
either the SPI should embody disciplined software engineering practices, or
such structure and discipline should be created via managerial direction on
the process of using the technique.
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. Allow Voluntariness Early, but Not Later in the Process. When use
of'asoftware development technique is voluntary, developers’ perceptions
of their choice in adoption are increased. As discussed above, increased
choice in adoption is associated with higher satisfaction with the technique.
However, as expected, more voluntariness of use is associated with lower
levels of use of a software development technique. These complex
relationships mean that managers need to be careful about when to provide
more or less direction in the implementation process. Early in implementa-
tion, when the software development technique is being selected, managers
may want to give developers high levels of involvement and more freedom
of choice. After adoption, managerial direction may be needed to structure
the process of use (if it is not inherent in the technique) and to make use
more or less mandatory.

*  Consider Both Satisfaction and Use. The key outcomes from using a
software development technique, Satisfaction and Use, are also highly
related. Use is an obvious, important issue whenever an organization
spends resources on a new technique, but developer Satisfaction is also key
to the introduction of an innovation. Not only are satisfaction and use
significantly related in this study, but satisfaction with an innovation by early
adopters is critical for subsequent diffusion. As mentioned earlier, devel-
opers who are satisfied with a software development technique are more
likely to serve as opinion leaders who will influence potential later adopters
of a technique.

Directions for Future Research

Future research to investigate the diffusion and implementation of SPIs will
address several of the limitations of the research reported in this chapter and test
some of the managerial interventions that are recommended in Table 3. In
particular, the impact of the degree to which the SPI is perceived to fit
development tasks should be quantitatively examined to determine its impact on
SPI diffusion. This factor, while not measured directly in the survey, was a key
factor in SPI diffusion identified in the qualitative analysis of survey data. This
finding is congruent with prior research on task-technology fit, which finds that
the greater the correspondence between users’ tasks and the functionality of
systems that support those tasks, the more positive the users’ evaluation of the
system and their task performance (Goodhue, 1995; Goodhue & Thompson,
1995).

A key limitation of the current research is that it is a one-time, cross-sectional
survey thatinvestigates use of and satisfaction with one SPI. Future, longitudinal
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research can explore factors that influence the continued and discontinued use
of'an SPI, which may reveal additional management guidelines and elaborate on
our theories of use. In particular, there is an opportunity to measure use of an SPI
by depth as well as frequency of use of the innovation. Additional studies that
investigate factors in satisfaction with and use of more than one SPI can test
whether our findings vary across SPIs. In such a multi-SPI study, researchers
will need to be careful to select SPIs whose features differ in some specified way
(e.g., adoption by an individual or adoption by a team; amount of structure
provided by the SPI) so that the results can be understood theoretically.

Future research will also test the recommendations that are based on this
research effort. The effectiveness of all three categories of managerial interven-
tions (selection, training, and implementation practices) can be investigated in the
field. Such research will enable IS managers to design the best environment to
facilitate the success of SPIs in their organization.
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Abstract

We introduce, define, and elaborate on agile development methods and
how quality information systems are created via the values and practices of
people using agile approaches. Key differences among agile methods, the
SDLC, and other development methodologies are covered and suggestions
for improving quality in IS through agile methods are given. We recommend
adopting the principles of agile methods, encouraging more education
about the values of agile approaches, including more types of people in the
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development of agile systems; adopting agile methods for a variety of
organizational cultures; and renaming agile methods to signify the value
system inherent in the approach.

Introduction

The traditional approach to analyzing and designing information systems to meet
an organization’s information requirements and to ensure quality in a completed
information system is structured systems analysis and design. A systems analyst
typically uses a methodology that is based on a systematic approach to engage
the organization’s systems problems. During interactions with a client organiza-
tion, the analyst is occupied with identifying problems, opportunities, and
objectives; analyzing the information flows in organizations; and designing
formal computerized information systems and informal, human procedures to
solve problems.

Although technical competence is essential, over the years it has become
apparent that systems analysts need oral and written communication skills in
order to enable them to interact with a myriad of managers and users, as well as
other team members and programmers.

The systematic approach analysts most frequently use is called the systems
development life cycle (SDLC). This life cycle is usefully divided into seven
phases (some of which can be accomplished at the same time.) The seven phases
of the SDLC are comprised of activities undertaken by the analyst to identify
information systems problems, opportunities, and objectives; determine informa-
tion requirements; analyze system needs; design the recommended system;
develop and document software; test and maintain the system; and implement
and evaluate the functionality of the system through pre-agreed quality measures
(Kendall & Kendall, 2005).

Although use of the SDLC methodology (or some variation of it) is responsible
for the implementation of thousands of information systems and in spite of the
SDLC being the most widely acknowledged, taught, and adopted approach to
developing information systems worldwide, it has often been criticized, even
among its own practitioners. Their criticisms point to the rigidity of the phases
of the SDLC; its insistence on formal process specifications; its clumsy,
encumbered response to requests for changes once initial requirements have
been derived; and the long gestation period required for a project using SDLC to
move from inception through to completion and evaluation.

The objectives of this chapter are to introduce, define, and elaborate on agile
methods in comparison with the prevalent structured development methods of
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the SDLC. We examine how quality is achieved through values and practices of
people using agile development methods. This approach is defined in their
philosophy, refined in project decisions, and applied in practice. We explain what
differentiates agile methods from other approaches; elaborate on the values and
practices of the people who use agile methods; make recommendations and
provide solutions concerning the improvement of quality in IS through agile
methods; and raise future research issues regarding the relationship of quality
and the use of agile methods to develop information systems.

Definitions of Quality

Since this entire volume is devoted to examining quality and IS, we do not wish
to belabor definitions of quality. However, we can provide arapid sketch of some
of the guiding concepts that we will want to return to at various points in this
chapter.

Over the years, the following quality attributes for software have come to be
generally accepted and we endorse them here: efficiency, integrity, reliability,
survivability, ease of use, correctness, maintainability, expandability, flexibility,
interoperability, portability, reusability (Keller et al., 1990) when considered in
the light of adoption, how well the system performs, how valid the design is for
what the organization is attempting to accomplish and how adaptable the
software is to growth, change, and reorganization in a business. The tapestry of
ideas that gave a coherent pattern to these ideas is the field of quality
management and its contribution is worth describing briefly here.

Quality management originated from process control practices in the manufac-
turing industry, which originally set out to reject manufactured parts that were
in some way defective. This evolved into quality control efforts that used
statistical controls to control for the number of defects per batch produced in
products. (Service quality came later.) However, the growing realization that
quality is not tested, but rather created, saw the birth of the concept and practice
of quality assurance. This approach to quality is based on the evaluation of the
production process instead of the finished product itself. The rationale behind it
is that operational excellence delivers conformance quality. Disciplined opera-
tional process can deliver persistency and conformance quality by scientifically
and systematically monitoring and controlling the variance-production activities
(Juran, 1999, 2004).

Based on this belief, the Software Engineering Institute (SEI) introduced the
capacity maturity model for software (CMM-SW or CMM) in 1987, which is a
quality management system for the software industry (Paulk et al., 1995). Other
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quality management systems (QMS) such as ISO 9000, MB and Six Sigma can
also be applied to the software production industry. The ISO 9000 certification
isroughly equivalentto CMM level 3 (Tingey, 1997). Therefore, when practitio-
ners used the SDLC or other structured methods and wanted to entertain the
notion of quality, it typically had to do with process quality.

The idea of deriving quality from the practices and values of people working on
systems projects had to wait for the introduction of agile methods to gain a voice
in the information systems quality debate. The people involved in agile methods
comprise a wide cast of characters including customers, programmers, systems
developers, and managers.

One way to usefully discuss quality is to talk about it as equivalent to customer
satisfaction. Others have discussed the concept of “fitness for use” as an
alternative definition for quality. In turn, we might define our customers or clients
of'the information systems development effort as anyone who is effected by the
IS development process or the IS software or system product. Products of the
development effort include the relationships between customers and developers,
the software itself, and the service provided to maintain the relationships as well
as the system and software.

Determining customer satisfaction with information systems can be examined
with two criteria: (1) the features of the software or system itself and (2) the lack
of defects in the product (Gryna, 2001; Juran, 1999). When we speak of software
product features, it can be thought of usefully as the quality of design. Often as
the quality of design increases, so do the costs involved in achieving it (Crosby,
1979).

An absence of defects can also impact costs in important ways, such as reducing
developer time spent in recoding and subsequent retesting; cutting down on the
time developers must spend with users during successive iterations to correct
errors; and reducing or eliminating user complaints (Boehm, 1981). Eventually,
developing software and systems that are acceptable in their quality on a
consistent basis over an extended period can lower costs.

As we examine these attributes, we find that quality in information systems is
highly dependent on the practices and values of the people who develop and
implement the systems. This is where agile methods stake a claim and how they
differ in a meaningful way from the structured methodologies (Cockburn &
Highsmith, 2001). With these quality concepts at the ready, we now turn our
attention to elaborating on systems development approaches and their relation-
ship to quality.
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Systems Development Using
Alternative Methods

Structured systems development methods, referred to as the systems develop-
ment life cycle approach (SDLC), the waterfall approach, and recently object-
oriented approaches have been the main methods for developing systems.
Unfortunately, some researchers believe that the drawbacks of the structured
approaches have become evident in the poor quality performance of software
projects. A decade ago, less than 17% of projects were deemed successful
(Standish Group International, Inc., 1995). The remaining 84% were either
halted altogether, completed late, or they exceeded their initial budget requests.
The same report highlighted the main reasons software projects succeeded:
involvement of customers; support from management; clear requirements
definitions; solid planning for the future of the project and organization; and
realistic expectations as far as goals to be achieved and the timeframe in which
to achieve them (Standish Group International, Inc., 1995). In our appraisal, we
see the critical role that humans play in each of the activities enumerated as
contributing to success.

Partially in response to the criticisms of the structured approach cited earlier,
partially due to overall demands for new types of information systems, and in
some measure in response to the recognition of the importance of quality in
manufacturing and the service sector, IT researchers and practitioners alike
have been continually investigating and experimenting with a variety of new
software development ideas and practices. These endeavors are meant to
achieve faster delivery of systems and software at a lower cost and improved
quality.

Prototyping and RAD

Several other software development methods approaches have been proposed,
including object-oriented development; RAD (Rapid Application Development);
agile software development methodologies; and so on. The object-oriented
approach is similar to the SDLC in the sense that it contains some of the same
basic phases, although object-oriented systems design and development ideas
and the workload proportion at each stage is very different. (For an in-depth
comparison of structured methods and object-oriented methods, see Sircaretal.,
2001.) Prototyping and RAD share many similarities.

Prototyping has also been proffered as an alternative development method that
obviates some of the criticisms recounted earlier in this chapter concerning the
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use of the SDLC as a methodology. Complaints about going through the SDLC
process center around two interrelated concerns: (1) the length of time required
to complete the SDLC and (2) the dynamic nature of user requirements. Caught
up in the lengthy cycle and far away in time from the changing organizational
dynamics of a user’s work situation, the resultant system may seem out of touch
with what users find themselves doing at the time.

Some analysts propose that prototyping be used as an alternative method in place
of the SDLC. Using prototyping exclusively as the development approach can
shorten the time between determining user requirements and the point at which
afunctional system is delivered. Prototyping as a development method mightalso
beused to communicate more closely and repeatedly with users, thus attempting
to specify user requirements more accurately.

Over the years many practitioners lost interest in prototyping. Problems included
lack of documentation and an emphasis on bottom-up development. The need for
large-scale, top-down designed systems encouraged designers to use more
structured approaches. After a period in which prototyping was out of favor,
prototyping was reinvented as rapid application development (RAD) and later
reinvented in extreme programming and agile methods. Although some suggest
that agile methods might suffer the same fate as prototyping, their ability to
evolve and adapt as practiced may help overcome some of failings of earlier
approaches.

How Alternative Approaches Differ from SDLC

All of the alternative approaches to systems analysis and design differ from the
SDLC methodology in common ways, including: (1) emphasizing short releases
of working versions; (2) an iterative development process (this entails adding
more features or altering the previous version based on customer’s feedback on
the next iteration); and (3) less documentation and formality (Fowler, 2003).
However, it is agile methods in particular that refocused the quality issues of
development around people, who embody particular values and carry out specific
practices, and effectively moved the focus away from the preoccupation with
formal process specification that drained structured methods of much of their
responsiveness and humanness.

This chapter will specifically take up the promise, challenge, and frustration
inherent in agile methods as they relate to developing quality software and quality
information systems, and as they compare and contrast to the structured methods
which follow the systems development life cycle.
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Agile Methods

Agile methods were developed roughly a decade ago, in the early 1990s. Initially,
they were called lightweight methodologies vs. the heavy weights of the
traditional life cycle methodology. At about the same time, Beck and Andres
(2004) proposed extreme programming (XP), which is the most highly visible of
the agile methodologies. Other agile methods include scrum (Schwaber &
Beedle, 2002), open source development (Sharma et al., 2002), feature driven
development (Coad et al., 1999), crystal family (Cockburn, 2002), and others
(see for example work by Abrahamsson et al., 2002). The similarities inherent
inthis collection of approaches prompted their inventors and practitioners to form
an organization called the “Agile Alliance” to promote their common values and
key practices. They also reached a consensus to call their core software
development values and practices “agile software development methods” (Agile
Alliance, 2001).

The Principles and Values of Agile Methods

Agile Methods are a set of software development methodologies which share
common values and principles. Based on the belief that people are the most
important factor for a project to succeed, agile methods emphasize the following
unique principles in their development approaches: (1) real life communication
takes precedence over following rules or procedures; (2) the final product is
more important than documenting the process; (3) systems development is
customer-centered rather than manufacturing-centered; and (4) adapting is the
correct state to be in, not planning (Agile Alliance, 2001).

In contrast to traditional SDLC approaches, agile methodologies put people
ahead of process based on the belief that human error is the main reason for any
project failure. Proponents of agile methods believe that the most important thing
in delivering quality systems within time and budget is that all individual
stakeholders collaborate effectively with each other (Williams, 2000). Itis above
all an adaptive, human-centered approach which permits the creativity of
humans to take over and develop solutions where formal process specification
of every system nuance is not possible or desirable (Nerur et al., 2005).

The use of agile methods has been proposed as a way to adopt practices and
values that will improve quality. In the upcoming sections we will explore the
relationship between the use of agile methods, the quality of the development
process, and the quality of information systems delivered to organizations. As
with any development approach, understanding of the organization is a key to
effective use. Systems analysts who proceed without proper knowledge of an
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organization’s culture may actually diminish the quality of the project, rather than
improve it.

Agile methods, similar to RAD and other iterative development methods, place
emphasis on the use of short releases of a working version of a system or feature.
In addition agile methods place emphasis on the iterative development process,
with an expectation of quality improvement each time an iteration is completed.
Additionally, agile methods are less formal and less formally documented than
systems created with structured methods. Agile methods underscore the impor-
tance of people in improving the quality of information systems based on
increased communication; a beliefin the value of flexibility; and the prompt and
on-going attention to systems.

Agile Methods as a Philosophy

Practitioners using agile methods maintain aunique philosophical outlook; that s,
people should be emphasized over process in the success of an information
systems project. To that end, practitioners adopting agile methods value commu-
nication and collaboration among all stakeholders including the developers,
management, and the client. Working together as a team with stakeholders has
become a cornerstone of the agile methods approach. Those endorsing agile
methods believe that since people are much more complicated systems (who
experience social and spiritual needs; creativity; responsive to changes in the
environment; and so on), they ought to be treated like humans rather than
machines or replaceable parts. The philosophy maintains that a worker’s
creativity, flexibility, and productivity can be acknowledged and promulgated
through human treatment.

This belief can be extended to almost all values and practices of the agile
methods. For example, because customers are humans living in a real world,
allowing them to change their requirements is reasonable and should be
encouraged based on agile philosophy. Also, customers are encouraged to
capture their requirements briefly in an indistinct way at the beginning of the
project and to give more specific requirements later in a clearer picture because
this is the nature of human learning, to be able to become more specific as one
gains understanding (Highsmith & Cockburn, 2002). Also because developers
are humans, allowing them to have a certain degree of technological or timing
flexibility is necessary for them to pursue design and coding quality and creativity
(Highsmith & Cockburn, 2001). Once again, the iteration approach fits the nature
of human learning, which is a good workflow for the developer to refine his or
her design ideas. In addition, they believe that better communication and
collaboration among the stakeholders (management, developers, and customers)
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is much more important than signing contracts to restrict the customer or
following certain plans or procedures to restrict the developer.

Agile Core Practices

There are four agile core practices that guide how programmers should behave
as people and team members during a systems project. They are markedly
different from the SDLC approach discussed earlier.

Balancing resources to complete a project on time is one way to manage a
project. The best way to manage, however, is to develop practices that yield
outstanding results. The agile methods and extreme programming movement has
developed a set of core practices that have changed the way systems are
developed. The four core practices are shown in Figure 1.

1.  Short releases. This means that the development team will shorten the
time between the releases of their software. A release, without all of the
features, may be released quickly, only to be followed by an update or
change in short succession. The practice of short releases means that the
team will develop critical features first, and that the product will be released
with the most important features first. Later on the team will improve it.

2. 40-hour work week. This core practice asserts that members should be
committed to working intensely on their systems project and then they
should take time off to prevent burnout, and increase effective performance
while on the job. The agile methods culture underscores the importance of
taking a long-term view of the health of its project and its developers.

Figure 1. Agile methods consist of unique practices that can be used
effectively to develop quality systems

Short Releases

, . , . 40-h
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3. On-site customer. Rather than settling for perfunctory site visits tradi-
tionally made by systems analysts, the on-site customer practice fosters
deep and on-going communication between developers and customers by
requiring a business worker to work on-site during the entire time. The on-
site customer helps in formulating the strategic focus of the project, as well
as in practical matters such as what should be a high priority feature.

4.  Pair programming. Programming in pairs as a core practice means that
two programmers who choose to program together on a project are involved
in running tests, communicating about efficiency and effectiveness of how
to do the job. The ability to bounce ideas off of another programmer helps
clarify each programmer’s logic and thinking. Working as a team of two has
benefits for the project and the programmers. Careless thinking is curtailed,
creativity can be stimulated, and it can also save time.

5. Timeboxing. The overall time frame that developers have to finish a
project is typically cut into many shorter time periods, called timeboxes
(Dynamic System Development Consortium, 2004). Each timebox repre-
sents the time limit to finish each iteration and typically contains one or two
weeks, depending on the specific project environment (project scope,
project complexity, team size, team experience, project resource, and so
on). When setting up the length of the timebox, management needs to
consider the following: (1) it should fit developers’ daily schedule so that it
is comfortable for the developers to work with; (2) it should be long enough
for the team to deliver core quality features in a working version and leave
a little bit of buffering time so that developers can complete their tasks
efficiently; (3) generally speaking, the shorter the iteration is, the better
because a short timebox will pressure the developers to focus on the core
design issues and not waste time on unnecessary tangential elements. Also
the shorter the timebox, the greater number of iterations you can have
within the overall timeframe, which can bring more customer input and
hence assure the delivery of a high quality system.

Agile methods use these core practices to head off many of the common
complaints leveled against traditional methods when they result in projects of
poor quality or fail altogether. Developers are blamed for not communicating
with clients or each other; unnecessarily increasing the scope and complexity of
projects; or harboring fears of failure. The agile approach handles this situation
by insisting from the outset that analysts and customers share values that enable
them to communicate freely, agreeing to the essential features and making
adjustments as the project progresses.
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Pair-Programming: An Example of an
Agile Methods Practice

In order to better understand agile methods in practice, we will examine one of
the core practices in depth. In this way we can reveal the usefulness of pair
programming as it specifically relates to developing quality information systems.

Pair programming is a key core practice that separates agile programming from
the SDLC approach. Pair programming, if done properly, can ensure better
quality information systems (Wyssocky, 2004). Since, in this approach, all
software code is produced by a team of programmers working together on the
same computer, each programmer provides a double check for the other one.

A Team Approach to Programming

Pair programming implies that each programmer work with another of their own
choosing. Each does coding; each runs tests. Often the senior person will take
the coding lead initially, but as the junior person becomes involved, whoever has
the clearest vision of the goal will typically do the coding for the moment. A
programmer invited by another to work with them in this way is obligated to do
so, according to the protocol of pair programming. Working with another
programmer helps each person clarify their thinking. Pairs may change fre-
quently, especially during the exploration stage of the development process. This,
too, can help programmers gain a fresh view of their coding habits.

One programmer may verify the accuracy of the code, while the other may
concentrate on making the code simpler so that the code has more clarity. Pair
programming saves time, cuts down on sloppy thinking, sparks creativity, and is
a fun way to program.

Another approach to pair programming is to have one programmer write the first
version, while the second focuses chiefly on the quality of the code. The second
programmer therefore does not try to add features. Rather the second program-
mer attempts to verify, test, and improve the code.

Advantages to Pair Programming

One of the advantages of pair programming is that it can maintain the high quality
of the system, while saving a considerable number of days or weeks. For
example, a single programmer who needs to meet a deadline may begin to work
long overtime hours. This is a dangerous practice, since it is recognized that
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quality decreases when people become tired. Pair programming alleviates the
problem, because the first programmer has to leave in order for the second
programmer to use the common computer.

Another advantage becomes obvious when one realizes at what point in the
programming errors are detected. Using pair programming practices, errors are
caught immediately (Williams, 2000). In contrast, when using a traditional
approach to code verification, errors are discovered after the programming is
almost complete. Sometimes errors are found only after it is too late to correct
them and deliver the project on time. As one can see, pair programming helps in
delivering quality systems within the time frame agreed upon by programmers
and managers.

Other advantages include the training aspects of pair programming. An inexpe-
rienced programmer can learn from a master if they are teamed up along the
dimension of their expertise. One can also argue that a programmer will be more
careful when someone else will be inspecting the code. Consequently, codes
developed by pair programming teams more often than not turn out to be better
designed, freer of errors, easier to follow, and simpler rather than more complex
(Williams, 2000).

Some Disadvantages to Pair Programming

Pair programming, however, is not without its disadvantages. Just as the saying
goes, “A person who defends himself has a fool for a lawyer,” we can see how
pair programming might break down. If both programmers are highly conversant
with the system they are developing, they might be unable to identify potential
problems (Stephens & Rosenberg, 2004). Traditional code verification looks at
the software from a new perspective. That is something pair programmers might
not be able to emulate; they may not have adequate distance from the coding to
gain a proper, critical perspective.

Finally, itis also obvious that quality would suffer if programmers were not happy
in their careers or particular jobs. From our observations (and we have practiced
pair programming ourselves), we note that pair programmers seem to be satisfied
with this practice and contented with the arrangements.

Values of Agile Methods

At the heart of the agile methods philosophy is the set of values that embody all
ofthe unique positive elements that make projects developed using agile methods
successful (Kendall & Kendall, 2005). The set of values, which is comprised of
communication, simplicity, feedback, and courage, is shown in Figure 2.
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Figure 2. Values are very important in the development of quality systems
when adopting agile methods
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How Values Shape Project Development

Let’s begin with communication. Typical agile methods practices, such as pair
programming, interfacing with an on-site customer, and doing short releases, all
depend on good communication. However, on the face of'it, good communication
is something that must be worked at and not assumed. There are many potential
pitfalls in a systems project: specialized vocabulary; tight deadlines; constant
changes in features, scope, and personnel; a tendency to prefer independent
work over teamwork; and pressure in meeting short release deadlines. With good
communication in place, problems can be remedied quickly, holes can be closed,
and shaky logic is strengthened through interaction with teammates and clients.

Simplicity is a second value of agile methods. It is easy to be overwhelmed and
ultimately paralyzed by indecisiveness in the face of a new, complex systems
project where every detail seems important. Beginning with the simplest possible
thing we can do is the essence of this value. But simplicity is a learned value and
is certainly an art. With the value of simplicity in mind, developers start small,
aware that they may have to change their work a little the next day. This basic
value demands a clear vision of what the project goals are.

When systems development is approached with agile methods, feedback is a
third basic value. Feedback and time are intertwined in this context. Program-
mers, analysts, and clients can provide useful feedback anytime (within seconds
of first seeing an application all the way to months after working with a system)
depending on what feedback is required, who will be exchanging information, and
the ultimate use of the feedback that is given. Clients provide feedback when
they create functional tests for all of the features that programmers have
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implemented. Feedback from clients also helps developers gauge progress
compared to initial project goals. Feedback is vital to helping developers make
early changes while allowing the organization the opportunities to experience the
system early on.

The fourth value of agile methods is courage. The value of courage encourages
the team to experiment in order to reach their goals rapidly, or perhaps in anovel
way. If courage is embraced, team members trust each other to work continu-
ously to improve project quality. This is a big commitment since it can entail
scrapping current code, rethinking solutions that have already been accepted, or
pursuing simplification of one’s approach even further. Courage also implies that
systems developers earnestly apply the extreme practices of agile methods.

Beck and Andres (2004) consider one more element to be a value: respect. This
value must be built up in the development team so that team members trust each
other’s instincts on whether there is a better approach than the one currently
being pursued, one that will be more straightforward in accomplishing a goal. Of
course this is true for any project, no matter by whom, how, or why it is
developed.

Accepting Change is Important

A basic principle arising from agile methods values is that of embracing change.
Options must all remain open, but the point is to solve whichever problem poses
the biggest threat or hindrance to the effort’s success. In spite of always handling
tradeoffs, we will always be able to count on the idea that change is welcomed.
That dynamism keeps the project moving forward and animates the spirit of the
project team.

Performing quality work must come from the practices and values of agile
methods. This idea that everyone wants to perform quality work is integral to the
use of agile methods. Practitioners of agile methods want everyone to enjoy their
work, work well with the team, and keep the momentum of the project at a high
level.

Resource Tradeoffs are Possible

If systems developers are to maintain quality in the systems they develop, we
need to examine some of the tradeoffs they must face. Since communication
with the customer is at the foundation of agile projects, systems developers are
at an advantage over traditional project managers since they can use feedback
from customers to determine how much of a particular resource is needed.

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Improving Quality through the Use of Agile Methods 215

In order to ensure quality, a developer may want to ask for more time to finish
the project. The agile approach does not recommend that deadlines be extended.
Following the agile methods approach means completing the project on time. Of
course, there are other ways to extend the time on a project. Programmers can
work overtime, but once again the agile approach discourages this practice.
Programmers who work overtime to complete a project may not help either,
since errors increase as sleep decreases, and then time needs to be spent fixing
errors (Abdel-Hamid & Madnick, 1990; DeMarco, 1982).

The next variable to consider adjusting is that of cost. The easiest way to
increase spending (and hence costs) is for a project manager to hire more people.
The equation seems on its face to be correct; hiring more programmers equates
with finishing the project faster. However, communication and other intangible
costs increase when adding team members. They may slow more experienced
team members as they learn the ropes, delaying the project even further (Brooks,
1978). This is well known as Brooks’ Law. Rather than adding more program-
mers, increases in productivity can be gained from investments in support tools
for systems developers to improve communication of ideas and even boost
productivity away from the development site.

We last consider the variable of scope. A developer may decide to release a
version of the system on time, but not deliver all of the features promised (Crispin,
2001). In this case, the developer concludes that the customer would rather not
sacrifice quality. The features that were cut out can be added in a later release,
but for the time being, the project is presented to the customer for feedback and
quality is maintained.

Maintaining Quality is Critical

It is abundantly clear that systems must not forego quality, as the consequences
could be widespread and long lasting. (For example, purchases with a credit card
are erroneously rejected as invalid, or customers may show up at the airport and
be denied boarding due to lack of reservations for a flight.)

The on-going theme of agile methods is that they permit developers to take
extreme measures, so in order to maintain quality, manage cost, and complete the
project on time, the agile analyst may seek to adjust the scope of the project by
enlisting the help of a client in figuring out what features can be deferred until
itis practical to include them in the next release. Systems developers using agile
methods approaches are able to control time, cost, quality, and scope. Guided by
the realization that agile methods sanction extreme measures, while at the same
time emphasizing completion of a project on time, the analyst must recognize
tradeoffs and make difficult decisions as the project takes shape.
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A successful, quality system created with agile methods will be one that delivers
auseful, quality solution for the organizational situation posed via a creative and
adaptive human-centered process; a flexible and adaptive solution thatis on time
and on budget with desirable features that are jointly prioritized and developed
by customers along with the development team in a collaborative spirit that fully
recognizes the dynamic nature of information systems requirements and organi-
zations in a modern social and technological setting.

Concerns about Using Agile Methods

One of the charges leveled against agile methods is that they cannot reach a high
quality standard because they lack quality management systems. Our belief is
that this is amisunderstanding of agile methods in action. Although agile methods
focus on shortening the development time and working within the budget, these
should not be construed as steps to diminish quality in any way. Rather, a high
level of customer involvement to change and prioritize requirements helps to
deliver the quality that customers want, the functional quality, which is quality
from the customer perspective.

Employing good, well-qualified people to use agile methods in developing
information systems is critical. Although much of the work of systems analysts
and programmers can be automated, the efficiencies and effectiveness to be
gained from agile methods as they relate to quality are uniquely attributable to
humans. When the right group of people is motivated to do the right type of work,
their productivity can be dramatically improved.

In the upcoming section we examine future research questions arising from our
examination of information systems quality and the use of agile development
methods. Many of these deserve further attention as adoption and awareness of
the possibilities for quality improvement through the use of agile methods
increases.

Future Research Questions

One rather large difference between the SDLC and the agile approach is that
SDLC is top-down, strategic, and very normative. Agile methods, on the other
hand, are still bottom-up, responsive, and reactive. One can argue that in our
modern society, where we discard our old cell phones because new models are
smaller with more features, responsive reactive methods will continue to
flourish.
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The other side of the argument is that there is the possibility that quality can be
sacrificed to make way for new features and more attractive design. To cite the
cell phone example again, rarely do we find a customer trading in a phone to get
one of better quality. Rather, they seek new features or improved design. Those
using agile methods need to be constantly aware of quality demands, and not
trade them off for features and more attractive interfaces.

Some future research questions include the following:

1.  Human factors: How should we effectively get the customer to articulate
quality concerns, objectives, and measures? Is systematic quality training
across all management levels a cost effective practice for projects that
adopt agile methods? How should we train pairs of programmers to
effectively cooperate with each other toward the overall goal of quality?
How should we effectively encourage the agile methods development team
to espouse the same high quality standards? How do we manage and
motivate the developers to achieve extremely high quality levels given the
tradeoffs imposed by short releases?

2. Process factors: What steps must be followed by an agile practitioner to
ensure that the quality of the system receives the highest attention? What
process control methods (statistical or other) should be used to track and
measure quality of management practices? How much documentation is
proper to ensure continuous quality improvement? How can the software
development process be improved to ensure better quality?

3. Overcoming limitations of agile methods: Since agile methods take a
bottom-up approach to systems design, how does one align the specific
agile quality measures with the organization’s long-term strategy? How do
we allow the agile core values to evolve? Can we adapt agile methods so
we can use agile practices to develop high-quality, large-scale projects?
Will differences in organizational cultures affect the quality of the system
when using agile methods? How can we manage the inconsistency caused
by constant change to ensure the internal quality, even with life critical
systems?

4.  Quality improvement factors: When quality management systems like
Six Sigma or ISO 9000 are incorporated into the agile approach, will the
quality of the projects delivered by agile methods improve dramatically?
Will the obstacle imposed by minimal necessary documentation using agile
methods infringe on the quality of the system? How do we effectively track
and measure quality attributes during the development process?
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Conclusions and Recommendations

In conclusion, we believe that the thoughtful and intentional use of agile methods
by systems developers and programmers can provide an excellent approach to
boosting the quality of program code; the quality of the process of software
development; and also serve to contribute to the overall quality of information
systems installations. We also contend that agile methods are most powerful
when selectively chosen for use with structured approaches that provide the
vision and discipline to see large projects through to a quality outcome (Glazer,
2001; Nawrocki et al., 2002; Wright, 2003). We do not believe that an all or
nothing approach to adoption of agile methods is suitable for systems develop-
ment or the practice of coding. Rather we believe that experienced developers
and programmers can select methods appropriate to the organization, the
organization culture, and the systems tasks at hand to create a dynamic response
to fluid situations they encounter (Duggan, 2004).

We assert that agile methods have in many respects lead the way to quality
improvements by rightfully shifting the focus of programming and design teams
to the human aspects of the software creation process, as well as their client-
centered orientation toward design and implementation of information systems
(Van Deursen, 2001).

As we look forward to the creation of ever more ubiquitous information systems,
we are gaining an appreciation of the importance of making the system fit the
human, rather than the other way around. We believe that if agile methods are
adopted by good people, their use can help us reach our quality goals for
information systems and software design far into the future.

After examining the values and practices, the pros and cons of agile methods, and
how we can use these to foster high quality project development, we recommend
the following:

1.  Adopt the values and principles of agile methods even though your
client wants everything documented. The necessity of completing all
the steps in the SDLC or setting up an object-oriented system does not
preclude the systems designer from using the principles of agile methods.

Developers can still take advantage of shorter cycle times, both for
gathering reactions from the customer and for internal review. Pair
programming and shorter work weeks can still be practiced. Timeboxing
and the principle of simplicity over complexity are ideal ways to develop
projects at all times.

2. Foster education in the values and principles of agile methods. We
need to expand the coverage of agile methods in our curriculum. By
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interacting with actual organizations and actual systems developers, we
infuse our classes with a lasting vitality, immediacy, and credibility. The
entire field of quality was founded on the synergistic relationship between
research and fieldwork.

Educators must understand that even though we teach designers and
programmers how to properly use traditional methods to design, develop,
and program systems, we need to realize what actually occurs in practice.
If we do just that, we will find ourselves teaching agile methods, and our
successful graduates will forever remember the values and principles that
help ensure high quality projects.

3. Include all types of people in the development of systems using
agile methods. We have all learned how important each person is from our
experience with Japanese quality circles. But when we practice agile
methods, we talk about the developer (or sometimes, just the programmer)
and the on-site customer. The development team must include testers,
trackers, coaches (an idealized project manager), consultants, the cus-
tomer, the programmer, the business analyst, and of course, the big boss.
Everyone involved will have a unique view. Since quality is multifaceted,
this will encourage the best possible outcome.

4. Create ways to better use agile methods in a variety of organiza-
tional cultures. Agile methods, just like traditional methods, assume that
systems developers come from a similar background, but in addition, agile
methods assume that all organizations are alike. No mention is made in the
agile manifesto about various organizational cultures and how to approach
these cultures.

Organizational cultures are important. In previous work, we concluded that
certain information systems had higher probabilities of success if the
predominant metaphors were favorable (Kendall & Kendall, 1993, 1994).
Those embracing the agile philosophy can learn a great deal about an
organization and its values by studying the metaphors they find within the
organization. If systems developers are willing to spend the time and effort
examining organizational cultures, they can ensure higher quality projects
and ready acceptance.

5. Consider renaming agile methods. This might be our most controversial
recommendation, but clearly names do carry consequences. Extreme
programming is an alternative name that people either like or hate. Extreme
programming best describes the practices of extreme programming, which
is taking good practices, but carrying them to the extreme. One can assume
that this includes quality as well. Believers like the principles, but not
everyone likes the name.
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The term agile methods suffers from misconceptions as well. The synonyms for
the word agile are nimble, supple, lithe, sprightly, alert, responsive, swift,
and active. Perhaps they accurately describe how programmers should rapidly
develop projects, schedule short releases, and adapt quickly to the changing
requests of customers. But in the final analysis, this is only one of the practices
of agile methods, and quality is not addressed in any sense. It would be better to
have a name that invokes the greatness of these methods.

Perhaps a better name for methods that deliver high quality projects emphasizing
clients and users are “human-value” approaches. We might want to build on this
idea, include more principles, and set standards for quality that humans appre-
ciate in their systems.
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Chapter X

Quality Metrics and

Bayesian Analysis:

The Case of Extreme
Programming

Francisco Macias, Technologic of Monterrey, Mexico

Mike Holcombe, University of Sheffield, UK

Abstract

This chapter presents an empirical assessment of the quality of the process
of building software systems in light of the recent emergence of agile
development methodologies, which were designed to to help with the
development of higher quality information systems under given conditions.
The purpose of this research was to assess one of these agile approaches,
eXtreme Programming (XP), through a comparison with a traditional
(design-driven) software construction process. With this aim we observed
and measured the work of several student groups using different approaches
to produce software for commercial companies during a semester. The data
collected were analyzed following the Bayesian approach. Our results
indicate that that XP could cope with small/medium size projects of software
construction delivering a measurable improvement in the quality of the
system as judged by the business clients.
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Introduction

Quality measurement in software engineering constitutes a broad universe with
many actors. Typically, empirical assessments of software construction meth-
odologies are conducted by researchers rather than by software engineering
practitioners. Among other reasons, this is so because the assessment process
has not been fully defined, the guidelines do not always provide a well structured,
smooth, and continuous description of how to do assessments; there are many
gaps and a lack of general principles in this discipline, and there is no agreed
format for presenting the results of such studies (Kitchenham, 2001). On the
other hand, such studies can result in valuable insights, which can create real
business value. There is a glaring need for the definition of a proper method to
assess the software construction process in order to inform decision-making
about appropriate methods for a particular application situation. In this study we
assess eXtreme programming (XP) which has attracted much publicity but very
little rigorous scientific evaluation for verifying its merits.

XP is one of the methods recently introduced to deal with the challenge of
providing quality in software construction processes; it is a radical approach, in
which the role of detailed design is reduced significantly (Beck, 1999b). This may
create the impression that it is a variant of hacker programming. There is still
no consensus on its efficacy; some describe XP as merely “working in pairs”,
while others claim that it is the solution to the software crisis. Quite often such
opinions are based solely on anecdotal evidence. Beck, the author of XP,
presents it as a collection of practices that brings fresh air to the software
construction process through the core principle of simplicity. The process (of
software construction) is redesigned to avoid, as much as possible, the practices
that make it heavy and bureaucratic. Our goal in this chapter is to provide
scientifically tested evidence to make a meaningful contribution to this debate by
providing empirical information about the strengths, weaknesses, and limits of
the applicability of XP.

In this research effort we make two contributions: First we attempt to enlighten
the on-going debate through an empirical assessment of XP in order to produce
evidence to assist with a proper understanding of its scope and value. Second,
we contribute to the definition of an effective methodology for conducting such
empirical assessments. In order to run such an assessment, we exploited the
opportunity at the University of Sheffield, which has links to industry and real
projects for its students and an extensive program of experimentation as part of
the Sheffield Software Engineering Observatory (Observatory, 2004), to con-
duct our experiment. This experiment compares the quality of two software
production processes involved in producing traditional, design-led software with
XP. This chapter presents the results and findings of the assessment.
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Background

XP has been proposed as an alternative to traditional models of systems
development in which systems requirements are completely prespecified, and
activities across the development life cycle are grouped into sequential phases,
related in time and characteristics. Typical development life cycle stages include
planning, analysis, design, implementation, and testing. It does not matter
whether the process follows the object-oriented or structured methodology;
system design is a central feature. Consequently, this approach is often called a
design-led approach, and we refer to both approaches as traditional methods.

XP on the other hand is classified as an agile method, which proposes simplicity
and small modules and handles dynamic requirements in volatile business
environments (Holcombe, 2003a). It is one of the best known development
methods in the family of agile development methods. Although these methods
were developed independently, in 2001, 17 influential and recognized practitio-
ners of agile methods signed a declaration called the Agile Manifesto (2001).
Through this declaration, agile processes were slightly redefined and received
greater momentum after “simmering beneath the surface for over ten years”
(Highsmith, 2002, p. 9). Prior to this declaration, there were several isolated
efforts to attempt to establish an agile movement, including that of Aoyama
(1997, 1998a, 1998b) who defined agile processes as those that accommodate
changing requirements and promote quick delivery of software products; they
are incremental, iterative, and involve collaborative processes. The signatories
of'the Agile Manifesto (2001) defined 12 agile principles, rather than a concrete
methodology.

Inparticular, XP emphasizes productivity, flexibility, informality, teamwork, and
the limited use of technology outside of programming. Rather than planning,
analyzing, and designing an entire system, XP programmers conduct these
activities a little at a time throughout development (Beck, 1998). XP proposes
that work be done in short cycles; in XP the basic unit of time is the cycle. Every
cycle starts with the developer and client choosing a subset of requirements
(called stories) from the complete set. Once such subset has been selected, the
functional test set for it is written, then members of the team write the code,
working in pairs (pair programming). Each piece of the code is then tested
according to the relevant functional tests. The duration of each cycle is between
1 and 4 weeks, and there is no single, formal architecture (Beck, 1999a).
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The XP Research Literature

Beck (1998) produced the first paper that made explicit reference to XP, in
which he highlighted the values that drive the XP philosophy. He followed this
up with a second article that described the practices proposed in XP (Beck,
1999a) and a book describing the complete process in a general way (Beck,
1999b). Over the last few years, several research efforts have been devoted to
the assessment of different aspects of XP (Butleretal.,2001; Gittins etal., 2002;
Muller & Hanger, 2002; Muller & Tichy, 2001; Natsuetal.,2003; Ramachandran
& Shukla, 2002; Rostaher & Hericko, 2002; Rumpe & Sholz, 2002; Rumpe &
Schroder, 2002; Syed-Abdullah et al., 2003; Williams et al., 2000). These have
been somewhat limited in ways we will describe soon.

Many of these studies focused on individual elements of XP or a subset of the
practices (only one was broad enough to include most of the XP practices), and
in some cases the experimental environment was so restrictive (as required for
internal validity) that these studies were not realistic enough to capture the
interactions of a live project. XP practices are mutually supportive, and a proper
assessment requires a test of as many features as possible. Two research efforts
that fit the latter category, for example, Gittins et al. (2001) and Syed-Abdullah
et al. (2003), were both qualitative assessments.

Many of the studies were devoted to pair programming, one of the central
features of XP, and these produced mixed results at best. For example, Williams
et al. (2000) reported the results of a “structured experiment” in which they
observed a group of 41 students in two subgroups of pair programmers and single
programmers, respectively, over a period of 6 weeks. They found that program-
ming pairs develop better code and faster than single programmers. However,
the projects were not realistic commercial projects and so lacked many key
aspects of areal software development project. In another experiment, Rostaher
and Hericko (2002) tracked a group of professional programmers located in
Slovenia and found that time and quality were not significantly different in solo
vs. pair programming. The latter may be more credible because of the more
realistic environment. Natsu et al. (2003) also ran a survey to test a tool built for
distributed pair programming against co-located teams and found that couples
working side by side obtain better quality code than the distributed couples.

In another research effort that focused on an isolated XP practice, Miiller and
Hanger (2002) compared the testing-first practice to traditional testing-after-
coding practice and measured the reliability of the code. They found no
difference in the implementation, but the test-first approach seemed to have
promoted better program understanding. Miiller and Tichy (2001) increased the
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number of XP practices tested in a survey that involved pair programming, small
releases, and automated testing. The authors concluded that the real benefits of
pair programming were unclear, and that the student subjects found it difficult to
produce small releases, and were unable to write tests before implementation.

Three research efforts widened the scope of practices examined. First, Gittins
etal. (2001) conducted a qualitative study to assess the complete XP process in
a medium size software construction company that had adopted XP progres-
sively and reported on 9 of the 12 XP practices. They reported that tension
among the project participants was high, quality was compromised, communica-
tion difficult, and control largely ineffective. Then Butler et al. (2001, p. 140)
conducted a broad study rather than one that focused on specific variables and
found that “XP ... relies strongly on the results of impressions and feelings of
developers”. Finally, Rumpe (2002) surveyed several companies, which were
running XP, about the background of the company and team members, the
practices they followed, and their future plans, in order to provide a profile of
behavioral factors that may contribute to successful use of XP. They came up
with inconclusive results.

Research Hypotheses

In this study we took a holistic approach to the examination of XP practices,
examining the method as a whole instead of focusing on individual, stand-alone
practices. The objective was to provide empirical evidence to examine the claim
that XP is a valid software production process that produces results that are
comparable to or better than those generated by traditional approaches. Several
managers and developers view XP as a suitable alternative for software process
production; others are not as convinced. The experiment may be considered to
be a follow up to Moore and Palmer (2002), Putnam (2002), Rumpe and Scholz
(2002), and Wright (2001). The hypotheses generated are necessarily explor-
atory. Other than the sales pitches of originators, anecdotal claims of some
practitioners, and a few research efforts that are largely inconclusive, no
theoretical basis exists to guide expectations and predict outcomes.

We focused our assessment on small projects, which we believe are consistent
with the agility conditions of XP and examined internal and external quality,
development time, and the size of the project. The choice of the quality construct
is obvious; the ability of any information system process method to generate
quality outcomes is the ultimate test of its “goodness”. The other two factors
(development time and project size) provide baselines for understanding and
interpreting the quality results. The following hypotheses were stated:
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. Null Hypothesis: The use of extreme programming in a software
construction process produces equal results (external and internal quality,
time spent and size of the product) as those obtained from the use of
traditional processes (in the average case of a small/medium size project).

. Alternative Hypothesis: The use of extreme programming in a software
construction process produces different results (exhibits better or worse
quality, requires more or less time and the size of the product is different)
than those obtained from the application of traditional processes (again in
the case of average size between small and medium).

Experimental Context and Design

Three important research efforts conducted by Basili and Weiss (1984), Basili
et al. (1986), and Basili and Rombach (1988) may be considered cornerstone
studies for research in software engineering. The first, a controlled experiment,
provided a method and guidelines for collecting data in software engineering
projects and related the result of a process to its structure. They also defined a
methodology for the specification or selection of such data. Although they did not
give aname to the method, it was later called the Goal-Question-Metric (GQM)
framework. Basili et al. (1986) expanded this framework when they produced
the GQM goal template, which is a more complete framework for carrying out
experiments in software engineering, providing a basis for classifying a set of
previous experiments. The final paper in this sequence presented further
guidelines for organizing successful experiments in software engineering. In
addition to the steps proposed in the GQM template, it offered a more detailed
description of suitable metrics required in the experimental processes and
definitions of some of the principles. This final paper was based on the project
named Tailoring A Measurement Environment (TAME), which accumulated
over 10 years of experience devoted to improving principles and guidelines for
process modeling based on quantitative analysis geared toward the control and
improvement of software engineering projects.

Project Participants and Procedures

The project team members were second-year students registered in the Com-
puter Science undergraduate program at the University of Sheffield in the UK.
They were required to complete a module called the Software Hut Project
(SHP), which lasted for one academic semester during which they developed
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small software for real business clients. These students already knew how to
write programs, develop data structures and specifications, and produce Web
pages. All the students registered in this module were included in the experiment.
SHP also included training in XP and the traditional design-led process for
software construction (Traditional). According to the regulations of the univer-
sity program, it was expected that every student would devote an average of 15
hours per week to this project for the 12 scheduled weeks. There was a three-
week break at the midpoint of the semester, and although students were not
required to work during the break, most do to recover from delays. If they work,
the students are required to report their activities, and they also receive coaching
during this period.

The class was divided into two sections, teams one to 10 and teams 11 to 20 for
the two treatments (XP and Traditional, respectively). The teams, which were
formed by the students themselves, were randomly assigned the treatments.
Eight of the teams had 4 members each, 11 had 5 members, and 1 team had 6
members. Training was provided during the normal sessions of the module. Each
team worked with only one client, but each client could be served by several
teams. Simultaneously with these sessions, the students had to interview their
clients and plan their project. The lecturer reviewed the clients’ requirements in
order to verify their feasibility.

The formal requirement documents were then agreed upon between the teams
and their clients. The completed systems had to be installed and commissioned
at the clients’ sites. The various groups then developed the system. Some
students wrote programs in Java, while others wrote code for PHP and SQL
according to the requirements of the system. During the experiment, the first
priority was to ensure that teams followed the treatments faithfully and to apply
corrections if required. Thus the timesheets and the weekly minutes were
verified by interviewing the students.

There were four clients who will be referred to as Clients A, B, C, and D for
simplicity:

Client A. Small Firms Enterprise Development Initiative (SFEDI) facilitated
self-employed, owners and managers of small companies (nationally) to
start up, survive, and thrive. SFEDI required a Web site that would be
generally accessible from any location, to allow their employees to distrib-
ute general documents, policies, and procedures to other employees. They
wanted to restrict access to certain documents, according to the category
of the employee accessing them. Their main aim was to improve internal
communications among their employees, who had a fair level of computer
literacy.
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Client B. The School of Clinical Dentistry of the University of Sheffield conducts
research, using questionnaires, to collect information about patients. They
may run several questionnaires simultaneously. The data generated from
these questionnaires are used for a variety of purposes. The school required
a system to customize the online questionnaires and subsequently collect
the responses into a secure database. The generation of the questionnaire
should be very simple, not requiring any specialized knowledge and usable
by anyone with even low computer literacy.

Client C. University for Industry (UFI) was created as the government’s
flagship for lifelong learning. It was created with its partner Learn Direct,
the largest publicly founded online learning service in the UK, to encourage
adult education. In order to analyze performance and predict future trends,
UFI/Learn Direct needed to collate and analyze information (such as the
number of Web site hits or help-line calls at different times of the day and
the number of new registrations) and the relationship among these data
items. UFI needed a statistical analysis program to help managers plan how
best to allocate and manage their resources based on trends and patterns
in the data recorded. The required data were recorded on simultaneous
users, annual trends, predicted growth, and other performance indicators to
bedisplayed graphically.

Client D. The National Health Service (NHS) Cancer Screening Program keeps
an archive of journals and key articles that they provide to the Department
of Health, the public, the media, and people invited for screening. They
required a system which was simple to use and easy to maintain and which
allowed themto (1) catalogue the existing collection of articles; (2) add new
articles; (3) expand the collection to include articles on screening for
colorectal, prostate, and other cancers; (4) link associated articles; and (5)
find and retrieve articles quickly and effectively. A member of the staff will
maintain the system, but other staff members will use it to search for
articles. The client had no special preference for the system appearance or
operation beyond the requirement that it should be easy to use.

Experimental Design

The organization of the experiment did not correspond to a typical factorial,
crossed, or nested experimental design. We crossed the treatments (XP and
Traditional) and the blocks (clients) as if they were treatments. Then each block
was considered as a level (Figure 1). The experimental units (teams) were
randomly allocated and every block (client) received the two treatments. The
students gathered in teams and were advised of the treatment (XP or traditional)
and client (A, B, C or D) they were assigned to. Every client received both
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Figure 1. Distribution of teams per treatment and blocks (clients)

Treatments
XP Traditional
Blocks A 57,8 18,20
B 2,6 12, 14,17
C 1,9 11,13, 19
D 3,4,10 15, 16

treatments (XP and traditional), and five teams were allocated to each client
(Figure 1). Each team tried to provide a complete solution for their client.

The unit of observation was the project team. Students were not observed or
tracked individually; the communication processes, assessment, log, and verifi-
cation were always at the team level. While the participants were hypothesis-
blind, there was no blindness among the teams as they received suitable training
to apply the treatment. The lecturers and the clients were also fully aware of the
different treatments each team was working with and the clients were able to
identify the XP teams because this treatment encourages close relationships with
clients.

Variables and Measures

There were three main measures: The quality of the product, the time spent in
the production process, and the size of the product. The students reported the
time they spent in the project. Both the external and internal quality of the product
was tracked. Teams submitted weekly timesheets that logged the time distribu-
tion of every member of the team in every activity. The size of the products was
obtained from the reports of the teams. These are metrics suggested by the GQM
goal template (Basili et al., 1986; Basili & Rombach, 1988).

External quality, which addresses those factors that the users (client) appreciate
in the normal operation of the software, regardless of the internal, technical
operation, was assessed by the client, and included the adequacy of the
documentation (presentation, user manual, and installation guide) and attributes
of'the software system, which includes ease-of-use, error handling, understand-
ability, completeness of the base functionality, innovation (extra features),
robustness (correctness, i.e., does not crash), and user satisfaction with the
product.

Internal quality, which addresses those internal properties of the system that are
not directly distinguishable by the clients, was measured by the lecturer. Internal
quality was not measured in exactly the same way for both treatments because
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of'the nature of the treatments (e.g., in a traditional approach it was not required
to provide evidence of pair programming). For XP the measures were based on
the set of user stories signed off by the client, specification of test cases for the
proposed system, the test management processes, and the completed test
results. In the traditional approach, the metrics were requirements documenta-
tion, the detailed design for the system, and the completed test results. In both
cases the “goodness” of the code, documentation and maintenance guide, and a
general description, including the log of the project, were also evaluated.

The variables included for the purpose of measuring project time were the
number of hours spent by team members doing research, requirements, specifi-
cation and design, coding, testing, and reviewing. Other special one-off activities
were also captured. Product size was measured by the number of logical units
(functions, modules, classes), lines of code, characters in code, and percentage
of code devoted to commentary. Counting lines-of-code is always a questionable
process; however, the procedures recommended by Macias (2004) were used
to reduce bias.

Data were collected throughout the semester and at the end of the project mostly
through meeting minutes and timesheets. The minutes contained the activities of
the current week and the plan of the work for the next week. The timesheets
registered the time spent on each activity weekly. Both timesheets and minutes
were automatically collected. A scriptran every Friday at 4:00 P.M. and updated
the records of the teams with the new files. At project end, the clients and the
lecturers provided their assessment, and the teams produced their report.

Analytical Procedures

The use of analysis of variance (ANOVA) is recommended when the popula-
tions have been sampled independently and randomly, and also the populations
are normally distributed and have similar variances (Aczel, 1996). This was not
so in our case, yet we started with ANOVA as a precursor to the Bayesian tests
that we employed to work with the uncertainties of field research with less
experimental control, using probabilities rather than binary results. Our pilot
study had indicated that the sample sizes were too small to consider ANOVA as
a suitable for analyzing of the data, and some tests provided results close to the
boundary values defined to reject (or not reject) the null hypothesis. We
therefore opted for a method that did not provide binary result (reject or not
reject) —the Bayesian analysis recommended for this purpose (Holcombe et al.,
2003).

The Bayesian approach is often used as an alternative to the more common
classical (frequentist) method (Berry, 1996). It allows one to forecast future
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observations and incorporate evidence from previous experiments into the
overall conclusions. One possible problem is that this approach is subjective;
different observers may reach different conclusions from the same experimental
results. However, the Bayesian approach is recommended in situations that
involve uncertainty, and it is also a good choice when there is the possibility of
running replications. This approach helps to predict the behavior of the data in
the next replication and to correct noisy factors, thereby providing a means to
relate results from successive experiments. This experiment was conducted as
areplication of a prior pilot study (Observatory, 2004).

Results

Below are representative summaries of data collected from the experiments
(descriptive statistics) for quality, project time, and project size. The average of
both internal and quality measures was higher for the XP groups than for the
Traditional teams. Table 1 shows the averages and standard deviation of the

Table 1. Average and standard deviation of marks (Int Q + Ext Q), internal
quality and external quality measured on a 50 point scale in each case

T Mark Mark avg std | Internal Q | Internal Q std | External Q |External Q std
reatment .
average deviation average dev average dev
XP 72 7 36 3 36 6
Trad 68 7.5 34 2.5 34 6

Table 2. Distribution of samples, factor quality. All teams

XP Traditional
Sample size 10 10
Average 71.9 68.15
Standard Deviation 6.75 745
Data into 1 std. dev. * 70% 70%
Data into 2 std. dev. * 90% 100%
Data into 3 std. dev. * 100% 100%

* Refers to the distance from the mean
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quality values. The distribution of values in both treatments (XP and traditional)
was very similar, and the small difference was persistent. The correlation
coefficient between internal and external quality (considering the 20 teams) was
0.33, indicating that there was no apparent relationship between both factors.

The factor quality, also called Final Mark, was obtained from two different
aspects: internal and external quality. It is reported here as a single item that is
the sum of both. The averages and standard deviation are shown in Table 2.

Table 3. Averages and standard deviations of the time spent in hours

. |Total time Std. . . | Coding T Std. | Testing Testing Time
Treatment |Total Time Dev. Coding Time Dev. Time Std. Dev.
XP 584 142 207 95 110 38
Trad 396 186 163 127 33 25

Table 4. Distribution of samples, factor time (all teams)

XP Traditional
Sample size 10 10
Average 584 396
Standard Deviation 141.5 186.5
Data into 1 std. dev.* 70% 60%
Data into 2 std. dev.* 100% 100%
Data into 3 std. dev.* 100% 100%

*

It refers to the distance from the mean

Table 5. Average and standard deviation of thousands of characters and
percentage of commentaries

Treatment Average of  [Standard Dev. Of K-|  Average % .of Std Dev of%
K-Characters Character Commentaries Commentaries
XP 301 206 22 11
Traditional 210 109 20 17

Table 6. Distribution of samples, size in thousands of characters (excluded
teams 2 and 18)

XP Traditional
Sample size 9 9
Average 301 232.9
Standard Deviation 205.5 86.5
Data into 1 std. dev. * 77% 66%
Data into 2 std. dev. * 88% 99%
Data into 3 std. dev. * 99% 99%

* It refers to the distance from the mean
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Itappears that XP teams spent more time overall obtaining their results and more
in coding and testing than traditional teams (Table 3).

There is also the indication that the volume of code was higher on average for
XP than for traditional teams (Table 5).

Measuring the size of code involves counting the number of files, classes/
modules, functions/procedures/tasks, lines, and characters. Quite often size is
reported as number of lines but there is no general consensus on the meaning of
“line” in a piece of code. Additionally, different programming languages allow
different possibilities to compact code, and their expressiveness also affects the
number of lines. For these reasons this project considered number of characters
rather than lines as the main parameter to measure size. The distribution of
number of characters in code appears in Table 6.

The difference in quality between the two treatments was small, but it is
remarkable that such a small difference was maintained not only in the final result
(the sum of the parts) but also through the subitems, internal and external. Such
a condition triggered the decision to analyze the data using a non-frequentist
model of inferential analysis.

From the result of the ANOVA test shown in Table 7, it is clear that only
hypothesis 2 (project time) is supported by the analysis of the data. The test was
applied to every factor and the four blocks in order to determine whether the

Table 7. ANOVA test for main experiment

IFactor Source of Variation F value | P value Rejecting the Null Hypothesis
Time [Treatment 6.48 0.02  [Yes. XP was higher
Block 0.08 0.97 [No
Overall quality [Treatment 1.39 0.254 No. Values close to the boundaries
Block 0.01 0.999 No
Internal quality [Treatment 1.87 0.188 No. Values close to the boundaries
Block 0.21 0.866 No
[External Treatment 0.65 0431 No
quality Block 0.08 0.972 No
K-characters [Treatment 0.84 0.373 No
Block 0.06 0.979 No
Number of test [Treatment 1.53 0.232 No. Values close to the boundaries
cases Block 1.21 0.339 No. Values close to the boundaries
Number of [Treatment 0.02 0.891 No
requirements  |Block 297 0.063 Partially *

* Teams A (SFEDI) and D (NHS) do not overlap confidence intervals

Table 8. Number of succeeding and failing teams (overall quality)

SHP-02 Success Fail
XP 6 4
[Trad 5 5
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behavior of the data was ruled by the treatment or by the block. The values for
overall quality were obtained by adding internal and external quality. The number
of characters, test cases, and requirements were independent of each other. For
the reasons already elaborated, we therefore turn to Bayesian analyses to
further clarify the picture.

Inthis experiment we identified “successful” teams as those with overall quality
value above the global average and failing teams as those whose overall quality
marks are below the global average. This criterion gave the distribution of teams
shown in Table 8.

The average of Quality (Internal + External) was 70.025; then a team succeeded
if Q >70.025 and a team failed if Q <= 70.025. Bayes’ theorem was applied to
these data, and the following probabilities were gauged. Hence, the result is that
if we choose randomly a successful (or failing) team:

*  Probability that a successful team was XP: 0.5454
*  Probability that a successful team was Trad: 0.4545
. Probability that a failing team was XP: 0.444
*  Probability that a failing team was Trad: 0.555

According to these results, the XP teams have a higher probability of success
than Traditional teams.

The same criterion was applied to the data obtained for external quality (Table
9) and internal quality (Table 10) with markedly similar probabilities as indicated.
When the Bayesian analysis was applied to external quality, the average of
external quality was 34.95; then a team succeeded if Q >34.95 and a team failed
if Q <=34.95, and correspondingly for internal quality a team succeeded if Q >
35.075 and failed if Q <=35.075.

Table 9. Number of succeeding and failing teams (external quality)

ExtQ-02 Success Fail
XP 6 4
Trad 5 5

Table 10. Number of succeeding and failing teams (internal quality)

IntQ-02 Success Fail
XP 6 4
Trad 4 6
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*  Probability that a successful team was XP: 0.5454
*  Probability that a successful team was Trad: 0.4545
. Probability that a failing team was XP: 0.444
*  Probability that a failing team was Trad: 0.555
*  Probability that a successful team was XP: 0.6
*  Probability that a successful team was Trad: 0.4
. Probability that a failing team was XP: 0.4
*  Probability that a failing team was Trad: 0.6

The Bayesian analysis was not applied to the time dimension because of the
conclusive nature of the ANOVA test. The size of the projects also did not
indicate any significant difference between the two treatments. However, there
was no special condition that suggested the application of the Bayesian approach
to these data.

Discussion

Except for the results related to project time (hypothesis 2), the ANOVA
analysis indicated no significant differences in treatment for any of the other
variables, perhaps as a result of the many noisy factors wrapped in a large
experiment like this one. The Bayesian analyses however, provided some
information that may otherwise have been lost had we depended entirely on
ANOVA. Although the probabilities measured are not enough to provide
actionable conclusions to inform practice, they are required to help refine the
experiments in future replications.

This research suffered from several limitations, however. The balance (size of
teams and distribution of teams in treatments) was not symmetrical in all the
cases, and the distribution of the subjects was not entirely random so as to
provide the rigor required for “frequentist” analyses. We traded off internal
validity for the ability to generalize our results. Similarly, we did not follow
Basili’s GQM goal template religiously for generating the items to be measured.
We view this research as one step in a sequence that will eventually produce
statistically conclusive results.

In addition, we did not control for several potentially confounding factors such
as the experience of the teams and the influence of the (more/less) enthusiastic
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participants and technical experts. The students knew the objectives of the
exercise, and more competitive ones may have obtained information beyond that
provided in the course. Information exchange among teams might have been a
problem; however, this may have been suppressed by the competition for the
prize offered for the best solution. Finally, the experiment involved student
subjects, without the real experience nor incentives of real-world professionals.

Nevertheless, we made some interesting observations about some XP practices.
Forexample, we noted that programmers working in pairs were enthusiastic, and
they made comments like: “it is more easy to work in pairs, it helps to discover
mistakes,” “it is more easy to produce ideas in collaborative work,” “the results
of working in pairs or singly are the same, but if you work in pairs, you do not get
bored.” We also noted some confounding behavioral issues such as the existence
of'local experts, who program much faster and more effectively than the rest of
the members of the team. The local expert, when present, preferred to work
alone, and considered the rest of the members of the team as an obstacle to his
or her progress. One such expert said, “I feel sceptical, working in pairs could
waste your time.” This was consistent with Macias et al.’s (2003) finding.

29 ¢¢

We also found several problems related to testing first. Many students did not
know how to write a black box test, which necessitated specific training to
accommodate this practice. Others had a natural tendency to write the test set
after writing the code, while a few were reluctant to implement this practice
because the benefits were neither evident nor explicit. It was discovered that this
practice requires great discipline.

Conclusions

In this experiment we set out to assess the entire XP process in a reasonably
realistic situation with real business clients using the GQM to contribute
meaningfully to the debate on XP’s place among the many process methods that
have been used to structure software development. While indications from the
ANOVA tests indicated no difference between the treatments for either internal
or external quality, the Bayesian analysis indicated that there was a greater
probability of producing successful systems from the XP process than through
traditional methods.

We believe that the combination of analytical methods employed in this research
provides greater insights than any single method would and should be used by
researchers to evaluate software methods along multiple dimensions. The
Bayesian analysis was applied in a second stage. Rather than a binary result, it
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offers a numerical value representing probability of success expressed as a
percentage.

Future research isrequired in this area to systematically eliminate the limitations
outlined earlier and to confirm or disconfirm these results in the continuing search
for scientific evidence to inform the software methods debate. It may also be
necessary to distinguish among the several classes of methods (sequential
design-led, iterative/incremental methods, and reuse-based methods) in future
evaluations in order to denote the contexts in which they are most applicable.
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Chapter XI

Building I'T Risk
Management
Approaches:

An Action Research Method

Jakob Holden Iversen, University of Wisconsin Oshkosh, USA
Lars Mathiassen, Georgia State University, USA

Peter Axel Nielsen, Aalborg University, Denmark

Abstract

This chapter shows how action research can help practitioners develop IT
risk management approaches that are tailored to their organization and the
specific issues they face. Based on literature and practical experience, the
authors present a method for developing risk management approaches to
use in real-world innovation projects. The chapter illustrates the method by
presenting the results of developing a risk management approach for
software process improvement projects in a software organization.
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Introduction

Organizations that manage IT innovations have long been accused of having poor
project execution and low product quality. These problems are often referred to
as “The Software Crisis,” in which software projects frequently are delivered
late, over budget, with missing features, and with poor quality. Furthermore, it
has been very difficult to predict which organization would do a good job on any
given project. These issues led to the establishment of the software process
improvement (SPI) movement, in which poor processes in organizations are
considered a major reason for the software crisis.

Organizations routinely rely on experienced developers to deliver high quality IT
systems. However, in the 1990s, organizations realized that by defining and
improving the processes these professionals used, it was possible to deliver more
consistent results with better quality. SPI projects were established to improve
specific aspects of a process, and in many cases to take advantage of standards
like the Capability Maturity Model (CMM) (Paulk etal., 1993) and the Capability
Maturity Model Integration (CMMI) (Chrissis et al., 2003). For each process
that needed improvement, a focused SPI project would design and implement
specific improvements into current practices.

However, not only is this hard work, it also is risky business. Much can go wrong
in improvement projects, and mistakes can eventually lead to failure. The
involved improvement actors might not possess appropriate skills and experi-
ences. The design of a new process might not suit the organization or effectively
meet requirements. The improvement project might be organized inappropri-
ately, with unrealistic schedules or insufficient management attention. Also, the
actors might pay too little attention to customers, failing to consider the interests,
problems, and motivations of the people and groups that are expected to use the
new process.

To deal proactively with such issues in SPI projects, the involved actors must
manage the involved risks. The need for such risk management was the rationale
behind Danske Bank’s development of a practical risk management approach to
reduce failures in their SPI initiative. Using this approach, improvement actors
periodically held disciplined and tightly structured workshops in collaboration
with SPI facilitators. The workshops gave each team a better overview and
understanding of their project and its organizational context, and helped them
address risks proactively.

Organizations face many different and quite diverse activities in which there are
strong reasons to manage IT risks. While the literature provides a portfolio of IT
risk management approaches that cover many types of activities, organizations
often face situations in which they need to develop a risk management approach

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



246 |lversen, Mathiassen, and Nielsen

that is tailored to their particular needs or that addresses issues not covered by
the available portfolio of documented risk management approaches. This
chapter offers organizations a generic method to develop new and dedicated IT
risk management approaches. The method is based on action research into an
organization’s specific risk management context and needs, and builds on the
available literature about IT risk management. It is based on our experiences
from developing the tailored approach to risk management in SPI projects at
Danske Bank.

Risk Management Literature

A number of different approaches to IT risk management have been proposed.
In this section, we provide an overview and categorization of the different
approaches (risk list, risk-action list, risk-strategy model, risk-strategy analysis).
We offer, in this way, a framework to help select an appropriate risk approach
suited to particular organizational contexts and needs. An overview of the

framework is shown in Table 1.

Table 1. Four types of approaches to IT risk management

Type of Characteristics Assessment Exemplars
Approach
Risk list A list of prioritized risk items + Easy to use (Barki et al., 1993; Keil et
+ Easy to build al., 1998; Moynihan, 1996;
+ Easy to modify Ropponen & Lyytinen,
+ Risk appreciation 2000)
- Risk resolution
- Strategic oversight
Risk-action A list of prioritized risk items | + Easy to use (Alter & Ginzberg, 1978;
list with related resolution actions | + Easy to build Boehm, 1991; Jones, 1994,
+ Easy to modify Ould, 1999)
+ Risk appreciation
+ Risk resolution
- Strategic oversight
Risk-strategy | A contingency model that + Easy to use (Donaldson & Siegel, 2001;
model relates aggregate risk items to | - Easy to build Keil et al., 1998; McFarlan,
aggregate resolution actions - Easy to modify 1981)
+ Risk appreciation
+ Risk resolution
+ Strategic oversight
Risk-strategy | A stepwise process that links a | - Easy to use (Davis, 1982; Mathiassen et
analysis detailed understanding of risks | - Easy to build al., 2000)
to an overall risk management | + Easy to modify
strategy + Risk appreciation
+ Risk resolution
+ Strategic oversight
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Risk List

The first and simplest form of available approaches are risk lists. They contain
generic risk items (often prioritized) to help managers focus on possible sources
of risk; they do not contain information about appropriate resolution actions.
These lists are easy to use in assessing risks; they are easy to build, drawing upon
published sources on risks or experiences within a particular context; and they
are easy to modify to meet conditions in a particular organization or as new
knowledge is captured. While these approaches offer strong support to help
managers appreciate risks, they do not support identification of relevant resolu-
tion actions and they do not provide a strategic oversight of the risk profile and
relevant strategies for action. Based on previous research, Barki et al. (1993)
offer a detailed and precise definition, a measure of software development risk,
and a systematic assessment of the reliability and validity of the instrument.
Moynihan (1996) presents a comprehensive list of risk items based on how
software project managers construe new projects and their contexts. Keil et al.
(1998) offer a list of nearly a dozen risk factors that IT project managers in
different parts of the world rated high in terms of their importance. Ropponen and
Lyytinen (2000) report six aggregate risk components, for example, scheduling
and timing risks, that experienced IT project managers found important in a
recent survey.

Risk-Action List

The second, slightly more elaborate, form of approaches are risk-action lists.
They contain generic risk items (often prioritized), each with one or more related
risk resolution actions. They also are easy to use; they are quite easy to build, but
compared to risk lists, they require additional knowledge of the potential effects
of different types of actions; finally, they are easy to modify when needed. Risk-
action lists offer the same support as the risk lists to appreciate risks. In addition,
they adopt a simple heuristic to identify possible relevant actions that might help
resolve specific risks. However, by focusing on isolated pairs of risk items and
resolution actions, they do not lead to a comprehensive strategy for addressing
the risk profile as a whole. Alter and Ginzberg (1978) list eight risk items related
to IT system implementation, for example, unpredictable impact; and they offer
four to nine actions for each risk, for example, use prototypes. Boehm (1991)
offers a top-ten list of software development risks, with three to seven actions
per risk. Jones (1994) presents specialized risk profiles for different types of IT
projects, together with advice on how to prevent and control each risk. Finally,
Ould (1999) suggests maintaining a project risk register for identified risks,
assessment of the risks, and risk resolution actions to address them.
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Risk-Strategy Model

The third form of approaches are risk-strategy models. These contingency
models relate a project’s risk profile to an overall strategy for addressing it. They
combine comprehensive lists of risk items and resolution actions with abstract
categories of risks (to arrive at a risk profile) and abstract categories of actions
(to arrive at an overall risk strategy). The risk profile is assessed along the risk
categories using a simple scale (e.g., high or low), which makes it possible to
classify a project as being in one of a few possible situations. For each situation,
the model then offers a dedicated risk strategy composed of several detailed
resolution actions. Compared to the other types, risk-strategy models provide
detailed as well as aggregate risk items, and resolution actions. The heuristic for
linking risk items to resolution actions is a contingency table at the aggregate
level. Risk-strategy models are easy to use because of the simplifying contin-
gency model, but they are difficult to build because the model must summarize
multiple and complex relationships between risks and actions. They also are
difficult to modify except for minor revisions of specific risk items or resolution
actions that do not challenge the aggregate concepts and the model. Models like
these help appreciate risks and identify relevant actions, and managers can build
an overall understanding of the risk profile they face (at the aggregate level)
directly related to a strategy for addressing it (in terms of aggregate actions).

The best known ofthese approaches is McFarlan’s (1981) portfolio model linking
three aggregate risk items (project size, experience with technology, and project
structure) to four aggregate resolution actions (external integration, internal
integration, formal planning, and formal control). Keil et al. (1998) present a
model that combines the perceived importance of risks with the perceived level
of control over risks. The model suggests four different scenarios (customer
mandate, scope and requirements, execution, and environment) with distinct risk
profiles and action strategies. Donaldson and Siegel (2001) offer a model
categorizing projects into a high, medium, or low risk profile. They suggest a
different resource distribution between project management, system develop-
ment, and quality assurance, depending on a project’s risk profile.

Risk-Strategy Analysis

The final form of approaches are risk-strategy analyses. These approaches are
similar to risk-strategy models in that they offer detailed as well as aggregate risk
items and resolution actions, but they apply different heuristics. There is no
model linking aggregate risk items to aggregate resolution actions. Instead, these
approaches offer a stepwise analysis process through which the involved actors
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link risks to actions to develop an overall risk strategy. Compared to the risk-
strategy models, there is a looser coupling between the aggregate risk items and
aggregate resolution actions. In comparison, we find these approaches more
difficult to use because they require process facilitation skills. They are as
difficult to build as the risk-strategy models, but they are easier to modify
because of the loosely defined relationship between aggregate risk items and
resolution actions. Davis (1982) provides such a stepwise approach to address
information requirements risks where the overall level of risk is assessed and
then associated with four different strategies to cope with requirements uncer-
tainty. Mathiassen et al. (2000) offer a similar approach to develop a risk-based
strategy for object-oriented analysis and design.

The comparative strengths and weaknesses of these four risk approaches are
summarized in Table 1. Comparing the list approaches and the strategy ap-
proaches suggests that the former are easier to use, build, and modify, whereas
the latter provide stronger support for risk management. Comparing risk-
strategy models and the risk-strategy analysis approaches suggests that the
former are easier to use, but they require that a contingency model be developed.
The latter are easier to modify because they rely on a looser coupling between
aggregate risk items and resolution actions. Organizations can use the insights
in Table 1 to choose appropriate forms of IT risk management that are well suited
to the particular challenges they want to address.

Action Research

Action research allows practitioners and researchers to interact with a real-
world situation gaining deep insights into how an organization functions and how
different interventions affect the organization. At the same time, it allows
practitioners to reflect on their practice and gives them strong tools to improve
their current situation (Checkland, 1991; McKay & Marshall, 2001). Along
similar lines, Schon (1983) refers to the reflective practitioner that is informed
by research, allowing researchers sometimes to act as practitioners and practi-
tioners sometimes to act as researchers. We propose a modified action research
approach, called collaborative practice research (CPR) that is appropriate for
developing risk management methods by reflective practitioners or by collabo-
rative groups of practitioners and researchers (Iversen et al., 2004; Mathiassen,
2002).

At Danske Bank, the cyclic nature of action research combined theory and
practice as follows. The research interest and practical problems we faced were
about SPI and how SPI teams can manage risks. The practical setting in which
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we addressed risk management was the SPI teams in the IT Department of
Danske Bank (the largest Danish bank). The purpose here was to improve the
SPI Teams’ handling of SPI-related risks. Within this area we applied and
combined theories and concepts about SPI and IT risk management. The result
of this cyclic process was double: an approach to manage SPI risks in Danske
Bank and a generic method for developing risk management approaches. The
approach to manage SPI risks is presented in the section Managing SPI Risks,
while the generic method for developing tailored risk approaches is presented in
the rest of this section, based on the cyclic process of action research.

Our method to developing risk management approaches is illustrated in Table 2.
It addresses a particular area of concern and is supported by risk management
knowledge. The method provides an iterative approach to develop a tailored risk
management approach through application to a real-world situation in a specific
organizational context, as shown in Table 2.

The proposed method is based on the ten activities of a CPR process (cf. Table
2), and consists of three phases: Initiating (activities 1 to 3), [terating (activities
4 to 7), and Closing (activities 8 to 10). The sequence between activities 4 and
5 may not hold in practice, and only points to the logical dependencies between
the activities. The sequence from 4 to 7 is based on the canonical problem-solving

Table 2. Developing risk management approaches

Initiating
1. Appreciate problem situation
2. Study literature
3. Select risk approach
Iterating

Develop risk framework

Design risk process
Apply approach
/| Evaluate experience
Closing

8. Exit

9. Assess usefulness

10. Elicit research results
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cycle (Susman & Evered, 1978). The iterating phase leads to risk management
within the area of concern. The closing phase produces a refined risk manage-
ment approach, together with an assessment of its usefulness.

The actors in this process enter the problem situation, bringing in prior experience
and knowledge of the area of concern (activity 1). The actors should: (1) have
experience within the area; (2) perceive the situation as problematic; and (3) find
out to what extent and in which way risk management would be beneficial. Part
of this activity is to assess whether these prerequisites are met and to establish
a project with goals and plans to develop a tailored risk management approach.
Activity 1 leads to an appreciation of the risk items and resolution actions
perceived to be important within the area of concern (SPI in our case). Activity
2 uses the relevant risk management literature to complement activity 1 and leads
to a comprehensive set of risk items and resolution actions that are used in
activity 4. The type of risk approach is selected in activity 3 (cf. Table 1), based
on the desired features of the approach and the characteristics and needs of the
organizational context. This choice defines the basic structure of the risk
management approach to be developed.

Activity 4 aggregates the identified risk items and resolution actions into a risk
framework of the area of concern (see section Managing SPI Risks). Then a
risk process is developed in activity 5. The process is based on the framework
and on specific risk items and resolution actions. The risk approach is applied
subsequently to specific situations or projects within the area of concern (activity
6). This leads to risks being managed and to experiences using the new approach
(activity 7).

The iterating phase ends when the actors agree that the risk management
approach is developed sufficiently and the problems in the area of concern are
alleviated (activity 8). Whether the applications of the risk management ap-
proach were useful in practice is assessed relative to the problem situation at
hand (activity 9). A simple way to do this is to ask the participants in the risk
assessment if they found the risk management approach useful and to document
whether risk management led to actions and improvements. The ways in which
the new risk management approach contributes to the discipline in general are
assessed relative to the relevant body of knowledge (activity 10).

We suggest that this method can be used in different contexts within information
systems and software engineering. In adopting the method, actors are advised
to consider specific criteria that will help them achieve satisfactory relevance of
the outcome and sufficient rigor in the process. Actors are, as described, advised
touse the framework of I'T risk management approaches in Table 1 to guide their
design.
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Case: Risk Management
Approach in SPI

This section presents the action research project that forms the basis for this
research. It explains how we used the proposed method to develop a specific risk
management approach and how this approach works.

Case Organization

This action research project was conducted at Danske Bank’s IT Department,
Danske Data, which was spun into an independent company, with Danske Bank
as its primary customer. As the IT department began as part of the bank’s
accounting department, the traditional rigor of banking procedures still pervaded
the culture to some extent. This had diminished somewhat in recent years as
emerging technologies and the strategic role of IT to the bank’s business became
increasingly important.

Danske Bank joined a larger CPR (Mathiassen, 2002) projectin 1997 (Mathiassen
etal., 2002), aimed at implementing SPI projects in the participating organiza-
tions. Danske Data established a software engineering process group (Fowler
& Rifkin, 1990) to manage and coordinate the SPI effort, which management
clearly had articulated was intended to improve productivity (Andersen, Krath
etal.,2002). The action researchers joined the SPI effort, along with a dedicated
project manager, a consultant from the Methodology Department, and two
information systems managers. One of the first activities conducted was a
maturity assessment to determine which areas to target for improvement
(Iversen et al., 1998). The assessment identified seven improvement areas.
Subsequently, action teams were established to address each of these areas. As
their work got underway, it became clear that there was a need to manage the
inherent risks in conducting these organizational change projects. Danske Data
called on the action researchers, who had extensive experience with risk
management, to develop an approach to manage the risks faced by each of the
SPI action teams. To satisfy the request, the action researchers embarked on the
project described here, which eventually led to development of the method
described in the previous section as well as the risk management approach for
SPIdescribed briefly in the Managing SPI Risks section and more fully in Iversen
et al. (2002, 2004).

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



Building IT Risk Management Approaches: An Action Research Method 253

Table 3. Action research performed by practitioners and researchers

Activities Initiating Firstiteration Seconditeration | Third iteration Fourth iteration | Closing
(see Table 2) 10.97-12.97 01.98-02.98 03.98-08.98 09.98-11.98 11.98-02.99 02.99-02.00
1. Appreciate Part of on-
problem going research
situation collaboration
[pl-4; r1-4]
Brainstorm risk
items and
actions [pl-4;
rl-4]
2. Study Study SPI [p1-
literature 4;r1-4]
Study risk
management
[r1-2]
3. Select risk Synthesis [r1-3] [ Confirmed Appreciation of
approach selection [r1-3] actors’
competence
[r1-3]
4. Develop risk Synthesis [r1-3]
framework )
Review of
framework of
risk items and
actions [r3]
Revised
framework [r1-
3]
5. Design risk List of risk Additional step | Improved
process items and and items documentation
actions [r1-3] reformulated scheme [r1-3]
[r2-3]
Strategy sheets
[r1-3]
6. Apply Risk Risk Risk Risk
approaches assessment of assessment of assessment of assessment of
Quality Project Metrics Diffusion [p9-
Assurance Management Program 10; r4; 3]
[p5-7; 12-3] [p3-4; r1-2] [p2; p8; 13]
7. Evaluate Lessons learned | Lessons leamed | Lessons learned | Lessons learned
experience [p5-7; 12-3] [p3-4; r1-2] [p2; 13] [p9-10; r4; 3]
8. Exit Delay after 2nd Action part
iteration closed
9. Assess Assessment of Discussion of Assessment of
usefulness first two risk approach at Metrics and
projects [p1-4; CPR workshop Diffusion
pll;rl-4] [r1-r3] projects [pl-4;
rl-4]
10. Elicit Result and
research results lesson
elicitation [rl-
3]

Key: pn is practitioner n; rn is researcher n; p1-10 are SPI practitioners; r1-3 are the authors.

Action Research Project

The project was structured around four iterations, as described previously in
Table 2. This section describes in detail how each iteration was conducted and
what was learned. The effort involved 10 practitioners and 4 researchers (3 of
whom are the authors). Table 3 illustrates a timeline of the four iterations and the
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involved actors and activities that took place in each. Most of the activities for
this project took place between October 1997 and February 1999. Generally, the
project was carried out in an iterative fashion, where risks and actions were
identified in a bottom-up fashion and with practitioners and researchers collabo-
rating closely on developing and testing the approach.

The project was initiated with a workshop that identified the risks and resolution
actions that practitioners and researchers thought were the most important for
SPI. When the workshop was conducted, the SPI project had been on-going for
approximately one year, and both researchers and practitioners had significant
practical experience with conducting SPI projects. Prior to the workshop, the
practitioners worked through an existing SPI risk analysis approach (Statzetal.,
1997), but found this approach too unwieldy and not sufficiently relevant to
Danske Data. At the workshop, the researchers presented classical approaches
to IT risk management (Boehm, 1991; Davis, 1982; McFarlan, 1981), after which
the entire group conducted two brainstorms to determine risks and potential
resolution actions that were relevant to SPI in Danske Data. Both of the resulting
lists were very long and detailed (31 risk items and 21 resolution actions), which
made them difficult to use. We obviously needed more structure.

Following the workshop, the authors studied the risk management literature and
identified four types of approaches (Table 1). We chose to adopt a risk-strategy
analysis approach, inspired by Davis (1982), for several reasons: We chose a
strategy approach over a list approach because the practitioners explicitly stated
that they wanted an approach that could help them obtain an overall, strategic
understanding of each SPI project. We chose the risk-strategy analysis approach
over the risk-strategy model approach for two reasons. First, the stepwise
analysis approach would help each SPI team obtain a shared, detailed under-
standing of risks and possible actions. Second, we were not confident that we
would be able to develop a contingency model that would summarize the many
different sources of risks and ways to address them in SPI. The action research
subsequently went through four full iterations before closing.

First Iteration

Based on the lists of risk items and resolution actions from the workshop and
insights from the SPI literature, the authors synthesized the brainstorms and
developed a prototype of the risk management approach. A key challenge was
developing a framework to understand risks and actions (see Figure 1 and Table
4). We further developed our initial classifications through a detailed examination
ofrisk items and resolution actions mentioned in the SPI literature (Grady, 1997;
Humphrey, 1989; McFeeley, 1996; Statz et al., 1997). The resulting risk
management process was based on detailed lists of risk items and resolution
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actions for each of the four categories in the framework, and designed similarly
to Davis’ (1982) risk management approach (Iversen et al., 2004). Finally, we
designed strategy sheets and simple scoring mechanisms to encourage a group
of actors to engage in detailed risk and action assessments as a means to arrive
at an informed, strategic understanding of how to address risks.

To test the approach, we arranged a workshop with the three practitioners
responsible for improving quality assurance. We presented the risk framework
and the process, but let the practitioners themselves apply the process, assisting
only when they got stuck. The main experience was that the basic idea and
structure of the approach was useful. However, during this first trial session, we
only had time to cover half of the risk areas. The practitioners suggested that the
process needed to be facilitated and managed by someone trained in the process,
for example, the researchers. The practitioners found it especially difficult to
interpret the questions in the risk tables in the context of their specific project.
Some of the risk items needed to be reworded. Finally, to ease the interpretation
of the risk items, the session should have started with an interpretation of the
general terms in Figure 1 in the particular SPI context.

Second Iteration

In the second iteration, we reworded the risk items and introduced a first step in
which the SPI team should interpret the risk model in Figure 1 in their particular
context. Then we performed a risk analysis with the two SPI practitioners
responsible for improving project management. Both practitioners were skilled
project managers with experience in risk management. The session included a
complete risk analysis with identification of key risks and resolution strategies.
The participating practitioners and researchers agreed upon the major lessons.
First, the framework and the process assisted even skilled project managers
through a more disciplined analysis than they usually would do on their own.
Second, it would be advantageous to document the interpretations of specific risk
items and resolution actions continuously throughout the workshop.

At subsequent meetings in the local research group, the two risk management
workshops were discussed and assessed in terms of which actions were taken
later by the two SPI teams. Present at the meetings were the four SPI
practitioners, the three authors, and the fourth researcher. Both SPI teams found
that the suggested framework provided a comprehensive overview of risk items
and resolution actions. Many comments about the detailed lists of risk items and
resolution actions led to subsequent modifications and rewording, but the
aggregate structure that we had created based on the initial brainstorm and a
study of the SPI literature was not changed.
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The quality assurance improvement project was not very active during that
period. The manager of the quality assurance project was not present at the risk
analysis session and had not yet devoted full attention to quality assurance. The
other project members were, therefore, mainly in a reactive mode, and little had
happened. Risks surfaced during the analysis, but none of the practitioners were
able to resolve these risks in practice. From this, we learned that realizing a risk
and identifying a set of resolving actions do not ensure that actions are or will be
taken. The practitioners that need to commit to the results of a risk analysis
session should be present and involved in the session. After 7 months, there was
no agreed-upon plan for the organizational implementation of quality assurance
procedures. After 10 months, the quality assurance project had rolled out its
procedures, but the identified risks never were managed effectively and conse-
quently impacted the initiative.

The project management improvement project, in contrast, had considerable
activity. The main risk was that project managers would not find the improve-
ment attractive and worth their effort. The strategy was, therefore, directed at
creating incentives for the project managers. After 1 month, an appropriate
incentive structure was in place. After 5 months, the project manager education
was a huge success, and all project managers wanted to participate (Andersen,
Arent et al., 2002).

Third Iteration

We started the third iteration by appreciating the lesson learned from the first two
iterations: successful application of the risk management approach required
participation of practitioners with sufficient authority to address key risks. By
including these actors in the workshop, we ensure that they agree with the
outcome of the workshop, and thereby increase the chances that the agreed-
upon actions actually will be implemented. We also introduced a new way to
document the process directly onto transparencies and paper versions of the
templates.

In the third iteration, we tested the changes on a project that was responsible for
establishing an organization-wide metrics program (Iversen & Mathiassen,
2003). The new documentation scheme made it easier for the participants to
relate risk questions to their particular situation. We documented each risk in
more detail by answering the following question: “What are the specific issues
that make this risk particularly important?” As we progressed through the risk
assessment, this made it easier to determine why something had been given a
specific characterization. The session included a complete risk analysis. The
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practitioners found the identified actions useful and relevant, and they empha-
sized the benefit of having reached a shared, overall understanding of risks and
actions. The practitioners suggested including the traditional distinction between
consequences and probability of a risk into the process. To keep the approach
as simple as possible, we decided not to implement this idea.

Fourth [teration

For the fourth iteration, we made no changes, and applied the approach to an
improvement project responsible for improving diffusion and adoption practices
(Tryde et al., 2002). The session had three participants: two practitioners from
Danske Bank’s IT Department and the fourth action researcher involved in this
project. All three found the approach generally useful. They found the analysis
of'the risk areas and the specific actions particularly useful, but they did not find
summarizing the strategies particularly helpful. The participants emphasized the
importance of not merely following the suggested lists of risk items and resolution
actions, but also of supplementing this with a more open-minded exploration.
“We haven’t asked ourselves, ‘what can go wrong?’” said one participant. They
merely had considered each risk separately as it was presented to them.

Closing

We discussed and assessed the third and fourth risk analysis sessions with the
four SPI practitioners and the fourth researcher at a later meeting of the local
research group. The metrics program had suffered several setbacks due to
political turmoil when previously hidden data about software projects’ perfor-
mance were publicized (Iversen & Mathiassen, 2003). Nevertheless, the risk
analysis session led to actions that the project took later. The two main actions
decided at the risk management session were: (1) develop and maintain top
management’s support and commitment and (2) create immediate results that
are perceived useful by software projects. At a meeting 3 months later, it was
reported that the project successfully had convinced top management that the
collected metrics results should be publicized in all of Danske Bank’s IT
Department, which later happened (Iversen & Mathiassen, 2003). The diffusion
and adoption project was successful (Tryde etal., 2002). Many of the performed
activities came out of the risk analysis. [t was decided to exit the iterations at this
point because the experiences from the four iterations suggested that the risk
management approach was in a stable and useful form. Our final activity was
eliciting lessons for the overall action research endeavor (Iversen et al., 2004).
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Managing SPI Risks

This section outlines the resulting risk analysis approach. The method has been
described in more detail in other published works (Iversen et al., 2002, 2004).

The approach to managing SPI risks is based on a framework that aggregates
risk items into areas and risk resolution actions into strategies. The first part of
the framework describes the relevant SPI risk areas; the second part outlines the
potential SPIrisk resolution strategies. The approach is intended to be applied to
the risks faced by individual SPI action teams. Figure 1 illustrates the four
different areas in which SPI action teams might identify risks:

. The improvement area: those parts of the software organization that are
affected by the specific SPI initiative.

o The improvement ideas: the set of processes, tools, and techniques that
the SPI initiative seeks to bring into use in the improvement area.

. The improvement process: the SPI initiative itself and the way in which
it is organized, conducted, and managed.

. The improvement actors: those involved in carrying out the SPI initia-
tive.

As an example, consider an SPI team concerned with introducing configuration
management in software engineering projects. Here the improvement area
includes the software development projects that will use configuration manage-
ment and the people supporting the process after institutionalization. The
improvement ideas include the configuration management principles relied upon

Figure 1. Risk areas for SPI teams
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area improvement

ideas

n}
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improvement
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Table 4. Risk resolution strategies for SPI teams

Type of action Concern

1. Adjust Mission What are the goals of the initiative? Goals may be adjusted to be more or less
ambitious, e.g., targeting only projects developing software for a specific platform.

2. Modify Strategy What strategy is the initiative going to follow? Covers the approach to develop the
process as well as to roll it out in the organization. Roll-out may, for instance, follow
a pilot, big bang, or phased approach.

3. Mobilize From what alliances and energies can the initiative benefit? The likelihood of success
of an improvement initiative can be improved significantly by adjusting which
organizational units and actors are involved and by increasing their commitment.

4. Increase Knowledge ~ On which knowledge of software processes and improvement is the initiative based?
Knowledge can be increased by educating team members, by including additional
expertise into the team, or by hiring consultants.

5. Reorganize How is the initiative organized, conducted, and managed? Covers organizing,
planning, monitoring, and evaluating of the initiative.

by the SPI team and the tools and methods that are developed to support these
principles. The improvement process is the improvement itself, the way it is
organized, and the involved stakeholders. The improvement actors are the
members of the SPI team.

The risk resolution actions that SPI teams can apply are aggregated into five
different types of strategies, as shown in Table 4. The strategies are listed
according to the degree of change we suggest the SPI team’s risk-based
intervention will cause. Adjust Mission, Modify Strategy, and Reorganize
target the improvement project’s orientation and organization; /ncrease Knowl-
edgetargets the involved actors’ level of expertise and knowledge; and Mobilize
targets alliances and energies that will increase the project’s chance of success.

The mission of an SPI team on configuration management may be to introduce
configuration management on all documents (including documentation, code,
etc.) in all software engineering projects in the company. This mission could be
adjusted to include fewer projects (perhaps only large projects, critical projects,
or projects in a specific department) or to exclude certain types of documents.
The SPI team’s strategy might be to involve a few key developers to give input
to the process and, based on this, select a standard configuration management
tool that every project then has to use. Modifyving the strategy may entail
involving more (or fewer) developers or implementing the chosen tool gradually
in each project. Mobilizing may involve establishing agreements with an existing
method department, a production department, or other departments or persons
that have a vested interest in the results of the team’s effort. The SPI team could
increase its knowledge by attending courses on configuration management or
SPI, or by hiring knowledgeable consultants. If the project is not organized
optimally for the task at hand, the effort could be reorganized, e.g., by
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establishing a formal project, negotiating a project contract with management
and the software engineering projects, or developing a new project plan.

To help SPI practitioners determine a strategy based on current risks facing the
project, the approach offers a four-step process based on Davis (1982):

1. Characterize Situation by interpreting the profile and scope of the
elements of Figure 1.

2. Analyze Risks to assess where the most serious risks are. This involves
rating each of the detailed risk items in the risk lists for the four areas, and
then determining which area carries the highest risk exposure.

3. Prioritize Actions to decide on a strategy that will deal effectively with
the identified risks. Here, actors use a process that alternates between
individual and group judgments to determine which strategy is the most
sensible given the current assessment of risks facing the project.

4. Take Action by revising project plans to reflect resolution actions.

Conclusion

IT managers see risk management as a key to success (Barki et al., 1993). Such
approaches help appreciate many aspects of a project: they emphasize potential
causes of failure, they help identify possible actions, and they facilitate a shared
perception of the project among its participants (Lyytinen etal., 1996, 1998). This
indicates that organizations can benefit from adopting IT risk management to
their particular needs. The method we have presented can be used for that
purpose, and thereby adds to the portfolio of approaches that are available to
adapt generic insights to specific organizations. Similar methods are, for ex-
ample, available to tailor knowledge on software estimation to specific organi-
zational contexts (Bailey & Basili, 1981).

The method builds on action research experiences that can help organizations
address IT-related problems effectively in line with scientific insights. Our own
experiences using the method indicate that a number of competencies are
required to adopt the method effectively. First, we had intensive domain (SPI)
and risk management knowledge. Second, we had general competence in
modeling organizational phenomena that we used to identify and classify risk
items and resolution actions. Third, we had experimental competence that we
used to collect feedback from the test situations to iteratively arrive at the
resulting approach. Each of these competencies is required to apply the proposed
CPR method in other contexts. It is also important to stress that the method, like
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most action research processes, is a template that needs to be adapted and
supplemented in action, depending on the conditions under which it is applied.

In addition to being useful in a specific organizational context, the CPR method
can help tailor risk management approaches to new domains within information
systems and software engineering, for example, business process innovation,
integration of information services, and ERP implementation. Any form of
organizational change enabled by IT is complex and difficult. Risk management,
as illustrated well in relation to software development and SPI, is a highly
effective way to bring relevant knowledge within a particular organization or
domain into a form in which it can support and improve professional practices.
We, therefore, encourage researchers and practitioners within information
systems and software engineering to adopt action research to tailor risk
management to specific organizations and new domains.

We conclude this chapter with good advice to those who wish to create a risk
management approach for their organization:

*  Make sure practitioners are able to relate wording of risks and resolutions
to their project.

. Be aware of whether the approach needs to be facilitated. For practitioners
to apply the approach on their own, it must be simple or well documented
and supplemented by training.

. Build in documentation of rationales along the way (what was it about a
certain risk that made it particularly evident in this project?).

. Include mechanisms to ensure action. It is not enough to create a risk
resolution plan — the project also needs to carry it out.

. Iterate until the approach is stable. Then keep updating risks and actions to
stay current with changes in the context as well as in the literature.
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Chapter XII

Examining the Quality
of Evaluation
Frameworks and
Metamodeling
Paradigms of IS
Development
Methodologies

Eleni Berki, University of Tampere, Finland

Abstract

Information systems development methodologies and associated CASE
tools have been considered cornerstones for building quality into an
information system. The construction and evaluation of methodologies are
usually carried out by evaluation frameworks and metamodels, both
considered as meta-methodologies. This chapter investigates and reviews
representative metamodels and evaluation frameworks for assessing the
capability of methodologies to contribute to high-quality outcomes. It
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presents a summary of their quality features, strengths, and weaknesses.
The chapter ultimately leads to a comparison and discussion of the
functional and formal quality properties that traditional meta-methodologies
and method evaluation paradigms offer. The discussion emphasizes the
limitations of methods and metamethods used to model and evaluate
software quality properties, such as computability and implementability,
testing, dynamic semantics capture, and people’s involvement. This analysis,
along with the comparison of the philosophy, assumptions, and quality
perceptions of different process methods used in information systems
development, provides the basis for recommendations about the need for
future research in this area.

Introduction

Intraditional software engineering, the information systems development (ISD)
process is defined as a series of activities performed at different stages of the
system life cycle in conformance with a suitable process model (method or
methodology). In the fields of information systems and software engineering, the
terms methodology and method are often used interchangeably (Berki et al.,
2004; Nielsen, 1990). Increasingly, new methods, techniques, and automated
tools have been applied in software engineering (SE) to assist in the construction
of'software-intensive information systems. Quality frameworks and metamodels
are mainly concerned with the evaluation of the quality of both the process itself
and the resulting productat each stage of the life cycle including the final product
(the information system).

IEEE and ISO have established quality standards and software process manage-
ment instruments, such as Software Process Improvement and Capacity
dEtermination (SPICE) (Dorling, 1993) and Capability Maturity Model (CMM)
(Paulk et al., 1993) have focused on the quality properties that the ISD process
should demonstrate in order to produce a quality information system (Siakas et
al., 1997). However, software quality assurance issues (Ince, 1995), such as
reliability (Kopetz, 1979) and predictability, measurement, and application of
software reliability in particular (Musa et al., 1987; Myers, 1976), have long
preoccupied software engineers, even before quality standards.

IS quality improvement can be achieved through the identification of the
controllable and uncontrollable factors in software development (Georgiadou et
al., 2003). ISD methodologies and associated tools can be considered as
conceptual and scientific ways to provide prediction and control; their adoption
and deployment, though, by people and organizations (livari & Huisman, 2001)
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can generate many uncontrollable factors. During the last 35 years, several
methodologies, techniques and tools have been adopted in the ISD process to
advance software quality assurance and reliability. A comprehensive and
detailed coverage of existing information systems development methodologies
(ISDMs) has been carried out by Avison and Fitzgerald (1995), with detailed
descriptions of the techniques and tools used by each method to provide quality
in ISD.

Several ISDMs exist. Berki et al. (2004) classified them into families, highlight-
ing their role as quality assurance instruments for the software development
process. They have been characterized as hard (technically oriented), soft
(human-centered), hybrid (a combination of hard and soft), and specialized
(application-oriented) (Berki et al., 2004). Examples of each include:

*  Hard methods: object-orientated techniques, and formal and structured
families of methods

. Soft methods: Soft Systems Method (SSM) and Effective Technical and
Human Implementation for Computer-based Systems (ETHICS)

. Hybrid methods: MultiView methodology, which is a mixture of hard and
soft techniques; Euromethod, extreme programming (XP), and other agile
methods

*  Specialized methods: KADS for expert systems design, and a few agile
methods

The contribution of these methods to the quality of the ISD process has been a
subject of controversy; particularly so because of the different scopes, assump-
tions, philosophies of the various methods, and the varied application domains
they serve. For example, it is believed that the human role in ISD bears
significantly on the perception of the appropriateness of a method (Rantapuska
etal., 1999); however, usability definitions in ISO standards are limited (Abran
et al., 2003). There is support for the notion that a methodology is as strong as
the user involvement it supports (Berki et al., 1997).

Two other significant problems are associated with currently available ISDMs
and their capability to contribute to process quality. First, the inability of most to
incorporate features of both hard and soft methods inevitably leads to deficien-
cies resulting in either technical or human problems. Second, the software
architectures of IS often lack testable and computational characteristics be-
cause they are not specified as an integral part of the design (Berki, 2001).

Considering the importance of Software Quality Management (SQM) and Total
Quality Management (TQM) issues, software engineers and IS managers have,

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



268 Berki

for the last 20 years, realized the significance of the use of frameworks for
method evaluation and the use of metamodels, precise definitions of the
constructs, and rules needed for creating semantic models, for their own method
construction. These — usually accompanied by automated software tools — are
typically used during requirements analysis and for early testing and validation
of requirements specifications (Manninen & Berki, 2004) as design products.
This is done in order to ensure that the resulting artifacts, prototypes, and final
information products will experience lower maintenance costs, greater reliabil-
ity, and better usability.

Over 10 years ago, Jayaratna (1994) identified more than two thousand
methodologies in use. It is reasonable to assume that several others have been
added since. What is the basis for deciding which are useful and which are not
(Chisholm, 1982)? There is justification for objective criteria, which take into
account the type of IS to be developed, its environment, the people that will
interact with it, and the properties of the development methods that contribute to
a quality process and product, to inform this decision process. Several such
evaluation and selection frameworks exist (Law, 1988; Law & Naeem, 1992).
However, analysts and designers can also build their own in order to fit the needs
of'system modeling tasks more precisely by using method construction metamodels
with method engineering (ME) rules (Brinkkemper, 1996, 2000).

This chapter provides a comprehensive overview of how to construct efficient
and cost-effective metamodels and evaluation frameworks and identify their
quality properties in a scientific and reliable way. This task may be approached
in a variety of ways. However, the approach recommended by Sol (1983) and
Jayaratna (1994), to develop a common frame of reference for evaluating
different methodologies, will be adopted in this study. It has been used to
construct the Normative Information Model-based Systems Analysis and De-
sign (NIMSAD) framework (Jayaratna, 1994) and for Metamodeling-based
integration of object-oriented systems development (Van Hillegersberg, 1997).

This research approach is considered appropriate mainly because the construc-
tion of a framework is less subjective than other approaches for evaluating and
comparing methods (and metamethods); it sets criteria for method evaluation,
comparison, and construction from a different, more or less detailed, level of
view. The evaluation criteria used in this chapter incorporate elements involving
softand hard issues, year of introduction, tool support, computability and testing,
and allow for the examination of the initiatives and their rules, viewing them
under the ISD needs as these appeared chronologically. Before proceeding to
the examination of the quality properties of contemporary methods through the
lens of different evaluation frameworks and metamodels, the next section
presents a few concepts related to method evaluation frameworks, and highlights
the differences and similarities of metamodels and ME.
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Metamodels, Evaluation Frameworks,
and Meta-Information Management

Basic Concepts

A metamodel is an information model of the domain constructs needed to build
specific models. Data elements include the concepts of class, event, process,
entity, technique, and method. In order to create a metamodel one needs a
language in which metamodeling constructs and rules can be expressed. In the
context of ISD methodologies, metamodeling facilitates the application of the
principles of ME (Brinkkemper, 1996) in which IS engineers examine character-
istics of the particular methods at a different, higher or lower, level of abstraction
(metalevel), viewing the functions and objectives of the IS as a restructured
abstract view of the system under development.

In general metamodeling is an important tool for both decomposition and
generalization of the complex, dynamic processes that are activated during the
development and maintenance of systems. Important systems engineering
concepts are viewed in different design compositions and decompositions; thus
metamodeling, as a system’s life cycle activity, provides a basis for decision
making. A generally accepted conceptual metamodel for method construction
usually explains the relationships between metamodels, models, methods, and
their techniques, and end-user data. All these form the semantic and syntactic
constructs of the metamodel, and they may belong to the same or different layers
of abstraction. Metamodels usually facilitate system and method knowledge
acquisition and sometimes metadata and information integration (see Kronlof,
1993).

Evaluation frameworks offer generalizations and definitions of the quality
properties of methods in order to reveal their characteristics inuse. A framework
can also be considered a metamodel; while a methodology is an explicit way of
structuring one’s thinking and actions (Jayaratna, 1994). In addition, Jayaratna
believes that a framework differs from a methodology in that it is a “static”
model, providing a structure to help connect a set of models or concepts. In this
context, a framework can be perceived as an integrating metamodel, at a higher
level of abstraction, through which concepts, models, and methodologies can be
structured, and their interconnections or differences displayed to assist under-
standing or decision making.

Although the terms metamodel and framework are used interchangeably in the
IS and SE literature (Jayaratna, 1994), the current research maintains they
should be distinct. According to the epistemology and applications of metamodeling
in metacomputer-assisted system engineering (MetaCASE) and computer-
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assisted method engineering (CAME) environments, a “metamodel” is a more
specific, dynamic, and well-defined concept that leads to well-structured prin-
ciples of method engineering (ME). A “framework”, on the other hand, is more
general and static, with less-structured evaluation guidelines (Berki, 2001).
These distinctions will become more evident in the section that describes method
construction metamodels and method evaluation frameworks.

Rationale for the Use of Metamodels and Evaluation
Frameworks

The rapid societal changes in advanced information societies, the increasing
attention to cognitive issues, the high cost of software development and IS
maintenance, and the requirements of legacy IS in particular, point to the need
for more reusable, more reliable information systems that are acceptable by
humans. The communication between IS end users, managers, analysts, design-
ers, and programmers has been amajor problem in ISD, yetis pivotal in delivering
high-quality IS (Berki et al., 2003). Hence the research community, method
designers, and method practitioners are forced to focus on the construction and
use of more dynamic ISD methods.

Consequently, there is an increasing demand for more supportive software tools
that cater to method integration and the reengineering of IS processes and
methods. Conventional methods have been inadequate to date, largely because
of the lack of structured support for overcoming human cognitive limitations in
the process of transforming requirements to design, and testing and implement-
ing the results in areliable manner. If, for instance, the production of computable
(i.e.,programmable, implementable, and realizable) specifications from analysis
and design phases could be automated and tested reliably, then this could greatly
improve the capability to address software quality assurance and eventually
improve IS quality.

Several information systems development methodologies (ISDMs) have been
invented to assist with managing and improving software development pro-
cesses. The general view is that such methodologies are inherently complex, and
implementing them in practice is difficult or even impossible without the support
of automated tools within a software development environment (SDE). How-
ever, the diversity of methodologies and their evolving nature require that
corresponding SDEs provide flexibility, adaptability, and extensibility (Jarzabek,
1990). This complicates decision making about which ISDMs are called to offer
support to realize it. Moreover, difficulties in decision making have created a
need for structured assistance to evaluate the capability of methodologies and
their appropriateness for a particular organization.
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Several software disasters, such as the Arriane-5 space rocket accident and
many other software failures — with less disastrous consequences — attribut-
able to design errors, and the large and aging IS infrastructure that we have
inherited, underscore the need for facilities to help reengineer, test, and improve
software development methods and models. In general, process methods and
models provide significant assistance in incorporating software quality manage-
ment practices in [SD; several exist, typically customized to organizational and
stakeholder preferences, to address the many interpretations of IS quality and
pursue fairly elusive quality objectives (Berki etal., 2004). However, there is an
urgency to address these issues at the ME level and from the metamodeling point
of view (Berki, 2001).

Metamodeling and ME tools are relatively new software development technolo-
gies designed to improve process models and methods used in ISD. Typically,
they are supported by automated tools with broad capabilities to address the
various facets of producing a quality process and product. Because organizations
can modify methodologies, there is also a need for these tools to accommodate
modifiability — or method reengineering (Saadia, 1999) — and to support other
fundamental quality properties for the ISD process such as testability (Beizer,
1995; Whittaker, 2000), computability (Lewis & Papadimitriou, 1998; Wood,
1987), among others. They should also cater to softer components of the ISD
such as the roles and interactions of people.

Summarized, the argument in favor of establishing formal and generic definition
of metamethods and metamodels that incorporate quality requirements and
emphasize the dynamic nature of ISD is that (1) establishing evaluation frame-
works for ISDMs provides insights to optimize the selection of methods that
better fit the development context and (2) improving the computational represen-
tation of methods and models leads to improved knowledge acquisition, which
enhances communication among IS stakeholders. Both increase the likelihood of
less ambiguous specifications and consistent system design, which are easier to
implement and formally test, and eventually lead to systems that are modifiable
and maintainable.

Examination and Broad Classification
of Method Evaluation Frameworks and
Method Engineering Metamodels

Typically, different ISD methods model different application domains. So,
different frameworks/metamodels may concentrate on different aspects of the
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use of methods under evaluation and/or comparison. In general, frameworks, like
methods, can be classified as either human-action oriented (soft) or more
technical (hard) in their evaluation of the quality characteristics of methods
(Berki et al., 2004) and may be applied with or without automated tool support.
However, unlike methods, frameworks tend to project those quality features of
the methods that make them distinct and different or similar to other methods
currently available. Some of the semantic and pragmatic quality features and the
knowledge employed in their definition are outlined below in various metamodeling
examples.

Euromethod

Euromethod (CCTA, 1994; Jenkins, 1994) is a framework for facilitating
harmonization, mobility of experts and expertise, the procurement process and
standards, market penetration by vendors, and quality assurance across coun-
tries of the European Union. It builds on structured methodologies and tech-
niques of methods from Structured Systems Analysis and Design Method
(SSADM), the UK standard; Merise, the French standard; DAFNE, the Italian
standard for software development; SDM (Netherlands); MEthodologica
INformatica (MEIN) (Spain); Vorgehensmodell (German standard); and Infor-
mation Engineering (IE) (US/UK).

The goal of Euromethod is to provide a public domain framework for the planning,
procurement, and management of services for the investigation, development,
and amendment of information systems (Avison & Fitzgerald, 1995). As a
metamethod, it caters to the facilitation of tacit and explicit knowledge exchange
among European countries and the standardization of disparate frameworks that
encompass the many different ISD philosophies and cultures. However, it does
not include information systems services provided by an in-house IT facility.
Euromethod could serve as an integrating structured methods standard for ISD
in European or other social contexts given the strong impact of cultural
differences and other national and organizational diversities which Siakas et al.
(2003) found affected software quality management strategies in European
countries.

A Generic Evaluation Framework

Avison and Fitzgerald (1995) used their generic evaluation framework to
tabulate the strength of coverage of a set of the most widely known methodolo-
gies over the phases of a life cycle. This framework uses ideas presented in
Wood-Harper et al.’s (1985) discussion of approaches to comparative analysis
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of methods. It includes the seven elements — philosophy, model, techniques and
tools, scope, outputs, practice, and product — some of which are further broken
down into subelements. For example, Avison and Fitzgerald observed that
Jackson Systems Development (JSD) and Object-Oriented Analysis (OOA) fail
to cover strategy and feasibility while the majority of structured methods, such
as Yourdon and SSADM, concentrate on analysis and design.

This generalized framework can be considered an abstract typology approach
for method analysis and comparison for examining individual methods and
comparing the quality of methods. In so doing, the framework focuses on the
quality of the method itself (philosophy, model, scope), the quality of the ISD
process (model, techniques, and tools), and the quality of the eventual system
(outputs, practice, and product).

Determining an Evaluation Method for Software
Methods and Tools (DESMET)

DESMET resulted from the collaborative efforts of academic and industrial
partners — University of North London, The National Computing Centre,
Marconi Systems, and British Nuclear Research. It was funded by the Depart-
ment of Industry and the Science and Engineering Council, in the UK. The main
objective of DESMET is to objectively determine the effects and effectiveness
of methods and tools used in the development and maintenance of software-
based systems (DESMET, 1991; Georgiadou et al., 1994). The DESMET
framework addresses this problem by developing an evaluation meta-methodol-
ogy, which identifies and quantifies the effects of using particular methods and
tools on developers’ productivity and on product quality. The framework was
validated by carrying out a number of trial evaluations.

Apart from providing guidelines for data collection and metrication (Kitchenham
etal., 1994), DESMET emphasizes managerial and social issues that may affect
evaluation projects (Berki & Georgiadou, 1998; Sadler & Kitchenham, 1996).
The main contribution of DESMET is the explicit and rigorous evaluation criteria
selection and evaluation method selection. Previous evaluation frameworks
made little attempt to incorporate the work on evaluation — based on formal
experiment — into commercially oriented evaluation procedures (DESMET,
1991).

Further work based on the DESMET Feature Analysis module was carried out
atthe University of North London resulting in the development of the automated
tool Profiler (Georgiadou et al., 1998). The Profiler metamodeling tool was
developed according to the DESMET feature analysis and ISO standard rules.
It is a generic evaluator (i.e., of methods, processes, products, and other
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artifacts), which was also used in some stages of this investigation of method
evaluation (Georgiadou et al., 1998).

Tudor and Tudor’s Framework

Tudor and Tudor (1995) use the business life cycle to compare the structured
methods IE, SSADM, Yourdon, and Merise (Avison & Fitzgerald, 1995) with
Soft Systems Method (SSM) (Checkland & Scholes, 1990) and Multiview
(Wood-Harper et al., 1985). The framework builds on the seven elements of
Avison and Fitzgerald’ s (1995) framework to assess the performance of these
methods on a scale of low, medium, and high, using criteria defined in DESMET
and other characteristics (framework constructs) such as size of problem, use
of techniques and CASE tools, and application domain (Tudor & Tudor, 1995).
The framework determines the extent of life cycle coverage provided by
methods, how highly structured the methods are, and what kind of system the
methods target. It also addresses issues such as user involvement, CASE tool
support, and different implementations of similar or different techniques em-
ployed by structured methods.

Sociocybernetic Framework

The sociocybernetic framework (Iivari & Kerola, 1983) has made an important
contribution to the quality feature analysis of information systems design
methods. The framework is based on a sociocybernetic interpretation of
information systems design as human action and information systems design
methodologies as prescriptive instructions for this action (livari & Kerola, 1983).
According to livari and Kerola, when used in method evaluation or systems
engineering, this framework covers scope and content, support and usability,
underlying assumptions, generality of the methodologies, as well as scientific and
practical value, in 85 basic questions. The application of the framework to the
evaluation of selected methodologies was carried out successfully, the results of
which can be found in Olle et al. (1982).

Normative Information Model-Based Systems Analysis
and Design (NIMSAD)

NIMSAD is a systemic (holistic) framework for understanding and evaluating
problem-solving processes methodologies in general. This metamethod, which
was developed through action research, evaluates both soft and hard methods
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before, during, and after industrial use. The NIMSAD framework is based on a
general model of the essential elements of a problem situation and their formal
and informal interconnections and relationships (Jayaratna, 1994). Jayaratna
emphasizes that these interconnections, mainly human relations, work functions,
technical interactions and others, are dynamic, and are dependent on the time and
space and the perceiver’s personal values, aspirations, and worldview (or
Weltanschauung).

Metamodeling, Principles, Hypertext, Objects, and
Repositories (MetaPHOR)

(MetaPHOR) is a project framework that was developed at Jyvaskyla Univer-
sity in Finland and was later commercialized by MetaCASE Consulting Ltd. It
defines and supports metamodeling and ME principles for innovative ISD method
construction. The metamodel supports object-oriented development philosophies
and implementation tools, distributed computing environments, and modern user
interaction management systems (http://metaphor.cs.jyu.fi/). Its objectives in-
clude the investigation and assessment of theoretical principles in different
metamodeling areas and the evolution of development methods (Brinkkemper,
1996) and metamodeling in ISD (Marttiin et al., 1993). The MetaPHOR project
produced the MetaEdit (later extended to MetaEditt) CASE tool, which
provided techniques of automated methods to be used as systems analysis and
design models MetaCASE tool (Kelly et al., 1996).

The MetaCASE tool has been used successfully to model processes and
methods in industry and academe because it incorporates the process modeling
view (Koskinen, 2000). However, it does not support testing and dynamic
method modeling (Berki, 2001; Tolvanen, 1998). Recent enhancements of the
MetaPHOR group include method testing (Berki, 2003), utilization of hypertext
approaches in MetaEdit+ (Kaipala, 1997), component-based development tools
and methods (Zhang, 2004), and cognitive needs of information modeling
(Huotari & Kaipala, 1999).

CASE-Shells

CASE-Shells or Meta-CASE systems are capable of supporting an unlimited
number of software engineering environments, instead of one modeling space,
which is the norm for most of the traditional CASE systems. In CASE-Shells, the
environments are modeled separately from the main software (Kelly, 1997;
Marttiinetal., 1993). This initiative mainly considers the metamodeling technol-
ogy that relates to the production of CASE-Shells and Meta-CASE tools — the
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methods, specifications, and other products that identify, define, and implement
systems specifications. The RAMATIC tool (Bergsten et al., 1989), which
originated in Sweden, uses modified rules of the MetaEdit+’s main architecture
to define methods and their environments, and the MetaView system from
Canada, presented next, are two popular CASE-Shells implementations.

The MetaView System

The MetaView initiative is mainly supported by a CASE metasystem, that is, a
CASE-Shell, which acts as a framework for improving structured and object-
oriented software development methods. MetaView is a joint project of the
University of Alberta and the University of Saskatchewan, and is evolving (http:/
/web.cs.ualberta.ca/~softeng/Metaview/project.shtml). The MetaView system
is divided into three levels (Sorenson et al., 1988), namely:

. Meta Level (creation of software components)

. Environment Level (definition of the environment and configuration of
software)

. User Level (generation of user-developed software specification)

The tool’s basic architecture for metamodeling is based on the core principles of
data flow diagramming techniques, inheriting their strengths and weaknesses
(Berki, 2001; Sorenson et al., 1988).

CASE Data Interchange Format (CDIF)

CDIF is a set of standards for defining a metamodeling architecture for
exchanging information between modeling tools, describing the different model-
ing languages in terms of a fixed core model. It was developed as a formal
metamodeling approach to accommodate interoperability among models, using
an integrated metamodel for common representation. It facilitates communica-
tion between structured and O-O techniques and their semantic extensions, and
state event modeling.

The CDIF metamodeling approach is rooted in theoretical models from Com-
puter Science; for example, the principles of the Mealy-Moore Machine (Wood,
1987) and Harel state charts (Harel et al., 1987). It provides the means to view
and derive provable quality properties from different techniques and systems
models. However, according to the initiative’s website, CDIF focuses on the
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description of information to be transferred and not on data management (Burst
etal., 1999).

Computational and Dynamic Metamodel as a Flexible
and Integrated Language for the Testing, Expression,
and Reengineering of Systems (CDM-FILTERS)

The construction of CDM-FILTERS was based on experimental modeling steps
that led to a formal framework, the Formal Notation for Expressing a Wide-range
of Specifications (Formal NEWS). Berki (1999) suggested the generalization
and extension of Formal NEWS into a metamodel to reconstruct and evaluate
ISD. The resulting metamodel (CMD-FILTERS) was sponsored by the Univer-
sities of North London and Sheffield and involved extensive field research in
Finland (Jyvaskyla University and MetaCASE Consulting Ltd.). It accommo-
dates method modeling and remodeling as general computational automata (or X-
Machines) (Ipate & Holcombe, 1998) applied to MetaCASE tools and architec-
tures (Berki, 2003). The main strengths of the approach are its capability to
generate an integrating metamodel for ME, combining method dynamics, com-
putability, and testing. It is, however, limited in its ability to incorporate human
issues, and it is not supported by many tools.

Other Method Metamodeling and
Method Integration Projects

There are several other metamodeling architectures, designed for application in
particular contexts to address specialized issues with or without MetaCASE
support, such as ConceptBase: A metadata base for storing abstract data
representation of data warehouse applications (Jarke et al., 1995; Mylopoulos et
al., 1990; Vassiliou, 2000). Likewise, there are many on-going projects at various
stages of development, for example, MethodMaker (Mark V), System Architect
(Popkin), Toolbuilder (Sunderland/IPSY S/Lincoln), and some interesting re-
search prototypes such as KOGGE (Koblenz), MetaGen (Paris), and MetaPlex
tools. Readers may refer to Smolander et al. (1990), Graham (1991), Avison and
Fitzgerald (1995), Kelly (1997), and Shapiro and Berki (1999) for more detailed
information on the commercial availability, application domains, and modeling
limitations of methods mentioned here.
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One criticism of most metamodels is their limited capacity to evaluate human
activity, including the roles of metamodelers and method engineers. Two
initiatives, however, address this issue. First, Requirements Engineering Net-
work of International cooperating Research (RENOIR), a requirements engi-
neering network supported by the European Union, provides the tools, concepts,
and methods that mediate between the providers of information technology
services and products, and the users or markets for such services and products.
Then Novel Approaches to Theories Underlying Requirements Engineering
(NATURE), an on-going collaborative project, funded by the European Frame-
work IV research programme, attempts to integrate existing metamodels,
methods, and tools through the formal definition of basic principles of metamodels
(Jarke et al., 1994). Find more on RENOIR and NATURE at http://www-
i5.informatik.rwth-aachen.de/PROJEKTE/NATURE/nature.html and http://
panoramix.univ-paris1.fr/CRINFO/PROJETS/nature.html.

Summary of Evaluation
Frameworks and Metamodels

The representative list of frameworks, metamodels, and associated projects
presented in this chapter are mostly used in the IS engineering field. Time and
space would not allow for a more elaborate analysis or an exhaustive listing.
However, the summarized information provided in Table 1 denotes important
evaluative parameters for the metamodeling tools described. These observations
are important for the discussion of the range and limitations of the quality
properties of methods in the next section.

The information is summarized under the headings of hard and soft issues
coverage, whether the frameworks and metamodels provide reengineering and
reuse facilities through tool support, their year of introduction, and the degree of
testing and computability that are offered as quality evaluation and construction
criteria for ISDMs. Table 1 excludes specialized applications and the RENOIR
and NATURE initiatives. Additionally, it emphasizes two important quality
properties, namely, method testing and method computability — the ability of a
method to include implementable/programmable characteristics for realizing IS
design and testability criteria for facilitating subsequent testing procedures. Very
few frameworks consider design, implementability, and maintenance issues in an
integrated manner; they mostly analyze quality features of methods by examining
the suitability, applicability, and practicality for particular application domains.
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Table 1. Information on method evaluation frameworks and metamodeling
projects

Hard Soft Tool Year of Testing Computability
Support Introduction

Sociocybernetic Limited Yes No 1983 No No
Avison & Yes Yes No 1988 No No
Fitzgerald
Case Shells Yes Limited Yes 1990 No Limited
MetaView Yes No Yes 1992 No Limited
DESMET Yes Yes Limited 1994 No No
Euromethod Yes Limited No 1994 No No
NIMSAD Yes Yes No 1994 No No
MetaPHOR Yes Limited Yes 1991 No Limited
Tudor & Yes Limited No 1995 No No
Tudor
CDIF Yes No Yes 1990 Limited Limited
CDM-FILTERS Yes Limited Limited 2001 Yes Yes

Perspectives on Known
Frameworks and Metamodels

Instruments for measuring ISDM quality, metamodels, and evaluation frame-
works should provide a standard quality platform for formally redefining static
and dynamic method requirements and capturing the computational character-
istics of both instantiated and generic methods. Such approaches should provide
rigorous environments for reasoning and formally studying the properties of IS
design artifacts, establishing whether such specification models facilitate IS
implementations of improved quality.

However, the overall assessment of existing facilities indicates that many
important quality features are either partially supported or not considered at all,
and many method-oriented problems in software systems engineering remain
undefined. For example, existing metamodeling tools and frameworks are not
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generic. Typically, coverage narrowly reflects the application domain and very
restrictive types of systems and problems, the quality perceptions, or the
philosophical and epistemological principles that the framework encompasses.

Consequently, even with good intentions, many of the primary objectives of
software quality assurance (e.g., problem of testing during IS design) are still in
the wish list of most ISD evaluation frameworks. Furthermore none of the
metamodeling environments and notations handles metadata and metaprocess
specification for considering the dynamic features of models (Berki, 2001;
Koskinen, 2000) and for allowing metamodelers to maintain control of both
process metamodeling and metadata of a method simultaneously, an important
quality property.

The following are some of the other limitations of the existing facilities:

. Frameworks and metamodels are either based on qualitative analysis or use
method construction (or ME) principles. The support for data integration is
a very important and highly desirable feature; however, only some
metamodels facilitate data, information, or knowledge integration. In the
facilities that include them, they are typically referenced as quality criteria
of' evaluation frameworks and not projected as part of metamodeling rules.

. Computability (implementability) and maintainability of specifications and
implementations are not yet considered to be fundamental quality issues of
great importance and are not addressed adequately by existing method
evaluation and ME frameworks and principles (Berkietal., 2001; Siakas et
al., 1997).

. The capability to assist formal testing — considered a crucial quality
assurance procedure to reassure IS stakeholders and certify the quality of
the development process and product (Berki, 2003; Rossi & Brinkkemper,
1996) is absent from most of the existing frameworks and metamodels.

*  Only a few metamodels (e.g., DESMET and NIMSAD) fully address both
soft and hard issues of ISD.

. Method modifiability (changeability), an important quality feature, is not
always addressed, although system and method dynamics are huge and
controversial subjects in dynamic systems development. In fact, only
NIMSAD and CDM-FILTERS directly take into account the dynamic
nature of ISD.

*  Thereisascarcity of supporting automated tools for specific environments.
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Conclusions

Technological advancements have altered many quality requirements for ISD,
necessitating a change in the roles of stakeholders and elevating the importance
of methodologies, hence the need for increasing the effectiveness of approaches
for evaluating methodologies that were designed to improve ISD quality by
ensuring process consistency. There is a plethora of these ISDMs. Similarly,
there are many evaluation frameworks and assessment methods for examining
and comparing their capabilities and determining whether their quality-enhancing
attributes are suitable for particular development environments. There are also
many metamodels and support tools to construct new methods with desirable
qualities, if none of the existing development methods are satisfactory.

From a practitioner perspective, the chapter examined and provided a commen-
tary on metamodels and briefly reviewed the workings of some well-known
evaluation frameworks and ME metamodels, highlighting quality considerations
that are pertinent to the choice and evaluation of ISDMs and issues bearing on
the construction, modeling, and remodeling of IS development methods and
assessing their strengths and limitations. Many strengths were highlighted;
however, several weaknesses were also identified, ranging from small issues
such as the time needed to produce a model to larger problems of method
integration and testing, and facilities to capture the significance of the human
role. This review unearthed the urgent need for more integrative and formal
metamodeling approaches, which, based on automated tool support, can facili-
tate the construction of formally computable and testable IS designs, a crucial
quality requisite of development methods.

From a research point of view, evaluation frameworks, metamodeling, and ME
can be considered communication and thinking tools for assimilating the philoso-
phies and epistemologies that exist in the IS field and the different perceptions
of quality they generate. Thus, they could provide additional metacognitive
knowledge to help evaluate and model IS needs in a scientific and progressive
manner. Further research efforts are therefore required to continue exploring
the issues examined in this chapter and provide insights into effectiveness
criteria for constructing metamodels and evaluating ISDMs.

The strengths and weaknesses of metamodeling environments should be exam-
ined more rigorously using appropriate architectural constructs that encapsulate
both communicative and technical quality properties. In order to provide rigor-
ous, scientific evidence to convince adopters that method A is better than method
B in large design projects, and where the problems really are, results must be
based on carefully controlled experiments of suitable complexity. This is
especially so because there is little empirical evidence of what constitutes the
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quality of ISDMs and lack of clarity about what makes one method superior to
another for large-scale ISD projects (Holcombe & Ipate, 1998).

In addition, the increasingly global nature of information systems development
demands that IS and information products conform to new, extended quality
standards for quality certification and quality assurance. In this global develop-
ment environment, which utilizes virtual development teams and project groups
separated by time and distance, ISDMs will become even more important in
order to increase consistency and reduce variability in the process structuring
methods utilized. This also amplifies the importance of ISDM evaluation through
frameworks and metamodels. There is an obvious need for further research to
explore this new dimension of quality evaluation of ISDMs in different anthro-
pological and social contexts to identify controllable and uncontrollable factors
for IS development within these contexts. Prescriptions for the improvement of
ISDMs and IS must now incorporate considerations of organizational and
national cultures and the applicability of methods and tools, and their relevance
in those environments.
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Chapter XIII

Software Quality
and the
Open Source Process

Sameer Verma, San Francisco State University, USA

Abstract

This chapter introduces the open source software development process
from a software quality perspective. It uses the attributes of software
quality in a formal model and attempts to map them onto the principles of
the open source process. Many stages of the open source process appear
to have an ad-hoc approach. Although open source is not considered to be
a formal methodology for software development, it has resulted in the
development of very high quality software, both in the consumer and in the
enterprise space. In this chapter, we hope to understand the open source
process itself, and apply it to other methodologies in order to achieve better
software quality. Additionally, this chapter will help in understanding the
“Wild West” nature of open source and what it may hold for us in the future.
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Introduction

The concept of quality is an abstract one. While quantity can be specified in
standard terms such as a gram or a gallon, quality is usually a relative term. It
is relative to the assessment of the product or process, as perceived by an
individual or an organization (Barbaccietal., 1995). Quality is sometimes defined
as compliance fo a standard (Perry, 1991). It seems that the implications of
quality vary from one task to another, and so does its assessment. However,
generally speaking, we can agree on the direction it takes when the quality of an
entity improves or degrades. In the case of software, the quality of software can
be assessed by its characteristics. Several models exist that either measure
software quality using a quantitative surrogate, or in terms of attribute sets. In
this chapter, we use a model (Bass et al., 2000), where the quality of software
is assessed by its attributes. These attributes include performance, security,
modifiability, reliability, and usability of a particular system. We will explore
these attributes, the challenges they pose to the open source development
process and how the open source community measures up to these challenges.

Background

The importance of information systems and technology is well-established in our
society, both in personal and professional space. Itis difficult to imagine asociety
without access to information. Software forms an important cog of that system.
While hardware such as desktops, laptops, and PDAs provide a platform for
implementing computing power, software is the flexible component that is
responsible for expression of innovation, creativity, and productivity (Lessig,
2005). Ranging from word-processing to number-crunching, the quality of
software influences and impacts our lives in many different ways. It is no
surprise that software quality has become the subject of many studies (Halloran
& Scherlis, 2002).

Software Quality

While the quantitative side of software can be measured and optimized in terms
ofits capability to solve mathematical formulations and render graphics (Wong
& Gokhale, 2005), it is the qualitative perception that matters to the end user and
the organization (Bass et al., 2000). Quality is also harder to assess, so it is often
ignored or replaced by quantitative measurements such as lines of code.
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Obviously, more lines of code do not always imply better quality (Samoladas et
al.,2004).

In this chapter, we will use a model that uses five attributes, namely, perfor-
mance, security, modifiability, reliability, and usability, to assess the quality of
software. Performance involves adjusting and allocating resources to meet
system timing requirements (Bass et al., 2000). Security can be described as
freedom from danger, that is, safety. It may also be viewed as protection of
system data againstunauthorized disclosure, modification, or destruction (Barbacci
etal., 1995). Modifiability is the ability of a system to be changed after it has been
deployed. Requests can reflect changes in functions, platform, or operating
environment (Bass et al., 2000). Reliability of a system is the measure of the
system’s ability to keep operating over time (Barbacci et al., 1995). Usability is
a basic separation of command from data. It relies on explicit models for task,
user, and system (Bass et al., 2001). These attributes put together can assist in
assessing the quality of a software project. Of course, these attributes apply to
all kinds of software, whether open source or proprietary.

Open Source Process

Next, let us examine the open source process. The purpose of looking at open
source as a process, as opposed to a product, is that the open source ideology
permeates well beyond software production (DiBona et al., 1999). The propo-
nents of open source believe in a philosophy of open source more so than simply
the software. They look upon software as an enabler of change in a society that
increasingly relies on information technology for its survival and growth (Lessig,
2005). The following sections are by no means exhaustive, but should provide a
substantial background to understanding the tenets of quality in the open source
context.

Open source software (OSS) is largely developed by freelance programmers,
who create freely distributed source code by collaborating and communicating
over the Internet (Moody, 2001; Raymond, 1999; Sharma et al., 2002). A small,
but significant proportion of the software is also developed in software compa-
nies such as IBM, Sun Microsystems, and Intel. Open source software is
generally fashioned in what is often classified as the hazaar style as opposed to
the cathedral style, which is more commonly observed in proprietary software
development. In his collection of essays, Raymond (1999) postulates that the
proprietary style of software development follows the cathedral model, complete
with plans, schedules, resources, and deliverables. In contrast, the bazaar model
lacks an explicit blueprint. Work begins with an idea, followed by a series of short
release cycles of software, which is prototypical at best. Over time this software
development process gains momentum, in some cases, partly due to the

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



294 Verma

availability of source code and partly due to common interest in the application
of the software (Feller & Fitzgerald, 2002).

This development process is akin to shopping at a bazaar-like marketplace and
purchasing ingredients as needed. Just as one would shop for olive oil, basil, pine
nuts, lemons, parmesan cheese, and garlic to make pesto (Technorati, 2005), one
could look for an operating system, a Web server, database server, and a
programming language to build a Web application (Associates, 2005). The fact
that this style of software development actually works comes as a pleasant
surprise to many who are accustomed to working with traditional methods of
software development'. A more subtle message from Raymond’s essay is that
while the cathedral approach may result in a grand and impressive application,
it becomes somewhat outdated by the time it is completed (Raymond & Trader,
1999). The application may be complete, but the nature of the original problem
may have changed significantly over time.

Failure to maintain a time schedule and contain the scope are often cited as
reasons for the failure of information systems (Applegate et al., 2002). Open
source’s course-correction approach makes minor changes frequently to con-
tinually address the changing nature of the problem at hand. In some ways, the
bazaar approach might alleviate the ills of the traditional software development
process (Feller & Fitzgerald, 2000).

Proprietary vs. Open Source Software

Proprietary software, including the source code used to create it, is often
protected by a patent (Perens, 2005). The patent, not to be confused with
copyright, is not free of distribution restrictions, and is rarely free of cost.
Proprietary software is also defined as the software whose source code is kept
secret and belongs to a specific individual or a company (Barahonaetal., 1999).
In the case of proprietary software, the source code is not distributed. The
software is only made available in the form of compiled, object files to end users
(Feller & Fitzgerald, 2002). The ownership of the software belongs to a specific
company, group, or individual. Software cannot be redistributed, modified, or sold
without the explicit permission of the owner. This “permission” is usually
specified in the end user licensing agreement, also called EULA.

Enterprises use similar licenses, except that enterprise licenses apply to all end
users in an enterprise, and even if the source code is given to the client company
for maintenance purposes, the client is not allowed to make it available to third
parties, let alone the entire world (Goth, 2001). These descriptions are largely
applicable to proprietary software, although many variations do occur and must
be treated on a case-by-case basis (Rosen, 2005). The owner entity (usually a
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software company) decides on the release cycles of the proprietary software,
which in most cases is based on market pressures and upgrade revenue
(Applegate et al., 2002). Closely guarded source code becomes the basis of this
revenue stream.

The development framework for open source leverages communication facilities
of the Internet. Independent software developers examine existing source code
and make modifications to fulfill immediate needs in their own environment. In
the case of open source software, the licensing allows distribution in source code
as well as object form. When a product is not distributed with its source code,
there is usually a well-publicized means of obtaining the source code for no more
than a reasonable reproduction cost, preferably downloadable via the Internet.

Proprietary Licensing

Companies that practice the traditional software approach typically use propri-
etary software licenses. The EULA? assures that any software given to a
customer cannot be copied, redistributed, or modified without the explicit
permission of the company. Since commercial software products are in the form
of object and not source code, software products can be licensed per-user, per-
machine, per-processor, or for an entire organization under closed-source
software licensing. A closed-source license may require a royalty fee, and in
some versions it has an expiration date by which the customer should purchase
the software again or upgrade to a new version of the product. Proprietary
licensing is designed to generate a continuous revenue stream, while protecting
the source code, and thereby controlling its use in the market.

Open Source Licensing

In contrast, the nature of the open source software is that no right-to-use license
fee or right-to-redistribute license fee is solicited from the users. No royalty is
charged for businesses or individuals if they sell the source code of any open
source software. However, open source must not be confused with public
domain (Rosen, 2005). When the developer releases the source code to the
public under the terms of an open source license, he or she does not relinquish
the copyright. Open source licenses grant conditional rights to members of the
general public willing to comply with the terms of the open source license.
Developers can still sell private licenses to individuals and companies that are
unwilling or unable to comply with the terms of the open source license (Rosen,
2005).
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The Open Source Mechanism

The open source community is a collection of individuals who may have any level
of interest in open source software. These interests may lead them to play
different roles. The involvement varies from being providers of ideas and code
to simply users of the code (Dotzler, 2003). Open source communities pattern
their operations off virtual organizations. In most cases, virtual organizations
refer to new organizational forms that rely on strategic alliances and external
partners to collaborate to achieve business goals or to serve customer needs
(Davidow & Malone, 1992; Grenier & Metes, 1995; Lucas, 1996).

In order to achieve “spatial and temporal independence” (Robey et al., 1998),
information and communication technologies tend to be heavily utilized to
facilitate the coordination across time and space boundaries (Mowshowitz,
1997). Gallivan (2001, p. 281) defines virtual organizations as “goal directed and
consisting of geographically distributed agents who may or may not ever meet
face to face”, which is very apt in the case of open source communities.
Additionally, the gift culture within the open source community features giving
away source code (Bergquist & Ljungberg, 2001), voluntarily testing and
debugging the software (Dotzler, 2003), and supporting fellow users by promptly
answering their posted questions through mailing lists and Internet Relay Chat
sessions (Raymond & Trader, 1999).

Producer of Software

Open source software development is often initiated by individuals or small
cliques of people for their own limited purpose (Mui etal., 2005). A phrase often
used to describe this approach is “Every good work of software starts by
scratching a developer’s personal itch” (Raymond, 1999, p. 23). The itch
metaphor is indicative of a small, yet focused need that an individual developer
may have, as opposed to a grand plan for software development. If the software
that results from this process (scratch) proves to be useful, then others join in
and contribute. The producer community is usually made up of individuals who
are bound together by an open source project and little else. Often, these
“producers” never meet in person. It is a modern marvel that entire pieces of
software projects are negotiated, developed, managed, and disseminated com-
pletely online (Dotzler, 2003).

Based on the control structure of most open source software projects, a handful
of individuals are given write-access to the software repository. These are the
producers of software, also called maintainers in OSS parlance. Projects in the
open source world adopt the walled server approach (Halloran & Scherlis,
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2002). The server that hosts the software repository is visible to the entire world.
Anybody can read from it. However, only the maintainers hold the right to
implementrecommended changes. Information flows freely from the producers,
but not all feature requests or bug fixes are necessarily implemented into the
project itself.

This approach seems to work well for controlling software development prac-
tices of the project. It does not limit the behavior of developers in their own
environment. It does limit changes that the maintainers can make on the project
itself. The walled server idea embodies critical aspects of software best
practices such as process, management, design, and architecture as defined by
the project leaders. This enables effective engineering management despite the
fact that the engineers are self-selected and largely self-managed. It also allows
for a more rigorous approach to quality control and assurance.

Consumer of Software

Oddly enough, the primary consumer base of open source software is the open
source community itself. Thus, one way to classify open source development is
to study it as an innovation (Verma & Jin, 2004). Considering the traditional
methods of software development, there is plenty of evidence that the open
source methodology is indeed an innovation. Taking this idea one step further, we
can look at this development as a process that happens where the consumers of
software are from the same group as the producers. In most production and
consumption-based economies, the producer group is quite different from the
consumer group.

This holds true in the world of traditional software as well. The stack of
communities is vertically connected from producer to distributor to consumer.
Consumers of software are rarely skilled in the art and science of software
production, hence the segmented innovation approach, where the innovators are
different from the end users. However, the open source community is different.
A large proportion of the open source community falls in an intersection of
producers and consumers of the software (Feller, 2001). This is inherent in the
open source process. Users are treated as co-developers. Both parties subscribe
to the same community. These shared innovation networks have a great
advantage over the segmented innovation systems. Furthermore, individual
users do not have to develop everything they need on their own; they can benefit
from innovations developed by others and freely shared within and beyond the
user network.
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Peer Review Process

The software development process is community-driven, where the community
size may vary from a small group of 2, to a large group of over 100 developers.
An interesting departure from other traditional approaches is that OSS users are
treated as co-developers or peers (Dotzler, 2003). Since the source code is freely
available, a community of peers is able to partake in a peer review process
somewhat similar to the academic peer review process conducted to publish
research (Raymond & Trader, 1999). The role of members of the community
varies based on their skill sets, interest, and availability of resources. Different
roles can be approximately categorized into four groups, including project
owners/core developers, patch submitters, source code testers, and end users
(Verma & Jin, 2004). Project owners/core developers are a small group of
people who contribute most of the code and control the software releases.

Let us look at two examples to comprehend the proportion of members across
different functional roles. The first example is the Apache project, which is an
open source project for developing a Web server. It began as a series of patches
or fixes to the original Web server developed at National Center for Supercomputing
Applications at University of Illinois, Urbana-Champaign (Audris, 2003). Even-
tually, the patches became so numerous that it was suggested the server be
named a “patchy” server; hence the name Apache (Dotzler, 2003). The core
developers of Apache account for over 80% of the coding. Patch submitters
involve arelatively wider development community who examine the source code
in detail and submit bug fixes (Mockus et al., 2000).

Source code testers are comprised of an even larger group who download and
compile the source code and report the bugs. Lastly, end users, who may
constitute the largest group of all, are only interested in using precompiled object
code. End users may also report problems, but the problems are based on
precompiled software. Another example is the Mozilla project, which came out
of the original Netscape Web browser code (Dotzler, 2003). Mozilla developed
into a significantly different browser since its inception in 1998. Mozilla has about
25 core developers, over 400 patch submitters, over 10,000 quality assurance
testing contributors, and around over 500,000 end users involved (Dotzler, 2003).

Debugging and Feedback

Bug reporting methods adopted by the open source community are designed for
public view. All feedback is made public, thereby allowing someone on the
outside to review the code and submit a change, usually called a fix or a patch.
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Such patches are usually maintained in parallel with existing software, so that
users may pick and choose patches that are necessary for a particular scenario.
The walled server approach (Halloran & Scherlis, 2002) mentioned before,
provides an asymmetric channel for flow of bug-related information. The
number of inputs from the community outnumbers the number of fixes imple-
mented by the core group. Patches are usually written by one of the core
members, or by patch submitters. Only core developers are allowed to make the
decision to include a patch into the main software code base. Irrespective of the
decision to include the patch into the main code base, the patch is always made
available as an option. If a project requires some esoteric feature set provided
by a patch, the developers can choose to include it at the time of compilation.

Evolutionary Survival

When the demands for features and bug fixes from the community go unan-
swered, the project may split or fork into a parallel development stream. Most
open source licensing allows for a project fork, which is a split in the code
development process into a new branch. A fork allows for independent and
parallel development following two different approaches. It is theorized that the
most useful branch will thrive while the less useful one will wither away
(Torvalds & Diamond, 2001). This is similar to the process of genetic evolution
where dominant traits get adopted and recessive ones diminish over generations.

A popular example is PHPNuke, a portal framework written in PHP, with a
database backend to store content. PHPNuke started as a creation of one person
to fulfill the need for a free and open source content management system.
PHPNuke got popular very quickly. The application soon grew to a size that was
beyond one person’s ability to manage. The maintainer accepted help from other
programmers but did not give them credit where it was due. He also failed to fix
bugs they repeatedly pointed out, even when they submitted bug fixes. A number
of these programmers became annoyed and disappointed with the general
unresponsiveness of the project owner and decided to fork PHPNuke (Krubner,
2003). This version came to be known as PostNuke. With its own community,
PostNuke implemented all the patches that were previously ignored. As PostNuke
became more feature rich and less buggy, PHPNuke picked up momentum in
order to compete with its forked creation. While forking does create a division
of resources, it also creates a healthy competitive environment. Eventually,
which version of the fork will dominate (i.e., used by the majority) will depend
on the adaptability of the software to its environment.
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Figure 1. Mapping of open source principles and quality attributes
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Quality and the Open Source Process

To reiterate our approach to examining open source via the lens of quality
attributes, we propose five key attributes: modifiability, usability, security,
performance, and reliability. We would like to map these attributes to the primary
principles of open source (Figure 1). Three most widely sited principles of OSS
development include:

. Treating users as co-developers.
. Release early and release often.

. Given enough eyeballs, all bugs are shallow.

These three principles explain the essence of open source development model.
Other observations are comparatively minor in their impact on the open source
process as a whole.

Users As Co-Developers

The first principle of treating users as co-developers stems from the fact that
many members of the open source community are also involved in the develop-
ment process. They may be programmers or simply bug testers. Either way, the
users are treated as an integral part of the development process. This approach
makes it easier to communicate with the community on a deeper level of
software development. For example, instead of telling users to wait for a month
or two, a project member may simply ask members to download untested code
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from the software repository. Repeated testing and use by co-developers
provides valuable feedback that plays an essential role in the quality assurance
process. Often, co-developers test software on a variety of software and
hardware combinations. For example, programs written for the 386 class of Intel
processors running a form of Linux operating system will typically run without
any problems on 486 and Pentium class processors as well. Similarly, software
written for the 32-bit version of Windows (Windows 95) will typically run on
Windows 98, Windows 2000, and Windows XP.

Each co-developer would often have different setup of software and hardware.
The combinations of hardware and software as a testing platform make for a
very rich testing process. Working with co-developers has other advantages.
Every time a significant problem is solved, a patch is applied to the existing code
which is re-released every night in versions dubbed as nightly releases (Dotzler,
2003). Each nightly release is based on the very latest improvements and is
targeted toward the co-developer community. Each nightly build is tested and
goes through a rigorous testing process conducted by the co-developers.

By treating users as co-developers, the open source community strives to create
a better performing piece of software (fewer bugs) with higher levels of
usability. A good example of improved performance is the Linux kernel. After
its 624 iterative incarnations (Kendrick, 2005), the version 2.6.10 of Linux has
come to support many form factors ranging from cell phones to mainframes
(Pranevich, 2003). The performance of Linux is equally good in either of these
environments. The availability of source code and feedback from co-developers
has made it possible to get performance levels on par with industry giants from
the proprietary world.

Similarly, the Mozilla Firefox project is an example of improved usability. The
Mozilla project was started in 1998 as a spin-off of the Netscape Communicator
product from Netscape Communications (Dotzler, 2003). The idea was to open
source the code-base in order to foster innovation. Over the last seven years, the
Mozillaproject has evolved from a sluggish, bloated piece of software to a much
more usable product in the stand-alone version of the browser called Firefox®.
The usability of Firefox is considered so much better than the leading browser
(Internet Explorer) from Microsoft that Firefox has been downloaded over 78
million times since its original release in 2004.

The OSS community follows an incremental model of quality and payoff. With
each incremental change comes a change in quality. After all, a large proportion
of the feedback comes from the user community. This high degree of involve-
ment relies on a legal mechanism of the right to modify any piece of software.
It is only under the auspices of an open source license, that software creators
provide their source code and hence a large share of their intellectual property
rights. This sharing is done for a greater good of a much better expected payoff
in the long run.
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Release Early, Release Often

Open source licenses are primarily designed to encourage modification and
redistribution of software in source code form. The process of releasing several
versions of the software in rapid cycles is aptly captured in the second principle:
release early and release often. For example, over its life cycle of almost 14
years, it is estimated that the Linux kernel has been released 624 times
(Kendrick, 2005). Each release attempts to improve upon the previous one. In
some projects, versions are released every week during rapid testing and bug
fixing. The general thinking is that instead of providing the end user with a feature
complete version of the software, the creators release very rudimentary versions
to get the discussions going. Small changes are incorporated quickly and released
often to the public.

Another such example can be seen with the NoCatAuth project (Ishii et al.,
2002), a very visible project that provides open source routing for wireless
networks. In its initial incarnation, the software was written in Perl. The first few
versions did not even work. However, it presented the idea to a group of people
who then worked on improving it. After over 25 revisions, the software was
stable enough to run for months on end without a reboot. NoCatAuth gained this
stability through rapid release cycles with simple bug fixes implemented in each
cycle.

Most open source projects use version numbers that mirror the policy of rapid
releases. For example, in case of the Linux kernel, the version numbers take the
form of x.y.z where x begins at 0, and y and z are nested subcategories (Torvalds,
2005). The first release of Linux was dubbed version 0.01 and has reached
version 2.6.10 today’.

Such incremental versioning supports incremental changes and timely assimila-
tion of feedback through the quality assurance process. Features are therefore
implemented and bugs are fixed in a more organized fashion.

Another outcome of rapid release cycles is that over time, the proportion of
critical system errors decreases. This observation has been tested using ran-
domly-generated commands (called the Fuzz approach) on different operating
systems, including Microsoft Windows Family, UNIX, and Linux (Miller et al.,
2000). The outcome is interesting. It shows that over time, the reliability of Linux-
based operating systems has improved tremendously. Better stability and
increased time between crashes improves stability and reliability of the system
as a whole.

The most visible downside of the rapid release process is that it does not allow
for long-term thinking in some cases. For example, the Jabber project was
initially created to address the problem of instant messaging (Adams, 2001).
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However, as the project grew, the developer community realized that the project
could be extended to much more than just instant messaging. In its next major
release beyond the 1.4 series, the Jabber Software Foundation decided to release
a version 2.0, a complete rewrite of the design and its code (XMPP.org, 2005).
Both series 1.4 and 2.0 co-exist and are actively used based on feature
preferences.

Given Enough Eyeballs...

Feedback is a very important cornerstone of the OSS process. Since the source
code is made available for peer review, skilled programmers not only find
problems but also fix them on their own. Even the non-programmer community
can contribute by looking for the odd behavior in performance and user interface
design. This is the essence of the third principle: given enough eyeballs, all
bugs are shallow, also called Linus’ Law after Linus Torvalds, the founder of
Linux (Raymond, 1999).

Easy access to source code facilitates rigorous peer review and parallel
debugging among many geographically dispersed programmers, therefore en-
abling rapid evolution of high quality software (Koch & Schneider, 2002;
Stamelos et al., 2002). In addition, the mass of software users are directly and
actively involved in the development process. Their bug reports tend to be very
detailed because they generally cover problems that originated in different kinds
of systems with various hardware/software configurations. Their suggestions
and feedback regarding features and solutions of the software also promote
more functional and user-friendly design.

This approach also goes against the grain of the security through obscurity
concept that is often leveraged by proprietary software companies (Hissam et
al., 2002). This is a controversial principle in security since it attempts to use
secrecy to ensure security (Wikipedia, 2005). The essence of this concept is that
since proprietary software does not make source code available, the risk of
discovering security vulnerabilities is minimized. However, this approach is also
akin to the practice of hiding the key under the doormat, so that it remains hidden.
It is almost universally known that the first place to look for keys is under the
doormat. Once the vulnerability is discovered, all is lost, until the vendor chooses
to fix the problem. With open source projects, vulnerabilities get fixed either by
the vendor, or by someone in the community. It appears that the open source
process fosters better notions of security from the code perspective.
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Comparison of Software Methodologies

Many approaches within the open source community are similar to the ones
followed within proprietary processes. It is important to understand that the
programming language or framework that is used in either case is not signifi-
cantly different. Programs written as open source or closed are essentially only
instructions for a computer. What differs is its visibility and management. Closed
source projects have programmers and reviewers, but these members are most
likely paid employees of the same organization, where the goal is to maximize
profit. OSS communities are not driven by monetary incentives. They are largely
driven by ego, trust (Mui et al., 2005), and a desire to produce free code.

Open source software development has formalized in the last few years, but
most of the work is done based on the direction from a very small core group as
in the benevolent dictator model (Hamm, 2004) or by a group of developers who
take on roles based on their quality of work and intentions as in the meritocracy
model (Perens, 1997; Young, 1958). Linux is the primary example of a project
where the central authority is Linus Torvalds, who relies on the consensus of a
few other core contributors. Linus is therefore considered to be the benevolent
dictator. On the other hand, a project like Debian, which is a community-driven
distribution of Linux, chooses a team to lead the project every few years. The
individuals elected to these positions are chosen based on their merit; hence the
term meritocracy. In either case, the projects start with a vested interest at
solving a single problem (the itch metaphor), and then evolves into something
larger, if found useful.

Similar methods exist that rely on quick cycles of feedback and very rapid
development schedules. Agile methods are primarily fostered by groups that are

Table 1. Comparing software methodologies (Adapted from Abrahamsson
et al., 2002)

Entity Agile Methods Open Source-based Plan-driven
(bazaar style) (cathedral style)
Producers Rapid, Localized, Geographically distributed, Adequate skill-set, plan-
Collaborative Collaborative, Rapid oriented, usually localized
Consumers Dedicated, Knowledgeable, | Dedicated, Knowledgeable, Representative, plan-driven
Collaborative, Empowered Collaborative, Empowered
Design Based on current Based on current environment, | Based on current and
approach environment but open for change foreseeable environments
Team Smaller team dynamics, Dispersed teams, loose team Larger teams
management Face-to-face dynamics
Goal Rapid Value Challenging problem (itch High assurance
metaphor)
Time scale Short Short Long
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customer-oriented, and prefer to work in face-to-face environments that are
usually well-funded (Alliance, 2001). Extreme programming is perhaps the most
well-known of all agile methods. Table 1 presents a side-by-side comparison of
open source methods, agile methods, and the classic plan-driven methods
(Abrahamsson et al., 2002).

Future Trends

In the early days of open source, it was strongly believed that the entire open
source movement was being shouldered by altruistic programmers who burned
the midnight oil to keep their ideals intact, an ideal of software free from bugs
and free from the clutches of the enterprise (Himanen, 2001). Those stereotypes
are changing rapidly (Dahlander & Magnusson, 2005). It is no longer a fly-by-
night operation. Large organizations such as IBM, Oracle, General Motors, and
the U.S. Department of Defense are playing a major role in the creation and
maintenance of open source software (MITRE, 2002). Companies such as Sun
Microsystems, known for their proprietary software, are testing the waters with
different business models. Sun Microsystems recently announced the OpenSolaris
project (Sun Microsystems, 2005), which aims at releasing the Solaris version 10
operating system under an open source license. These are big steps for the
software industry, and it looks like this trend is moving up.

Other companies are getting into the business of providing a test platform (often
called a stack) where they test a combination of software for enterprise level
performance and security. The primary complaint with open source software is
its lack of a guarantee. The software is provided as-is. Companies such as
SpikeSource test combinations of open source Web servers, databases, and
scripting environments for performance and security. Such approaches bolster
confidence by providing guarantees that enterprises need. In such cases, open
source is no longer viewed as unwarranted code written by lone programmers.

Enterprise involvement brings with it the question of legality. Given that code is
written by so many different people, it is very difficult to avoid the conflict with
an existing patent. In recent cases, SCO has taken IBM and DaimlerChrysler to
court over intellectual property claims (Groklaw, 2005). Given that the legal
standing of open source software is still largely untested in court, some
companies shy away from using open source.
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Conclusion

While the open source approach is more along the lines of the untamed “Wild
West”, it presents a compelling alternative to developing high quality software.
Projects such as Apache, Mozilla, and Linux have produced equal if not better
quality software when compared with their proprietary counterparts. Apache
commands over 65% of the world’s Web server market share (Netcraft, 2005),
while Mozilla Firefox and Linux have demonstrated very rapid growth in their
own domains. In spite of the risks of a community-driven project, open source
presents a favorable picture from a quality perspective. Over time, open source
software improves in usability, performance, security, and reliability. Addition-
ally, it is the modifiability of open source that stands out as the prime attribute.
It would be well worth the effort to take a closer look at the open source world
and attempt to accommodate its idiosyncrasies into more well-established,
formalized methods to gain a “best of both worlds” advantage.
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Endnotes

! This document was authored using OpenOffice Writer, a component of the
open source productivity suite available at http://www.openoffice.org/

2 EULA is the generic term used for proprietary software licenses. Open
source licenses are classified based on one of the fifty-six different licenses
as certified by the Open Source Initiative. There is no common body that
certifies proprietary software licenses.

3 There appears to be some recent discussion amongst the core developers
of PHPNuke to completely re-write the application and to avoid all the
problems they faced with the original design. This is a significant drawback
of the open source model.

4 Mozillasstill exists as a complete suite (codenamed SeaMonkey), butis used
by a smaller proportion of users. The larger and more visible component is
the Mozilla Firefox product.

5 As of version 2.6.11, Linus Torvalds has proposed the use of a quad
notation, wherein a release will be versioned as x.y.z.a, thereby adding one
more loop to the quality assurance process.
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Chapter XIV

Creating Information
Systems Quality in
Government Settings

Catherine Horiuchi, University of San Francisco, USA

Abstract

The level of information system quality that is considered acceptable to
government technology managers and the public varies; operational success
over the long run — a backward-mapping evaluation — is the most highly
valued feature defining quality information systems. Public agencies,
unlike private sector firms, exist to meet mandated service requirements and
have limited ability to create revenue streams essential to fund information
systems that might improve organizational bureaucracies. Beyond basic
bureaucratic functions, governments serve the public interest by sustaining
high reliability networks such as water and electric systems in addition to
providing fundamental public safety and national security. High profile
information system failures detract from public awareness that the bulk of
systems work adequately within a complicated network of thousands of
interlocking and overlapping governmental entities. Demands for
productivity and innovation, increased contracting out of government
services, and more sophisticated leadership shape the quality profile for
the future.
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Introduction

Two contrasting features — power and isolation — illustrate the complex nature
of government information systems. The information system as an object of
power acknowledges the contributions of hardware and software to overcome
human limitations, extending the reach of human imagination, making possible the
achievement of wildly improbable goals. We land a man on the moon and take
astonishing photographs from the surface of Mars. We harness magnetic forces
and x-rays to “see” inside the human body and program lasers to target cancers.
These advances have at their heart processing requirements that direct machin-
ery to rapidly, repeatedly evaluate material visible and invisible, and then file or
retrieve data subsets representing this material from a massive number of
discrete bits of information.

The information system as a source of isolation typifies systems with weak
connection between the machine function and humanly defined operational
goals. In this alternative assessment, government technologies make everyday
life more difficult. We find ourselves stopped at traffic lights that do not recycle
properly after the briefest power fluctuations. We receive incorrect or incom-
prehensible bills for government services. Automation isolates us from govern-
ment. Impersonal telephone call automation software supplants direct contact
with agencies on everyday matters; these are often programmed without any
option to connect with a live agent.

The unique challenges facing public agencies in creating and sustaining informa-
tion system quality are the topic of this chapter. It begins by defining how public
agencies differ from private firms, citing research from the U.S. and abroad.
After describing why variations in the degree of quality acceptable to govern-
ment technology managers are inevitable, using examples from the U.S., it
proposes specific attributes of information systems that increase chances for
operational success over the long run, the measure of high quality in government
systems. Once quality goals in the abstract have been covered, the chapter
chronicles a high profile system failure where political considerations prevented
the application of established quality assurance standards. Noting examples of
high quality systems, the chapter considers future trends in government informa-
tion systems and their likely impact on quality, along with ideas on addressing
these trends to achieve more consistent outcomes. The chapter concludes with
a summation of recurring suggestions for quality improvements and conditions
under which they might be adopted.

Quality in information systems can be defined as reliable, cost effective
hardware and software that perform fully documented jobs as tasked without
unexpected flaws and failures, satisfying stated and implied needs. In govern-
ment systems, assuring adherence to specified quality in performance requires
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guidelines in three areas: first, choosing and periodically revisiting the selection
ofan appropriate hardware and software model, whether amonolithic implemen-
tation or a modular design; second, managing projects ranging from enterprise-
scale to much smaller endeavors; and third, accounting for expenditures across
budget cycles over the life of a system. Despite a half century of efforts to
specify systems requirements and metrics, consistent quality implementation
remains an elusive goal. Two missions to Mars have crashed, as did the space
shuttle Challenger in 1986 and Columbia in 2003 (Ackerman, 2003; Boisjoly et
al., 1989). Most election results are tallied and confirmed swiftly thanks to
electronic systems, but the U.S. presidential election in 2000 went badly. The
blame fell on punch card ballots in Florida and a margin of victory smaller than
the margin of error or achievable accuracy of the voting technology. The
contributory role of information systems resulted in passage of the 2002 Help
America Vote Act (HAVA), initiating “rip and replace” projects nationwide.
Problems with the replacement touch-screen systems in 2004 have Florida
election officials considering yet another round of technology shifts.

High quality technology services reduce system failures, creating an opportunity
to fully fund projects associated with assuring quality in new systems or
maintaining them in on-going operations. The cost of a major technology project
is measured in tens of millions of dollars, even in local governmental settings.
When fully loaded with costs for hardware, software, consulting, employee time,
and training, a midsized process automation project can easily top $50 million. No
city manager can brush off a bridge or building collapse; yet possibly due to a
limited conviction that a much higher proportion of technology projects ought to
be successful, multi-million-dollar technology failures are routine. As an alterna-
tive to targeting management efforts on reducing the overall proportion of failed
projects, periodic agency budgeting processes become a Darwin-esque battle as
if funded systems represent the survival of the fittest projects. Information
systems managers struggle to fully fund important new and maintenance
projects; these bureaucratic activities overwhelm many efforts to focus on
quality.

Background: How Public
Information Systems Differ

Requirements for information system quality in public agencies differ from
private firms in part because public agencies face no competition for clients and
generally cannot be put out of business as a result of setbacks. Whether they are
fundamentally alike in important or unimportant ways has been a perennial
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subject of discussion since before Graham T. Allison’s (1982) article on the
question. Private sector firms innovate for competitive advantage while public
agencies tend to seek efficiency improvements. The public sector lags and tends
toward late adoption of technology strategies developed for and tested in the
private sector. Similarities include activities inherent in all human organizations:
planning, organizing, staffing, directing, coordinating, reporting, and budgeting.
Luther Gulick coined the acronym POSDCORB for these management skills in
1937, long before firms turned to computers to automate tasks in part or whole.
Rocheleau (2000) noted public dependence on private sector information
management strategies in Bozeman and Bretschneider’s (1986) introduction to
a series of articles on public management information systems. Private sector
information system strategies are adopted wholesale or with minimal modifica-
tions to standardize and streamline these fundamental processes, creating a base
of quality governmental information systems. Greater interoperability and infor-
mation sharing among public agencies have improved access to government
rules and regulations and created an enriched body of knowledge for public
policy development (Landsbergen & Wolken, 2001).

Both public and private sectors adopt technological innovations and efficiencies;
these implementations differ in willingness and capacity to invest labor and
capital, especially training. Rocheleau and Wu (2002) tested whether private
sector firms spend more on information technology, assuming these systems
create competitive advantage in market economies. They found public and
private firms characterize information technology as a strategic investment;
however, public organizations are less willing to commit resources for training.
Another study on public management decision making (Bozeman & Pandey,
2004) found similar reluctance to invest in training during implementation of
hardware and software. In government technology decisions, customary budget
constraints and cutback decisions were less important; technical feasibility and
usability matter more than cost-effectiveness. The private sector frequently
couples technological adoptions with staff reductions, so a well-trained, compe-
tent staff is essential to producing more with fewer employees. Scale and
complexity in government technical projects lead to a longer decision-making
cycle, but once determined, project decisions are stable and generally include
measurable outcomes that usually exclude staff reductions. In these cases,
training rarely results in directly measurable productivity improvements. This
limits the ability of technology project managers to adequately argue the case for
extensive training in technology projects. Instead these projects tend to focus on
immediate hardware and software costs.

Government information systems projects frequently produce fewer functional
improvements in terms of the services delivered; bureaucratic changes are more
evident in assessments. For example, a descriptive study of local law enforce-
ment information systems usage (Nunn, 2001) reviewed a 1993 report on
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information systems adoptions in 188 municipal police agencies. Nunn developed
a taxonomy of police agencies with their stable fundamental duty for public
safety, categorizing cities as low, medium, or high levels of computerization to
explore differences in expenditures and police-officer allocation. Existing man-
agement and administration data influenced choice of information systems
adoptions, particularly for basic business management and criminal research.
Highly computerized cities had larger technical staffs and higher per capita
technology expenditures. Lower computer systems expenditures were corre-
lated with higher numbers of police officers per capita. The functional results of
computing on operational efficiency and agency effectiveness were not inves-
tigated.

A 2004 Singapore study researched functional improvements related to informa-
tion systems implementation among the oversight boards endemic to government
(Weiling & Wei, 2004). Weiling and Wei examined civil service and regulatory
board sites developed as part of Singapore’s governmental initiative to create an
“intelligent island”. Problems in creating this included the civil service mindset,
ambiguity of goals, limited technical capabilities, and financial resources, and the
so-called digital divide, difficulties in offering Web-based services when a
substantial fraction of the public is not network connected.

As home-based Internet access increases, so do opportunities for innovative
government service delivery (Dawes et al., 1999). A growing number of
households access networks through well-understood common user interfaces
engineered in accordance with industry quality metrics. This self-learning
resolves a portion of the training challenges described above. Service delivery
benefits in Web-based outreach include improved information access at reduced
cost, and increased integration across governmental agencies. Government
employees and citizens alike bring to task Internet systems knowledge and skills
transferred from personal use of the Internet at home.

The shift to Web-based services also introduces potential gains in right-sizing
computer hardware and software systems, recognizing the limited flexibility and
long cycle times in mainframe application installation. Improved public service
via the Internet is developing despite the on-going challenge of a digital divide.
Some research suggests the divide may resolve itself over time, at least as far
as access to government services is concerned (Moe, 2004; Thomas & Streib,
2003; for a contrasting view on the digital divide as symptomatic of more
fundamental sociopolitical forces, see Gorski, 2003). Optimism derives from high
information system familiarity among youth and a finding that “net evaders”
often live in households where others access the Internet on their behalf (Lenhart
et al., 2003).

Three quality-related causes for government information system management
failures — definition, process, and communication — are postulated in a study
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of 15 local governments in Poland as follows (Pawlowska, 2002). Executive
leadership and managers inadequately described the actual information needs of
the organization (quality of system definition). Project management failures
derived from management expertise in either public management or information
systems, but not both, resulting in oversight errors (quality of process manage-
ment). Divergent group interests could not be resolved (quality of communication
and cooperation). Failures in executive leadership in government are repeatedly
noted (Kouzmin & Korac-Kakabadse, 2000; Rocheleau, 2000). Executives
often substitute generic “best practices” or benchmarking targets for targeted
mastery of government agency management strategies and technology funda-
mentals.

Governments can be innovation leaders in addition to more typical roles as late
adopters or technological laggards. Creation of the Internet is a premier example
of government in a leading role: the network of computer hosts, first called the
ARPANet, originated in the U.S. Department of Defense’s Advanced Research
Projects Agency. Fiscal constraints and the non-entrepreneurial nature of most
government work rank as causes for later adoption of technologies. Political
reality requires balancing economic efficiency against fundamental protection of
public rights, a constraint that can reduce or even erase the value of major
information system initiatives such as business process reengineering (Kellough,
1998). A civil service workforce that sees limited turnover and training shortfalls
also contribute to a pattern of late adoption.

Variable Quality Requirements
of Government

“Good enough for government work™ goes the cliché in defense of mediocrity.
Designers of government systems find the level of required quality varies by
situation, and may remain fluid over the entire system life cycle. This creates
unusual challenges for information system architecture, since costs for high
quality systems may exceed the functional value that governments are willing to
fund. This is the source of a government-specific definition of quality as reliable,
cost effective operation of information systems as tasked. Standards such as the
ISO 9000 series and Carnegie Mellon’s Capacity Maturity Model provide more
specific and robust guidance for system builders. ISO standard, ISO/IEC 14598-
1:1999, provides a similar statement that internal quality consists of “the totality
of characteristics of an entity that bear on its ability to satisfy stated and implied
needs.” ISO/IEC 9126-1:2001 defines external quality as “the extent to which a
product satisfied stated and implied needs when used under specific conditions™
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(International Organization for Standardization, n.d.). These general definitions
combine with detailed specifications for certification, protecting purchasers of
third-party information systems from risks inherent in products whose internal
operations and construction are opaque.

Government Systems Quality Requirements Vary by
Design

Following ISO criteria for usability, security, and quality-in-use in spiritifnot in
their detailed totality, governments routinely design and construct systems to
meet specific quality standards, such as four nines reliability, where a result is
guaranteed 99.99% of the time. For example, an electric system that is reliable
99.9% of the time (three nines reliability) results in about 8 hours of power
disruption each year. Four nines reliability reduces that to 53 minutes a year; this
is the generally available level of electric system reliability in the U.S. Some
customers — hospitals, manufacturers, and high technology firms — face
operational demands for higher than average reliability, and are willing to pay for
it. Six nines reliability reduces disruption to 30 seconds per year. Electric utilities
are beginning to introduce granularity of system design and operation necessary
to offer quality variation by customer. Meanwhile, some energy users develop
private primary or supplemental power supplies. Similar to the four nines
reliability in the energy industry, many government information systems have a
single quality standard and offer universal service, regardless of ability to pay the
full costs of services received. In these instances, governments match revenue
to costs through specific tax levies, higher average fees, or on average lower
quality service.

Government information systems often deviate from standard software devel-
opment life cycle (SDLC) models. Programs are “tweaked” incessantly with
changes in political environments. With limited time and less training, in-house
personnel maintain information systems designed and installed by specialty
consulting firms. In order to meet targeted return-on-investment (ROI) hurdles
in preproject planning, conceptual supporters tend to underestimate initial
implementation costs and overestimate utilization as well as the length of time the
information system will be in place. Additional products are added in a somewhat
piecemeal fashion to hardware and software already in place. Commercial off-
the-shelf (COTS) products are modified to operate under non-standard condi-
tions, reducing their intrinsically engineered adherence to quality standards.
Finally, government agencies build from scratch or contract for information
systems whenever no viable commercial market exists to meet system require-
ments. Complying with commercial-grade quality controls often exceeds the
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available budget for these systems, again making less rigorous quality standards
acceptable.

High Quality Lasts Longer, Does More; Adequate
Quality is a Task Workhorse

In assessing the attainment of goals, quality on a system-by-system basis is
defined through explicit measures of operational function, error rates, and
variance from expected outcomes. Public managers instead commonly express
quality goals in qualitative terms rather than quantitative targets. Qualitative
terms better satisfy senior appointees and elected officials whose education and
life experience include little technical background setting or interpreting perfor-
mance metrics. Operationally, senior managers in government tasked with the
success of information systems are similarly rarely educated in detailed defini-
tions of quality metrics. In the spirit of these qualitative preferences, three quality
ranges are described here: adequate quality and high quality, both acceptable
alternatives to poor quality.

A software system of adequate quality accomplishes the minimum tasks for
which it was designed, and continues to operate to accomplish most tasks until
the hardware wears out, or changes in government rules result in its abandon-
ment. This adequacy can be contrasted with the profile of a poor quality system
that fails to be implemented, or if implemented is rarely used and not kept up to
date. Poor quality systems may function precisely and correctly according to
original detail specifications; but whether through faulty communications or
changes in circumstances, poor systems are abandoned almost immediately.
Staff and managers will retask for everyday purposes hardware and some
component software acquired as part of the development of a poor system,
incorporating these assets into higher quality systems whose utility was initially
underestimated and where expansion is desired.

An information system of 4igh quality also accomplishes the minimum tasks for
which it was designed. It further performs other tasks that either were add-ons
to the original design or that provide unexpected extra value. The high quality
system produces consistently valuable results and is robust, exceeding its
budgeted life for long periods. These systems can be recognized in the willing-
ness of government agencies to make extraordinary efforts to keep them
operational across multiple generations of hardware and software, and to protect
them at times of agency reorganization or budget rationalization. When high
quality systems are ultimately retired, replacement systems may be rejected
several times before an agency settles on a new system with an adequate
operational profile.
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This pragmatic, backwards-looking orientation, what might be termed “quality in
the rear-view mirror,” is conspicuous in any working description of quality
information systems in government. Pragmatism distinguishes quality determi-
nation in government settings where competitive pressures rarely create the
rationale for new systems. Should the direct costs or operating profile of
government fail to please the electorate, the leadership can and often is replaced.
Even without public attention, managers frequently alter information systems
expectations in imitation of private sector trends (Abrahamson & Fairchild,
1999). This heightens tensions among in-house technology staff held directly
responsible for quality outcomes under shifting expectations. Long lag time
between phases of an information system project also creates difficulties in
assuring information systems quality. Managerial assessment of success is
frequently determined not by meeting initial specifications, but by after-the-fact
evaluation criteria incorporating interests of parties not engaged in earlier
planning.

Cases Exemplify Varying Quality in Government
Information System Outcomes

What are the consequences in government systems of systems meeting the
adequate or high quality measure? What happens when a system does not even
reach the adequate level? Four examples of assessed quality failure and success
follow, illustrating differences in outcomes. The first example, California’s
statewide system for child support payment tracking, attempted to meet a federal
mandate. Two successful space projects follow. Finally, the state of Washington’s
contested gubernatorial election of 2004 illuminates difficulties faced when the
engineered quality level is inadequate only in rare instances.

In passing the Family Support Actin 1988, the Federal government tasked all 50
states with assuring child support payments in accord with court orders. The
State of California struggled for 15 years to design and implement what might
seem to be a simple tracking system. The state’s first attempt, the Statewide
Automated Child Support System (SACSS) failed spectacularly, with banner
headlines in November of 1997 declaring “Snarled Child Support Computer
Project Dies” (Ellis, 1997). Foreshadowing the collapse of SACSS, the Legisla-
tive Analyst’s Office estimated the 10-year project would cost 153 million
dollars. Her office warned any delay risked damage to the state’s budget, since
failure threatened billions in matching funds and federal penalties (California
Legislative Analyst’s Office, 1995).

Unlike the consequences faced by private firms in competitive markets, the
SACSS system failure led neither to agency collapse nor to the end of the project.
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The federal mandate necessitated continued efforts to construct a workable
information system despite high costs. In contrast, a sunset provision allowed
closure of a tiny technology oversight agency following a public scandal and
subsequent audit (California State Auditor, 2002) regarding the unconfirmed and
overstated benefits of a 95 million dollar no-bid contract.

Ten years of unsuccessful SACSS implementation cost state taxpayers hundreds
ofmillions of dollars and put at risk four billion dollars of federal funding. The total
damage far exceeds these numbers, to the degree the state’s children have not
received court-ordered support payments. A recent economic analysis (Sorensen,
2004) estimates payments in arrears for California at 18 billion dollars, nearly
20% of the nation’s total payments in arrears. This is more than four times the
3.4 billion dollars owed to the children of New York, the number two state in
arrears, which shares California’s profile in terms of divorce and awards for
child support.

Following the SACSS collapse, the state in 1999 revised its plan for a child
support system. A newly constituted California Department of Child Support
Services holds responsibility to develop the renamed California Child Support
Automation System. The original design was broken into two separate compo-
nents: the Child Support Enforcement system and the State Disbursement Unit.
With the revised plan comes a revised cost. For the enforcement system alone,
the Legislative Analyst’s Office has estimated that implementation will take an
additional 10 years and cost 1.3 billion dollars, including 465 million dollars in state
funds and the remainder from federal allocations. This is more than 10 times the
original project cost (California State Auditor, 2005).

Systems that work draw scant attention. The public disinterest that is more
typical than banner headlines indicates a measure of attainment of adequate
system quality in the information systems of everyday government work, in
contrast with professional studies of systems and organizations. Positivist and
descriptive articles in professional and academic journals on government tech-
nology systems regularly describe information systems projects of moderate
visibility and adequate quality. If these articles examining laudatory aspects of
newer systems have a weakness, it is conferring on them a status of high quality.
In public sector operating environments, attributes of highest value take time to
confirm; durability and low maintenance costs cannot be assessed in newly
functioning systems. As an example, criticism of early optimistic reporting on
1990s governmental reengineering projects activities appears repeatedly and
initial evaluations have been replaced with more objective descriptions (Brown
& Brudney, 1998; Johnston & Romzek, 1999; Lowery, 1998; Smith, 1999; fora
contrasting opinion see Thompson, 1999)

This delay in quality assessment in the practice of public management can be
seen in the complex projects undertaken by the National Aeronautics and Space
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Administration (NASA). All NASA projects have been engineered with expec-
tations of high quality information systems, since repairs to faulty systems in
outer space are extremely hazardous, if possible at all. While public excitement
centers on amazing stories, the dramatics in outer space are merely the most
visible results of a complex collection of commercial general purpose hardware,
real time operating system software, specially engineered materials, decision
support systems, high-reliability communication systems, and mundane net-
worked office computers. Despite this complexity in materials and networks,
these projects generally succeed; two examples of high quality outcomes are
described here.

The Pioneer 10 spacecraft was launched in 1972 for a mission lasting 21 months
in outer space to fly past Jupiter and send back photographs (Cowen, 2003).
After its initial mission targets were met, the spacecraft continued to send
telemetry data back to Earth. NASA assigned additional tasks to the spacecraft,
aiding the development of new generation communication technology systems.
This continued for 31 years until early 2003. Pioneer 10 became the first
manmade object to leave the solar system. It no longer sends signals, but
continues to coast through the universe with one unending task: conveying a
plaque locating Earth and describing this world’s people, languages, and cultures.

A near-space project, the Hubble telescope originally was an unsuccessful
technology implementation with its warped lens returning blurry images, blamed
in part to mismanaged contracts. The space shuttle Endeavor mission STS-61
resolved the image distortion through the placement of corrective optics (Dumoulin,
2001; Flam, 1993). Following repair, Hubble captured astounding images of
nearby and deep space objects. The underlying robustness of the system design
created inherent potential for correction; organizational resilience and openness
to change spurred successful repair. In January 2004 the NASA administrator
announced that the government would cancel future servicing missions, allowing
Hubble’s orbit to decay. Public outcry and lobbying by the scientific community
led to reconsideration of the decision to abandon Hubble. Again, system success
beyond initial and revised expectations resulted in desire for further persistence,
modifying the administration’s space program goals to develop a plan so the
Hubble project can continue.

Government information system quality derives from intrinsic system prepara-
tion for these adaptations that public agencies grow to recognize and then adopt.
Information system quality begins, therefore, with forward mapping scenario
planning. It does not end with implementation or even the post-implementation
“lessons learned.” The real lessons, at least regarding quality, emerge long into
the information system life cycle. While the smallest information technology
systems and commercial installations may not be well suited for specific scenario
planning, at a departmental or agency level they can be bundled to evaluate
overall information systems quality using scenario-based methods.
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An alternate method of acknowledging the variable nature of government
information systems demonstrates quality through explicit acknowledgment of
acceptable margins of error. Meeting a commercial-grade software four nines
reliability standard is deemed adequate in most situations. But on rare occasions,
this affordable degree of precision will not produce satisfactory results. In very
close elections, voting systems that have been engineered to a four nines level
of’precision by design produce disputed outcomes. This is not a technology error,
per se. Assessing voting results in such rare circumstances requires by design
extraordinary non-technological efforts, such as the abandonment of the auto-
mated system in favor of a hand recount (Cooper, 2004). When these secondary
processes are followed, inherent flaws in systems external to the automated
processes may be revealed in a collateral fashion, prolonging the dispute and
fogging the issue of information system quality. As an example, in the disputed
Washington state gubernatorial election of 2004, Snohomish County found 224
ballots under empty mail trays as they collected ballots for the first recount, a
recalculation by machine. “Worker errors” were cited when, as part of the
gathering of all ballots to a single statewide recount location, King County
submitted 723 additional ballots for the second recount, a manual recalculation
by hand with additional witnesses (Cook, 2004). As a result of the hand recount,
the outcome of the election changed.

Future Trends: No Silver Bullets

Three trends in government use of information technology affect efforts to
improve information system quality. First, government managers increasingly
recognize that information systems contribute to strategic innovation, beyond
merely automating menial tasks. Second, agencies manage ever-larger contract
commitments as a result of privatization, the extension of Milward’s “hollow
state” where governments provide fewer direct services and instead allocate
funds to private or non-governmental organizations (NGOs) that serve the public
on the government’s behalf (Milward & Provan, 2000). Third, large expenditures
on information systems have increased pressures on government managers to
understand in greater technical detail their information system projects, resulting
in changes in traditional leadership training or post-graduate education.

Two design paradigms — behavior science and design science — suggest
complementary methods available to public managers to increase information
system quality (Hevner et al., 2004). Behavioral science paradigms create
concise conceptual frameworks for programs, based on estimations of the
human and organizational systems in which they operate. Design science
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paradigms result in focus on the understanding of the specific problem domain
for the system and its solution. In each case these paradigmatic assumptions are
instantiated in the constructed information systems. Without a behavioral
perspective, information system quality is compromised, as it is not feasible to
confirm in all instances prenegotiated quality targets. Without a design science
perspective, information system quality is compromised by the potential for
delivery of flawless systems that do not address the specific problem for which
the system was intended.

Interagency agreements and secure network technologies create collaborative
opportunities for information systems innovation, in the presence of management
capacity. The sometimes tenuous nature of partnerships suggests agencies
benefit if they establish a software life cycle that co-terminates with an
interagency or private/public partnership, unless all required data and skills for
system continuation are acquired by each agency prior to termination. This
requires better management of in-house and contracted human resources,
including cataloguing employees’ skills and aptitudes. Leadership training pro-
grams for government executives continue to focus on high-level interpersonal
skills, but graduate education programs in public administration increasingly
include components on managing information technology. As one example, the
National Association of Schools of Public Affairs and Administration (NASPAA)
now includes information management, technology applications, and policy as an
explicit element of its curriculum standard (National Association of Schools of
Public Affairs and Administration, 2005).

Conclusion

Government entities resemble private sector firms operationally and can adopt
with minimal difficulty information systems quality metrics to support production
efficiency. However, unique challenges face public agencies as a result of
mandatory and universal service requirements. Cyclical changes in the political
environment through the electoral process heighten constraints. To create public
value with limited and intermittent funding, government agencies have adopted
quality variability as an operational norm. High quality systems are recognized
more in hindsight for their long duration and high functional value. Exhaustive
project management during implementation does not guarantee a high quality
information system result, but forward mapping scenario planning helps prepare
for likely adaptations when it can be affordably implemented.

The most likely strategy for increasing operational quality considers the long-
term horizon, involving perspectives from behavior science and decision science
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to heighten potential for information system success over the long run. Informa-
tion systems managers can expect modifications in specifications and organiza-
tional shifts in boundaries, requiring greater interagency connectedness and
reliance on non-governmental organizations as partners. Success in organiza-
tional leadership includes satisfactory management of information systems;
managers can improve their understanding of systems and capacity for effective
systems management through continuing education. Affordable maintenance
and imaginative goal extensions as shown in the exemplary systems above
illustrate attributes of high quality information systems that can be accomplished
on even the smallest scale projects when guided by forward-thinking managers.
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Chapter XV

ERP Quality:

Do Individual

Users Matter?
An Australian Case

Jenine Beekhuyzen, Griffith University, Australia

Abstract

A dramatic increase in the number of corporate organisations using or
implementing ERP systems across a range of different markets and functional
units has transpired in the past decade. This saturation in the corporate
world has led to the significant uptake of these types of Information Systems
by universities around the world. The corporate use of Enterprise Resource
Planning (ERP) systems has been well discussed in the literature; therefore,
this chapter brings a focus to the critical use of ERP systems within
university environments. The need for supporting both the individual and
the organization is an important aspect frequently missed by technology
solutions. The definitions of ERP suggest they are far-reaching and all-
encompassing, but do ERP systems meet the quality requirements of
individual users?
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Introduction

Enterprise Resource Planning (ERP) systems have been defined as “on-line
interactive systems that can provide a ‘total’ solution to an organisation’s
information systems needs by addressing a large proportion of business func-
tions” (Brown & Vessey, 1999). In line with this definition, this study views these
complex systems as “shared information systems crossing typical organisational
boundaries, having multiple users and stakeholders with different cultures and
approaches to work” (Pawlowski et al., 2000). These statements suggest that
ERPs are far-reaching and all-encompassing; we investigate if ERP systems
meet the quality requirements of individual users.

A dramatic increase in the number of corporate organizations using or imple-
menting ERP systems across a range of different markets and functional units
has transpired in the past decade. Davenport (1998) began the discussion
surrounding the significance of ERP systems adoption; Esteves and Pastor
(2001) suggested the business world’s embrace of enterprise systems may in
fact have been the most important development in the corporate use of
information technology in the 1990s; in 2005, von Hellens et al. commented on
the move into higher education.

ERP systems aim to provide a “big picture” approach to systems implementation,
which can cause a myriad of difficulties for different sectors, organizational
types, management styles, and most of all, individual users. The need for
supporting both the individual and the organization is an important aspect
frequently missed by technology solutions: ERP systems tend to address the
needs of the organization at the expense of the individual (Slade & Bokma, 2001).
Commonly, management focus on centralization of data and processes and
reporting in the first instance with very little focus on the technology solution
actively and substantially supporting the individual user in their work.

This chapter presents an analysis of the literature on ERP adoption within a
university environment, focusing on quality and how it relates to individual user
satisfaction. User satisfaction is crucial in this context because of the non-
traditional implementation process; users may not be very involved in require-
ments engineering because it is abbreviated; however, because implementation
entails “configuration” (i.e., invoking switches to implement the organization’s
business logic) which determines what the final product will look like, this is
where users involvement should be highest (but often is not).

Relating to the literature, this chapter presents a particular case of Information
Systems (IS) quality through an ERP implementation within a large Australian
university. The case is examined through the lens of the SOLE quality model
developed by Eriksson and Torn (1991). In this case, use quality is examined
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from a very specific point of view, that of ERP system users. This is presented
in terms of IS use practices such as requirement and interface quality.

The literature suggests (and this study reinforces) that individual users are rarely
considered during ERP development and deployment. This research suggests
that more attention to system quality and individual user needs during develop-
ment and implementation may help to increase user acceptance of ERP systems.
This research aims to be of value to the ERP industry and academia alike as it
discusses the impacts on the individual user’s (academic and administrative)
quality of work life in a university environment.

ERP Move into Higher Education

The saturation of ERPs in the corporate world has led to the significant uptake
of these types of information systems by universities around the world. Large
investments for ERP systems are typically acquired by large corporate organi-
zations; however, less corporate organizations such as universities are now using
them. When making this large investment, universities must be prepared for the
high risks involved and be aware of the difficulty of recovering from a large
system failure.

The corporate use of Enterprise Resource Planning (ERP) systems has been
well discussed in the literature; therefore, this chapter brings a focus to the
critical use of ERP systems within university environments. In Australia alone,
almost all ofthe 42 universities have implemented at least one module of an ERP
system (Beekhuyzen et al., 2002), in line with global trends. A number of
significant failures in the Australian University context have been reported in the
literature and the media, with the main problems stemming from lack of system
and data coordination across departments, considerable changes in user roles,
unclear vision and expectations of the system, and minimal training in the use of
the new system.

Within the context of universities, ERP systems are huge and complex, control-
ling a range of business processes in a single application linked to a central
database stemming a host of functionality. Also considering the high investments
for ERP, there is typically a great deal of hype to win the investment dollars, thus
greater user expectation. This has led to huge disappointments later and even
post-implementation depression in the organization.
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ERP Literature

The number of publications dedicated to ERP within the information systems
discipline appears small compared to the size of the business they generate.
According to Esteves and Pastor (2001), research on ERP systems has been
treated as a “secondary”, and its importance has been neglected by the IS
community. Researchers have argued the need for more investigations into ERP
(Allenetal., 2002; Esteves & Pastor, 2001; Gable, 1998). Due to their pervasive
nature and the adoption of this technology across diverse markets, ERP systems
are of interest for a wide range of professional and scholarly communities, as
well as the IS field (Esteves & Pastor, 2001).

Unsuccessful implementations of information systems have been widely cited in
the literature (Davenport, 1998; Markus, 1983; Mitev, 2000), and ERP systems
are no exception (Gefen 2000; Markus & Tanis, 2000). Despite this, little
research currently exists with which to theorize the important predictors for
initial and on-going ERP implementation success (Brown & Vessey, 1999).

A dramatic increase in the number of organizations using or implementing ERP
systems across a range of different market areas has transpired over the past
decade. Davenport (1998) suggests that ERP systems adoption is significant; the
business world’s embrace of enterprise systems may in fact have been the most
important development in the corporate use of information technology in the
1990s (Esteves & Pastor, 2001). This increase has included the significant
uptake of these types of information systems by universities around the world.

The successful adoption of information technology (IT), and increasingly ERPs,
has become a major topic in the IS literature (Allen & Kern, 2001; Davenport,
1998; DeLone & McLean, 1992, 2003; Gefen, 2000; Markus & Tanis, 2000).
Much of'the literature suggests that a significant number of ERP projects do not
succeed (Markus & Tanis, 2000) due to overlooked human aspects (Sarker &
Lee, 2000). Where there is conflict accepting the new system, something has to
give; either the software or the organization must change (Slater, 1999).

This chapter does not attempt to present all facets of the literature on ERP, but
to focus on the higher education sector, specifically universities. Esteves and
Pastor (2001) and Klaus et al. (2000) have published lengthy discussions of the
ERP literature.

University Sector

In recent years, major structural, political, and cultural change has affected
universities across the world, with the higher education institutions in which we

Copyright © 2006, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.



332 Beekhuyzen

work fundamentally changing (Allen & Kern, 2001). In Australia in the late
1980s there were calls from the government to attract more students into
universities (Hore & Barwood, 1989) when it became clear that universities
needed to improve economic efficiency resulting in a restructuring of the entire
Australian university sector. Some people claim the higher education sector has
been through a phase termed “the corporatization of universities” (Guthrie &
Neumann, 2001). Wagner and Scott (2001) refer to this trend for changes to
business solutions to reflect the marketization of universities within the global
higher education sector, which has grown increasingly complex and competitive
over the past decade.

As an answer to government policies, politics, social, and economical factors
(Andersonetal., 1999), strategic directions for universities have included the use
of information technology to streamline the university operations. These strate-
gies attempt toutilize IT in the direction of a possible increase in competitiveness
and to improve efficiency by relying on large-scale commercial information
systems. These IT strategies were initiated between the mid- to late-1990s
(AVCC, 1996; Meredyth & Thomas, 1996), with some of these IT projects
deemed essential for universities to operate and described as “necessary for
survival” (AVCC, 1996; Oliver & Romm, 2000; Yetton, 1997). Many of these
IT “essentials” are now ERP systems.

The major ERP vendors (PeopleSoft, Oracle, SAP, and JD Edwards and Baan)
have historically focused on the corporate market, with transitions into higher
education in the past decade offering a campus management/student administra-
tion module in addition to their other modules. In Australia, universities have
embraced this functionality allowing them to integrate all core functions across
the university, with many university ERP systems supporting functions across
multiple campuses.

Allen and Kern (2001) suggest that the area of ERP implementations in
universities is largely unexplored by information systems researchers with few
studies carried out (with exception of their own). As ERP systems are based on
“best practices” (Davenport, 1998) organizations, including universities, expect
that adoption will bring benefits to organizations in terms of efficiency and
useability, reducing costs, and providing more centralized control.

In light of Y2K, Commonwealth Government policies, including Goods and
Services Tax (GST), and subsequent university restructuring, replacing outdated
and overlapping paper-based systems, is part of a strategic shift of the ERP
implementing universities. However, within this context, Allen etal. (2002) argue
that the cost feasibility of system integration, training, and user licenses may, in
the end, impede ERP system utilization.
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Quality Literature

Quality in the context of information technologies is not easy to define (Eriksson
& Torn, 1997). In fact, one of the most difficult tasks in studying quality is
defining quality (Lindroos, 1997). Information systems quality is a very broad
concept (Eriksson & Torn, 1997). In the information systems quality manage-
ment literature, IS quality has been dichotomized as information quality and
software quality (Swanson, 1997) or information systems quality and software
quality (von Hellens, 1997). The same literature suggests that system quality,
information quality, and software quality affect system use and user satisfaction
with consequent individual and organizational impacts.

Another aspect of quality also needs to be viewed in this context — product
quality. The ISO9126 product quality standard attempts to quantify the “usabil-
ity” ofa system viewing “quality in use” as the capability of the software product
to enable the specified users to achieve specified goals with effectiveness,
productivity, safety, and satisfaction in specified contexts of use. The means to
do this are the six attributes of product quality; however, the following four are
most relevant in this context:

*  Functionality (suitability, accuracy, compliance with needs);
¢ Reliability (maturity, fault tolerance, recoverability);
¢  Understandability (learnability, operability, attractiveness);

e  Efficiency (time behavior, resource behavior).

In their simplest form, ERPs need to be viewed as packaged software; as being
nothing more than generic representations of the way a typical organization does
business (Koch et al., 1999). As packaged software in their basic form, a
mismatch of requirements and offering is an ever-present danger; however,
ERPs are unlike off-the-shelf packaged software in that wide choices are often
not available; thus the build alternative is not an option as would be the case in
a stand-alone functional system.

ERPs are developed according to what is “best” for an organization — based on
best practice. This lack of focus on individual users can lead to limited user
satisfaction with the quality of an ERP system, which can have a large bearing
on its acceptance and, ultimately, its success.

Attempts to specify the quality of a system from the user’s point of view have
been conducted (Lindroos, 1997); however as new technologies are emerging at
a rapid pace (such as ERP systems) (Joshi & Rai, 2000), the quality needs and
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expectations of users are constantly changing. There is growing literature on
ERP systems, such as evidenced by Esteves and Pastor’s (2001) paper;
however there are still very few publications looking explicitly at the relationship
between ERP systems and IS quality, particularly, the user.

User View of Quality

Aswe are looking atuse quality, it is important to identify what we mean by users
and who they are. Users have been defined as “the people who directly use the
software by performing the work practices that prepare data and information for
the software systems under consideration” (Andersson & von Hellens, 1997).

This study is presented from the user’s view of IS quality and explores whether
the quality problems present are system quality or software quality issues. The
user-based definition is that “quality lies in the eyes of the beholder” (Garvin,
1984) and this is a highly subjective process. Use quality or quality from the
user’s perspective is as hard to define as quality alone (Lindroos, 1997).

The definition of the user has changed over time in the literature to include
cultural considerations (Lindroos, 1997). Cultural feasibility and systemic desir-
ability can be seen as a duality; the culture constrains what changes are
perceived to be meaningful, but any actions will create/recreate the culture (i.e.,
will change or reinforce ideas about what is considered to be meaningful)
(Vidgen et al., 1993). The presence of multiple stakeholders with different
perspectives means that the definition of use quality can be problematic (Vidgen
et al., 1993) despite its significance.

In this case, users of the ERP system are a heterogenous group and therefore
have different requirements. Each user group uses the system for different
reasons, and these groups can be somewhat categorized in terms of initiators
(inputting the details); approvers (approving the details); and facilitators (pro-
cessing the details) based on their roles with the system. It is important to note
that use of this system is essential in order to get sessional staff paid. Before
implementation, this process was a manual process taking about 5 minutes. Once
the system was implemented, the electronic process then took up to an hour.

Table 1 identifies the user groups involved and their specific requirements. The
table defines the different priorities of user groups in regard to the requirements
of'the system. These are based on the literature and a good understanding of the
roles of the users.

Taking this into consideration, the user perspective is difficult to reduce to any
single quality attribute of software (von Hellens, 1997) because it is influenced
by the user’s experience and history in using similar systems.
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Table 1. Specific requirements of user groups

User Group Requirement Quality Interface Quality

Initiator Efficient entering of details Ease of use, ease of learning
Storage facilities Adaptability (novice vs. expert)

Approver Efficient processing Flexibility
Reliability Speed

Facilitator Security Communicativeness
Augmentability Non-controlling

Research Approach

In order to explore the relationship between ERP systems implementation and
user perceptions of quality, a case study employing multiple methods of data
collection (Benbasat et al., 1987) has been conducted within a large Australian
university. Case study research and an extensive review of the Information
Systems Quality Management literature has been beneficial in gaining a wider
understanding of the quality issues that could present themselves in an ERP
system implementation. Individual users’ perspectives of the system quality are
also discussed.

The organizational viewpoint of IS quality is adopted for this research. This view
is interested in the impact systems and technologies have on the way organiza-
tions work. This approach emphasizes the usability of the system and under-
stands that an information system gives new meanings to everyday things in an
organization (von Hellens, 1997). The focus of this viewpoint is on people,
information, and work practices as it considers the quality of work practices to
which the computer-based information systems provide support (Alter, 2002).

The Framework

The SOLE (SOftware Library Evolution) Model (Andersson & von Hellens,
1997) aims to maximize the utility of the information systems in an organization
(Eriksson & T6rn, 1991). The components of quality discussed in this case study
are in line with the three classes of IS quality presented by Eriksson and Térn
(1991). The SOLE Model was chosen for this study as it provides an insight into
the closely related components of quality within the context of information
systems. As one level of quality will impact on other parts of the system and its
ultimate quality, it is important to understand these relationships and the impact
they can have on the overall system acceptance and success.

The SOLE Model components are closely interrelated. The level of IS work
quality impacts the use quality via feedback mechanisms that in turn affect the
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business quality within the university. Business quality is concerned with cost
effectiveness and economic feasibility; use quality which covers all aspects of
how well the system serves the user; and IS work quality considers IS
management, operation, and evolution. Most of the quality concepts explored in
the information systems literature deal with quality as belonging to IS work
quality. IS work quality and use quality are needed in order to ensure that the
information systems are actually designed and used in a way that produces the
business benefits (Salmela, 1997).

In particular, IS use quality factors were investigated in this study. Use quality
in the SOLE model looks specifically at requirement quality; the system should
do the right things in a user-friendly way; and at interface quality where the
information produced should be correct, up-to-date, and relevant (Eriksson &
Torn, 1991). The use quality component of the SOLE Model corresponds to
Garvin’s user-based approach to quality (Garvin, 1984). Use quality has also
been identified by DeLone and McLean (1992, 2003) as being imperative in the
overall system success picture. ERP system use quality and its subsequent
success (or failure) are explored in the case study.

Methodology

It is suggested (Benbasat et al., 1987; Neumann, 1997) that every researcher
should collect data using one or more methods/techniques and “as much as
possible, the contextual and data richness of the study should be presented, and
aclear chain of evidence should be established” (Benbasatetal., 1987). Multiple
data collection methods are typically employed in case research studies as
evidence from two or more sources will converge to support the research
findings (Benbasat et al., 1987). Yin (1994) identifies several sources of
evidence that work well in case research: documentation, archival records,
interviews, direct observations (which involves noting details, actions, or subtle-

Figure 1. SOLE quality model (Adapted from Eriksson and Térn (1997) &
Andersson and von Hellens (1997)

Business Quality
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ties of the field environment), and physical artifacts. All of these sources of
evidence are used in this research.

This study, conducted in an IT school of a large Australian university, was made
up of male and female participants with a range of experience and areas of
expertise. There was a two-stage observation process, followed by semi-
structured open-ended interviews. Observation of a group training session was
conducted initially. This session had 10 participants and was attended by four
implementation staff. In this session, the implementation staff outlined the
functionality of the system, and users were invited to ask questions.

The next stage of the research involved non-participant and unobtrusive indi-
vidual observations of seven users using the system for the first time. Following
this, 10 interviews of approximately half to one hour in duration continued to
explore the nature of the impact of the system quality on the user’s work
environment. User’s behavior and interaction with organizational artifacts,
namely, the new system, was then analyzed. The majority of the users that were
interviewed were participants in the observation sessions.

Case Study

Common in ERP implementations are the customizations conducted by the
implementing consultants. As ERP systems typically dramatically alter work
practices, specific change management is required to facilitate the changeover.
These modifications to the “out of the box™ package often can result in an
exponential growth of the system and requirements, and often force an
organization’s business processes to change dramatically (Furumo & Pearson,
2004; Yakovlev & Anderson, 2000). Each of the system changes implemented
can have a significant impact on capturing data inputs, and this will ultimately
influence the quality of the data. In some cases, loss of productivity in data input
isnotas important as gains in the availability of decision-making information and
changes in other processes (O’Leary, 2000).

ERP implementations do not stress the need to identify the user groups that will
be using the system; however this is vitally important. The case implementation
did identify the broad user groups, however, gave them little attention once the
implementation was under way.

Several factors negatively influencing the ERP implementation experience were
found. Specific examples are discussed in terms of requirement and interface
quality issues. One user commented during an interview that the system was “...
just a matter of struggling with yet another badly designed human interface.”
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These factors illustrate the need for rigorous examination of the capabilities of
an ERP package to determine its “fit” with its potential users.

Requirements Quality

In terms of requirement quality, the SOLE Model considers whether the
information system is designed to meet the user’s needs (Eriksson & Torn,
1991). Security and augmentability (prepared for anticipated changes) are of
importance in achieving requirement quality. Some users commented on the
requirement quality of the ERP:

“I was disappointed that I couldn’t change data I had just entered” (User3)

“I think the design and some of the stupidity in it are definitely sub
standard” (User6)

This study identified a number of specific problems with the requirements of the
system. Examples include those shown in Table 2.

Table 2. Requirement quality issues

Format of
course code

The course code is
not formatted in the
generally accepted
way.

The first function in order to use the system is to enter the
course code in the search field; however the only course
code the system will accept is one that is in the usual way,
e.g., the usual way to represent a code is CIT1101;
however the system would only accept Cit1101.

Incorrect input
for employee

The employee number
input does not

The employee number entered must be 8 characters long;
however most current employee numbers only have 4 to 6

characters accommodate current | characters, so for the code to be accepted, 3 leading 0Os
employee number must be used, e.g., s388775 becomes s000388775.
formats

Employee Differing employee When entering an employee in the system and the

addresses do not | addresses is employee address displayed from the search is different to

match displayed the address given by the employee, it is not clear what

should be done, e.g., does the initiator just assume that this
is the correct person displayed and that the system has the
address wrong and change the details in the system, or
should they create a new employee based on name?

are lost

Summary details

No option to save the
summary

It is not possible for the initiator to save a copy of the
summary. The only option is to print a hard copy.
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Interface Quality

Eriksson and Torn (1991) argue that interface quality measures whether the
information system is easy to use, easy to learn, and communicative. Issues, such
as whether the interface is adaptable to the style of the user (novice vs. expert),
its flexibility, and its speed, are also considered as interface quality essentials.
Whether the system and interface controls the work performance is also
explored. In regard to interface quality some comments from users included:

“It’s just a matter of struggling with yet another badly designed human
interface” (User5)

Some of the instructions concerning work flow weren’t as clear as they could be,
so it’s not a great job of user interface design at all” (User3)

Table 3. Interface quality issues

Format of course

The course code is

Even though the input course code format is specific, there

code not formatted in the is no formatting example next to the input box. The code
generally accepted needed is not intuitive.
way.
Visibility of The selected When a department is selected (other than the default), the
selected department is not change is not reflected in the department description next
department visible to the selection box.

Incorrect input
for employee
characters

The employee
number input does
not accommodate
current employee
number formats

Even though the input employee number format is
specific, there is no formatting example next to the input
box. The extra characters code needed are not intuitive.

Essential links
not visible on

A number of essential
links are not easily

When displaying the screen for input of work schedule
details, the link to the next page is over the edge of the

work schedules

screen viewable on the displayed screen. The user must scroll across the page to
screen see the link. This is not intuitive.
Page split is A page with essential | The essential work schedule codes are displayed across
inconvenient codes is displayed two pages; however using the first page listing still
over two pages requires the user to scroll down to the bottom of the list.
As the list on the second page is quite short, it would be
more effective to have all work schedule listings on one
page.
Working weeks Holiday weeks are The holiday periods without scheduled classes are not
unclear highlighted in the made clear, and users often add details to these boxes

without realizing. This results in incorrect costs incurred to
the course and payments made incorrectly to staff.

The “fill all’
button is
confusing

Buttons are easily
mistaken

The “Fill all” button on the work schedule page is visible
and easy to press by mistake. It is often confused with
being a continue button as the continue button is not
visible without scrolling across the page.

Tab moving is
not logical

Tab moves from week
1t 10

When using the TAB button to move from week to week,
the cursor moves across the page and not consecutively
through the weeks.
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“It’s to do with this stupid user interface there are some extremely small bits
on the user interface that are actually are quite important and finding them
is a problem” (User§)

This study identified a number of specific problems with the interface of the
system. Examples include those shown in Table 3.

Discussion

To overcome the challenges of ERP implementations and the barriers to
adoption, the right solution must enable universities to manage all of the
computing resources that participate in the delivery of the university’s products
and services (EMBPWG, 1998, p. 5). Best practices in terms of system
architecture state that the user interface should display information from a
multiplicity of perspectives, which will equate to greater utility as a larger
audience will accept working with the tool (EMBPWG, 1998), p. 7). Ease of use
is almost always a factor in comparative ERP evaluations (O’Leary, 2000) and
EMBPWG suggest that the user interface should be easily customizable so that
administrators can move beyond elemental management to actual business
process management.

In relation to ERP requirement quality issues, critical assumptions are often
made that should be examined by the organization implementing the ERP. It is
often assumed that the “best” ERP package is the one with the most listed
features. This can discount the fact that the focus should be on the value creation
opportunity of the specific modules adopted (O’Leary, 2000).

Itis concluded that the majority of the IS quality issues presented in this chapter
are product quality issues, as opposed to system quality issues or information
quality issues. Also, interface quality issues are slightly more evident than
requirement quality issues. More attention to the needs of the individual user will
improve system effectiveness and reduce the impact of the system.

Usability is an important issue that needs particular attention during development
and should also be considered heavily during customization. ERP vendors have
increasingly tried to increase their systems user-friendliness (O’Leary, 2000);
however this needs much more focus. More attention also needs to be paid to the
requirement quality issues of ERP during implementation.

This discussion leads to an understanding that a more user-centered focus during
software development would lead to increased system acceptance and, there-
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fore, success. As ERP systems are packaged software, this advice needs to be
adopted by ERP developers and implementers.

This study was situated within the university environment, and problems found
were specific to this context; however many of the quality problems and issues
presented are very relevant to other implementation contexts.

Conclusion

This chapter presents an analysis of the literature on ERP adoption inuniversities
with a focus on quality and how it relates to individual user satisfaction. The
literature suggests that individual users are rarely considered during ERP
development and implementation.

A specific case of ERP implementation in auniversity is investigated and viewed
through the lens of Eriksson and Torn’s SOLE quality model. Specifically
exploring requirement quality and interface quality allowed a deep understanding
of the users’ interactions and experiences with the system. The quality issues
identified in this case can be classified as predominantly system quality issues
and interface (usability) issues.

Aninteresting dichotomy is presented: are the quality issues identified in this case
a result of implementation (service) errors or ERP package (software) errors?
The data suggest they are implementation errors; thus a different implementation
team may have gathered different requirements resulting in a different approach
to ERP quality.

This study explores the relationship between ERP systems and the quality
requirements of individual users and suggests that more attention to system
quality and individual user needs during development and implementation may
help to increase user acceptance and, therefore, the overall success of ERP
systems.

This research aims to be of value to the ERP industry and academia alike as it
discusses the impacts on the individual user’s (academic and administrative)
quality of work life in a university environment. It aims to be a solid basis for
further research into ERPs and use quality. [t is hoped that this research provides
value for future ERP implementation projects and that it has helped to develop
a practical understanding of IT and particularly the impacts of ERP on the
individual user’s (academic and administrative staff) quality of work life in a
university environment.
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Prologue

In late 2003, two years after the completion of this study of the pilot ERP
implementation of the Sessional System, the university decided to nof roll the
Sessional System out to the entire university. Instead they decided to discontinue
the use of the Sessional System altogether. The two departments involved in the
pilots were to change back to their old processes of processing sessional staff.
Reasons given for the abandonment of the system were the high costs involved.

When the abandonment of the system was announced, there was a feeling of
discontent and annoyance among users that participated in this study. After
investing much of their time in firstly learning the new system and, secondly,
using itand dealing with its frustrations for the past three years, it is not surprising
that the users feel somewhat cheated. This decision for abandonment seems
rather ironic in that suggestions from these users that are discussed here and in
the larger study of this situation (Beekhuyzen, 2001) were presented to the
university ERP project team in early 2002. The receipt of these suggestions was
not acknowledged, nor were they included in updates of the system.
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