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PART 1
Information Systems Research Concepts

Section 1.1
Methodology

Chapter I
Conducting Research in Information Systems: An Epistemological Journey ........................................ 1 
 Panagiotis Kanellis, Athens University of Economics and Business, Greece
 Thanos Papadopoulos, University of Warwick, UK

In the first chapter of this section, Panagiotis Kanellis and Thanos Papadopoulos offer a journey through 
the spectrum of epistemological and ontological perspectives in Information Systems, offering the neces-
sary background to the researcher who has to explore diligently the research methods toolkit available 
and then make a choice. It does not attempt to solve any problems in existing paradigms or present any 
new ones, but systematically examines and clarifies the underlying set of ontological and epistemological 
assumptions that underpin every research activity. After a brief discussion on ontology and epistemol-
ogy, the Information Systems field and its underlying paradigms are discussed and, what follows is an 
analysis of positivism, interpretivism, and a presentation of selected interpretive approaches. Hence, 
this chapter serves as a guide to be followed by researchers who would like to clarify and evaluate their 
views regarding epistemological and ontological assumptions, initiating a philosophical enquiry of their 
own. Consequently, it contributes in aiding the researcher to build a solid background upon which valid 
and rigorous research in the Information Systems field should be anchored.
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Chapter II
Understanding Ontology and Epistemology in Information Systems Research ................................... 35
 Francis Chia Cua, University of Otago, New Zealand & Otago Polytechnic, New Zealand 
 Tony C. Garrett, Korea University, Republic of Korea 

Ontological and epistemological elements in information systems research are introduced by Francis 
Cua and Tony Garrett. This chapter argues that ontology, epistemology, and methodology intertwine in a 
dynamic way. Ontology, as well as epistemology, is both an antecedent and a consequence of methodol-
ogy. This complex relationship has an impact on the methodology which will affect the outcome later 
on. Understanding how these three elements can be related to each other can help researchers develop 
better methodologies for information systems research.

Section 1.2
Guidelines

Chapter III
A Grounded Theory Study of Enterprise Systems Implementation: Lessons Learned 
from the Irish Health Services .............................................................................................................. 58
 John Loonam, Dublin City University, Ireland
 Joe McDonagh, University of Dublin, Trinity College, Ireland

John Loonam and Joe McDonagh discuss the application of a Grounded Theory Methodology (GTM) 
in addressing enterprise systems (ES) implementation within the Irish health services. In particular, this 
chapter will be of benefit to researchers and practitioners endeavouring to focus on ERP implementa-
tion within health care organisations. There is a lack of empirical literature to explain the application of 
GTM for IS inquiry within health care organisations. This empirical vacuum is even more lacking when 
we turn our attention to ES implementations. This chapter will be comprised of two main sections. The 
first section introduces GTM, clearly illustrating its benefits to IS inquiry. The second section provides 
the reader with an application of GTM in practice. The chapter concludes with reflections on GTM as 
an approach for IS empiricism.

Chapter IV
A Critical Theory Approach to Information Technology Transfer to the Developing 
World and a Critique of Maintained Assumptions in the Literature ..................................................... 73
 Khalid Al-Mabrouk, University of Southern Queensland, Australia
 Kieran James, University of Southern Queensland, Australia

This chapter by Khalid Al-Mabrouk and Kieran James is a polemic which aims to draw attention to the 
problems associated with use of Western economic rationalist and positivistic worldviews when study-
ing IT Transfer issues in the developing world. In particular, the authors challenge the extensive use 
of the term “success” in the extant mainstream IT Transfer literature, arguing that it is problematic for 
several reasons. Mainstream IT Transfer research portrays IT Transfer as primarily linear, incremental, 
and progressive in line with the economic rationalist belief that a “rising tide lifts all boats.” They sug-
gest Marx’s theory of dialectical materialism as an alternative to the dominant hegemony and encourage 



researchers in IT Transfer to accept the fact that internal contradictions are part of a dialectic system. IT 
Transfer researchers are encouraged to view local resistance more sympathetically. Concerted efforts 
should be made to understand and dialog with the other. Recommendations are made for more inter-
view-based case study research in preference to mass-mail out surveys which may prove ineffective in 
reaching a broad segment of the population in non-Western locations. It is suggested that the existing 
literature’s preoccupation with educated urban elites and transnational corporations may also prove to 
be a hindrance to both our increased understanding and radical social change.

Chapter V
The Challenge of Transdisciplinarity in Information Systems Research: 
Towards an Integrative Platform ........................................................................................................... 88
 João Porto de Albuquerque, University of Sao Paulo, Brazil
 Edouard J. Simon, University of Hamburg, Germany
 Jan-Hendrik Wahoff , University of Hamburg, Germany
 Arno Rolf, University of Hamburg, Germany

João Porto de Albuquerque and colleagues from Hamburg explain that research in the Information Systems 
(IS) field has been characterised by the use of a variety of methods and theoretical underpinnings. This 
fact recently raised concerns about the rigor of scientific results of IS research and about the legitimacy 
of the IS academic field. On the other hand, a number of IS researchers have argued for a view that 
values diversity as a strength of the IS field. This chapter supports this viewpoint and analyses the rela-
tion between IS research and concepts originating from theoretical debates around transdisciplinarity. 
The authors present results from a group of researchers of various disciplinary backgrounds towards an 
integrative platform for the orientation of transdisciplinary IS research. The Mikropolis platform pro-
vides researchers with a common language, allowing the integration of different perspectives through 
exchange of experiences and mutual understanding. They also discuss some practical issues that arise 
from the transdisciplinary cooperation in IS research.

Section 1.3
Epistemology

Chapter VI
A Guide to Non-Disclosure Agreements for Researchers Using Public and Private 
Sector Sources ..................................................................................................................................... 104
 Paul D. Witman, California Lutheran University, USA 
 Kapp L. Johnson, California Lutheran University, USA

This chapter by Paul Witman and Kapp Johnson provides a set of guidelines to assist information sys-
tems researchers in creating, negotiating, and reviewing nondisclosure agreements, in consultation with 
appropriate legal counsel. It also reviews the use of nondisclosure agreements in academic research 
environments from multiple points of view, including the perspectives of both public and private sectors. 
Active academic researchers, industry practitioners, and corporate legal counsel all provided input into 
the compiled guidelines. An annotated bibliography and links are provided for further review.



Chapter VII
Applied Multi-Case Research in a Mixed-Method Research Project: 
Customer Configuration Updating Improvement ............................................................................... 120
 Slinger Jansen, Utrecht University, The Netherlands 
 Sjaak Brinkkemper, Utrecht University, The Netherlands 

Slinger Jansen and Sjaak Brinkkemper are concerned that although information systems is a maturing 
research area, information systems case study reports generally lack extensive method descriptions, 
validity defense, and are rarely conducted within a multicase research project. This reduces the ability 
to build theory in information systems research using case study reports. In this chapter, they offer guide-
lines, examples, and improvements for multicase studies. If information system researchers conform to 
these guidelines, more case study reports may be published, improving the rapidly maturing research 
area of information systems.

Chapter VIII
Historical Research in Information System Field: From Data Collection 
to Theory Creation .............................................................................................................................. 140
 Erja Mustonen-Ollila, Lappeenranta University of Technology (LUT), Finland
 Jukka Heikkonen, Helsinki University of Technology, Finland

This chapter by Erja Mustonen-Ollila and Jukka Heikkonen gives important methodological, theoreti-
cal, and practical guidelines to the information system (IS) researchers to carry out a historical study. 
This study shows how a new theory can be discovered inductively from historical studies using a 
methodological guideline from previous researchers; using multiple data collection methods, such as 
semi-structured interviews, archival files, and published news; and using novel data analysis methods 
from learning and intelligent systems, such as the Self-Organizing Maps (SOMs), SOMs combined 
with U-matrices, and the Bayesian network modeling. The chapter also outlines the benefits, the main 
problems, the characteristics, and the implications of historical research in the information system field. 
Finally some research directions are provided for historical research.

PART 2
Information Systems Research Applications

Section 2.1
Software Development

Chapter IX
A Multi-Methodological Approach to Study Systems Development in 
a Software Organization...................................................................................................................... 162
 Paivi Ovaska, South Karelia University of Applied Sciences, Finland

Large-scale systems development is a complex activity involving number of dependencies that people 
working together face. Only a few studies concentrate on the coordination of development activities in 



their organizational context. Paivi Ovaska’s research study tries to fill at least part of this gap by study-
ing how systems development process is coordinated in practice. The study uses a multimethodological 
approach to interpret coordination of systems development process in a contemporary software organi-
zation in Finland. The methodology is based on the empirical case-study approach in which the actions, 
conceptions, and artefacts of practitioners are analyzed using within-case and cross-case principles. 
In all the three phases of the study, namely multisite coordination, requirement understanding, and 
working with systems development methods, both the qualitative and quantitative methods were used 
to an understanding of coordination in systems development. The main contribution of this study is to 
demonstrate that contemporary systems development is very complex and more driven by opportunity 
than is currently acknowledged by researchers. The most challenging part of the research process was 
the combination of qualitative and quantitative methods, because of the lack of multimethodological 
work done in IS discipline.

Chapter X
Usability Evaluation Meets Design: The Case of bisco Office™ ....................................................... 183
 Judith Symonds, AUT University, New Zealand
 Andrew Connor, AUT University, New Zealand

Usability Evaluation Methods are plentiful in the literature. However, there appears to be a new interest 
in usability testing from the viewpoint of the industry practitioner and renewed effort to reflect usability 
design principles throughout the software development process. In this chapter, Judith Symonds and 
Andrew Connor examine one such example of usability testing from the viewpoint of the industry prac-
titioner and reflect upon how usability evaluation methods are perceived by the software developers of 
a content driven system and discuss some benefits that can be derived from bringing together usability 
theory and usability evaluation methods protocols used by practitioners. In particular the authors use 
the simulated prototyping method and the “Talk Aloud” protocol to assist a small software development 
company to undertake usability testing. They propose some issues that arise from usability testing from 
the perspectives of the researchers and practitioners and discuss their understanding of the knowledge 
transfer that occurs between the two.

Chapter XI
An Analysis-Form of Soft Systems Methodology for Information Systems Maintenance ................ 197
 Ivan Ka-Wai Lai, Macau University of Science and Technology, China
 Joseph M. Mula, University of Southern Queensland, Australia

Soft Systems Methodology (SSM) has been employed to increase the effectiveness of organizational 
requirement analysis in software development in recent years. Various forms of SSM for software de-
velopment have been developed and examined in different environments by different researchers. There 
is little research or application that can be identified of the use of SSM in software maintenance. Ivan 
Lai and Joseph Mula develop an SSM model for software maintenance so that further research can be 
undertaken using this conceptual model.



Chapter XII
Design Science: A Case Study in Information Systems Re-Engineering ........................................... 210
 Raul Valverde, Concordia University, Canada
 Mark Toleman, University of Southern Queensland, Australia
 Aileen Cater-Steel, University of Southern Queensland, Australia

Recently, many organisations have become aware of the limitations of their legacy systems to adapt to 
new technical requirements. Trends towards e-commerce applications, platform independence, reus-
ability of prebuilt components, capacity for reconfiguration, and higher reliability have contributed to 
the need to update current systems. Consequently, legacy systems need to be re-engineered into new 
component-based systems. This chapter by Valverde and colleagues shows the use of the design sci-
ence approach in information systems re-engineering research. In this study, design science and the 
Bunge-Wand-Weber (BWW) model are used as the main research frameworks to build and evaluate 
conceptual models generated by the component-based and traditional approaches in re-engineering a 
legacy system into a component-based information system. The objective of this evaluation is to verify 
that the re-engineered component-based model is capable of representing the same business require-
ments as the legacy system.

Section 2.2
ICT Adoption

Chapter XIII
Analyzing the Use of Information Systems in Logistics Industry ...................................................... 225
 Shaligram Pokharel, Nanyang Technological University, Singapore
 Carman Ka Man Lee, Nanyang Technological University, Singapore

Logistics activities in a company consist of a wide scope of processes ranging from planning and 
implementing material flow and storage, services, and information starting from the point of origin and 
ending at the point of consumption. If ICT could be used to support these activities, logistics cost would 
decrease over the long term and the efficiency of logistics activities would increase substantially. In this 
chapter, Shaligram Pokharel and Carman Ka Man Lee explain a method to study the impact of ICT in 
logistics companies. This type of study is useful to devise a long term business process improvement 
policy in a country or a region. The authors suggest methods for collection of data and presenting them 
through descriptive and statistical analysis. They suggest the use of T-statistic method to test relationship 
between various variables and ICT implementation. They provide a hypothetical case study to show 
the steps in the analysis. The chapter would be useful to researchers conducting studies on the impact 
and suitability of information and communication technologies in logistics and other service providing 
sector. The results obtained from this type of study can help the decision makers to understand the op-
portunities and hurdles in achieving greater efficiency in the organizational processes through the use 
of modern information technology.



Chapter XIV
Empirical Investigation of Critical Success Factors for Implementing Business Intelligence 
Systems in Multiple Engineering Asset Management Organisations ................................................. 247
 William Yeoh, University of South Australia, Australia
 Jing Gao, University of South Australia, Australia
 Andy Koronios, University of South Australia, Australia

Engineering asset management organisations (EAMOs) are increasingly motivated to implement business 
intelligence (BI) systems in response to dispersed information environments and compliance require-
ments. However, the implementation of a business intelligence (BI) system is a complex undertaking 
requiring considerable resources. Yet, so far there are few defined critical success factors (CSFs) to which 
management can refer. Drawing on the CSFs framework derived from a previous Delphi study, Wil-
liam Yeoh and colleagues use a multiple-case design to examine how these CSFs could be implemented 
by five EAMOs. The case studies substantiate the construct and applicability of the CSFs framework. 
These CSFs are: committed management support and sponsorship; a clear vision and well-established 
business case; business-centric championship and balanced team composition; a business-driven and 
iterative development approach; user-oriented change management; a business-driven, scalablem, and 
flexible technical framework; and sustainable data quality and integrity. More significantly, the study 
further reveals that those organisations which address the CSFs from a business orientation approach 
will be more likely to achieve better results.

Chapter XV
Electronic Data Interchange (EDI) Adoption: A Study of SMEs in Singapore .................................. 272
 Ping Li, ROC Consulting International, Singapore
 Joseph M. Mula, University of Southern Queensland, Australia

A review of the literature showed that there appears to be very little research undertaken on EDI adop-
tion by SMEs, particularly in Singapore. The study by Ping Li and Joseph Mula is a preliminary attempt 
to quantify this area. Using a survey-based methodology, the research examined EDI adoption. Results 
indicate that Singapore SMEs confirm finding by some researchers that EDI adoption is significantly 
associated with a firm’s annual sales but is not significantly associated with employee size as other stud-
ies have shown. This study is at odds with previous single-dimension EDI adoption studies indicating 
a significant relationship between firm size (annual sales) and EDI depth. Organization size showed a 
significant relationship with the volume and diversity of EDI use but not with the depth and breadth. 
The most important reason for Singaporean SMEs to adopt EDI was pressure from their EDI-capable 
trading partners, treating pressure from their competitors as the least important.

Section 2.3
Web Services

Chapter XVI
Towards Google Earth: A History of Earth Geography ...................................................................... 294
 Hatem F. Halaoui, Haigazian University, Lebanon



Using geographical information systems (GIS) has been of great interest lately. A lot of GIS applications 
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Internet to connect to the online world database and travel in seconds between cities. In this chapter, 
Hatem Halaoui briefly explores Google Earth and presents a possible future view and an extension of 
this GIS application by adding a time feature that gives Google Earth the ability to store the history of 
the geographical information that leads towards a new Google Earth: A History of Earth Geography. For 
this purpose, the chapter presents storage and indexing approaches to be used for the storage, indexing, 
retrieval, and manipulation of geographical data used by the geographical database of the world used 
by Google Earth.

Chapter XVII
Empirical Studies for Web Effort Estimation ..................................................................................... 311
 Sergio Di Martino, Università di Salerno, Italy & Università degli Studi di Napoli 
     “Federico II”, Italy
 Filomena Ferrucci, Università di Salerno, Italy
 Carmine Gravino, Università di Salerno, Italy
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Section 2.4
e-Marketing

Chapter XVIII
Mobile Marketing ............................................................................................................................... 328
 Kazuhiro Takeyasu, Osaka Prefecture University, Japan

Recently, cellular phones capable of accessing to the Internet are prevailing rapidly in Japan. First, 
Kazuhiro Takeyasu examines their functions and features. The chapter considers classification of the 
services offered, the characteristics of cyberspace communication tools and their comparisons with mobile 
instruments, and strengths and weaknesses of mobile phones. Mobile marketing is then discussed from 
various perspectives including the ability to use real-time marketing, online coupon marketing, ease of 
customer navigation, seamless purchase procedures, and retrieval and utilization of information without 
time and spatial restriction. The author analyzes the differences in meaning between the so-called four 
Ps in real commerce marketing and those in cyberspace marketing. Finally, several cases using cellular 
phones are analyzed.



Chapter XIX
The Retaliatory Feedback Problem: Evidence from eBay and a Proposed Solution .......................... 342
 Ross A. Malaga, Montclair State University, USA

Online auctions are an increasingly popular avenue for completing electronic transactions. Many online 
auction sites use some type of reputation (feedback) system—where parties to a transaction can rate each 
other. However, retaliatory feedback threatens to undermine these systems. Retaliatory feedback occurs 
when one party in a transaction believes that the other party will leave them a negative feedback if they 
do the same. Ross Malaga examines data gathered from E-Bay in order to show that retaliatory feedback 
exists and to categorize the problem. A simple solution to the retaliatory feedback problem—feedback 
escrow—is described.

Compilation of References ............................................................................................................... 350

About the Contributors .................................................................................................................... 385

Index ................................................................................................................................................... 393



xvi  

Foreword

Some people think I am an alien.
If you have picked up a book with a title like this one (Information Systems Research Methods, 

Epistemology, and Applications), some people may think you are an alien too.
Aliens, of course, are creatures from another world. Why should we be characterized as aliens? 

Perhaps it is because, as researchers, we exist somewhere other than the “real world.” We speak of 
“real world” case studies, grounding our theory in the “real world,” doing our fieldwork out in the 
“real world.” This viewpoint holds that information systems practice occurs out there in the real world, 
whilst researchers observe and reflect from outside the real world, some otherworldly place of another 
dimension. Perhaps this other world is academia; perhaps it is a division of research and development 
(R&D) within a larger organization.

It strikes me that I have existed in “non-real worlds,” ever since I was six. This was the age at which 
I entered school followed much later by university. We all thought that our schools and universities were 
not the real world, but prepared us for the real world. My earliest professional career was in television 
broadcasting. That world was constructed of bright lights, visual and sound effects, and artificial backdrops. 
Of course, we realized that the world of our studios, sets, and control rooms was quite separate from 
the real world. Much of my information systems practical experience was associated with the military 
and defense industries. Here again, these large institutions created a perception that the military was 
isolated and distinct from “the world.” My work has also allowed me to collaborate with members of 
large, global, commercial organizations. Members of those companies also tend to regard their corporate 
environment as something distinct from the real world. It seems as if members of institutions will always 
regard themselves and their colleagues as existing apart from the real world. From this perspective, 
“research” seems to be an institution of its own, one existing apart from the “real world.”

I am beginning to suspect that, if this “real world” exists, it is actually a rather narrow, imaginary 
place populated mostly by family farmers and the owners and employees of small businesses. Perhaps 
instead, the real world is actually composed of many “non-real worlds” each supporting the grand illu-
sion of separation.

The distinction between the researchers’ world and the real world may be part of this grander illu-
sion. Do not imagine that academic research is somehow different from corporate R&D. Universities 
are certainly organizations in the real world. As any academic administrator will admit, these are normal 
organizations with buildings, budgets, staff, and products. Academia is a very real part of our native 
planet. Researchers are not aliens who visit the world to collect their data and return to their own plan-
ets for analysis of their discoveries. Like any other profession, researchers practice their profession. 
Researchers practice research.

We construct our distinction between information systems research and information systems practice as 
a means to distinguish the researcher from the subject. But somehow in this process we can easily forget 
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that research is a profession and a practice itself. But it is indeed a little more complex to consider the 
practice of information systems research in the context of research into information systems practice.

The problem with such consideration is that it most commonly unfolds in textbook style studies of 
research methodology. Such studies can be abstract and prescriptive. These studies present the research 
principles independently from their application, although illustrations of applications may follow, al-
most as a consequence of the principles. Perhaps it is more useful to study the application of research 
principles in real studies and to develop the abstractions as a consequence of the application. In this 
sense we reverse the roles of the research principles: the research principles become a consequence of 
the context in which we must develop knowledge from research.

This book provides the opportunity for just such a reversal. Many chapters offer insight into prin-
ciples of information systems research by demonstrating how these develop principles of information 
systems practice. Others illustrate how well planned information systems research can uncover why the 
application of such information systems principles succeeds or fails in specific contexts. 

Information Systems Research Methods, Epistemology, and Applications provides a book with its own 
unique, and very pragmatic, treatment of information systems research as a practical outcome of profes-
sional researchers exploring their chosen subject. Overall, this book delivers us to the intersection of two 
realms of practice: research practice and information systems practice. This intersection is a collision 
between these two very real worlds with very real tasks at hand. This is excellent learning ground. 

There are no aliens, only very human researchers engaged in the professional practice of research, 
who encounter equally human practitioners engaged in the professional practice of information systems. 
What follows is the real world of information systems research.

Richard Baskerville
Atlanta, Georgia
April 2008

Richard L. Baskerville is a professor of Information Systems at Georgia State University. His research and authored works 
regard security of information systems, methods of information systems design and development, and the interaction of 
information systems and organizations. He is a chartered engineer, holds a BS summa cum laude, from The University 
of Maryland, and the MSc and PhD degrees from The London School of Economics, University of London.



xviii  

Preface

Abstr Act

This Preface introduces the book Information Systems Research Methods, Epistemology, and Applica-
tions. The book deals with the concepts and applications of information systems research. The book 
comprises 19 chapters organised into two main parts. The first part considers the theoretical concepts 
of information systems research and the second part deals with applications. 

Introduct Ion

Within the information systems discipline, there is a strong tradition of using empirical research to con-
duct relevant and rigorous studies. It is recognised by many academics and practitioners that it is vital 
to evaluate the methods, frameworks, processes, and systems implemented in organisations. In practi-
cal settings covering many different industry sectors, evidence, in the form of surveys or multiple case 
studies, is accumulated to confirm existing theories and also to develop new models.

This collection features recent high-quality theoretical and empirical studies related to the concept, 
development, implementation, operation, and maintenance of information systems in organisations. 
The book includes both qualitative and quantitative studies of small, medium, and large organisations 
from both the public and private sectors and from a broad range of industries. The contributions include 
cases of innovative approaches to evaluation, as well as examples of effective approaches for analys-
ing, summarizing, and presenting sets of empirical data and conclusions. This book provides a valu-
able contribution as it highlights innovative applications of information systems in organisations, and 
furthermore provides practical, rather than theoretical, discussion of factors which contribute to success 
and failure of information systems. 

This book is a valuable resource for information systems and information technology (IS/IT) research-
ers, business managers, IS/IT professionals, and IS/IT students who are interested in empirical research, 
and/or evaluative studies of information systems in organisations.

In our own research and supervising students, we have found that there was little published research 
on these topics and felt that there was a need for a collection of recent research. The motivation for this 
book came from our attendance at various conferences such as the European Conference on Informa-
tion Systems and the Australasian Conference on Information Systems, and international conferences 
of Information Resources Management Association (IRMA). We contacted authors we had met at these 
conferences and encouraged them to extend their research as a contribution to this collection. The call for 
chapters was also promoted through the ISWorld and L-IRMA mailing lists and this approach resulted 
in contributions from an international cohort of authors. 
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structure of the book

This book is comprised of 19 chapters organised into two main parts; information systems research 
concepts and information systems research applications. 

Part 1: Information systems r esearch c oncepts

This part includes eight chapters organised into three sections: methodology, guidance, and epistemol-
ogy.

Section 1.1: Methodology

This section features three chapters. In the first chapter of this section, Panagiotis Kanellis and Thanos 
Papadopoulos offer a journey through the spectrum of epistemological and ontological perspectives in 
Information Systems, offering the necessary background to the researcher who has to explore diligently 
the research methods toolkit available and then make a choice. It does not attempt to solve any problems 
in existing paradigms or present any new ones, but systematically examines and clarifies the underlying 
set of ontological and epistemological assumptions that underpin every research activity. After a brief 
discussion on ontology and epistemology, the Information Systems field and its underlying paradigms 
are discussed and what follows is an analysis of positivism, interpretivism, and a presentation of selected 
interpretive approaches. Hence, this chapter serves as a guide to be followed by researchers who would 
like to clarify and evaluate their views regarding epistemological and ontological assumptions, initiat-
ing a philosophical enquiry of their own. Consequently, it contributes in aiding the researcher to build 
a solid background upon which valid and rigorous research in the Information Systems field should be 
anchored. 

Ontological and epistemological elements in information systems research are introduced by Francis 
Cua and Tony Garrett. The chapter argues that ontology, epistemology, and methodology intertwine in a 
dynamic way. Ontology, as well as epistemology, is both an antecedent and a consequence of methodol-
ogy. This complex relationship has an impact on the methodology which will affect the outcome later 
on. Understanding how these three elements can be related to each other can help researchers develop 
better methodologies for information systems research.

Section 1.2: Guidelines

The next four chapters provide guidance for specific research approaches. John Loonam and Joe Mc-
Donagh to discuss the application of a Grounded Theory Methodology (GTM) in addressing enterprise 
systems (ES) implementation within the Irish health services. In particular, this chapter will be of ben-
efit to researchers and practitioners endeavouring to focus on ERP implementation within health care 
organisations. There is a lack of empirical literature to explain the application of GTM for IS inquiry 
within health care organisations. This empirical vacuum is even more lacking when we turn our at-
tention to ES implementations. This chapter will be comprised of two main sections. The first section 
introduces GTM, clearly illustrating its benefits to IS inquiry. The second section provides the reader 
with an application of GTM in practice. The chapter concludes with reflections on GTM as an approach 
for IS empiricism. 

The chapter by Khalid Al-Mabrouk and Kieran James is a polemic which aims to draw attention 
to the problems associated with use of Western economic rationalist and positivistic worldviews when 
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studying IT Transfer issues in the developing world. In particular the authors challenge the extensive use 
of the term “success” in the extant mainstream IT Transfer literature, arguing that it is problematic for 
several reasons. Mainstream IT Transfer research portrays IT Transfer as primarily linear, incremental, 
and progressive in line with the economic rationalist belief that a “rising tide lifts all boats.” They sug-
gest Marx’s theory of dialectical materialism as an alternative to the dominant hegemony and encourage 
researchers in IT Transfer to accept the fact that internal contradictions are part of a dialectic system. IT 
Transfer researchers are encouraged to view local resistance more sympathetically. Concerted efforts 
should be made to understand and dialog with the Other. Recommendations are made for more inter-
view-based case study research in preference to mass-mail out surveys which may prove ineffective in 
reaching a broad segment of the population in non-Western locations. It is suggested that the existing 
literature’s preoccupation with educated urban elites and transnational corporations may also prove to 
be a hindrance to both our increased understanding and radical social change.

João Porto de Albuquerque and colleagues from Hamburg explain that research in the Information 
Systems (IS) field has been characterised by the use of a variety of methods and theoretical underpin-
nings. This fact recently raised concerns about the rigour of scientific results of IS research and about the 
legitimacy of the IS academic field. On the other hand, a number of IS researchers has argued for a view 
that values diversity as a strength of the IS field. This chapter supports this viewpoint and analyses the 
relation between IS research and concepts originating from theoretical debates around transdisciplinarity. 
The authors present results from a group of researchers of various disciplinary backgrounds towards an 
integrative platform for the orientation of transdisciplinary IS research. The Mikropolis platform pro-
vides researchers with a common language, allowing the integration of different perspectives through 
exchange of experiences and mutual understanding. They also discuss some practical issues that arise 
from the transdisciplinary cooperation in IS research.

Section 1.3: Epistemology 

This section includes three chapters focused on Epistemology. The chapter by Paul Witman and Kapp 
Johnson provides a set of guidelines to assist information systems researchers in creating, negotiating, 
and reviewing nondisclosure agreements, in consultation with appropriate legal counsel. It also reviews 
the use of nondisclosure agreements in academic research environments from multiple points of view, 
including the perspectives of both public and private sectors. Active academic researchers, industry 
practitioners, and corporate legal counsel all provided input into the compiled guidelines. An annotated 
bibliography and links are provided for further review.

Slinger Jansen and Sjaak Brinkkemper are concerned that although information systems is a matur-
ing research area, information systems case study reports generally lack extensive method descriptions, 
validity defense, and are rarely conducted within a multicase research project. This reduces the ability to 
build theory in information systems research using case study reports. In this chapter they offer guide-
lines, examples, and improvements for multicase studies. If information system researchers conform to 
these guidelines, more case study reports may be published, improving the rapidly maturing research 
area of information systems.

The chapter by Erja Mustonen-Ollila and Jukka Heikkonen gives important methodological, 
theoretical, and practical guidelines to the information system (IS) researchers to carry out a historical 
study. This study shows how a new theory can be discovered inductively from historical studies using 
a methodological guideline from previous researchers; using multiple data collection methods, such as 
semistructured interviews, archival files, and published news; and using novel data analysis methods 
from learning and intelligent systems, such as the Self-Organizing Maps (SOMs), SOMs combined 
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with U-matrices, and the Bayesian network modeling. The chapter also outlines the benefits, the main 
problems, the characteristics, and the implications of historical research in the information system field. 
Finally some research directions are provided for historical research.

Part 2: Information systems r esearch Applications

The second part of the book includes research related to information systems applications divided into 
four sections: software development, ICT adoption, Web services, and e-marketing.

Section 2.1: Software Development

This section comprises four chapters. Large-scale systems development is a complex activity involving 
number of dependencies that people working together face. Only a few studies concentrate on the co-
ordination of development activities in their organizational context. Paivi Ovaska’s research study tries 
to fill at least part of this gap by studying how systems development process is coordinated in practice. 
The study uses a multimethodological approach to interpret coordination of systems development pro-
cess in a contemporary software organization in Finland. The methodology is based on the empirical 
case-study approach in which the actions, conceptions, and artefacts of practitioners are analyzed using 
within-case and cross-case principles. In all the three phases of the study, namely multisite coordination, 
requirement understanding and working with systems development methods, both the qualitative and 
quantitative methods were used to an understanding of coordination in systems development. The main 
contribution of this study is to demonstrate that contemporary systems development is very complex 
and more driven by opportunity than is currently acknowledged by researchers. The most challenging 
part of the research process was the combination of qualitative and quantitative methods, because of the 
lack of multimethodological work done in IS discipline.

Usability Evaluation Methods are plentiful in the literature. However, there appears to be a new 
interest in usability testing from the viewpoint of the industry practitioner and renewed effort to reflect 
usability design principles throughout the software development process. In this chapter, Judith Symonds 
and Andrew Connor examine one such example of usability testing from the viewpoint of the industry 
practitioner and reflect upon how usability evaluation methods are perceived by the software developers 
of a content driven system and discuss some benefits that can be derived from bringing together usability 
theory and usability evaluation methods protocols used by practitioners. In particular the authors use 
the simulated prototyping method and the “Talk Aloud” protocol to assist a small software development 
company to undertake usability testing. They propose some issues that arise from usability testing from 
the perspectives of the researchers and practitioners and discuss their understanding of the knowledge 
transfer that occurs between the two.

Soft Systems Methodology (SSM) has been employed to increase the effectiveness of organizational 
requirement analysis in software development in recent years. Various forms of SSM for software de-
velopment have been developed and examined in different environments by different researchers. There 
is little research or application that can be identified of the use of SSM in software maintenance. Ivan 
Lai and Joseph Mula develop a SSM model for software maintenance, so that further research can be 
undertaken using this conceptual model.

Recently, many organisations have become aware of the limitations of their legacy systems to adapt 
to new technical requirements. Trends towards e-commerce applications, platform independence, reus-
ability of prebuilt components, capacity for reconfiguration and higher reliability have contributed to 
the need to update current systems. Consequently, legacy systems need to be re-engineered into new 
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component-based systems. This chapter, by Valverde and colleagues, shows the use of the design sci-
ence approach in information systems re-engineering research. In this study, design science and the 
Bunge-Wand-Weber (BWW) model are used as the main research frameworks to build and evaluate 
conceptual models generated by the component-based and traditional approaches in re-engineering a 
legacy system into a component-based information system. The objective of this evaluation is to verify 
that the re-engineered component-based model is capable of representing the same business require-
ments as the legacy system.

Section 2.2: ICT Adoption

Three chapters are included in this section addressing diverse adoptions such as supply chain logistics, 
business intelligence, and EDI.

Logistics activities in a company consist of a wide scope of processes ranging from planning and 
implementing material flow and storage, services and information starting from the point of origin and 
ending at the point of consumption. If ICT could be used to support these activities, logistics cost would 
decrease over the long term and the efficiency of logistics activities would increase substantially. In this 
chapter, Shaligram Pokharel and Carman Ka Man Lee explain a method to study the impact of ICT in 
logistics companies. This type of study is useful to devise a long term business process improvement 
policy in a country or a region. The authors suggest methods for collection of data and presenting them 
through descriptive and statistical analysis. They suggest the use of T-statistic method to test relationship 
between various variables and ICT implementation. They provide a hypothetical case study to show 
the steps in the analysis. The chapter would be useful to researchers conducting studies on the impact 
and suitability of information and communication technologies in logistics and other service providing 
sector. The results obtained from this type of study can help the decision makers to understand the op-
portunities and hurdles in achieving greater efficiency in the organizational processes through the use 
of modern information technology. 

Engineering asset management organisations (EAMOs) are increasingly motivated to implement 
business intelligence (BI) systems in response to dispersed information environments and compliance 
requirements. However, the implementation of a business intelligence (BI) system is a complex under-
taking requiring considerable resources; yet, so far there are few defined critical success factors (CSFs) 
to which management can refer. Drawing on the CSFs framework derived from a previous Delphi study, 
William Yeoh and colleagues use a multiple-case design to examine how these CSFs could be implemented 
by five EAMOs. The case studies substantiate the construct and applicability of the CSFs framework. 
These CSFs are: committed management support and sponsorship; a clear vision and well-established 
business case; business-centric championship and balanced team composition; a business-driven and 
iterative development approach; user-oriented change management; a business-driven, scalable and 
flexible technical framework; and sustainable data quality and integrity. More significantly, the study 
further reveals that those organisations which address the CSFs from a business orientation approach 
will be more likely to achieve better results.

A review of the literature showed that there appears to be very little research undertaken on EDI adop-
tion by SMEs particularly in Singapore. The study by Ping Li and Joseph Mula is a preliminary attempt 
to quantify this area. Using a survey-based methodology, the research examined EDI adoption. Results 
indicate that Singapore SMEs confirm finding by some researchers that EDI adoption is significantly 
associated with a firm’s annual sales but is not significantly associated with employee size as other stud-
ies have shown. This study is at odds with previous single-dimension EDI adoption studies indicating 
a significant relationship between firm size (annual sales) and EDI depth. Organization size showed a 
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significant relationship with the volume and diversity of EDI use but not with the depth and breadth. 
The most important reason for Singaporean SMEs to adopt EDI was pressure from their EDI-capable 
trading partners, treating pressure from their competitors as the least important.

Section 2.3: Web Services

The focus of this section is on the development and use of Web Services. Using geographical infor-
mation systems (GIS) has been of great interest lately. A lot of GIS applications are being introduced 
to regular and noncomputer-expert people through their everyday used machines such as cars (GPS), 
mobile (location systems), Internet (locating systems and direction guiders), and others. Google Earth, 
a free online application, is one of those online geographical systems that provide users with a variety 
of functionalities towards exploring any place on the earth. The software uses Internet to connect to 
the online world database and travel in seconds between cities. In this chapter, Hatem Halaoui briefly 
explores Google Earth and presents a possible future view and an extension of this GIS application by 
adding a time feature that gives Google Earth the ability to store the history of the geographical informa-
tion that leads towards a new Google Earth: A History of Earth Geography. For this purpose, the chapter 
presents storage and indexing approaches to be used for the storage, indexing, retrieval and manipulation 
of geographical data used by the geographical database of the world used by Google Earth.

Web technologies are being even more adopted for the development of public and private applications, 
due to the many intrinsic advantages. Due to this diffusion, estimating the effort required to develop 
Web applications represents an emerging issue in the field of Web engineering since it can deeply affect 
the competitiveness of a software company. To this aim, in the last years, several estimation techniques 
have been proposed. Moreover, many empirical studies have been carried out so far to

assess their effectiveness in predicting Web application development effort.
In the chapter, Sergio Di Martino and colleagues report on and discuss the results of the most sig-

nificant empirical studies undertaken in this field.

Section 2.4: e-Marketing

The final section of the book concentrates on e-marketing and comprises two chapters related to cellular 
phones and online auctions. 

Recently, cellular phones capable of accessing to the Internet are prevailing rapidly in Japan. First, 
Kazuhiro Takeyasu examines their functions and features. The chapter considers classification of the 
services offered, the characteristics of cyberspace communication tools and their comparisons with mo-
bile instruments, and strengths and weaknesses of mobile phones. Then, mobile marketing is discussed 
from various perspectives including the ability to use real-time marketing, online coupon marketing, 
ease of customer navigation, seamless purchase procedures, and retrieval and utilization of information 
without time and spatial restriction. The author analyzes the differences in meaning between so-called 
four Ps in real commerce marketing and those in cyberspace marketing. Finally, several cases using 
cellular phones are analyzed. 

Online auctions are an increasingly popular avenue for completing electronic transactions. Many 
online auction sites use some type of reputation (feedback) system—where parties to a transaction 
can rate each other. However, retaliatory feedback threatens to undermine these systems. Retaliatory 
feedback occurs when one party in a transaction believes that the other party will leave them a negative 
feedback if they do the same. Ross Malaga examines data gathered from E-Bay in order to show that 
retaliatory feedback exists and to categorize the problem. A simple solution to the retaliatory feedback 
problem—feedback escrow—is described.
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book develo Pment Process

A double-blind review process was used for all chapters submitted to the editors. Authors of selected 
chapters were invited to act on the reviewers’ comments and resubmit their chapters to the editors. 
Chapters were checked and final revisions applied. 

We have enjoyed the process of compiling this book and in particular working with the contributors 
who provided such wide-ranging contributors on the topic of information systems research. It is up to 
you, the readers, to decide whether the perspectives offered here are relevant to your research or to the 
practical application of the concepts in your organisations. We would be delighted to hear your feedback 
on the usefulness of this collection.

dIscl AImers

No product or service mentioned in this book is endorsed, nor are any claims made about the capabilities 
of such product or service. All trademarks are copyrighted to their respective owners.

Aileen Cater-Steel and Latif Al-Hakim
Editors
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Abstr Act

This chapter offers a journey through the spectrum of epistemological and ontological perspectives in 
IS (IS), offering the necessary background to the researcher who has to explore diligently the research 
methods toolkit available and then make a choice. It does not attempt to solve any problems in existing 
paradigms or present any new ones, but systematically examines and clari.es the underlying set of on-
tological and epistemological assumptions that underpin every research activity. After a brief discussion 
on ontology and epistemology, the IS field and its underlying paradigms are discussed and what follow is 
an analysis of positivism, interpretivism, and a presentation of selected interpretive approaches. Hence, 
this chapter serves as a guide to be followed by researchers who would like to clarify and evaluate their 
views regarding epistemological and ontological assumptions, initiating a philosophical enquiry of their 
own. Consequently, it contributes in aiding the researcher in building a solid background upon which 
valid and rigorous research in the IS field should be anchored. 
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Introduct Ion

Any research activity seeks valid knowledge. This 
validity stems from community acceptance, that 
is, an agreement on a set of values which have 
produced knowledge claims that have withstood 
the test of time. This set of values is referred to 
as a “research paradigm.” Paradigms do mutate, 
evolve, or get discarded completely. However, 
this does not happen overnight due to the already 
existing cumulative tradition, which sets a pace 
in their evolution (Kuhn, 1970).

In the IS field, research paradigms and re-
search, although already established through the 
last 10 years (e.g., Benbasat & Weber, 1996; Klein 
& Myers, 1999; Wade & Hulland, 2004), are still 
being under scrutiny and dispute, continuing to 
be haunted by feelings of inadequacy, and even 
leading many IS researchers to the lament that 
the IS field lacks a theoretic core, and thereby to 
the so-called “crisis” (Benbasat & Weber, 1996; 
Benbasat & Zmud, 2003; Ciborra, 1998a; Markus 
& Lee, 1999; Stowell & Mingers, 1997). Numer-
ous research methodologies and approaches for 
analysing, summarizing, and presenting sets 
of empirical data and conclusions have been 
proposed within these paradigms (Becker & 
Niehaves, 2007; Chen & Hirschheim, 2004; Or-
likowski & Baroudi, 1991). However established 
these may be, the lack of systematic analysis 
regarding their epistemological assumptions is ap-
parent (e.g., Becker& Niehaves, 2007; Fitzgerald, 
Hirschheim, Mumford, & Wood-Harper, 1985; 
Mingers, 2001a), leading the researcher to ques-
tion, at least, their applicability in the context of 
his own research purpose and context.

Should we, then, as seekers of valid knowledge 
and parts of fast changing organizational realities 
embrace teleology and strive to seek for “written-
in-stone” cause-effect relationships and universal 
truths that underpin positivism’s deterministic 
notions? Or should we not, instead, be looking 
for epistemological frameworks (or applied epis-
temologies) which in a given context through the 

acquisition and systematisation of knowledge, 
induce awareness to those very changing realities 
and enable us to make connected statements that 
are valid and might act as stimulants for correc-
tive action?

The purpose of this chapter is to offer a sound 
epistemological base to the research methods 
toolset available to IS researchers, addressing 
the largest possible spectrum of epistemologi-
cal issues relevant to the field. This is important 
for any research endeavour, whether it is placed 
within a social or applied science domain; even 
so in the case of IS due to the multidisciplinary 
nature of the field. The plethora of methodologi-
cal choices and tools that the new researcher 
will have to choose from may at times result to 
confusion and make an otherwise interesting and 
challenging task, rather daunting and dull. In this 
vein, this chapter does not attempt to solve any 
“problems” in existing research paradigms, or 
to offer a “new” paradigm simply because there 
are not any “old” ones; rather, it takes the reader 
to an epistemological journey, systematically 
examining and clarifying the underlying set of on-
tological and epistemological assumptions which 
underpin every IS research paradigm. It touches 
areas and unearths these paradigms, by critiquing 
their already existing assumptions. Moreover, 
it supports a move away from the conventional 
positivist notions, which seem to dominate the IS 
field. It does so by considering the ever-changing 
nature of IS and holding the assumption that as 
a successful business is constantly adapting to 
change, so should its IS.

The proposed epistemological journey has a 
twofold goal: it is useful as an example to any 
aspiring IS researcher who is faced with the 
task of having to clarify and form conclusions 
and views as to what constitutes valid knowl-
edge. Additionally, it offers the opportunity to 
the researcher to compare and evaluate existing 
research paradigms, initiating a dialectic process, 
or in other words a philosophical inquiry. Hence, 
the contribution of this chapter lies in drawing 
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points/challenges that must be taken into account 
in order to conduct valid and rigorous research in 
IS, contributing to the need for evaluating research 
methods and frameworks within their paradigms’ 
assumptions during the study of IS. The structure 
of the chapter is as follows: after a discussion on 
ontology and epistemology, we look into the IS 
field and its paradigm evolution, characteristics 
and “workings.” Considering the notion of rela-
tivism, we analyse the interpretive stance for IS 
research, followed by a presentation of selective 
research approaches that fall under interpretiv-
ism. We conclude the chapter by presenting our 
thoughts regarding future IS research.

f und Ament Al  ePIstemolog Ic Al  
/o nt olog Ic Al  Quest Ions 

The ontological and epistemological assumptions 
one makes drive any subsequent scientific inquiry. 
These assumptions are the outcome of reflection 
on reality and its nature. The persistence to find 
out what reality is has given rise to a number of 
questions that have remained a casus beli amongst 
seekers of knowledge for centuries. As one would 
expect, they remain unresolved in a sense that there 
is not an “across the board” acceptance. The only 
feature that seems to be shared by all schools of 
thought is their untamed individuality. With so 
many of them in existence and with their numer-
ous projected assumptions and doctrines, even a 
simple review can be confusing. However, a basic 
knowledge of the main schools of thought is neces-
sary for the researcher who wants to understand 
his discipline, clarify his thoughts, and formulate 
his own epistemological assumptions. 

In the IS field, several endeavours have been 
made in order to classify different research para-
digms, while taking into account their different 
epistemological assumptions. The most prevalent 
can be found in Burrell and Morgan (1979), who 
classify research into four distinct paradigms, 
namely functionalism, interpretivism, radical 

structuralism and radical humanism. In doing so, 
they use different ontological, epistemological, 
and methodological criteria, which have been 
discussed in the IS literature (Hirschheim & 
Klein, 1989). The ontological, epistemological, 
and methodological choices IS researchers make 
constitute their underpinning paradigm which 
is defined as “the most fundamental set of as-
sumptions adopted by a professional community 
which allow them to share similar perceptions and 
engage in commonly practices” (Hirschheim & 
Klein, 1989, p. 1201).

Hence, we set to provide an essentially brief 
review by structuring it around three philosophi-
cal questions in an attempt to understand why 
some paradigms are followed and some are not. 
Different paradigms can contribute to the birth of 
new ideas and insights (Benbasat & Weber, 1996; 
Hirschheim & Klein 1989). Three diverging para-
digms commonly adhered to in IS research are: 
the positivistic (or conventional), constructivist 
(or interpretive), and critical paradigm.

Is t here an o bjective r eality?

This question addresses the existence of a “real 
world” and is studied by ontology, which analyzes 
“what is” and “how it is” (Falconer & Mackay, 
1999; von Foerster, 1996, in Becker & Niehaves, 
2007; Walsham, 1995a, 1995b, 1995c; Weber, 
2004). One of the major philosophical schools 
that deal with this question is idealism, which is 
opposed to the existence of any objective reality. 
There are two streams of thought here: subjec-
tive idealism (Descartes 1596-1650; Berkeley 
1685-1753) and objective idealism (Plato 427-347 
BC, Hegel, 1770-1831. See also Grayling (1998), 
Hegel (1977), Janaway (1998), Rosen (1998), and 
Scruton (1998). Descartes, the main proponent of 
subjective idealism, proposed in his Method of 
Doubt: not to accept anything as true if he could 
give a reason for thinking it may be false, believ-
ing that we could be deceived even in that which 
seems to us most evident (Grayling, 1998). Des-
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cartes required a global doubt about everything, 
but agreed on the existence of an ultimate and 
perfect reality whose source is God (Grayling, 
1998). Berkeley’s idealism is more absolute. Ac-
cording to him, the outside world consists of a 
number of states in the mind and is a group of 
“ideas” that we have. Everything that we touch, 
hear, or feel is not objective realities but “ideas.” 
Thus, objects exist only to the extent that they 
can be perceived: esse est percipi (Grayling, 
1998). The fact that there is a common view of 
the world shared by many is the result of Divine 
Intervention. Objective idealism on the other 
hand, accepts the “real” dimension of objects. The 
dimension of the substance of Beings, “ideas,” 
the “Being itself,” is objective (Grayling, 1998). 
As Plato believed, the ideas are not a product of 
the subconscious but exist outside it and over it 
at a higher ontological domain (Janaway, 1998). 
According to Hegel (1977) and Rosen (1998), the 
reality of separate objects should be rejected, but 
there exists an all-embracing unity, the absolute, 
which is rational and real. By drawing attention 
to the particular, we are separating it from the 
whole; and so the particular is only partial true 
(Gregory, 1987).

Realism is contrasted with idealism. To the 
question as to whether reality is objective and 
exists outside the mind, realism gives a positive 
answer. But at the core, every realist’s perspec-
tive as to “what is real” depends largely upon a 
philosophy of existence. “Matter” and “mind” 
can both be accepted as real by different persons. 
For example, Platonists and Scholastic thinkers 
believed that the “real” consisted of universals 
that existed absolutely independently of people’s 
minds, while the opposite is advocated by the Car-
tesians of the seventeenth century who believed 
that one can only be certain of the reality of mind, 
matter, and the existence of God (Janaway, 1998; 
Kohl, 1992). Another form of realism believes in 
the existence of the physical world independent 
of our sense experience—the view help by physi-
cists and other scientists “who are not tortured by 
philosophical paradoxes” (Kohl, 1992, p. 73).

Phenomenologists share the sane view with 
Immanuel Kant (1724-1804)—who attempts to 
overcome the differences between realism and 
idealism (Gardner, 1998; Scruton, 1998)—sug-
gesting that objects exist outside the mind, but 
they can only be known as phenomena rather 
than as entities per se. The reason for this is that 
any empirical fact is subjected to certain a priori 
conditions that exist, and largely determine the 
working of the mind. It is those that “alter” the 
knowledge that we have about things, making us to 
recognize them only as phenomena. The identity 
and properties of the objects as are will remain 
unknown. According to Kant, there exist two types 
of entities: noumena, which exist independently 
from human consciousness, and phenomena, that 
is, constructs that depend on human conscious-
ness. However, we can only acquire knowledge 
about the phenomena, as the things themselves 
(noumena) are unknowable. Kant supports the 
view that the mind shapes the way one understands 
the world, in accordance with the fundamental 
principles of phenomenology.

Phenomenology (which must not be confused 
with phenomenalism) is quite unique with respect 
to the philosophical tradition, because it refuses 
to take a position regarding the existence or not 
of an objective reality, but rather concentrates on 
providing a new method for seeking knowledge 
(Introna & Ilharco, 2004). Edmund Husserl (1859-
1938), the founder of this movement, distinguished 
between an experiencing subject (the researcher) 
and the objects of the world, but he concentrated 
on establishing the nature of the relationship be-
tween the two. Husserl argued for the importance 
of a conscious person who at the same time is 
conscious of being unconscious. This awareness 
is central to phenomenological analysis, as it 
enables a person to reflect and distance himself 
from the experience of the world of objects that he 
has (phenomenological reduction). By doing that, 
experience is described without presuppositions, 
and the fundamental structures of consciousness 
and the “life-world” (Lebenswelt) of people are 



  �

Conducting Research in Information Systems

uncovered (Kohl, 1992). Phenomenology recog-
nizes that a person has values, feelings, and moral 
beliefs, and that he makes judgments about things 
in the world thereby giving them meaning. The 
formation of meanings is called intentionality and 
is a natural process of experiencing the world. 
To understand intentionality, one has to distance 
himself from experience by using phenomeno-
logical reduction and “reflect upon the fullness 
of the experienced moment” (Kohl, 1992, p. 68). 
Phenomenology’s contribution to contemporary 
thought is the “appreciation of the density of every 
person’s experience and the consequent refusal to 
simplify experience, or try to fit it to some pre-
established theoretical construct” (Kohl, 1992, 
p. 68). In IS research, phenomenology has been 
widely followed in various studies (e.g., Boland, 
1983, 1985, 1993; Ciborra, 1998b; Ilharco, 2002; 
Introna, 1997; Introna & Ilharco, 2004; Mingers, 
2001b; Zuboff, 1988).

Each philosophical doctrine presented in this 
brief overview could be criticized on its own 
merits but, an extensive critique, is inappropriate 
to the purpose of this chapter. We shall finish this 
section by simply stating our position in respect 
to the first question, that is, the existence of an 
objective reality. Following phenomenologists, 
we advocate towards the existence of an objec-
tive physical reality; however, we differentiate it 
from social reality. If we concentrate our atten-
tion on the difference between our conception 
of a physical object and our perception of it, we 
can understand better the existence of the real 
world in relation to our consciousness. To grasp 
better the distinction, we use “The Oxford Mini 
Dictionary,” which defines “perceive” as: “to 
become aware of, see or notice.” “Conceive” is 
defined as: “to form (an idea, etc) in the mind, 
think.” Hence, a perception is a sensory experience 
of something and its “interpretation” from our 
conscience, whereas a conception (or “permanent” 
representation) is what remains when the sensory 
experience ceases. Whereas a conception that 
we hold for a specific physical object belongs to 

us and only us as the experiencing subjects and 
can be modified at will, the perception that one 
holds for an object is more or less the same with 
the perception the majority of the members of a 
social community have, regarding the same object. 
In a sense, a perception is imposed upon us and 
is not subjected to permutations caused by will, 
but remains stable; every time we see the same 
physical object, for example, a river, we form the 
same perception about it. Social reality is different. 
It is more complex and, it is constantly changing 
because it is both created and observed by human 
beings. It is not about physical objects like a river 
is; it is about social systems. IS for example, are 
to large extent social systems. 

System requirements and constraints are so-
cially constructed and they change as perceptions 
change (Hirschheim, Klein, & Lyytinen, 1995). In 
this case, perceptions themselves are neither static 
nor are dictated to us by the physical world. They 
do change through social interaction and learning, 
as well as through the evolution of language and 
culture. Thus, although with the physical world 
there can possibly be a single account of reality, 
with social systems there can only be different 
perceptions of it.

Is k nowledge about the 
Physical/social r eality Attainable?

Is knowledge about the physical/social reality 
attainable? And if it is to what degree? This 
forms the second philosophical question, which, 
if answered, constitutes the core of epistemology 
(Becker & Niehaves, 2007; Burrell & Morgan, 
1979; Hirschheim et al., 1995; Sturgeon, Martin, 
& Grayling, 1998; Weber, 2004). Those who 
aspire to a set of beliefs, hold them as absolute, 
and do not set them under question, are said to 
be followers of a dogma. Such people adhere to 
a position that the possibility of knowledge is an 
undisputed fact (Sturgeon et al., 1998). Accord-
ing to Kant, a dogmatist is one who develops an 
adamant view on a philosophical subject, without 
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any preceding critical examination (Gardner, 
1998; Scruton, 1998). All the great philosophers 
such as Plato, Descartes, and Spinoza, have been 
dogmatists to one extent or another (Grayling, 
1998; Janaway, 1998). Scepticism is not comfort-
able with dogmas, and its followers unless they 
provided with a satisfactory reason as to why 
they should do otherwise, doubt any proposition, 
belief or history. The use of skeptical arguments 
belongs to epistemology, and in one sense they 
might be said to define it (Sturgeon et al., 1998). 
At the extreme, skepticism defies the validity of 
any knowledge, claiming that we always per-
ceive things in relation to others, which stops us 
from knowing about their nature as it is. To this, 
moral beliefs are added, which turn this into an 
impossible task. Skepticism however, is better 
understood as a challenge, not as a claim that we 
can, or cannot know and/or learn. The best way 
to respond to skepticism is “by not attempting 
to refute it on an argument-by-argument basis, 
but by showing how we know” (Sturgeon et al., 
1998, p. 57).

Rorty (1982) articulates the essence of prag-
matism very successfully by stating: 

This theory says that truth is not the sort of thing 
one should expect to have a philosophically inter-
esting theory about it. For pragmatists, “truth” is 
just the name of a property which all true state-
ments share [such as 2 plus 2 is 4] (p. xiii). 

For the pragmatists, the argument is not 
whether or not we can achieve valid knowledge, 
but whether the knowledge we have come to, is 
useful in a practical sense; that is, does it make 
our life better? Hence, truth, which can be found 
only through experiment, and validated through 
evidence of the senses, lies in action in the real 
world and not in some eternal realm (Kohl, 1992). 
If, however, truth can only be associated with the 
common good, how and with what criteria do we 
define such good? Do we accept the various opin-

ions of the general public or do we follow one that 
has been expressed by a single particular person? 
Pragmatism has been criticized on the strength 
of this argument, which shows that truth is not 
what is in the best interest of the human being; 
rather, it is the other way around (Darke, Shanks, 
& Broadband, 1998; Marshall, Kelder, & Perry, 
2005; Rorty, 1982; Wicks & Freeman, 1998).

Auguste Comte (1798-1858), a French phi-
losopher and sociologist, is credited as being the 
founder of positivism, but the Sophists and Francis 
Bacon (1561-1626) preceded him by claiming that 
knowledge is and is not possible (Grayling, 1998; 
Janaway, 1998). Metaphysical knowledge is im-
possible. Positivism postulates that all knowledge 
can be expressed in statements of laws and facts 
that are positively corroborated by measurement 
(Hirschheim et al., 1995). In a sense, Bacon tries to 
distance philosophy from science, but in doing so 
he prohibits us to look further than any empirical 
facts that we may have deduced; but those should 
only be seen as the beginning of an understand-
ing of complex phenomena, and not as en end in 
themselves (Hirschheim et al., 1995). Kant and 
his followers also argued for the importance of 
having empirical—a posteriori—material exten-
sively, but also stressed that their interpretation is 
subjected to a priori intellectual and perceptual 
capabilities (see phenomenology), that disfigure 
the physical objective reality as is (Gardner, 1998; 
Scruton, 1998).

c an k nowledge about the 
Physical/social r eality be 
Achieved by a Particular method?

What is the source of knowledge? The dialectic 
method? The experience? Or a combination of 
both? With regard to his question, which refers to 
the methodological aspect of epistemology, a clear 
distinction between the various schools of thought 
is not possible, as most adopt a middle ground. 
Any differences being portrayed emanate from 
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their ranking or importance regarding the dia-
lectics or experience as primary factors for valid 
knowledge. Philosophers like Plato and Aristotle, 
and later Descartes and Hegel, believed to a lesser 
or greater extent that the source of knowledge is 
the dialectic method and, the intellect per se—an 
intellect that operates according to its own laws and 
capabilities, irrespectively of any empirical facts 
and what exists out there; for instance, Descartes 
asserted that certain mathematical axioms and 
“ideas” we have about God, are ingrained in the 
human mind and are not the result of experience 
(Grayling, 1998; Janaway, 1998; Lawson-Tancred, 
1998; Rosen, 1998).

Based solely on those pre-existing axioms 
and ideas, we can learn about the truth by either 
not using experience at all, or by only using it 
to an extent so as to awaken our a priori intel-
lectual capabilities. This line of thinking seems 
to involve two “domains”: a conceptual one and 
the real world. If we take this to the extreme, that 
is, that concepts shape more or less the world 
we experience, we cannot compare between the 
two. If concepts come first, a comparison of the 
conceptual models with the real world is self-con-
firming (Hirschheim et al., 1995). Hegel’s (1977) 
dictum “experience only confirms what the con-
cept teaches,” sums up an essential aspect of the 
interpretivist position, which is looked at in more 
detail later in this chapter. At the opposite end lies 
positive empiricism—a view associated with John 
Locke (1632-1704), David Hume (1711-1776), and 
Berkeley (1685-1753) (Grayling, 1998). Accord-
ing to Kohl (1992), Empiricism is the theory that 
all knowledge is derived from experience rather 
than reason. Empiricists claim that reality can be 
known only through the experience of the senses, 
and that rationality alone has no ability to provide 
insight into the nature of the world (p. 60).

The intellect plays an a posteriori role by pro-
cessing only what is passed to it by the senses. 
Empiricism is synonymous with pragmatism, 
which was described previously.

Experience and intellect are inseparable from 
each other and this would be our position to the 
third question posed. Kant showed that each 
on its own is of little value for the acquisition 
of knowledge, which is the product of the two 
combined. With social reality in particular, it is 
obvious that the numerous, fluid, and contradic-
tory perceptions which are imposed on the intel-
lect via the senses, do not constitute knowledge 
themselves. Somehow all this material must be 
ordered, structured and classified on the basis 
of certain criteria, leading eventually to con-
ception. The contribution of empiricism is that 
it pushed the theory of knowledge towards the 
understanding of an objective reality, but made 
the mistake of depending solely on the real world 
on its own as the provider of truth, becoming a 
victim of absolutism (Gardner, 1998; Grayling, 
1998; Scruton, 1998).

What can, however, be said about the IS field 
itself? What are the predominant epistemological 
assumptions shared by the majority of IS research-
ers? It seems obligatory to know its characteristics 
and paradigms as well as their limitations. This 
awareness should enable us through a critical 
analysis to position our own research better with 
respect to its philosophical underpinnings.

A l ook Int o the Inform At Ion 
systems fI eld 

To say that the IS field is akin to controversy is 
perhaps an understatement. Controversy gener-
ally emanates from challenging the status quo 
by the proposition of something new, and most 
of the time radical—an idea, product, method, 
act, or, indeed, anything that could achieve that. 
The resolution of controversy comes only by 
acceptance from the majority of the members of 
the social group that has been challenged. With 
IS, this is the wider academic community, or 
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even better, the “scientific” community and its 
reluctance to accept the IS researcher and his 
endeavours, by dismissing them as “pseudo-sci-
ence” (Klein, Hirschheim, & Nissen, 1991), as 
field in crisis (Benbasat & Weber, 1996; Benbasat 
& Zmud, 2003; Ciborra, 1998; Markus & Lee, 
1999; Stowell & Mingers, 1997), and as reference 
discipline (Baskerville & Myers, 2002). It can be 
argued that those academics that aspire to conduct 
research into IS with the ultimate aim to achieve 
tenure are faced with two choices. They either 
adhere to the established paradigms for acquiring 
“valid” knowledge (without questioning whether 
or not they are appropriate for the nature of the 
objects they wish to study) or, become sceptics 
and challenge them by arguing their case as best 
as they can. As any choice, this clearly poses a 
dilemma, which is essentially an epistemological 
one. Proven avenues for the acquisition of scien-
tific knowledge exist and can be borrowed from a 
number of disciplines. Their adoption could lead 
to publishable research and of course in the long 
term, tenure. Following the other path is obvi-
ously more risky—acceptance, if ever achieved, 
will take much longer. At the outset this sounds 
like an ethical question facing the researcher. Is 
there a “right” and “wrong” epistemology in IS? 
Why is it that a physics researcher for example, 
may not have to face this question? By looking 
into the IS field and, by a consideration of the 
research thematic and the ways and methods of 
inquiry, an understanding of its nature as it stands 
as present can be achieved.

Dickson and DeSanctis (1990) note that publi-
cation activity started to blossom after 1979. They 
distinguish two types of research—scientific, 
that is, that which is empirical in nature and puts 
collected data through the rigour of scientific 
analysis, and that, which comprises of descrip-
tive or conceptual material. They advocate that 
after 1985 any research aspiring to be termed 
“IS research” must be of the first type. The main 
themes up until 1978 exhibit a descriptive nature; 
the majority of the published work offers guide-

lines or step-by-step cookbook approaches around 
topics like IS planning, evaluation, and technol-
ogy implementation. Nolan (1973) is credited 
with introducing the hypothetico-deductive (or 
scientific) method to the field, by being the first 
to formally articulate hypotheses with respect 
to the ways computing evolves in organizations. 
His State Hypothesis Model set the grounds for 
a predominant empirical flavour that the field 
acquired and still holds today.

Dickson and DeSanctis (1990) cite a study 
undertaken by Powers and Dickson (1973) as rep-
resentative of empirical and scientific IS research. 
This study was undertaken in 14 organizations 
with the aim of identifying factors associated 
with project success and failure. Having agreed 
on one successful and one unsuccessful project 
in each one of them, they then chose and related 
objective measures of project management such 
as user participation, to objective measures of 
project success such as meeting costs and time 
budgets, in an attempt to discover statistically 
significant correlations. By doing that, formal 
hypotheses were thus articulated and consequently 
tested. Powers and Dickson were members of the 
Management IS Research Centre at the University 
of Minnesota’s Carlson School of Management. 
This centre—the first of its kind—that included 
eminent scholars such as Gordon Davis and James 
Wetherbe amongst others, is credited with the 
first concentrated attempts to research IS. Their 
working paper series set a paradigm for the vast 
majority of IS research that followed there and 
elsewhere. Their subsequent launch of the Man-
agement IS Quarterly (MISQ) in 1977, which 
quickly established itself as the field’s flagship 
journal, secured their leading position regarding 
research, and shaped the field for the next 20 
years by the advocation of certain epistemologies 
(e.g., Dickson, Senn, & Chervany, 1977; Ives et 
al., 1980). This influence was widened by the fact 
that “Minnesota indoctrinated” graduates, were 
quickly finding employment in the fast emerging 
new IS departments in other universities, thus 
spreading this tradition.
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From 1979 to 1988 12 thematics were identified 
by Dickson and DeSanctis (1990) relevant to the 
management of IS: Data Resource Management, 
Administration of Computer Centres, Hardware 
Resource Management, Software Resource Man-
agement, Project Management, Planning, Orga-
nising IS, Staffing, Evaluation, Control, Security 
and Management Issues. Three hundred and two 
papers were categorised, published in major jour-
nals such as MIS Quarterly, Communications of 
the ACM, Sloan Management Review and Decision 
Sciences. They concluded that despite the much 
larger volume of published material, most of it “is 
still not empirically based [in the sense of a strict 
hypothetico-deductive method], and that the trend 
has been to evolve existing themes rather than to 
introduce radically different topics or methods 
into the management of IS area” (p. 52).

Swanson and Ramiller (1993) performed the 
same activity by analysing the 397 manuscripts 
submitted to the IS Research (ISR) journal dur-
ing the period 1987 to 1992. Their aims in per-
forming this task were different from Dickson 
and DeSanctis whose primary objective was to 
see how “scientific” the field has become by the 
scrutinisation of each published paper as to how 
much or how less empirical it is. Having identified 
37 thematic categories, one of their primary aims 
was to comment on the development of IS as a 
discipline in its own right. They thus noted, 

The view through ISR’s window reveals what 
Banville and Landry (1989) have called a “frag-
mented adhocracy.” That is, the field continues to 
be topically diverse and to be based on appeals 
to significantly different and partly incommensu-
rate reference disciplines. Reviewers essentially 
agreed, interpreting the scattering of research 
over many different topics, as indicating a lack 
of major paradigms or foundations particular to 
IS (p. 325).

More recently, Chen and Hirschheim (2004), 
confirming partially the aforementioned study, 

and examining 1893 papers published in the 
American or European journals, revealed that at 
the paradigmatic level, the vast majority (89%) 
of the U.S. publications are characterized by a 
positivist paradigm, whereas European journals 
also mainly publish research based on positivist 
principles (66%), but they tend to be much more 
receptive to interpretivist research (34%) than 
U.S. journals. Although this fragmentation may 
at first seem to defy any attempt to impose any 
thematic structure or order, according to Swan-
son and Ramiller (1993), there are four distinct 
intellectual traditions that give it some sort of a 
shape. They characterise them as (1) engineering 
and design, (2) decision processes, (3) social pro-
cesses, and (4) economic efficiency and business 
performance. These parallel what they recognise 
as the key reference disciplines for IS: computer 
science, management science, organisation sci-
ence and economics. 

Is this research diversity harmful for the IS 
field? What does this natural defiance for the 
establishment of an IS paradigm1 in the Kuhnian 
sense really mean? Is it that the field is too young 
to achieve one, or is it that its very nature will 
make any such monistic attempt impossible? And 
if this is the case, shouldn’t we start worrying and 
increase our efforts to control to the best of our 
abilities this dispersion?

Benbasat and Weber (1996) suggest that IS 
needs both paradigms and diversity in the dis-
cipline. Their view is justified on the fact that a 
paradigm can offer coherence to the IS discipline 
and characterize the phenomena that differenti-
ate it from other disciplines. On the other hand, 
any paradigms cannot account for all phenomena 
that are properly the concern of IS researchers, 
in the light of the multiple tasks of developing, 
implementing, operating, maintaining, and man-
aging IS. The specific field has to rely on diversity 
brought by reference disciplines for the different 
perspectives they provide in studying Information 
Systems. However, diversity should be controlled 
and therefore cannot be an excuse for not building 
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theories to account for phenomena that distinguish 
the Information Systems field from others.

However, Banville and Landry (1989) argue 
that a field should be accepted for what it is. 
They conjecture that any scientific field is to be 
judged relative to its aims, social importance, 
and degree of fulfilment and argue that IS has 
made significant contributions in many domains 
of knowledge such as psychology, computer sci-
ence, and management practice by being exactly 
what it is. They conclude that we should not be 
forgetting what Herbert Simon—the Nobel laure-
ate—has said: “Science, like all creative activity, 
is exploration, gambling, and adventure. It does 
not lend itself very well to neat blueprints, detailed 
roadmaps, and central planning. Perhaps that’s 
why its fun!” (p.51).

What can perhaps be stated about the IS field in 
its present state is that (a) it is established, at least as 
a reference discipline (Baskerville & Myers, 2002) 
(b) although over the last years there has been a 
move from the dominating positivistic paradigm of 
the 1980s and early 1990s, positivism is still being 
used as a research paradigm, especially in research 
conducted so as to be published in non-European 
academic journals (Dube & Pare, 2003). Given 
this view, what are then the points/challenges 
that must be taken into account with respect to 
producing good research? We summarise them 
under six headings. They are:

• Understanding of the socio-technical nature 
of IS: The point here is to be aware of this 
duality that IS exhibit and the implications 
it holds for research. We say this because 
as is often the case, researchers treat IS as a 
natural science stressing precise mathemati-
cal and technical criteria at the expense of 
logical rigor and theoretical and applied 
significance that social sciences emphasise. 
Indeed, such is the complexity of certain 
phenomena associated with IS that the scien-
tific method of inquiry into them may be too 
simplistic and produce no significant results 
with respect to understanding them.

• Understanding the applied nature of IS: 
The highly vocational character of IS should 
not be ignored. Not only research should 
be of relevance to industry and commerce, 
but it should also be presented in such a 
way that its practical value should be made 
clear and understood by the practitioner. 
Thomas Davenport made this point clear 
as a plenary speaker for the Inaugural 
Americas Conference on IS, held in 1995 
in Pittsburgh, when he said that he finds it 
impossible to read, let alone understand, a 
large proportion of the articles published in 
M-IS because of the inaccessible academic 
language they employ. Because of that, he 
noted, any practical value that there may be 
goes largely unnoticed.

• Understanding of the importance and use 
of theory: Differentiating from the recent 
past, when theory did not appear to be an 
important consideration for good research in 
IS (Straub, Ang, & Evaristo, 1984), there are 
calls for good theory in IS (Watson, 2001) and 
the development of its “own” theory (Weber, 
2003). If theory, however, is to be “borrowed” 
from any discipline with the purpose of an-
choring the research to be undertaken, this 
theory should be extensively examined and 
if needed re-evaluated with respect to the 
focus and objective of the research. Gregor 
(2006), considering the questions that arise 
about the bodies of knowledge or theories 
encompassed in a discipline, that is, domain, 
structural or ontological, epistemologi-
cal, and sociopolitical ones, suggests that 
“there is limited discussion in IS forums 
of what theory means in IS and what form 
contributions to knowledge can take” (p. 
611). However, blind adoption could have a 
negative effect by essentially constraining 
the researcher and not allowing him to “see” 
beyond a range that this theory allows the 
researcher to.
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• Clearly stated philosophical stance/episte-
mological assumptions: The IS field allows 
one the freedom to adopt any epistemologi-
cal position if he wishes to do so. However, 
the rationale behind any choice should be 
explained and made clear as it is those as-
sumptions which underline the treatment of 
any borrowed theory, research design, and 
the subsequent reporting and analysis of the 
results.

• Research Design: The research design is a 
technical plan that attempts to link the be-
ginning and ending of a study (Yin, 2003). 
Technically, it also refers to a consideration 
of the various research methods available 
to a researcher, and how any of those (or a 
combination) can be employed so as to collect 
the data required. Numerous methods exist 
such as case studies, field experiments, field 
studies, and laboratory experiments, but any 
choice is dependent upon the epistemological 
stance adopted.

• Awareness of the standards required in con-
ducting research: In conducting research, 
each method has a set of standards and 
procedures and an effort should be made in 
order for those to be reached at the highest 
level possible. Awareness would ensure that 
when the results are reported, the researcher 
is able to comment simultaneously on the 
limitations of his execution of the research 
that might have a direct effect on those.

However, the first step in order to conduct 
IS research and to proceed in the selection of 
appropriate methods is to decide regarding the 
dilemma of adopting a positivist or antipositivist 
epistemological stance. In this vain, the section 
that follows aims to present the limitation of 
positivism in the context of fast-changing orga-
nizational and social realities that IS as research 
objects are integrated parts.

t he lI mIt At Ions of Pos It Iv Ism 

We defined positivism previously, but we pro-
vide below its five main pillars as identified by 
Hirschheim (1992). Positivism is characterised 
by:

• The unity of the scientific method. Scientific 
method refers to the hypothesis—thesis—
synthesis/antithesis process for acquiring 
knowledge. By unity is meant that this pro-
cess is held as valid for all forms of inquiry 
and domains of study. As such, no distinc-
tions are made between, for example, human 
and plant life and physical and nonphysical 
phenomena. Hence, social sciences should 
emulate the natural sciences (Lee, 1989).

• The search for human causal relationships. 
Cause and effect and the attempts to discover 
the relationships and regularities between 
the two in order to make generalisable 
statements define positivist science. These 
relationships, which constitute the basis for 
generalized knowledge, can predict patterns 
of behavior across situations (Dube & Pare, 
2003). Any knowledge acquisition that is 
not based on this axiom is considered to be 
“pseudo-science.” 

• The belief in empiricism. This translates 
to the conviction that the only valid data is 
that which is experienced from the senses. 
Subjective perception, for example, is not 
considered acceptable.

• Science and its process are value-free. The 
experiencing subject, that is, the researcher, 
and his cultural, social, and moral beliefs 
as well as his past experience have no role 
whatsoever to play in the acquisition of 
knowledge. His or her world simply does 
not mix with the real world that is being 
researched. Thus, the subject is seen to play 
a passive, neutral role and does not intervene 
in the phenomenon of interest (Dube & Pare, 
2003).



12  

Conducting Research in Information Systems

• Logic and mathematics mostly provide the 
foundation of science. Those provide the 
formality needed for determining causal 
relationships through quantitative analy-
sis—the approach seen as best suited for 
doing so.

As IS are sociotechnical systems, what gives 
birth to information are the concerns of the per-
ceiver, that is, the user of the information system. 
Such a definition of information emphasises the 
social dimension of the system that is supposed 
to provide it; it also prohibits us from forgetting 
the distinctive nature of the social in contrast to 
natural phenomena. However, positivism denies 
this distinction. Fuelled by a desire to represent 
a closure on reality, it frequently involves “an 
unreflexive use of methods (e.g., experiments, 
hypothesis testing, quantification) assumed to 
be successful in the natural sciences and readily 
transferable to the domain of the social sciences” 
(Knights, 1992, p. 514). Over the last years, con-
sidering the volume of IS literature, works that 
question positivist notions such as determinism 
and objectivity either implicitly (Hirschheim, 
Klein, & Newman, 1991; Klein & Myers, 1999; 
Robey & Newman, 1996) by demonstrating the 
social side of IS; or explicitly (Orlikowski & Ba-
roudi, 1991) have grown with exponential rates, 
although there are still many cases of positivistic 
research (Dube & Pare, 2003) and of conven-
tional views, justifying the rather cynical view 
of Mowshowitz (1981): “After one has become 
habituated to the odours in a room, one ceases 
to notice them” (p. 154).

However, positivism has institutionalised crite-
ria of validity, replicability, and rigor in the context 
of scientific research, and has produced models 
that have enhanced our understanding about the 
development and use of IS (Orlikowski & Baroudi, 
1991). What is to criticize, though, is the notion 
advocated by many that positivist research is the 
only way to the acquisition of valid knowledge. If 
this is not erroneous, it certainly is limiting. For 

example, Turner, Bikson, Lyytinen, Mathiassen, 
and Orlikowski (1991) call this one-sided view that 
there exists a traditional IS research paradigm an 
oxymoron, in addition to holding it responsible 
for stopping us in “[doing] the basic descriptive 
work; developing taxonomies and testing their reli-
ability; and building and validating widely shared 
conceptual frameworks.” She concludes: “In short, 
we now lack much of the apparatus of traditional 
science” (Orlikowski, 1991, p. 721). Furthermore, 
for positivist techniques to be employed, one has 
to believe that the relationships underlying his 
phenomena of interest are determinate and one-
dimensionally causal; that research is value-free; 
and that people are not active makers of their 
social reality. Markus and Robey (1988) elucidate 
that there is no reason or substantive evidence 
to suggest that this is the case with information 
technology and human affairs. 

But reality is overwhelmingly complex and, 
most importantly, it does not remain stable so as 
to allow oneself to study it by taking snapshots in 
time—it moves too fast for that (Drucker, 1994). 
All organizations operate on a set of assumptions 
which represent their views of reality and include 
assumptions about markets, about identifying 
customers/competitors and their values and be-
haviour, and about technology and its dynamics. 
Drucker calls those assumptions a company’s 
theory of business and observes that “reality has 
changed, but the theory of the business has not 
changed with it” (1994, p. 98). The fact that these 
assumptions are failing is because the cause-effect 
relationships that underline them do not hold good 
for long in the face of continuous change. Handy 
(1980) identified three sets of spiral and assumed 
relationships as examples that no longer work, and 
argues that one cannot control or attempt to plan 
and determine with certainty for discontinuity. 
Conditions such as those reigning within con-
temporary environments should be approached 
“as experimental opportunities, seeing them as 
open-ended, not closed problems—divergent, not 
convergent” (Handy, 1980, p. 121). Such criti-
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cisms, reflecting our inabilities to account for a 
fast-changing reality, have serious implications 
on the adequacy of the existing knowledge that 
claims to inform us so as to deal better with it. It 
also has implications for the dominant methods 
available for the acquisition of such knowledge.

In this vein, Freedman (1992), with his ar-
ticle entitled “Is Management Still a Science?” 
supports our scientific predisposition, that is, to 
search for general laws or rules in a world that 
often appears to be unpredictable, uncertain and, 
even uncontrollable for those to have any lasting 
effect. Freedman draws heavily on chaos theory 
to argue that the behaviour of even relatively 
physical systems is fundamentally unpredictable. 
He remarks: 

In a sense, managers are in a position rather 
similar to that of perhaps natural scientists. They 
think they understand the relationships between 
cause and effect in their organizations. But in 
fact, the links between actions and results are 
infinitely more complicated than most managers 
suspect. As a result managers are prisoners of 
the very systems they are supposed to manage. 
They understand neither the underlying dynam-
ics of these systems nor how to influence those 
dynamics to achieve organizations goals. Indeed, 
the idea of the manager as omniscient scientific 
planner is fundamentally misguided (Freedman, 
1992, p. 33).

The reductionist tradition of trying to break 
down a system into a number of parts and analyse 
their behaviour independently in order to predict 
and control is becoming fast obsolete. Managers 
who long believed in determinism are finding 
themselves losing their faith. So what could be the 
antidote to those seemingly stagnating theories 
and perspectives? The answer is simple. Episte-
mologies need to be re-examined. The emphasis 
should be not on compiling lists of guidelines as 
to how to control an objective social reality, but 
on providing useful new ways of thinking about 
and, looking at the world.

Tsoukas (1994) identifies the three main posi-
tivist ontological assumptions as follows:

• Organizations are viewed as orderly entities 
by design;

• A social system is assumed to be indepen-
dent of a manager and, thus, the relationship 
between the two is ignored or construed as 
external;

• The orderly nature of social systems enables 
a manager to accumulate explanatory and 
predictive knowledge about them.

By arguing against such assumptions, Tsou-
kas advocates that a fresh perspective is needed 
that places interpretation right at the centre of 
management. Such new thinking in organization 
theory conceives of management as an open-ended 
process of co-ordinating purposeful individuals 
whose actions stem from applying their unique 
interpretations to the particular situations con-
fronting them. These actions give rise to often 
unintended and ambiguous circumstances, the 
meaning of which is open to further interpreta-
tions and further actions, and so on. (Tsoukas, 
1994, pp. 1-2)

Although Tsoukas’s field is organizational 
behaviour, such ontological and epistemological 
assumptions are equally attractive to IS. To a large 
extent, they themselves are social systems that are 
supposed to model the organization they reside 
within. Antipositivist assumptions have proven 
their viability by informing successful applied IS 
research (e.g., Klein & Myers, 1999; McGrath, 
2002; Ormerod, 1996; Thomas, 1996), including 
special issues in journals like EJIS (Bhattacharjee 
& Paul, 2004) and M-IS Quarterly (Markus & Lee, 
2000, 1999). After demonstrating the limitations 
of positivism in the context of a fast-changing 
IS reality, we illustrate how our understanding 
about IS could be enriched by conducting research 
that falls under the interpretivist tradition. The 
perceptive reader would have noticed and pos-
sibly questioned the absence of any mention of 
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relativism in relation to IS. We think that this is 
the right moment to do so.

r el At Iv Ism And Is  

According to Bernstein (1983), relativism is a 
stream of philosophy of the past 200 years that 
began as a trickle and swelled in recent times into 
a roaring torrent. Relativism is better explained 
and understood in relation to objectivism. We 
base this treatise mainly on points developed in 
Bernstein (1983) and Williams (1995). Extended 
discussions can also be found in Rorty (1982), 
Pratt (1978), and Myrdall (1970).

Something can be called “objective” if it is 
independent of the individual mind and its va-
lidity can be checked by a socially agreed-upon 
paradigm such as those developed for example 
in science or mathematics. It is the belief of the 
objectivist that unless knowledge, language, and 
indeed, for that matter, philosophy, are grounded 
in a rigorous manner, we cannot avoid radical 
scepticism. The search for this rightness or good-
ness is based on a conviction that there is, or 
must be, some sort of a permanent and historical 
framework or model to which researchers can 
appeal to determine it. Whatever positive claims 
thus the objectivist can make, the relativist not 
only refutes them, but goes a step further. In its 
strongest form, as Bernstein observed:

relativism is the basic conviction that when we turn 
to the examination of those concepts that have to 
be taken to be the most fundamental – whether it 
is the concept of rationality, truth, reality, right, 
the good, or norms – we are forced to recognise 
that in the final analysis all such concepts must 
be understood as relative – a specific conceptual 
scheme, theoretical framework, paradigm, form 
of life, society or culture (1983, p. 8). 

Relativism has been criticised as being naïve 
and self-referentially paradoxical, because if one 

claims that his position is true and at the same time 
insists that truth is relative, then what is taken as 
true may also be false. The result is that at any 
time, relativism itself may be true and false.

The relativist reaction however to objectivism 
concerns mostly the difference “fixed” and “non-
fixed” theorem thinking: objectivism includes 
the former, whereas relativism completely rejects 
it, having a twofold aim: first, not to provide us 
with any “definitive” theories resulting from the 
identification and exploration of cause-effect 
relationships; second, to remind us that what 
is supposed to be fixed, ultimate, necessary, or 
permanent is mistaking what is at best histori-
cally or culturally stable. A point should be made 
here before proceeding further—the distinction 
between relativism and subjectivism. We have 
to remember that relativism is a reaction and not 
a doctrine as such (Williams, 1995). A relativist 
need not be a subjectivist (a person who accepts 
that any knowledge claims that he makes is based 
to a large extent on personal experience, values 
and feelings), and a subjectivist is not necessarily 
a relativist. Accordingly, a relativist need not be 
an objectivist either. Thomas Kuhn—one of the 
most “famous” objectivists—has been regarded 
as a relativist from his notion of the evolution of 
scientific paradigms; although he never agreed 
to it himself (Bernstein, 1983).

But is relativism not hinging to absolutism in 
the way extreme objectivism (e.g., positive empiri-
cism) and subjectivism (e.g., idealism) do? Is not 
the fact that all “knowledge” and “philosophy” 
themselves are given up in favour of “philosophis-
ing,” an absolute? If the primary advantage of 
the nonfixed relativistic position lies in keeping 
us aware at all times of the relative and changing 
nature of organizational reality, what would the 
implications for the applied nature of our focal 
point—the information system be? Does adopting 
such a position mean that we should abandon all 
hope with respect to ever achieving any knowl-
edge that can be practically adequate? Does that 
mean that our role as researchers is confined 
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to us being passive and discouraged spectators 
of social change? Relativism by definition can 
contribute nothing to a social process such as 
the development of IS. As every process is a ne-
gotiating process amongst the disparate streams 
of knowledge, views and, beliefs that each and 
every participant brings along, it seems that all 
relativism has to say is that there is no basis for 
any negotiations.

Bernstein thinks otherwise. Conflict to him is 
a natural occurrence that is grounded in human 
plurality; but ultimately it does not mean that 
“we are limited to being separate individuals 
with irreducible subjective interests. Rather it 
means that we seek to discover some common 
ground to reconcile differences through debate, 
conversation, and dialogue” (Bernstein, 1983, p. 
223). What is implicit here is that for this common 
ground to be achieved, shared understandings 
and experience, intersubjective practices and a 
sense of affinity and solidarity must already exist. 
It can be safely assumed that an organization’s 
common purpose and goals, together with a com-
mon culture and values shared by its members, 
provide the background for the negotiations and 
subsequent resolution of conflict. If this prerequi-
site exists, then we may have indeed moved from 
any fallibilistic absolute to a social process being 
guided by dialogue. When such prerequisites are 
not present, the modern response is the idea that 
we engineer and impose a form of collective will 
to form such communities—but this is precisely 
what cannot be done. As such, the use of any 
knowledge or information—however objective or 
subjective it might be—should not be used as a 
form of disciplinary technique. Most IS develop-
ment approaches are such disciplinary techniques. 
We seek for the objective and rational—the one 
whose validity cannot be questioned—and we use 
such techniques as formalism and reductionism 
to elicit sets of system requirements from the us-
ers. One might argue that this is not the case with 
certain participatory design methods. However, 
even those that portray their elicited requirements 

as absolute, good, and right, are fixed in time, and 
because of that, they certainly do not represent the 
changing reality. They are, however, the will of 
the designers and information system managers 
imposed upon the user community in the face of 
the information system to be implemented.

This is where the practical (but hidden) facet 
of relativism unfolds. By thinking in relativist 
terms, we are in effect at the same time moving 
away from it in the sense that “it becomes all the 
more imperative to try again and again to foster 
and nurture those forms of community life in 
which dialogue, conversation, practical discourse, 
and judgement are concretely embodied in our 
everyday activities” (Bernstein, 1983, p. 230). This 
movement is not just a theoretical problem, as the 
task of establishing the conditions that are founded 
in dialogical communities is a practical task. In 
short, by keeping a relativistic view we are always 
reminded that nothing should be conceptualised 
as being linear, permanent, or fixed.

Inter Pret Ive APPro Aches 
t o Inform At Ion sy stems 
r ese Arch

It is easy to observe the common thread that runs 
through any positivist notion. It can be summed 
up in one word: determinism. Is positivism and 
determinism applicable however to human and 
social sciences, where the object of research is 
or includes the human element? The awareness 
of the notion of subjectivity that the human ele-
ment introduces gave rise to the antipositivistic 
epistemologies and doctrines. The major theme 
of antipositivism as introduced by Wilhelm Dil-
they (1833-1911) is the view that as individuals 
do not exist in isolation, they need to be studied 
and understood in the context of their cultural 
and social life. In addition, the possibility of 
positive and observer-independent knowledge 
is denied. Instead, the emphasis is placed upon 
sympathetic reason in understanding phenomena 
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and attributing meanings through ‘understanding 
(Verstehen) methods rather than seeking causal 
connections and universal laws via the employ-
ment of “explanation” methods (Hirschheim, 
1992; Hirschheim et al., 1995). Early examples of 
anti-positivist thinking can be found in the writ-
ings of Kant and Hegel (Gardner, 1998; Rosen, 
1998; Scruton, 1998).

The point towards antipositivism is therefore 
our acknowledgement of the fact that it is not vi-
able to understand and explain the nature, or the 
rationale behind the actions for the human element, 
as it is impossible to collect complete and objective 
sets of data that cover all the biological, social, 
and, most importantly, psychological drivers that 
give rise to them. Proponents of antipositivism 
argue, consequently, that the scientific ethos is 
misplaced in social scientific research because 
of inter alia (Galliers, 1992):

• The possibility of many different interpreta-
tions of social phenomena;

• The impact of the social scientist on the 
social system being studied;

• The problems associated with forecasting 
future events concerned with human activity 
[given the fact that] there will always be a 
mixture of intended and unintended effects 
and the danger of self-fulfilling prophecies 
or the opposite.

Klein and Myers (1999) propose a set of prin-
ciples for evaluation of interpretive field research 
in IS, which lie in the practice of anthropological 
research and the underlying philosophy of phe-
nomenology and hermeneutics. These principles 
are the following:

1. The Fundamental Principle of the Herme-
neutic Circle: this principle suggests that all 
human understanding is achieved through 
the iterative consideration of the parts and 
the whole that they form and is fundamental 
to all the other principles.

2. The principle of Contextualization: this prin-
ciple deals with the critical reflection of the 
social and historical background that should 
be incorporated in the research analysis, so 
that the audience can be informed about the 
way that the current situation emerged.

3. The Principle of Interaction between the 
Researchers and the Subjects: this principle 
has to do with reflecting in a critical way 
how the interaction between the researcher 
and the participants determined the social 
construction of data.

4. The Principle of Abstraction and Gener-
alization: this principle relates idiographic 
details that came to light during data analysis 
through the application of principles one 
and two to the “theoretical and general 
concepts that describe the nature of human 
understanding and social action” (Klein & 
Meyers, 1999, p.72).

5. The Principle of Dialogical Reasoning: this 
principle places importance to the sensitivity 
required so as to trace possible contradic-
tions between any theoretical propositions 
or preconceptions which guide the research 
design and the actual findings with subse-
quent cycles of revision.

6. The Principle of Multiple Interpretations: 
this principle places importance to the 
sensitivity required so as to trace possible 
differences in interpretations between the 
participants in the study, which are usually 
expressed in multiple narratives or stories of 
the same event or sequence of events under 
study.

7. The Principle of Suspicion: this principle 
places importance to the sensitivity required 
so as to trace possible “biases” and system-
atic “distortions” in the narratives collected 
from the participants

As interpretive research is regarded as a valid 
and important approach to IS research, justified 
by its acceptance by most mainstream IS journals 
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(Klein & Myers, 1999; Mingers, 2004; Walsham, 
2006), these principles—although they cannot be 
applied mechanistically and are based on herme-
neutics as a foundation for doing interpretive 
research—contribute to improving interpretive 
field research methodology from a practical point 
of view. Also researchers can defend their research 
based on principles firmly based to one major 
direction of interpretive research. Even more, 
this set of principles encourages researchers to 
consider and make sure each one has not been left 
out arbitrarily. Walsham (1995, 2006) provides a 
set of nonprescriptive directives for conducting 
interpretive fieldwork and, more specifically, he 
focuses on choosing a style of involvement (that 
is, gaining and maintaining access, collecting 
field data, working in different countries) and 
analysing data (that is, theory choosing and theory 
building), as well as constructing and justifying 
a contribution; furthermore, he focuses on the 
ethical research issues, such as confidentiality 
and anonymity. He advocates the view that “In-
terpretive research is here to stay in the field of 
IS” (Walsham, 1995, p. 329).

Being interested in interpretive techniques 
such as case studies, textual analysis, ethnog-
raphy, and participant observation (Walsham, 
2006), case studies, textual analysis, and par-
ticipant observation are now examined in detail. 
For a comprehensive coverage on ethnography, 
the interested reader should consult Fetterman 
(1989), Hammersley and Atkinson (1994), or Van 
Maanen (1995) and for Grounded theory Glasser 
and Strauss (1967) and Macredi and Sandom 
(1999). We should state, though, that the word 
“interpretive” is not in all cases a synonym for 
qualitative—qualitative research may or may 
not be interpretive, depending upon the underly-
ing philosophical assumptions of the researcher 
(Myers, 1997). Qualitative research can either be 
conducted in a positivist, interpretive and critical 
stance (Chua, 1986).

c ase studies

The flexibility of the case study as a research ap-
proach allows it to be equally promising from a 
positivist stance (Dube & Pare, 2004; Yin, 1989), 
or interpretivist one (Hartley, 2004; Walsham, 
1995a, 1995b, 1995c, 2006). Galliers (1992), for 
example, included it under the scientific (positivist) 
heading of his taxonomy because the majority of 
its exponents classify it as such. Ultimately, the 
utilisation of the case study method depends on 
the philosophical stance of the researcher and 
the research objective. Benbasat, Goldstein, and 
Mead (1987) although approaching the issue of 
case studies from a positivist perspective, provide 
a useful “neutral” definition: 

A case study examines a phenomenon in its 
neutral setting, employing multiple methods of 
data collection to gather information from one 
or a few entities (people, groups, or organisa-
tions). The boundaries of the phenomenon are 
not clearly evident at the outset of the research 
and no experimental control or manipulation is 
used (p. 370).

They identify the key characteristics of case 
studies as follows:

• Phenomenon is examined in a natural set-
ting.

• Data are collected by multiple means.
• One or few entities (person, group, or or-

ganisation) are examined.
• The complexity of the unit is studied inten-

sively.
• Case studies are more suitable for the 

exploration, classification, and hypothesis 
development stages of the knowledge build-
ing process; the investigator should have a 
receptive attitude towards exploration.

• No experimental controls or manipulations 
are involved.



1�  

Conducting Research in Information Systems

• The investigator may not specify the set 
of independent and dependent variables in 
advance.

• The results derived depend heavily on the 
integrative powers of the investigator.

• Changes in site selection and data collection 
methods could take place as the investigator 
develops new hypotheses.

• Case research is useful in the study of “why” 
and “how” questions because these deal 
with operational links to be traced over time 
rather than with frequency or incidence.

• The focus is on contemporary events.

In trying to understand and derive what a case 
study is, one should be careful not to confuse 
types of evidence (e.g., qualitative data), types 
of data collection methods (e.g., ethnography), 
and research strategies (e.g., case studies) (Yin, 
1981). Case studies can use either qualitative or 
quantitative evidence, or even a mixture of both. 
The case study does not imply a particular type of 
evidence nor does it imply the use of a particular 
data collection method. What the case study does 
represent is a “research strategy to be likened to 
an experiment, a history, or a simulation, which 
may be considered alternative research strate-
gies” (Yin, 1981, p. 59). The main criticism that 
is made regarding case studies is that they are 
problematic with respect to generalisability. As 
their application is restricted to a single organisa-
tion, generalisations cannot be made easily if at 
all. But for antipositivism, generalisability is not 
of concern. Let us explain.

In interpretive IS research, the validity of 
the case study approach becomes clear once it is 
realised that one seeks to understand “the context 
of the information system and the process over 
time of mutual influence between the system and 
its context” (Walsham, 1993, p. 14). To this end, 
the case study is not merely a technique or even a 
means of obtaining data; for the interpretivist it is 
a method for organising data and the selection of a 
case for study will not as a consequence therefore, 

rest on how typical (for example) the case may be, 
but on its explanatory power (Smith, 1990). It is 
noted elsewhere that epistemology and research 
methods are interrelated and a conscious effort 
must be made by the IS researcher to establish 
and communicate the extent of this relationship. 
Hence, if one adopts a positivist epistemological 
stance, statistical generalisability is the key goal 
(Walsham, 1993). For an interpretivist, generalis-
ability is irrelevant; his focus is instead on “the 
plausibility and cogency of the logical reasoning 
used in describing the results from the cases, and 
in drawing conclusions from them” (Walsham, 
1993, p. 15). Walsham adopts the view that case 
studies provide the main vehicle for research in 
the interpretive tradition. He illustrates this point 
by summarising and commenting on case stud-
ies conducted by Boland and Day (1989), Zuboff 
(1988), and Markus (1983), as representative 
examples of the interpretivist approach.

In conducting positivistic case studies, Dube 
and Pare (2004), based on the work of Devers 
(1999), of Lincoln and Guba (1985), and of Or-
likowski and Baroudi (1991), identified criteria 
to classify a theoretically-grounded case study as 
being positivist. These criteria, in opposition to 
interpretive and critical case studies, have to do 
with the traditional validity and reliability tests 
conducted in the natural sciences (Yin, 1994) and 
in primary terms include the following:

• The adoption of the positivistic stance, which 
has to be clearly stated in the study.

• Evidence of formal research hypotheses.
• Stating explicitly whether the purpose of the 

study is theory testing of theory building.
• Validity and reliability checking as used in 

the natural sciences.

More specifically, Dube and Pare, using Ben-
basat et al. (1987), Eisenhardt (1989), Lee (1989), 
and Yin (1994), have developed a check-list 
including three basic areas of concern, namely 
design, data collection, and data analysis. In the 
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first area, issues are categorized into design, data 
collection, and data analysis areas. They involve, 
for instance, the identification of research ques-
tions, rational for case selection, as well as the 
choice of alternative theories so as to increase 
their validity and predictive power. Furthermore, 
they include the provision of detailed information 
with respect to the data collection methods and 
the triangulation of data to increase internal valid-
ity and to provide clear descriptions of analytic 
methods and procedures followed. In this vein, 
they make greater use of preliminary data analysis 
techniques, provide sufficient quotes and compare 
findings with extant literature so as to increase 
the confidence in the findings.

t extual Analysis (hermeneutics)

What DeSanctis (1993) implies by “textual analy-
sis” is the process whereby one attempts to elicit 
and understand the meaning of “texts” via their 
interpretation. Any such activity is termed herme-
neutic. Hermeneutics can be seen as a key strand 
of phenomenology since the act of interpretation 
of any text or indeed any cultural expression is 
an important part of the search for meaning and 
the essence of experience. 

First introduced for interpreting the Bible, 
Hermeneutics is used for translating any “text” 
or text-analogue” (Butler, 1998; Myers, 2004; 
Walsham, 1995a, 1995b, 1995c). “Text-analogue” 
refers not only to written documents, but in a 
broad sense to “conversations and even no-verbal 
communications such as gestures or facial expres-
sions” (Diesing 1991, p. 105 in Myers, 2004). 
Thus, Hermeneutics can play an important role 
in understanding “textual data.”

The fundamental concepts of Hermeneutics 
in the IS field—extensively studied by Myers 
(2004)—are summarized as follows:

• Historicity: our thoughts are situated in a 
historical context; thus, previous historical 
experiences are the means to interpret any is-

sue in the present, or maybe in the future.
• The hermeneutic circle (Heidegger, 1976): 

the interpreter views the text first in parts, 
then as a whole and then, “from a global 
understanding of the whole context back 
to an improved understanding of each part, 
that is, the meanings of the words” (Klein 
& Myers, 1999).

• Prejudice: the interpreter’s prior knowledge 
plays an important role, as without it, the 
interpreter cannot understand the text. Ac-
cording to Gadamer (1976), “prejudices” are 
positive and necessary in order to understand 
the meaning of a text.

• Autonomization and Distanciation: Once a 
text is written, it has its own autonomous ob-
jective existence, independent of its author; 
in addition, there exists a distance between 
the author, his text and the readers.

• Appropriation and Engagement: the in-
terpreter needs to understand the deeper 
underpinnings of the text under study. As 
time goes by and the interpreter engages with 
the text, both interpreter and interpreted are 
changed. 

With respect to IS, Boland (1985) argues that 
their use, design, and study, is best understood 
as a hermeneutic process. He explains: 

In using an information system, the available 
output is a text that must be read and intercepted 
by people other than its author. In designing an 
information system, the designer reads the organi-
sation and its intended users as a text in order 
to make an interpretation that will provide the 
basis for a system’s design. This is also a herme-
neutic task. In studying IS, social scientists read 
the interaction during systems design and use in 
order to interpret the significance and potential 
meanings they hold. Hence, doing research in 
information system is another hermeneutic task. 
(pp. 195-196)
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Boland (1985) draws on the work of Gadamer 
(1976), who argues that the problem of interpre-
tation is fundamental to our everyday activities, 
because the world must be interpreted by us first, 
in order for our intentional actions to become pos-
sible. The basic idea is to make explicit possible 
ways of appreciating different life-worlds (a set of 
phenomena that wait for our meaning projections) 
(Hirschheim et al., 1995) and this distinguishes a 
hermeneutic study from a positivistic and analyti-
cal case study.

Hermeneutics as an approach to the under-
standing of reality, is asserting that all knowledge 
is necessarily a social construction and thus 
subjective. Gadamer (1976) provides an in-depth 
explanation of the basic elements of the act of 
interpretation in his Philosophical Hermeneutics 
where he states that any such act is made possible 
by the pre-understanding of the interpreter action 
as a “horizon.” Horizon is used as a metaphor to 
connote two things. One is related to the new, 
distant, and unexplored that lies ahead of us (the 
horizon possessed by the originator of the text), 
whilst the other refers to things that are closer 
and are thus clearer and easier to understand and 
extract their meaning (the interpreters’ horizon). 
For Gadamer (1976), interpretation is not possible 
without prejudice, which “narrows” and gives 
structure to our horizon. Prejudice refers to the 
assumptions and the pre-understanding that the 
interpreter has, and as the basis for our ability 
to experience the world, it is a positive and not a 
negative thing.

According to hermeneutic theory, this pre-
understanding provides the basis and, initiates an 
interaction between the creator’s and interpreter’s 
horizons that will ultimately bring them to the 
same level. Hirschheim et al. (1995) explain:

 
While reading the text, the interpreter will form 
some responses to his or her initial questions 
thus leading to an understanding of the test. This 
reading, in turn, will lead them to ask a new set 
of questions which arise from the first interpre-

tation of the test. This, in turn, will change the 
interpreter’s pre-understanding through the fusion 
of horizons to understanding which in turn forms 
a new pre-understanding, is called a hermeneutic 
cycle. (p. 153)

Participant o bservation/Action 
r esearch

The primary endeavour of hermeneutics is the 
description, interpretation, analysis, and under-
standing of the social world from the perspective 
of the participant (Orlikowski & Baroudi, 1991). 
Two research approaches that can be termed 
interpretivist are participant observation and 
Action Research. Becker and Geer (1969) define 
participant observation as the 

method in which the observer participates in 
the daily life of the people under study, either 
openly in the role of researcher or covertly in 
some disguised role, observing things that happen, 
listening to what is said and questioning people 
over some length of time. (p. 322).

Here the role of the researcher is but a pas-
sive one. In contrast, the core idea of Action 
Research—as originally proposed by Lewin 
(1951) and influenced by work at the Tavistock 
Institute (Rapoport, 1970; Trist, 1976)—is that the 
researcher does not remain just a passive observer 
outside the subject of investigation, but becomes 
an active participant influencing the relevant hu-
man group and, in turn, being influenced by it. By 
being actively involved in the problem definition 
and solution generation and implementation, the 
researcher becomes a participant in the action 
itself, and the process of change becomes the 
subject of the research (Checkland, 1981). 

According to Baskerville and Myers (2004), 
the underlying philosophy of Action Research is 
pragmatism, which although on its own does not 
have explanatory power, it provides a method of 
explaining “why things work and why they do not 
work” (p. 331). Four basic principles stem from 
pragmatism. The first expresses the fact that all 
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human concepts are defined referring to their 
consequences, meaning that in order to clarify 
any concept, human beings have to determine 
its purpose and consequences. The second is that 
truth can only be revealed through human action 
and practice, whereas the third reveals the use 
of controlled inquiry as crucial in interspersing 
rational thought into action. The fourth refers to 
the social contextualization of human action, and 
views human action as being socially reflective.

The aim of Action Research is to contribute 
to both the practical concerns of people in an im-
mediate problematic situation, and to the goals of 
science by the joint collaboration of the researcher 
and practitioner within a mutually acceptable 
ethical framework. This duality makes Action 
Research considerably more demanding than 
other approaches where the researcher has only 
to prove the scientific rigor of his research and 
his contribution to the theoretical development of 
his subject. The Action Researcher has to produce 
new knowledge that is of direct practical value 
and relevance to the professionals with whom the 
action researcher interacts. For that to be achieved, 
one must be both a management consultant and an 
academic researcher at the same time. It is inter-
esting to note that with IS, the issue of relevance 
vs. rigor has always been the subject of intense 
debate (see Keen, 1991; Turner et al., 1991). Ac-
tion Research seems to be a promising approach 
for reconciling the two sides and so it deserves 
our careful attention as IS researchers.

It is easy to see how the hermeneutic cycle 
exemplifies Action Research with two or more 
stakeholders projecting their compelling but 
probable incompatible views in trying to describe 
aspects of organizational reality. The continuous 
testing and reconciliation of those views will 
ultimately lead to some form of acceptance and 
enhanced understanding. It is an iterative and 
cyclical process of mutual learning resulting in 
the development of higher competencies through 
communication. For this to materialize, the re-
searcher must be flexible and willing to change 

his original research design, which should not be 
fixed. Consequently, it is obvious that the demands 
of a positivist hypothetico-deductive formula are 
not applicable to interpretivist Action Research 
that seeks to achieve a holistic understanding of 
a particular phenomenon or situation. When such 
phenomena under study are social interactions, 
the researcher will find it almost impossible to 
stay outside them. In this case the research aims 
can only be expressed as hopes, as they cannot be 
designed with certainty into a form of experiments 
(Checkland, 1981). In addition, claims to general-
isability that may be made across local contexts, 
are unlike the “covering laws” to which normal 
science aspires. Relationships are not described by 
deterministic cause-effect relationships between 
groups of dependent and independent variables. 
Any generalizations that an Action Researcher 
makes tend to describe thematic patterns derived 
from inquiring in one setting. The valid transfer 
to other settings requires and depends on confir-
mation there by further experiment (Argyris & 
Schon, 1978).

Gummesson’s (1991) description of the role 
of the Action Researcher summarizes eloquently 
our discussion thus far in addition to providing 
further insight. He states: 

On the basis of their paradigms and pre-under-
standing and given access to empirical data via 
their role as change agent, action scientists de-
velop an understanding of the specific decision, 
implementation, and change process in the cases 
with which they are involved. They generate a 
specific (local) theory, which is then tested and 
modified through action. The interaction between 
the role of academic researcher and the role of 
management consultant within a single project as 
well as between projects, can also help the scientist 
to generate a more general theory which in turn 
becomes an instrument for increased theoretical 
sensitivity and an ability to act in a social context, 
a theory that is never finalized but is continually 
transcedended. (Gummesson, 1991, p. 179)
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Baskerville and Myers (2004), as editors of a 
special issue on Action Research in MIS Quarterly, 
“see no reason why Action Research should not 
be accepted in the field of IS.” They suggest the 
view that the Action Researcher is concerned to 
create organizational change and simultaneously 
to study the process. Hence, the characteristics 
of Action Research emanate from collaboration 
and change, involving both the researcher and the 
subject of research, the iteration of the process and 
capitalization on learning by both the researcher 
and the research subject within the context of the 
subject’s social system. They have also clarified 
four essential premises for the conduct of Action 
Research. First, during the diagnostic stage, a col-
laborative analysis of the social situation by the 
researcher and the research subject takes place, 
in which theories regarding the research subject 
and its nature are expressed. Second, during the 
therapeutic stage, collaborative change takes 
place, in which changes are introduced and the 
effects are studied. For the conduct of Action 
Research, Baskerville and Myers (2004) identified 
four essential premises. The first of those states 
that it is necessary to establish beforehand the 
purpose of any action whilst the second underlines 
that there must be practical action in the problem 
setting. The third premise of Action Research 
is that practical action must inform the theory, 
and the final premise is that both the reasoning 
and the action must be socially situated. These 
premises imply the fact that there should be a clear 
contribution to practice (the action) and research 
(the theory), whereas there should be criteria by 
which Action Research is judged. Examples of 
Action Research in IS can be found in the litera-
ture (e.g., Avison, Lau, Myers, & Nielsen, 1999; 
Avison, Baskerville, & Myers, 2001; Baskerville 
& Wood-Harper, 1996; Checkland, 1981; Iversen, 
Mathiassen, & Nielsen, 2004; Lindgren, Henfrids-
son, & Schultze, 2004; Martensson & Lee, 2004; 
Street & Meister, 2004).

design science r esearch and 
Information systems 

In addition to positivism and interpretivism, over 
the last years, Design-Science Research (DR) has 
emerged as a paradigm for performing research 
in IS, drawing on design science (Arnott, 2006; 
Carlsson, 2006; Hevner, March, Park, & Ram, 
2004; Hirschheim & Klein, 2003; Iivari, 2003; 
March & Smith, 1995; Purao, 2002; Walls, Wid-
meyer, & El Sawy, 2004). DR entails an alterna-
tive to the natural/behavioural science—a body 
of knowledge about some class of things (objects 
or phenomenon) in the world (nature or society) 
that describes and explains how they behave and 
interact with each other—that is dominant to IS 
research (Arnott, 2006; Carlsson, 2006; March & 
Smith, 1995; Purao, 2002; Simon, 1996). In DR, 
the researcher “creates and evaluates IT artefacts 
intended to solve identified organizational prob-
lems” (Hevner et al., 2004, p. 77). Such artefacts 
include, but certainly are not limited to, algorithms 
(e.g., for information retrieval), human/computer 
interfaces, and system design methodologies or 
languages (Vaishnavi & Kuechler, 2005); hence, 
they can have the form of a construct, a model, a 
method, or an instantiation (Henver et al., 2004). 
DR is relevant to the IS community, as it addresses 
the role of IT artefact in IS research (Orlikowski 
& Iacono, 2001) and the low level of profes-
sional relevance of many IS studies (Benbasat & 
Zmud, 1999). These controversies are addressed 
by “by making systems and methods the unit of 
analysis and by evaluating research outcomes in 
an organizational context, preferably in a real IT 
application” (Arnott, 2006, p. 57). 

According to Takeda, Veerkamp, Tomiyama, 
and Yoshikawam (1990), the design of a DR 
process involves the following phases (Figure 
1): first, there should be awareness of a problem; 
suggestions follow, abductively drawn from the 
existing knowledge/theory base for the problem 
area (Pierce, 1931); in development, an attempt 
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to implement the artefact according to the sug-
gested theory takes place; it follows an evalua-
tion phase, in which partially or fully successful 
implementations are compared to theory, follow-
ing the functional specification in the suggestion 
phase; the outcome of evaluation is feed back to 
development, and the Development, Evaluation 
and further Suggestion are iteratively performed 
in the course of the DR. The flow from partial 
completion of the cycle back to Awareness of 
the Problem is indicated by the Circumscription 
arrow. Conclusion indicates termination of a 
specific design project. 

New knowledge is produced through Circum-
scription and Operation and Goal Knowledge. Cir-
cumscription has to do with gaining understanding 
through the act of construction and detection and 
analysis of contradictions, where the researcher 
finds out that certain theoretical concepts do 
not work in reality as they were supposed to in 
theory. However, this is not attributed to misun-
derstandings of the theory per se; rather, it is due 
to the incomplete nature of any knowledge base 
(Vaishnavi & Kuechler, 2005). Hence, going back 
to the “awareness of a problem” phase, is useful 
in the sense that it adds constraint knowledge to 
the understanding of the theories that underpin 
the suggestion and development (Vaishnavi & 
Kuechler, 2005). 

The DR researcher engages in the design of 
visual artefacts in order to create new realities 
(Purao, 2002). In this vein, by creating new reali-
ties, DR changes the state-of-the-world through 
the introduction of new and novel artefacts, which 
are not natural, neutral, or given; rather, they are 
shaped by the interests, values, and assumptions 
of the researchers (Orlikowski & Iacono, 2001). 
This contrasts the typical view of positivistic 
ontology where a sociotechnical system is taken 
for granted and is the typical unit of analysis 
(Vaishnavi & Kuechler, 2005). Nevertheless, DR 
is contrasting interpretive ontology as well: DR 
researchers may possess multiple world-states, 
but are not embedded into different and multiple 

realities, as interpretivism advocates; reality for 
DR is stable, and places constraints on the multi-
plicity of world-states (Gregg, Kulkarni, & Vinze, 
2001; Purao, 2002). For instance, the abductive 
phase of DR (Figure 1) requires the suggestion 
of an artefact with intended problem solving; this 
can be achieved by adhering to a fixed grounding 
reality (Vaishnavi & Kuechler, 2005).

From an epistemological perspective, DR is 
claimed to lack a clear articulation in contrast 
to Positivism and Interpretivism (Purao, 2002). 
Gregg et al. (2002) claim that information is 
factual and its meaning is deciphered through 
the process of construction, whereby artefacts 
come into being. The behaviour of artefacts is 
the outcome of interactions between compo-
nents. Information describes interactions and to 
the degree the behaviour of an artefact can be 
predicted, this information is true. Therefore, 
the meaning of an artefact is the functionality it 
provides to the system and “what it means is what 
is does” (Vaishnavi & Kuechler, 2005). The DR 
researcher can thus be classified as a pragmatist 
(Cole, Purao, Rossi, & Sein, 2005; Hevner et al., 
2004; Marshall et al., 2005; Pierce, 1931; Rorty, 
1982; Wicks & Freeman, 1998). Additionally to 
pragmatism, DR can be instrumental (Hendry, 
2004, in Vaishnavi & Kuechler, 2005), due to 
its dependence on an artefact that is predictable 
in respect to its functioning (instrument); DR 
resembles natural-science research more closely 
than positivist or interpretive research (Vaishnavi 
& Kuechler, 2005). Therefore, DR can be char-
acterised as “knowing through making” (Purao, 
2002), unlike Interpretivism and Positivism, for 
which knowing is the result of observing or par-
ticipating (Guba & Lincoln, 1989). 

Apart from ontology and epistemology, DR is 
distinct regarding the values of the researchers 
and attempts to address the question of “what 
values does an individual or group hold and why?” 
that is, axiology (Vaishnavi & Kuechler, 2005). 
Design researchers pursue the truth or under-
standing, but, contrasting positivism, they must 
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have a higher tolerance for ambiguity; although 
the outcome of design research effort cannot 
be fully understood, it can still be perceived as 
successful (Hevner et al., 2004). In this vein, the 
value of DR is proven where it can contribute to 
an addition to an area of knowledge, making an 
addition which can be further explored, shedding, 
thereby, light upon conflicting or theoretical bases 
(Vaishnavi & Kuechler, 2005; March & Smith, 
1995). Here we need to state that the values of the 
design researcher may change as progress is made 
iteratively through the DR phases. From creating 
a reality through the construction of artefacts, the 
researcher then becomes a positivist observer, 
comparing the behaviour of an IS to theory that 
was set out in the previous phase. The observations 
are interpreted, and become the basis for a new 
theory which sets out to be “tested” and a new 
circle begins. Ultimately, one could argue that 
DR resembles Action Research methodology and 
interpretivism; however, the time frame of DR is 
shorter than the one of Action Research (Purao, 
2002; Vaishnavi & Kuechler, 2005).

Despite its popularity in IS research (e.g., 
Albert et al., 2004; Arnott, 2006; Carlsson, 

2006; Hevner et al., 2004; Hirschheim & Klein, 
2003; Iivari, 2003; Van Aken, 2004; Walls et al., 
2004), DR must identify its underlying beliefs 
and assumptions to gain legitimacy. In particular, 
Carlsson (2006) claims that “there is too little 
discussion about what IS design science research 
should include and what should be excluded” (p. 
193), expressing a need for IS design research 
frameworks to include a broader view on IS and 
IS design knowledge. In this vein, DR in IS will 
develop more practical knowledge for the design 
and implementation of new IS initiatives—that 
is, socio-technical systems where IT artefacts 
play an important role for achieving the purpose 
of IS—used in improving already existing IS 
(Carlsson, 2006). Second, there is little discus-
sion about philosophical assumptions in the IS 
design science research literature (Carlsson, 
2006; Fleetwood & Ackroyd, 2004; Purao, 2002). 
Without adequate exploration of its underlying 
philosophical assumptions, DR has suffered from 
being considered as a pure technological applica-
tion of the outputs of pure science, following “the 
lure of design and construction” (Webber, 1997, in 
Purao, 2002). Current research frameworks inter-

Figure 1. Design research process (adopted from Takeda et al., 1990)
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pret DR differently, such as Systems Development 
Research (Nunamaker, Chen, & Purdin, 1991), 
Design Theories (Walls, Widmeyer, & El Sawy, 
1992), Design Science (March & Smith, 1995), 
and Software Engineering Research (Gregg et 
al., 2001). However, the majority of these studies, 
apart from Gregg et al. (2001), do not seem to state 
explicit the philosophical and world-views (Purao, 
2002); rather, they present a tapestry of different 
ontological views, depending on either positivism 
or pragmatism (Carlsson, 2006). Furthermore, DR 
should be positioned in respect to the clarification 
of the nature of knowledge it produces in terms of 
theory-building or theory testing (Purao, 2002). 
DR can be linked to theory building in two ways 
(Vaishnavi & Kuechler, 2005): first, by providing 
a methodological construction of an artefact (in 
theory), including its experimental proof, that 
is, an experimental exploration of a theoretical 
method; second, by making more visible the 
underlying relationships between an artefact 
(or IS) and its elements during either the con-
struction or evaluation phase of the artefact and 
falsifying or elaborating on previously theorized 
relationships (ibid). However, unlike Positivism 
and Interpretivism where visible outputs can be 
theories, facts, laws, and assertions, the most 
visible output of DR is the artefact itself (Gregg 
et al., 2001; Purao, 2002). 

Ultimately, in order for DR to be fruitful as a 
new and emerging paradigm in IS research, the 
above challenges should be met; otherwise, DR 
“will remain subject to and unable to meet meth-
odological mandates from competing research IS 
paradigms or supervisory disciplines” (Purao, 
2002, p. 7).

c onclus Ion

The purpose of this chapter was to offer, in the 
words of Smith (1990), “a sound epistemological 
base to the research methods” (p. 126). Of course 
this is important for any research endeavour, 

whether it is placed within a social or applied 
science domain. Even more so with the IS field 
due to its multidisciplinary nature. The plethora 
of methodological choices and tools that the 
new researcher will have to choose from, may at 
times result to confusion and make an otherwise 
interesting and challenging task rather daunting 
and dull. 

Our aim was to embark on a journey of discov-
ery in order to define an epistemological roadmap 
that will provide a sound basis for researching IS 
that live and breathe, constantly changing in uni-
son with the changing organizational realities. We 
started by initiating a philosophical debate asking 
three fundamental epistemological/ontological 
questions, through which we aimed to present 
an overview of contemporary thought, and thus 
to set a context for what was to follow. Keep-
ing in mind that IS are sociotechnical systems, 
positivism was explained and its limitations were 
identified. We also identified what in interpretive 
terms the practical task is; to provide frameworks 
that through interpretation, and in the light of 
fundamental propositions of tested validity, can 
be used to stimulate an individual’s, or a group’s 
interactive thinking, leading to a rational recon-
sideration of certain fallacious assumptions cur-
rently held. We provided a summary of the main 
points for a selection of interpretive research 
approaches, namely case studies, hermeneutics 
and participant observation/Action Research 
and finally, we explored Design Research as an 
emerging paradigm in IS.

The epistemological journey does not neces-
sarily stop here. Further inquiries may look into the 
possibility of bridging the gap between research 
paradigms and finding appropriate research tools 
and methods that may support this pluralism and 
support multimethod research across different 
paradigms. Additionally, emphasis should be 
placed to the consequences of choosing a specific 
paradigm on research evaluation. Thus, the appli-
cation of a specific framework for directly analyz-
ing the epistemological implications of research 
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methods is another avenue that the epistemological 
journey may take; but is it a feasible and enjoyable 
one. The journey to gain an understanding and 
seek answers for our own epistemological ques-
tions has left a trail that we hope it will be useful 
as an example to any aspiring researcher—with 
positivist or antipositivist inclinations—who is 
faced with the task of having to clarify and form 
his very own conclusions and views as to what 
constitutes valid knowledge.

f uture r esearch directions

The epistemological journey does not necessarily 
stop here. Future research should be conducted 
in terms of bridging the gap between research 
paradigms and finding appropriate research tools 
and methods that may support this pluralism and 
support multimethod research across different 
paradigms. For instance, Mingers (2004a) has 
suggested a cease of fire in the epistemological 
battle between positivism and interpretivism, and 
the emergence of epistemological stability, partly 
due to the emergence of the critical paradigm in 
IS. Hence, further development needs to occur, 
especially in the area of critical approaches to 
IS, using the critical realism paradigm. Critical 
realism (e.g., Archer et al., 1998; Bhaskar, 1978) 
and its application to the IS field (e.g., Heinz et al., 
2004; Rooke, 2002) is still in its infancy. However, 
it can provide a useful grounding for IS research, 
building a transitive and intransitive dimension to 
reality, allowing researchers to bridge the dualism 
between subjective and objective views of reality. 
Additionally, emphasis should be placed to the 
consequences of choosing a specific paradigm 
on research evaluation. Thus, the application of 
a specific framework for directly analysing the 
epistemological implications of research methods 
is another avenue that the epistemological journey 
may take; but is it a feasible and enjoyable one. 

Moving from the paradigm to the method 
level, attention should be placed on the emerging 
DR method to IS. We are yet to see more studies 

in IS in using this perspective and evaluating 
its usefulness and applicability. Additionally, a 
new approach for studying IS and IT artefacts in 
context, that is, Action Design (Cole et al., 2005; 
Jarvinen, 2007), has started to emerge in the IS 
field. This approach aims to combine Action Re-
search and Design Research to develop knowledge 
about building innovative IS and IT for problem 
solving in the organisational context, intending to 
help researchers provide and produce knowledge 
to support IS practitioners in solving current 
and anticipated problems in IS development by 
simultaneously intervening in an organisation 
through the development of an IS. Knowledge 
in this case will be built in the contexts where it 
is put to use and its products will contribute to 
further theoretical advances. Further research 
should be placed on Action Design in terms of 
reviewing its applicability in the IS field.

However, the task of choosing a research para-
digm can indeed be a topic of further research. 
Having gone through this journey in the episte-
mological foundations of IS, the researcher should 
clarify his own epistemological and ontological 
assumptions and choose the appropriate paradigm 
which reflects the researcher’s own conclusions 
as to the existence of an objective reality, the 
attainment of knowledge about the physical and 
social reality, and, finally, to the achievement of 
knowledge about the physical and social reality 
by particular methods. 
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Abstr Act

This chapter introduces ontological and epistemological elements in information systems research. It 
argues that ontology, epistemology, and methodology intertwine in a dynamic way. Ontology, as well as 
epistemology, is both an antecedent and a consequence of methodology. This complex relationship has 
an impact on the methodology which will affect the outcome later on. Understanding how these three 
elements can be related to each other can help researchers develop better methodologies for informa-
tion systems research.

Introduct Ion

A thorough understanding of the research process 
is needed in any study. One approach consists 
of three hierarchical steps. It involves using a 
specific framework (theory, ontology), identify-
ing the research questions (epistemology), and 
determining the research strategy (methodology; 
Burrell & Morgan, 2005; Denzin & Lincoln, 

2005b; Grix, 2002, Hay, 2002; Nelson, Treichler, 
& Grossberg, 1992).

Researchers should at least have a good grasp 
of the philosophical assumptions of the complex 
phenomenon they want to study as well as the 
methods of investigating it. That discipline man-
dates explicit articulation of the research process 
by thoroughly understanding, acknowledging, and 
defending their ontological, epistemological and 
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methodological assumptions (Burrell & Morgan, 
2005; Grix 2002). It is that explicit articulation that 
will infuse quality into the research process and 
interpret them in the context of the phenomenon 
under study. Therefore, all research is interpretive, 
according to Denzin and Lincoln (2005b).

The contextual setting or the natural setting 
makes the case study a distinct research meth-
odology. The richness of the context generates 
the particulars and complexities of the experi-
ential knowledge and legitimises the case study 
(Benbasat, Goldstein, & Mead, 2002; Flyvbjerg, 
2001; Franz & Robey, 1984; Patton, 1990; Snow 
& Anderson, 1991; Stake, 1995, 2005; Yin, 1993, 
1994). 

The understanding of ontology and episte-
mology in this chapter will be in the context of 
a large public sector entity. The complex phe-
nomenon concerns the replacement of enterprise 
systems.

The research problem theory is the Diffusion 
of Innovations (DOI) theory of Rogers (2003). 
Like the philosophical assumptions that is com-
posed of certain basic beliefs, a paradigm is a set 
of assumptions that can never be absolute true 
knowledge (Denzin & Lincoln, 2005c, p 183; 
Guba, 1990). It guides and interprets the study. 
“Each interpretive paradigm makes particular 
demands on the researcher, including the questions 
the researcher asks and the interpretations he or 
she brings to them,” explain Denzin and Lincoln 
(2005b, p 22). The paradigm provides a means 
for the theory to meet the practice. Information 
systems research relies heavily on theories de-
rived from complementary disciplines including 
Accounting, Computer Science, Economics, In-
novation, Management, Marketing, Psychology, 
Sociology, and Mathematics. Information systems 
research utilises theories to examine themes like 
the adoption and implementation of enterprise 
systems, communications, strategy, and political, 
economic and environmental, social, and tech-
nological (PEST) factors. One of the 56 theories 
used in the information systems research in www.
istheory.yorku.ca is the DOI Theory. 

In the DOI, a process model (Rogers, 2003) 
consists of an initiation phase and an implemen-
tation phase. The initiation phase is composed 
of the awareness stage, the matchmaking stage, 
and the business case stage. Rogers calls the third 
stage the decision stage. For a large public sector 
entity, it is more appropriate to call it the business 
case stage. Here, the executive sponsor makes 
a business case to sell the innovation (e.g., the 
replacement of enterprise systems) to upper man-
agement. This ends in an accept-reject decision 
which takes place after initiation phase and before 
the implementation phase. If the accept-reject 
decision is favourable,then the implementation 
phase will follow this stage. 

The literature review shows that the diffusion 
research has certain realities and research gaps. 
Any stage is a potential source of unexpected and 
undesirable consequences. In fact, Rogers (2003, 
p 198) finds that diffusion studies have a clearer 
perspective of the evidences at the awareness and 
decision stages as compared to those found at the 
matchmaking stage. Because every stage serves as 
an antecedent to a subsequent stage, the decision 
stage will lack clarity if the prior matchmaking 
stage is ambiguous. Unfortunately, the literature 
review also states that there are only a few stud-
ies about the business case stage. In diffusion 
research, the study on the business case stage 
does not even exist. If evidences of the decision 
stage are clear, then Rogers could probably be 
referring to studies about the decision-making 
(e.g., strategic investment decision) that occurs 
immediately after the third stage instead of being 
the third stage itself. Undeniably, there is a dire 
need to study both the matchmaking stage and 
the business case stage. 

This chapter contains a good theoretical base 
that provides a sound evidence of the theoretical 
and practical arguments of the complex relation-
ship of epistemology, ontology, and methodol-
ogy. It can be used to instruct PhD students in 
a “philosophy of science” course or enlighten 
anyone who is interested in researching ontology, 
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epistemology, and methodology. It commences 
with an introduction to explain a discipline that 
infuses quality into a research. That discipline 
emphasises the explicit articulation of ontological 
and epistemological assumptions while develop-
ing a research methodology. The second section 
provides broad definitions and discussions of 
ontology and epistemology. The third section 
deals with the controversy, confusion, and other 
grey areas surrounding ontology and epistemol-
ogy. It links the discussion to a single case study 
which concerns a replacement of enterprise sys-
tems by a large public sector entity. The research 
problem theory is the Diffusion of Innovations. 
The fourth section is the conclusion. The fifth 
section deals with future research in context of 
that case study. 

bAckground

o ntology, the t heory of r eality

Ontology concerns questions about the being 
(Blaikie, 2000). Take, for example, the initiation 
and the implementation (Rogers, 2003) of new 
enterprise systems (hereinafter referred to as 
the process or a process as the case may be). The 
innovation process involves interactions primar-
ily with people and secondarily with technology 
(Bloomfield, Coombs, Knights, & Littler, 2000). 
How is the phenomenon defined? How is the 
reality perceived? Who are the key stakehold-
ers? What are the crucial components, that is, 
the change drivers, antecedents, stages, phases, 
decision points, consequences, of the process? 
How do these components interact with each 
other? What constitutes the process? How can 
it be differentiated from another process? Why 
and how do organisations undertake the process? 
What constitutes success or failure in the process? 
The answers to these questions depend on one’s 
interpretation of the reality, affecting the way he 
defines a phenomenon. 

According to Burrell and Morgan (2005), a 
reality consists of subjective and objective com-
ponents. To understand a reality, individuals need 
to interpret it as either something cognitive in the 
mind or an external physical object. If the reality 
is internal to the individuals, then that subjective 
(or soft) reality exists inside their minds. The in-
dividuals ought to have awareness of that reality. 
If the reality is external to the individuals, then 
that objective (or hard) reality can impose itself 
into the awareness of individuals from without. It 
does not need a name nor does it require aware-
ness of its existence. The distinction between the 
subjective reality and objective reality is akin 
to black and white. Some authorities includ-
ing Heidegger (1962), Kant (1934), and Weber 
(2004) argue that awareness is a prerequisite to 
all existence, regardless of whether the reality 
is subjective or objective. Bryman (2001) adds 
that awareness is a key to interpreting a reality. 
Gilbert (2006) argues that awareness, percep-
tions, and feelings fill up the details of reality in 
the mind. Names, concepts, or labels generally 
describe that reality (Burrell & Morgan, 2005). 
The cognitive or existential element of a reality 
creates the fundamental confusion in ontology. 
Does a reality need to be present in the minds of 
individuals or does it simply need to exist even 
without awareness? What really constitutes a 
reality? How is it interpreted? How does the 
interpretation influence a reality?

The distinction between the subjective and 
objective components of a reality is rather unclear. 
According to Weber (2004), individuals reflect 
their subjective reality through their objective 
perception of that reality. Their subjective percep-
tions of the reality intertwine with their objective 
experience. Their objective observations likewise 
intertwine with their subjective experience. This 
makes separating the subjective and objective 
components of a reality difficult. Perceptions give 
meaning to the reality. At the same time, their 
experiences can affect the way the interactions 
and events are defined. Likewise, Kant (1934) 
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argues that thoughts without content are void and 
intuitions without conceptions are blind. In fact, 
there is no proof that reality exists independent 
of the mind (Kant, 1934). Heidegger (1962) points 
out that the pseudo-problem keeps on popping up 
again and again because many authorities insist 
on describing a reality as subjective or objec-
tive. Adding to the confusion is the presence of 
a defensive mindset. According to Chris Argyris 
(2004), illogical and irrational behaviours and 
actions are logical and rational behaviours and 
actions in disguise.

Indeed, the essence of ontology is difficult to 
explain. Kant (1934) and Wyssusek and Schwartz 
(2003) refer to realism as the objective reality 
where that reality exists independently of that 
which has been perceived by the individuals. 
However, one should take note that realism 
concerns the perception of the objective reality 
which pertains to the external reality independent 
of the individual perception. This subtle differ-
ence implies that realism and objective reality 
are somewhat similar but not the same. Subjec-
tive reality, on the other hand, is best described 
by the common terms: idealism (Kant, 1934), 
nominalism (Wyssusek & Schwartz, 2003), and 
constructivism (Bryman, 2001). 

epistemology, the t heory of 
Processed k nowledge

Epistemology can be defined as processed knowl-
edge. It comes from the Greek words episteme 
(knowledge) and logos (argumentation or reason). 
Knowledge without argumentation (or reasoning) 
is not processed knowledge. The observation of 
a phenomenon and the process of conducting 
an in-depth interview are forms of episteme but 
both cannot be considered as epistemology. They 
merely illustrate methods of the knowledge-gath-
ering process (Grix, 2002) where the outcome 
of that process is assumed to contribute to the 
processed knowledge. Both knowledge-gathering 
processes can only be considered as epistemology 
if they include argumentation.

That knowledge-gathering process consists 
of three essential components: access, reflection, 
and argumentation. Kant (1934) argues that the 
individuals must have access to the reality. At the 
same time, they must have the faculties to (reflect 
on and) structure their experiences. [The access 
is a fundamental premise that relates ontology to 
epistemology]. What exists or is perceived to exist 
(ontology) can be known (Blaikie, 2000).

The concept of [absolute] truth cannot apply to 
[processed] knowledge (Wyssusek & Schwartz, 
2003). Instead, the concept of consensus is more 
appropriate. The truth of a reality must be con-
sensual to be a true knowledge (Wyssusek & 
Schwartz, 2003). There is no absolute true knowl-
edge. Instead, there is consensual true knowledge. 
Plato imposes a further condition. A consensual 
truth cannot constitute processed knowledge un-
less it is a “justified true belief” (Myles, 1990). 
Unknown facts cannot be considered as processed 
knowledge because its belief element does not ex-
ist. Likewise, a belief that cannot be justified as 
true cannot constitute processed knowledge unless 
argumentation is present. Therefore, a statement is 
processed knowledge if the argumentation makes 
that statement true. The community believes that 
that statement is true and that the argumentation 
is valid. This is called true knowledge. Likewise, 
a statement becomes processed knowledge if 
a community falsifies it as being false. This is 
known as false knowledge. The verification and 
falsification of information are the sources of 
propositional knowledge. Both types of knowledge 
constitute processed knowledge. Another type 
of knowledge is the experiential knowledge of 
the participants in case study research (Geertz, 
1983; Polanyi, 1962; Rumelhart & Ortony, 1977; 
von Wright, 1971). The narrative truth (that is, 
the narrations and situational descriptions) in 
the case study report convey the evidences and 
experiences of the observers and participants. It 
enhances the reader’s experience when they study 
the case (Stake, 2005, p. 454). Effectively, there 
is a transfer of knowledge from the participants 
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to the observers and from the observers to the 
readers. 

Empiricists and rationalists give conflicting an-
swers. To the empiricists, empirical evidences in-
cluding experiences are the sources of knowledge 
(Wyssusek & Schwartz, 2003). The evidences are 
the objective components while the experiences 
are the subjective components of a reality. Both 
components are sources of knowledge. To ratio-
nalists, reasoning is also considered a source of 
knowledge. Plato compares epistemology or the 
knowledge-gathering process to a journey through 
a dark cave, walking through the long tunnel and 
coming out into the open to view objects under 
the bright light of day (Melling, 1987; Santas, 
2006). The individuals inside the cave can only 
see the illusions on the wall. They are ignorant of 
the reality outside the cave. If they successfully 
walk out into the open and be exposed to the 
sun for the first time, they will realise the reality 
outside the cave. They will be enlightened. They 
will discover a higher realm of reality through a 
long challenging intellectual journey. The reality 
outside the cave as well as the illusions that they 
have experienced while inside the cave are both 
their sources of knowledge. Multiple sources of 
knowledge could make the processed knowledge 
better. For instance, in a case study, Stake (2005) 
suggests drawing all the information from mul-
tiple sources at the same time to learn about the 
case and to answer the epistemological questions 
of the case.

Inconsistencies of t heory and 
Practice

Taleb (2007) warns of the confusion on the evi-
dences of knowledge. This confusion can work 
both ways (Figure 6). A theoretical problem 
can be understood in theory but not in practice. 
Similarly, a practical problem can be understood 
in practice but not when it is elevated to theory. 
Bhaskar (2002), Smaling (1987), and Smith (2006) 
have the same opinion on the disparity between 

theory and practice. This conflict comes from 
the debate between the objective view vs. the 
subjective view of reality or, rather, from the 
constraints and limitations of human knowledge 
(Smith, 2006) and positivism vs. interpretive 
(Weber, 2004). Smith (2006) emphasises a critical 
examination of ontological assumptions because 
a point of inconsistencies is located between the 
ontological assumptions and the methodology 
which affects the result of the research. Resolv-
ing that point of inconsistencies, Taleb (2007, p. 
51) advises putting the evidence (ontology) into 
context. “We react to a piece of information not 
on its logical merit, but on the basis of which 
framework [e.g., the Diffusion of Innovations 
theory] surrounds it, and how it registers with 
our social-emotional system.” 

Take this case in context. Vendor ABC submits 
a response to a Request for Information (RFI). 
Because the third-party change agent in charge 
of the short-listing of the vendors for the Request 
for Proposal (RFP) is aware that many of its new 
staffs come from the now defunct XYZ entity, 
the corporate culture of that second entity is an 
issue. The response of ABC to the RFI contains 
many objective evidences about the vendor’s 
profile and the attributes of the enterprise sys-
tems. Yet the executive sponsor has reacted to a 
piece of industry knowledge (a subjective reality), 
originally an absence of evidence despite of the 
presence of substantial evidence indicated in the 
response. The concepts of absence of evidence and 
the evidence of absence as well as the presence 
of evidence and evidence of presence are similar 
but not identical. Embedded in those concepts are 
possible inconsistencies of theory and practice.

Rather than gathering further positive evidence 
associated with ABC entity and its enterprise 
systems, that one single “falsified” evidence 
(i.e., the subjective evidence) could invalidate 
other positive verifiable evidences presented by 
the ABC entity in its response to the RFI. One 
perceived weakness by the executive sponsor 
could invalidate multiple perceived strengths. One 
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“black swan” is unexpectedly one rare observation 
amidst the verification of a million white swans. 
Finding one opposite instance gets closer to the 
truth and certainty. That one instance makes the 
data become more meaningful than the many 
opposing instances. Popper argues that people 
who believe in falsification hold that “falsified” 
evidence is wrong with full certainty (Popper, 
1965; Ruddin, 2006). 

underst And Ing o nt ology

o bjective and subjective 
c omponents of a c omplex 
Phenomenon

A complex phenomenon is a complicated web of 
interrelationships. Take for instance the initia-
tion phase of replacing enterprise systems. That 
complex phenomenon contains a request for 
information (RFI) substage. The entity (that is, 
the host organisation) requests for information 
from the prospective vendors of enterprise sys-
tems, receives their responses, appraises them, 
and develops a short list of qualified vendors for 
request for proposal (RFP), a subsequent substage. 
The RFI document, the responses received by the 
entity from the prospective vendors, the e-mails 
or phone conversations for clarifications, the RFP 
document, and the formal proposals are examples 
of objective (physical or hard) evidences. Imagine 
a mind map with the innovation process at the 
middle with the initiation phase and its objective 
evidences linked to it. The result is a complex 
web of interrelationships. By extending the mind 
map to include the implementation phase and its 
objective evidences, the web of interrelationships 
becomes even more complex. The executive 
sponsor and his project team members will ex-
amine the responses to the RFI to determine the 
strengths and weaknesses of each response. Each 
response contains allegedly real evidences, such 
as: the functionality of the enterprise systems, 

the reporting tools available, the entities using 
the enterprise systems, the number of sites in the 
country, the number of staffs, the number of tech-
nical support, the operating systems and database, 
software cost, cost of concurrent and additional 
users, maintenance cost, implementation cost, 
and expansion cost. Is the attribute a weakness 
or strength? How significant or insignificant is 
the attribute? How do the individuals involved 
with the examination of the responses perceive 
the attributes? 

Perception is another layer fused to that 
complex web of interrelationships. Awareness, 
perceptions, and feelings are subjective compo-
nents of that second layer. According to Webster’s 
dictionary, awareness is the conscious knowledge 
of something. When a single unified awareness is 
derived from sensory processes and triggered by 
a stimulus then it becomes perception. Feeling, 
on the other hand, is the function or the power 
of perceiving by touch. By adding this layer, the 
resulting web of interrelationships becomes much 
more complex. When the executive sponsor and 
his project team members appraise the prospective 
vendors and their enterprise systems, the strengths 
and weaknesses of each response to the RFI and 
RFP will be considered. This does not mean that 
the actual strengths and weaknesses that they will 
perceive can be considered significant attributes. 
Because actual strengths or weaknesses exist even 
when there is no awareness of their existence or 
perception of their relevance and significance, they 
are irrelevant unless the individuals are aware 
of them and perceive them to be important. Of 
course, the strengths and weaknesses of the chosen 
enterprise systems and the vendor supporting them 
will have an implication on the host organisation 
after the adoption and implementation. However, 
that is another matter.

Figure 1 can be used to examine the response 
to the RFI and evaluate its attributes. Imagine a 
matrix of two variables with four boxes. In the 
left box of the horizontal axis, perception = “no.” 
In the right box, perception = “yes.” In the lower 
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box of the vertical axis, existence = “no.” In the 
upper box, existence = “yes.” Two boxes, the 
Quadrant 2 and Quadrant 3 in Figure 1, have the 
perception = “yes.” In Quadrant 3, the attribute 
is real because it exists. However, the attribute 
in Quadrant 2 is equally relevant even if it does 
not exist. 

subjective c omponents as 
Prerequisites of o bjective 
c omponents of r eality

Awareness is needed to understand the inher-
ent strengths and weaknesses of the enterprise 
systems. It illustrates a crucial antecedent to the 
understanding of the objective component of 
that reality. Because awareness is a subjective 
component, the subjective components can there-
fore be considered antecedents of the objective 
components of that reality:

subjective components  objective compo-
nents

Awareness, perceptions, and feelings are subjec-
tive components of a reality. Without awareness, 
perceptions are not possible. Without perceptions, 

feelings cannot function. Each is a necessary 
condition for the other to exist. The feelings are 
derived from personal feelings influenced by cul-
tures, experiences, opinions, beliefs, preferences 
and biases (e.g., pro innovation or anti innovation 
biases). No wonder, feelings and not facts fill up 
the details in the brain (Gilbert, 2006). 

(awareness  perceptions  feelings) = subjec-
tive components

Reality is complex because it embodies two in-
terrelated concepts. The first concept concerns 
the hierarchical order of awareness, perceptions, 
feelings as well as the subjective and objective 
reality. The second concept is the complex web of 
interrelationship among the subjective and objec-
tive components. There are three sets of interrelat-
edness: (a) among the subjective components, (b) 
among the objective components, and (c) among 
the subjective and objective components. Simply, 
the ontological components and the concept of 
ontological hierarchy looks like the following: 

(awareness  perceptions  feelings)  objec-
tive components

subjective reality  objective reality

Notwithstanding the web of interrelatedness 
among the subjective and objective components, 
the complex reality can be known (Blaikie, 2000) 
only if there is access, awareness, and reflection 
of the reality. Once individuals have awareness 
of and access to the reality, then it is possible to 
know the reality, its subjective components, its 
objective components, and their relationships. The 
individuals who own the perceptions and feelings 
must be able to interpret, reflect, and express in 
order to know the reality. Thus, reality can be 
known only if certain conditions are present, 
namely: awareness, access, and reflection. 

(access  awareness)  reflection
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Quadrant 4
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Quadrant 1
Existence = No
Perception = No
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Existence = No

Perception = Yes

Perception = No Perception = Yes

Figure 1. Objective and subjective components 
of examining the responses to RFI
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c ontinuum and Interactions

Given that a reality cannot exist without the inter-
twining subjective and objective components, it is 
possible to reflect ontologically using the concept 
of continuum with a hundred percent subjectivity 
at one end and a hundred percent objectivity at the 
other end. The subjective and objective realities 
at these two ends are distinct and clear-cut like 
oranges and apples. The objective realities can be 
defined by the keyword, existence. The subjective 
realities, on the other hand, can be defined by using 
the keyword awareness, which is the way humans 
interpret and construct their reality in the mind. 
The orange and apple are, however, not the only 
reality. There is the orange-apple juice containing 
more or less of orange and less or more of apple. 
Unless the participants and observers stand at the 
extreme ends of the continuum, their perception 
and interpretation of reality will vary depending 
on their position in the continuum. 

Another important concept is that of interac-
tions. It differentiates active participants from 
objective observers. The concept of a continuum 
is in itself not easy to understand. The concept 
of interactions is more difficult to understand if 
the two concepts are fused together. In Figure 
2, the terms participants and observers seem to 
associate the former with the subjective reality 
and the latter with the objective reality. At the 
extreme ends of the continuum, the participants 
are presumed to be always subjective. They can-
not be objective. At the other end, the observers 

are naturally objective, not biased and subjective. 
The “real world” is not like that. With the concept 
of continuum, the individuals concerned with 
the reality stand at any point in a continuum. 
Of course, the researchers wear two hats at the 
same time (that of the participants and observ-
ers) if they stand at the middle of the continuum. 
Confusion is inevitable in the four scenarios. In 
scenario one, the researchers choose to stand at 
the middle of a continuum. Effectively, they wear 
two hats, one hat belonging to the observers and 
another hat belonging to the participants. They 
possess both objective and subjective mindsets of 
the reality. In scenario two, the researchers walk 
toward the subjective reality where they are more 
concerned about the subjective mindset despite 
of their role as observers. In the third scenario, 
we can see the researchers as active participants 
that can be found in the middle of the continuum. 
They try to be objective despite their participa-
tion. In scenario four, the researchers are active 
participants who stand toward the end of the 
objective reality. Given the four scenarios, how 
do you describe the researchers? Are they observ-
ers, participants, neither of the two, or both of the 
two? The confusion occurs because of the labels 
associated to them. This is precisely the problem 
with terminologies. 

The initial scenario and the subsequent four 
scenarios bring forward the complex essence of re-
ality. Many people differentiate reality by putting 
a clear division between objective or subjective 
reality. To them, dividing the two is simple and 

Figure 2. The initial and the subsequent four scenarios of understanding a reality
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elementary. All research requires interpretation 
and therefore all research is interpretative (Denzin 
& Lincoln, 2005b, p. 22). Moreover, reality cannot 
exist independent of the mind (Kant, 1934; Weber, 
2004). The essence of ontology lies in an inter-
pretation of reality that requires awareness even 
if the study focuses on objective reality. In short, 
the essence of ontology demands interpretation 
of the reality and that reality encompasses both 
the subjective and objective components.

dominant l ogic of o ntology

The dominant logic of ontology is interactions. 
In the context of the case presented, the execu-
tive sponsor interacts with the third party change 
agent, his project team members, the prospective 
vendors, and other stakeholders. He utilises gov-
ernment electronic tendering service (GETS) to 
announce the request for information (RFI). A 
required functionality of the enterprise systems 
is its capability of interacting with the banking 
systems and credit card technology using the 
Internet technology. Those interactions include 
interactions between people and people, people 
and technology, and technology and technology. 
Understanding that the phenomenon requires 
an understanding of the innovation process, the 
interactions involved in that process, the social 
and psychological mindsets, the host organisation 
and its extended value chain, and the soft or hard 
technology. The interactions capture the underly-
ing “why” questions and reaffirms the importance 
of meanings, interpretations, and context without 
denying the existence of the causal influences 
(Smith, 2006, p. 207).

Irrational subjective r eality 
disguised as r ational o bjective 
r eality

Authorities, like Weber (2004) and Kant (1934), 
favour the dualism of reality. The objective side 
of ontology indicates the presence of human, 

organisational, and/or technological issues in 
the process even if the researchers, including the 
stakeholders, are not aware of their existence. 
The subjective side of ontology indicates the 
implications of interactions of people and people, 
of people and technology, and of technology 
and technology. Unavoidably, the initiation and 
implementation of new information systems are 
tainted with grey, neither black nor white. Grey, 
the dualism of black and white, results in irrational 
subjective behaviours being perceived as rational 
objective behaviours. 

underst And Ing ePIstemology

c omplex r elationships of o ntology, 
epistemology, and methodology

The term epistemology embodies a premise and a 
relationship. Because what exists or is perceived 
to exist (ontology) can be known (Blaikie, 2000), 
therefore epistemology enables the understanding 
of a reality, making it a prerequisite to understand-
ing a reality (that is, ontology  epistemology). 
However, understanding a reality provides a priori 
knowledge to contribute to the knowledge of the 
reality (that is, ontology  epistemology). Thus, 
ontology affects epistemology and vice versa. 
Two-dimensional relationships exist between 
ontology and epistemology (that is, ontology  
epistemology).

A good example of the epistemology (knowl-
edge) of a reality (ontology) is the innovation 
process of replacing enterprise systems which 
demands designing an appropriate knowledge-
gathering process. Without a methodology, 
epistemology is not possible (that is, epistemol-
ogy  methodology). The methodology encom-
passes gathering, validating, analysing the data, 
and crafting the argumentation. Presumably, 
the research contributes to epistemology. Thus, 
methodology follows epistemology in a study (that 
is, epistemology  methodology). Similar to the 
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relationships between ontology and epistemology, 
epistemology and methodology also have a two-
dimensional relationship (that is, epistemology 
 methodology).

The relationship between methodology and 
ontology are likewise two-dimensional: meth-
odology  ontology. Without the knowledge-
gathering process, it is not possible to understand 
a reality (that is, methodology  ontology). But, 
the pluralism aspect of the reality dictates tri-
angulation of methods and other disciplines in 
designing the research (that is, methodology  
ontology).

The hierarchy concept of ontology to epis-
temology to methodology (that is, ontology 
epistemology  methodology) is common in 
the research literature. It makes it easy to under-
stand their relationships. However, the concept 
of two-dimensional relationships helps to clarify 
the complexity in their relationships (that is, 
ontology  epistemology  methodology  
ontology). It embeds the concept of antecedent 
and consequence. For example, when developing 
a research strategy (a methodology), we must 
take into account the complex relationships. The 
three theories of being, knowledge, and research 
are inseparable.

Access and Re.ection (Perception) 
r evisited

Individuals reflect their reality through the per-
ception of that reality (Weber, 2004). Perception 
implicates the awareness and existence of that 
reality. Objective reality exists even if stakeholders 
do not have the awareness of its existence. That 
reality could be relevant in reality. However, it 
is not relevant from their viewpoints. Take the 
context of the case, the executive sponsor and his 
project team members examine the responses to 
the RFI for the strengths and weaknesses of the 
vendor and the enterprise systems. These strengths 
and weaknesses exist even if the response to the 
RFI does not mention them. These attributes are 
relevant when the prospective vendors mention 

them in their responses to the RFI and the executive 
sponsor and his project team members perceive 
them as strengths or weaknesses. Without access 
to the response documents, it is not possible to 
determine the physical evidences. Without reflec-
tion, it is not possible to classify them as strengths 
or weaknesses or as significant or insignificant. 
Existence is a prerequisite of access. Access is 
a prerequisite of reflection. Thus, existence  
access  reflection. Reflection is a part of the 
realism that Wyssusek and Schwartz (2003) gave a 
subtle distinction from the objective reality. Kant 
(1934) adds in the faculties to do the reflection. 
Access to the reality and faculties to do reflection 
are antecedents of a research process. The facul-
ties implicate the role of a priori knowledge and 
emphasise reflection in the knowledge-generating 
process. The access to the objective reality makes 
knowledge hard while the reflection of the reality 
makes it soft.

What c onstitutes k nowledge?

What makes up knowledge? That is a fundamen-
tal question in epistemology. An observation of 
a phenomenon, such as the examination of the 
responses to Request for Information (RFI), could 
lead to knowledge. Yet it lacks the quality of 
epistemology. Because epistemology = episteme 
+ logos, the missing link is the reasoning.

Imagine a diagram. A box, called “claim,” 
contains a statement that says “not all perceived 
weaknesses from the responses to the RFI are in-
significant.” To support that claim, an “evidence” 
box on the left side of the “claim” box states that 
“the project staffs of a prospective vendor ABC 
compose of individuals from the now defunct 
XYZ entity.” Between those two boxes is an 
arrow drawn from the “evidence” box on the 
left to the “claim” box on the right. That arrow 
infers that the evidence is a reason for the claim 
(Figure 4). The significant weakness perceived 
by the executive sponsor and his team members 
is a reason for that claim. 
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Bearing in mind the concepts of absolute true 
knowledge, consensual true knowledge, and justi-
fied true belief discussed in the background sec-
tion (Myles, 1990; Wyssusek & Schwartz, 2003), 
a claim is deemed a consensual true knowledge 
to a community only if the community gives a 
consensus that the statement is true. For example, 
the villagers in Los Molinas stubbornly drank 
water from a canal floated with dead monkeys 
instead of a nearby tap with the clean drinking 
water. To combat the infections caused by the 
contaminated water, the Peruvian government 
and health authorities instructed the villagers to 
boil the water. Even after 2 years of communicat-
ing the new idea to the villagers (e.g., getting the 
clean water from the tap, boiling the water, and 
drinking the boiled water), a majority continued to 
drink from the filthy river. The diffusion process 
ignored the culture of Peruvian villagers (Rogers, 
2003, pp. 1-5). The Peruvian villagers believed a 
consensual true knowledge that healthy people do 
not drink boiled water and that only sick people 
do. Absolute truth cannot exist to those villag-
ers who did not believe in drinking clean water 
from the faucet. What constitutes knowledge 
depends on where the individuals are (inside or 
outside the cave) and how they understand their 
reality. The enlightened individuals may regard 
both empirical evidences and reasoning as their 
sources of knowledge. The unenlightened indi-
viduals may regard the consensual beliefs as their 
sources of knowledge. Wherever the individuals 
stand (inside or outside the cave) and whatever 
is the true knowledge (consensual or absolute 
true knowledge), three critical issues (deemed 
knowledge, diversity of knowledge, and argu-
mentation) remain. 

deemed k nowledge

Deemed knowledge is a key point in Plato’s par-
able of a cave. It depends on where the individuals 
are at the stage of their journey and what their 
perceptions are. Individuals who have walked out 

the cave differ from individuals who are at the 
different stages of their journey inside the cave. 
The enlightened individuals, belonging to the 
former group, have added a stack of knowledge, 
the higher realm of knowledge, on top of the lower 
realm of knowledge. They look at knowledge with 
a pluralistic mindset. The essence of the deemed 
knowledge is the realisation of the complex com-
bination of the subjective and objective reality as 
well as the diversity of that knowledge which is 
bounded by certain hard and soft norms. 

diversity of k nowledge

Diversity of knowledge is another key point of 
the cave parable. As mentioned in the background 
section, individuals have different levels of aware-
ness, perceptions, and feelings of their reality. 
They are bound by their prior higher and/or lower 
realm of knowledge. In fact, some individuals 
have more diversified knowledge than others do. 
Their multiple sources of knowledge give them 
more information which is an advantage of a 
case study research. Many sources may be drawn 
all at once to learn about a phenomenon (Stake, 
2005). Such optimises the understanding of that 
phenomenon and “gains credibility by triangulat-
ing the descriptions and interpretations, not just 
in a single step but continuously throughout the 
period of study” (Stake, 2005, p. 443).

Argumentation, Verification, and 
Falsification

Eight statements originate from Figure 3. Which 
statement constitutes deemed knowledge, consen-
sual true knowledge, or absolute true knowledge? 
The number of staffs in ABC entity, including 
those from XYZ entity, is an objective reality. 
However, a piece of industry knowledge about 
the new staffs from XYZ entity is perceived as a 
significant weakness. It is a subjective reality. If 
the executive sponsor accepts it to be true, then 
that knowledge is a deemed knowledge. It is also a 
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consensual true knowledge. It could be an objec-
tive reality if the executive sponsor verifies it to 
be true. Then that piece of knowledge becomes an 
absolute true knowledge insofar as the number of 
staffs from XYZ entity is concerned. Regardless 
of whether that knowledge pertains to objective 
reality or subjective reality, a deemed knowledge 
is a complex realisation of what the individuals 
perceived as true knowledge. Between the num-
ber of staffs in ABC entity (a perceived strength) 
and the number of staffs in ABC entity coming 
from XYZ entity (a perceived weakness), both 
perceptions are deemed knowledge. 

Statement 1. There is a presence of evidence 
of perceived significant weakness from the re-
sponses to the RFI.

Statement 2. There is an evidence of presence of 
perceived significant weakness from the responses 
to the RFI. 

Statement 3. There is an absence of evidence of 
perceived significant weakness from the responses 
to the RFI. 

Statement 4. There is an evidence of absence of 
perceived significant weakness from the responses 
to the RFI. 

Statement 5. All perceived weaknesses from the 
responses to the RFI are significant. 

Statement 6. All perceived weaknesses from the 
responses to the RFI are insignificant. 

Statement 7. Not all perceived weaknesses from 
the responses to the RFI are significant. 

Statement 8. Not all perceived weaknesses from 
the responses to the RFI are insignificant. 

Statement 1 is similar but not identical to the 
evidence presented in Statement 2. Statement 1 
asks for the presence of evidence of at least one 
perceived significant weakness. The perceived 
significant weakness should cause the exclusion 
of the enterprise systems or their vendor in the 
short-list for RFP. The verification should look 
for the awareness or unawareness of that signifi-
cant weakness. In the first instance, awareness 
of a significant weakness whether it exists or 
not should supposedly lead to the exclusion of it 
in the short-list. In the second instance, the un-
awareness of a real weakness expectedly causes 
a possible exclusion. The evidence present in 
Statement 2 is more complicated. If all the other 
three quadrants are false (that is, “not Quadrant 
1” and “not Quadrant 2” and “not Quadrant 4”), 
then Quadrant 3 is right. In effect, Statement 2 
looks at Quadrant 3 indirectly. 

With Statement 3, the absence of evidence 
refers to “not Quadrant 3.” It demands proving 
Quadrant 3 to be false. In so doing, Quadrant 1, 
Quadrant 2, or Quadrant 4 becomes true. Thus, 
“not Quadrant 3” somehow refers indirectly to 
quadrants 1, 2, and/or 4. Statement 4 indicates 
the evidence of absence of perceived significant 
weakness. It refers directly and collectively at 
Quadrant 1, Quadrant 2, and Quadrant 4. 

The confusions of those four statements are 
due to how individuals react and infer them into 
their socio-emotional context of the theory and the 
practice. Taleb (2007) attributes those confusions 

Figure 3. A logical mistake of assertion is inevi-
table
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to the “domain specificity of reactions and infer-
ences.” It means understanding a reality (ontology 
or the theory) involves knowledge and reasoning 
(epistemology) which necessarily involves the 
context (techne or the practice). 

Which statement constitutes the absolute true 
knowledge? Assuming that Statement 1 or State-
ment 2 is true, are all the perceived weaknesses 
significant (Statement 5)? Likewise, if Statement 
3 or Statement 4 is true, are all the perceived 
weaknesses insignificant (Statement 6)? Statement 
5 and Statement 6 cannot be the absolute true 
knowledge. If there is at least one insignificant 
perceived weakness, then it is with certainty that 
not all weaknesses are significant and Statement 
7 becomes the absolute true knowledge. If there 
is one significant perceived weakness found, then 
not all perceived weaknesses are insignificant. 
Statement 8 becomes the absolute true knowledge. 
Effectively, an insignificant perceived weakness 
results to the assertion that not all perceived 
weaknesses are significant. Likewise, a significant 
weakness results to the assertion that not all per-
ceived weaknesses are insignificant. Effectively, 
one single falsified observation invalidates the 
many verified observations.

PhIloso PhIc Al  Assum Pt Ions

Between that evidence and that claim in Figure 4 
are some hidden philosophical assumptions (Table 
1). Replacing enterprise systems is a problem-
solving intervention with expected consequences 
in mind (Assumption 1). It embodies physical 
evidences (e.g., the responses to RFI), shared 
meanings (e.g., the staff coming from XYZ entity), 
and defensive reasoning (e.g., the undesirable 
company culture of XYZ entity). Those evidences 
are not necessarily the source of absolute truth 
(Assumption 2). However, they can cause large 
unexpected consequence (Assumption 3). The 
perception of that weakness may be irrational. 
Yet the defensive reasoning and decision to ex-
clude the vendor from the short-list disguise the 
irrational behaviour (Assumption 6). 

Imagine a point of intersection of two lines 
called theory and practice (Sjoberg, Williams, 
Vaughn, & Sjoberg, 1991, p. 29). That point 
embeds the complex phenomenon (ontology) 
of choice to be studied (Stake, 2005, p. 438), a 
knowledge base (theory), the research questions 
to be answered (epistemology), and the research 
strategy (methodology). The last component in 
that point identifies the data to be gathered and 

Hidden assumptions 
• Replacing enterprise systems is a problem-solving intervention 

with expected consequences  (Assumption 1) 
• That technological innovation embodies physical evidences (eg, 

the responses to  RFI),  shared meanings,  and  defensive 
reasoning.  Those e vidences a re  not  necessarily the source  of 
absolute truth (Assumption 2). 

• A small weakness  may  cause  large  unexpected consequence 
(Assumption 3). 

• The perception  of weakness  may  b e irrational. Yet the 
defensive reasoning and decision  to exclude the vendor from 
the short-list disguises the irrational behaviour (Assumption 6). 

   
Evidence 

 
Claim 

The project staffs of ABC entity is composed of individuals 
from the now defunct XYZ entity. 

Not all perceived weaknesses from the responses to the RFI 
are insignificant. 

Figure 4. Hidden assumptions in argumentation
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how they will be gathered, analysed, argued, and 
presented so that the audience (the “community”) 
will acknowledge consensually that the study or 
the outcome of that study constitutes knowledge. 
This point embodies a premise that the right 

methodology will lead to gathering the right data 
to answer the research questions, ensure qual-
ity in research, and eventually contribute to the 
knowledge. Without the right methodology, the 
contribution to the knowledge is not possible. 

Assumption 1
Replacing enterprise systems is a problem-solving 
intervention (Thull, 2005) with expected consequences. 
That complex phenomenon is a choice of research interest 
(Stake, 2005). The intervention moves from one stage to 
another and from one state to another. 

Assumption 2
Replacing enterprise systems embodies physical evidences 
and documentations, complex interactions (Note 1), shared 
meanings, and defensive reasoning (Argyris, 2004; Bryman, 
2001, pp 16-18; Burrell & Morgan, 2005, pp 1-20; Gilbert, 
2006; Heidegger, 1962, p 249; Kant, 1934; Weber, 2004). 
The physical evidences and documentations are hard 
realities. Bounded by experience, culture, and social norms, 
the shared meanings and defensive mindsets are soft realities 
existing inside the minds. 

Assumption 3
Built into the systems, unexpected consequences are always 
in perpetual motion and change (Ormerod, 2005; Rogres, 
2003). A large unexpected consequence may have very 
small causes (Ormerod, 2005).

Assumption 4
The purpose of technological innovations is seamless 
alignment (Note 2). That expected consequence concerns 
(a) value proposition and performance, (b) information 
availability, (c) value chain or network linkages, and (d) 
transactional efficiencies. The innovation comes with a 
VALUE orientation (strategic vision). The gatekeepers 
expect to configure the enterprise systems, align business 
processes, and extend the value chain toward a strategic 
vision (Canals, 2000, p 158).

Assumption 5
Understanding how to solve problems, make decisions, 
and act under conditions of incomplete information are the 
highest and most urgent human pursuit (Taleb, 2007, p 57).

Assumption 6
Because of the possible presence of defensive reasoning 
and behaviours, a rational behaviour may be an irrational 
behaviour in disguised (Argyris, 2004; Luhmann, 2006).

Assumption 7
Designing a research (methodology) takes into account the 
threats of inconsistencies between theory and practice. It is 
difficult to understand a theory in practice or to understand 
a practical problem in theory (Baskar, 2002; Smaling, 1987; 
Smith, 2006; Taleb, 2007). It is not possible to align perfectly 
theory and practice.

Assumption 8
Because evidences available for studying a phenomenon 
are generally incomplete and not necessarily the source of 
truth, the knowledge derived from the study should relate 
to the context where the phenomenon happens. At least, this 
minimises the risk of inconsistencies to theory and practice. 

Assumption 9
The complex interactions (eg, business processes), the 
shared meanings including the experience, culture, and 
social norms of the stakeholders, and their defensive mindset 
are sources of hard and soft knowledge.

Assumption 10
Many sources may be drawn all at once to learn about the 
phenomenon (Stake, 2005).

Assumption 11
What constitutes knowledge depends on the thorough 
understanding of the researchers and the participants 
involved with the phenomenon and the nature of the 
empirical evidence and reasoning required.

Assumption 12
A single piece of information can be more meaningful than 
a lot of data. The merit of such information does not rely on 
the logical merit. Rather it relies on how it forms part of a 
chain of evidence, how it functions in the context, and how 
it is reflected in the social-emotional systems.

Note 1. The interaction is what Pennings and Buitendam 
(1987, p xiv) have referred to as meshing new enterprise 
systems with organisation design, business process, strategy, 
and external relationships. It involves (a) people to people, 
(b) people to organisation, (c) people to technology, (d) 
organisation to other organisations, (e) organisation to 
technology, and (f) technology to technology.

Note 2. To satisfy the needs of its customers (Principle 1), the 
entity must put together all processes (Principle 2). Superior 
process performance is a requirement (Principle 3) and its 
pre-requisite is to undertake process design or redesign 
in order to foster an environment that inspires people to 
work productively (Principle 4). These are four principles 
(Hammer, 1996, pp 97-105) to seamless alignment

Table 1. Ontological assumptions (1 to 8) and epistemological assumptions (9 to 12)
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Borrowing from the critical theory of Haber-
mas (1970, 1974), that same point of intersection 
embodies three cognitive interests that individu-
als direct their attempts to acquire knowledge, 
namely: technical interest, practical interest, 
and emancipatory interest. Technical and practi-
cal interests derive from, and at the same time 
are dependent on, work, and interaction. Work 
depends upon “mastery over the environment of 
action” while interaction requires “intersubjec-
tive understanding among those [stakeholders] 
involved” (Jackson, 1992, p. 12). Embedded into 
those two interests, work, and interaction is a third 
interest, the emancipatory interest stems from the 
exploitation of opportunities (eg, innovation) and 
systemic distorted communication. 

That systemic distorted communication is an 
outcome whenever individuals filter information 
(Habermas, 1970, 1974; Luhmann, 2006). That 
statement is a philosophical assumption in a dif-
fusion research. According to Luhmann (2006), 
social systems are systems of communication. 
Society is the most encompassing social system. 
It comprises all and only communication. The 
boundary between the system and its surrounding 
complex environment defines a system. It affords 
the system to filter the information into the system 
through communication from the outside. Dis-
torted communication is a result of such filtering 
into the system from the outside. Argyris (2004) 
tackles a similar challenge: defensive reasoning 
prevents individuals from understanding their 
own incompetence. 

Diffusion is a form of communication. It 
involves communicating a new idea or innova-
tion to the targeted audience. Replacing existing 
enterprise systems is an example of a new idea. 
The idea itself does not have to be new. However, 
the audience in which the diffusion is directed to 
has to perceive it as new. Diffusing a replacement 
of enterprise systems passes through an initia-
tion phase and implementation phase. Those two 
phases are parts of the innovation process. That 
innovation process involves the social system, 

communications, and interactions. In the initia-
tion phase, the executive sponsor has a percep-
tion of a gap and explores options of competing 
enterprise systems. Matchmaking the options 
with the expectations in mind depends on a risk 
mindset. Generally, a risk-averse organisation has 
a procurement policy that requires formal request 
for information (RFI), request for proposal (RFP), 
and a business case. The premise is that the rigour 
embedded into these requirements minimises the 
risks of unexpected undesirable consequences 
and fosters achievement of expected desirable 
consequences. 

In the inferential arrow between the evidence 
box and the claim box in Figure 4 are hidden 
statements. Table 1 explicitly states twelve hid-
den philosophical assumptions. Those statements 
are claims acceptable to “the community.” Evi-
dences to support them are not necessary. Those 
assumptions facilitate in designing the research 
methodology, interpreting and evaluating the 
data collected, and minimising threats of theory-
practice inconsistencies. They put quality into 
the research. 

Ontological assumptions have implications 
to epistemology and methodology. The informa-
tion needed to study the phenomenon come from 
many sources. There are therefore many ways to 
study and understand a complex phenomenon. For 
researchers who delimit their scope to make the 
study manageable and decide to temporarily focus 
on the delimited phenomenon by using available 
methods (Stake, 2005), an appropriate approach 
is a case study. Figure 5 shows the implications 
of the philosophical assumptions on methodol-
ogy because of the contribution of knowledge. 
The ontological assumptions help articulate the 
epistemological assumptions and draw attention 
to the research questions of what can be learned 
about the case. Those questions represent the drive 
to design the methodology in order to optimise 
understanding of the case rather than to generalise 
beyond it (Stake, 2005, p. 443).
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r esol vIng t hre Ats of 
Incons Istenc Ies

Quality in articulating the ontological and epis-
temological assumptions influences the quality 
when designing a methodology of research. In 
turn, the quality of the methodology affects the 
quality of the research outcomes. Figure 6 reiter-
ates the complex two-dimensional relationships 
of ontology, epistemology, and methodology. 

There are at least three possible sources of 
inconsistencies (Figure 6): one being methodol-
ogy which affects the understanding of the reality 
and the contribution to knowledge. Note how the 
methodology affects the outcomes, which in turn 
affect the ontology and epistemology. Likewise, 
the way the philosophical assumptions are inter-
preted affects how the methodology is designed. 
There is a backward link from the outcome to the 
methodology. The outcome of the research goes 
back to methodology in the case of action research. 
Another threat of inconsistencies originates from 
the confusion between theory and practice. 

c onclus Ion

To conclude, a complex phenomenon consists of 
subjective and objective components. The sub-
jective components are awareness, perceptions, 

and feelings of and about the reality. They exist 
in the mind of individuals who have at least a 
vague idea of what it is if a name is not available. 
Objective components do not need awareness in 
order to exist. However, without the awareness, 
perceptions, and feelings, how can a reality be 
relevant? What is the colour of reality?

The hierarchy of ontology, epistemology, and 
methodology makes it simple to understand the 
research process, to articulate the philosophical 
assumptions, and to defend the unique paradigm 
that drives the study. However, that process is not 
hierarchical and one-directional. It is complex. 
Their relationships are two-directional. Thus, 
ontology is both an antecedent and consequence 
of epistemology and methodology. In addition, 
epistemology is both an antecedent and conse-
quence of methodology and ontology. Likewise, 
methodology is both an antecedent and conse-
quence of ontology. Understanding the ontology 
of a phenomenon implicitly takes into account 
epistemology and methodology. Articulating the 
epistemology implicitly involved the consideration 
of the methodology and ontology. Designing the 
methodology has the ontology and epistemology 
in mind. Articulating a unique set of philosophi-
cal assumptions naturally integrates the three 
into one.

The notion of the researchers (objective ob-
servers) and the others (subjective participants) 

Ontological assumptions 
Replacing enterprise systems is a problem-solving intervention to foster seamless alignment. 

 
Epistemological assumptions 

Business processes, complex interactions, shared meanings, and defensive mindset may be drawn all at once to learn hard 
and soft knowledge. 

 
Research design (methodology) 

The many  sources  of rich  contextual and empirical evidences such a s archival  documents, in-depth  interviews,  a nd 
observations could and would be drawn all at once to learn about the phenomenon. One evidence of exception can be more 
meaningful than a lot of data. 

 
Epistemology (argumentation) 

The contribution to knowledge depends on hard and soft experiential knowledge, understanding of the rich contextual 
phenomenon, and the argumentation based on the chain of evidences. 

Figure 5. Implications of assumptions on methodology and contribution to knowledge
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is always controversial. Many assume that the 
researchers must, can, and should be objective 
observers while the others are active participants. 
In reality, this clear-cut scenario is an illusion. 
Qualitative research accepts the scenario where 
the researchers can travel from the objective end 
of a continuum toward the subjective end. The 
premise is that the subjective components of the 
reality (the awareness, perceptions, and feelings) 
are prerequisite of understanding the objective 
components of that reality. 

Interactions constitute the dominant logic of 
ontology (the complex phenomenon). In replac-
ing enterprise systems, those interactions are 
the diffusion of a technological innovation. The 
interactions are complex because of the involve-
ment of people, organisation, and technology (e.g., 
people to people, people to organisation, people to 
technology, organisation to other organisations, 
organisation to technology, and technology to 
technology). Pennings and Buitendam (1987, p. 
xiv) refer to those interactions as the meshing of 
the enterprise systems with organisation design, 
business process, strategy, and external relation-
ships. The complex interactions together with 
the shared meanings and defensive reasoning 
implicate on business processes, mindsets of the 
stakeholders, and extended value chain of the host 
organisation adopting the enterprise systems.

A fundamental question in epistemology is 
what constitutes knowledge? Some individuals 

would consider the answers to the questions about 
the reality constitute knowledge. Other individu-
als would consider the answers and the reasoning 
that comes with them to constitute consensual 
knowledge that is justifiable and believable. That 
deemed knowledge is a key point of Plato’s parable 
of the cave. What constitutes knowledge depends 
on where the individuals are inside or outside the 
cave and how they interpret their reality. There are 
many sources of knowledge bounded by higher or 
lower realm of knowledge, experiences, cultures, 
and other norms.

There is a weakness of a deemed knowledge. 
It depends on mindset. It is not necessarily the 
absolute truth. In argumentation, a claim relies 
on the evidence to support that claim. Four pos-
sibilities are the presence of evidence, the evi-
dence of presence, the absence of evidence, and 
the evidence of absence. The examination of the 
evidence leads to eight possible statements (Table 
1). Of those statements, only the eighth statement, 
if proven true, will result to assertion. Effectively, 
that last statement is a falsification. One single 
falsification invalidates much verification. 

f uture r ese Arch dIrect Ions

This chapter represents an explicit reflection to 
designing single-case diffusion research about 
replacing enterprise systems by a large public 

Figure 6. The threats of inconsistencies are bountiful in research
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sector entity. The focus of the study is about the 
business case stage. Extensive literature review 
indicates that there is no study about the business 
case stage of replacing enterprise systems. There 
are, however, some studies concerning other busi-
ness cases. The Diffusion of Innovations theory 
takes into account the antecedents (or conditions), 
the process including the decision points in the 
process, and the consequences. One direction of 
future research is to examine the decision points 
in the process, particularly the matchmaking stage 
and business case stage, and to understand the 
impact of each decision point. Another direction 
is to understand the performance metrics, control 
systems, and implications of innovations to the 
business case stage including the matchmaking 
stage prior to that business case stage (Figure 7). 
The cocreation of total value requires manage-
ment to understand the full implications of the 
innovation to all strategic and ethically critical 
stakeholders. The diffusion of an innovation to 
the stakeholders fosters creation of value and 
relationships. 

The study of the business case stage (Stage III 
in Figure 7) and making the accept-reject decision 
preferably includes:

• Examination of the conceptual basis of the 
study

• Sound analysis of the business environ-
ment

• Analysis of strategic factors that influence 
in general the innovation process (Stage I to 
Stage V) and specifically the business case 
stage (Stage III)

• Critical evaluation of the innovation process 
and/or the business case stage

• Critical evaluation of the techniques to 
design the study

• Critical evaluation of the output of the in-
novation process and/or the business case 
stage to organizational goals, strategies, and 
management practices

• Reflexive reflection on the experience of 
designing a case study and of studying the 
case 

• Reflection on meeting the challenge of the 
industry, entity, and/or the chosen field 

Future research may:

• Articulate more than a set of philosophical 
assumptions and engage the paradigms in 
a dialogue (Denzin & Lincoln, 2005c, p. 
189);

Figure 7. The innovation process of replacing enterprise systems
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• Challenge the old to new contested method-
ology (Denzin & Lincoln, 2005a) and ev-
erything that is pregiven (Bauman, 2005);

• Test and validate those arrows in Figure 6 
which have been argued but not tested;

• Explore issues such as the interactive nature 
of the inquiry, ethics and values (praxis), 
[power and] empowerment, foundations of 
truth, validity, and voice (single or multi-
voiced), reflexivity, and representation 
(Denzin & Lincoln, 2005c; Lincoln & Guba, 
2000);

• Critically argue issues, such as collabora-
tions, politics, uneven distribution or depth 
of knowing, the changing nature of the 
phenomenon, the grounding of abstract rela-
tions, and the culture that operates within 
a continuously unfolding contemporary 
(Holmes & Marcus, 2005);

• Conduct critical conversations about the 
community, global society in transition, 
democracy, and other issues (Denzin & 
Lincoln, 2005a, 2005b, 2005c); 

• Examine more than one theory using the 
same set of “facts” (Denzin & Lincoln, 
2005c, p. 184);

• Look beyond the business case and in-
novation towards a broader conception of 
knowledge management (Grant, 1997). The 
study may look into exploring what consti-
tutes knowledge to the entity, identifying 
the knowledge available within the entity, 
and assessing how the expertise and the 
know-how of employees has directed the 
innovation process. 

• Explore the relationships between the ven-
dors of enterprise systems and the entity, 
build a distinction between knowledge 
generation (knowledge exploration) and 
knowledge application (knowledge exploi-
tation), and distinguish the strengths and 
weaknesses of accessing which is different 
from acquiring the knowledge (Grant & 
Baden-Fuller, 2004).
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Abstr Act

Enterprise systems (ES) promise to integrate all information flowing across the organisation. They 
claim to lay redundant many of the integration challenges associated with legacy systems, bring greater 
competitive advantages to the firm, and assist organisations to compete globally. However, despite 
such promises these systems are experiencing significant implementation challenges. The ES literature, 
particularly studies on critical success factors, point to top management support as a fundamental 
prerequisite for ensuring implementation success. Yet, the literature remains rather opaque, lacking 
an empirical understanding of how top management support ES implementation. As a result, this study 
seeks to explore this research question. With a lack of empirical knowledge about the topic, a grounded 
theory methodology was adopted. Such a methodology allows the investigator to explore the topic by 
grounding the inquiry in raw data. The Irish health system was taken as the organisational context, with 
their ES initiative one of the largest implementations in Western Europe. 
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Introduct Ion

The objective of this chapter is to discuss the 
application of a Grounded Theory Methodology 
(GTM) in addressing “enterprise systems (ES) 
implementation within the Irish health services.” 
In particular, this chapter will be of benefit to 
researchers and practitioners endeavouring to 
focus on ERP implementation within health 
care organisations. There is a lack of empirical 
literature to explain the application of GTM for 
IS inquiry within health care organisations. This 
empirical vacuum is even more lacking when we 
turn our attention to ES implementations. This 
chapter will be comprised of two main sections. 
The first section will “introduce GTM,” clearly 
illustrating its benefits to IS inquiry. The second 
section will provide the reader with an “application 
of GTM in practice.” The chapter will conclude 
with reflections on GTM as an approach for IS 
empiricism.

Invest Ig At Ive f ocus

Since the 1950s, organisations have sought to 
increase effectiveness and efficiency through 
the use of computers. During the 1970s and 
1980s, IS was recognised as a means to creating 
greater competitive advantages for implement-
ing organisations. Today, IS has permeated to 
the very core of many firms, often determining 
their success, or indeed failure. As a consequence 
of the escalated growth and interest in IS, huge 
emphasises has been placed on integrating vari-
ous systems throughout the organisation. Such 
integration gives the organisation a single view 
of the enterprise. To this end, enterprise systems 
(ES) began to emerge in the early 1990s. These 
systems promised “seamless integration” of 
organisations business processes, throughout its 
value chain (Davenport, 2000). In other words, 
these systems allow the organisation to unite 
all its business processes under the umbrella of 

a single system. According to Parr and Shanks 
(2000), ES’s have two important features, firstly 
they facilitate a casual connection between a vi-
sual model of business processes and the software 
implementation of those processes, and secondly 
they ensure a level of integration, data integrity 
and security, which is not easily achievable with 
multiple software platforms. Kraemmergaard 
and Moller (2002, p. 2) note that the real benefits 
of ES are their potential to integrate beyond the 
organisations own value chain, delivering inter-
enterprise integration. This form of integration 
allows a single organisation to integrate with 
customers and suppliers along its value chain 
and to other organisations with similar areas of 
interest (Davenport, 2000). Finally, Brown and 
Vessey (1999, p. 411) believe that ES implementa-
tions provide “total solutions” to an organisation’s 
information systems needs by addressing a large 
proportion of business functions. These “off the 
shelf” packages allow an organisation to improve 
their current business processes and adopt new 
best practices (Al-Mashari, 2000). 

Consequently, many organisations have moved 
to implement enterprise systems. The adoption 
of these systems is expected to bring significant 
benefits to the organisation. The case literature 
illustrates this point, with the Toro Co. saving 
$10 million annually due to inventory reduc-
tions, while Owens Corning claims that their ES 
software helped it to save $50 million in logistics, 
materials management, and sourcing (Umble, 
Haft, & Umble, 2003, p. 244). Similarly, other 
cases reveal large savings in costs and increased 
levels of organisational effectiveness after ES 
implementation. Companies such as Geneva 
Pharmaceuticals (Bhattacherjee, 2000), Lucent 
Technologies (Francesconi, 1998), Farmland 
Industries (Jesitus, 1998), and Digital Equipment 
Corporation (Bancroft, Seip, & Sprengel, 1998), 
have had significant reductions in costs and in-
creased organisational performance as a result of 
ES adoptions. The literature highlights notable 
advantages and benefits for the implementation 
of these systems. 
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However, despite such promises, implemen-
tation results revealed significant failures. Some 
studies have cited up to 90% failure rates for 
the implementation of such systems (Sammon, 
Adam, & Elichirigoity, 2001). Considering that 
these systems are enterprise-wide, can often cost 
millions of euro and take between 1-3 years to 
install (Markus & Tanis, 2000c), their failure can 
have devastating consequences on an organisa-
tion. For example, in the case of FoxMeyer Drug, 
a $5 billion pharmaceutical company, the firm 
filled for bankruptcy after major problems were 
generated by a failed enterprise system (Helm, 
Hall, & Hall, 2001). 

It, therefore, becomes important to ask why: 
why are ES implementations delivering such 
poor performances, and in some cases complete 
failure. According to Sammon et al. (2001, p. 2), 
“the main implementation risks associated with 
ES initiatives are related to change management 
and the business reengineering that results from 
integrating an organisation.” According to a study 
by Deloitte and Touche (2001), the main reasons 
for poor ES performance after implementation 
range from people obstacles (which according 
to the study contributed to 68% of the problem), 
to business processes (which were at 16%), and 
information systems issues (which were at 12%) 
(cited in Crowe, Zayas-Castro, & Vanichsenee, 
2002, p. 3). As a consequence, empirical investiga-
tions have focused on factors that are critical to ES 
success, that is, critical success factors (CSF). In 
particular, top management support was identified 
as the most important factor for ensuring success 
(Somers & Nelson, 2001; Umble et al., 2003). 

However, there was a lack of empirical depth 
within the literature as to how top management 
support ES implementation. An empirical in-
quiry was called for. This research, therefore, 
sought to investigate the topic within the Irish 
health services. In conducting such a study, the 
investigation would need to build an empirical 
explanation, that is, theory. However, before 
building any theory, the investigator must first 

align their philosophical views with the demands 
of the research question. The outcome will de-
cide the methodological choices available to the 
investigator and the investigation.

A cA ll  for Inter Pret Iv Ism

Before discussing the merits and application of a 
grounded theory methodology, it is first important 
to provide the reader with a preliminary review 
about the nature of empirical inquiry. Prior to 
commencing any inquiry, the investigator must ad-
dress their ontological and epistemological views 
and indeed how such views fit with their research 
question and the methodological choices made to 
conduct the study. Essentially, ontology describes 
the reality, while epistemology is the relationship 
between reality and the investigator, with the meth-
odology being the technique used to discover such 
reality (Perry, Riege, & Brown, 1999). Hirschheim 
(2002) provides an historical overview of the 
relationship between the investigator and reality 
since the 17th Century, that is, an explanation of 
the epistemological status of science. In effect, 
two epistemological paradigms have preoccupied 
scientists’ view of reality, that is, the positivist and 
interpretivist perspectives. Briefly explained, the 
positivist perspective is based on the ontological 
assumption that there exists an objective social 
reality that can be studied independently of the 
action of the human actors in this reality. “The 
epistemological assumption following from this 
is that there exist unidirectional cause-effect 
relationships that can be identified and tested 
through the use of hypothetic-deductive logic and 
analysis” (Khazanchi & Munkvold, 2000, p. 34). 
In contrast, the interpretivist perspective is based 
upon the ontological assumption that reality and 
our knowledge thereof are social constructions, 
incapable of being studied independent of the 
social actors that construct and make sense of 
reality. Instead of seeking unidirectional cause-
effect relationships, the focus is to understand the 
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actors’ view of their social world (Khazanchi & 
Munkvold, 2000, p. 34). 

As this study seeks to “explore” how top man-
agement support ES implementation, an interpre-
tivist epistemology is required. This investigation 
focuses on understanding an enterprise system 
within a specific organisational setting. Skok and 
Legge (2002, p. 74) note that when examining 
any ES project, the situation becomes complex 
because of the variety of associated stakeholders 
and the inter-relationships between them. In such 
a world of multiple perspectives and “interpreta-
tions,” there is a need to provide an abstraction 
of the situation.

In other words, it is important that the in-
vestigator remain open to interpretation when 
exploring the nature of enterprise systems. 
However, multiple perspectives are not only ap-
plicable to enterprise systems but indeed to all 
information systems. Greatbatch, Murphy, and 
Dingwall (2001, p. 181), for example, note that 
“many of the social processes which surround the 
implementation of computer systems over time in 
real-world settings are not amenable to quantita-
tive (or positivistic) analysis because they resist 
treatment as discrete, static entities.”  

In order to remain open to interpretation, it 
is critical that the investigator adopts a suitable 
methodological approach. Choice of methodology 
is important as it needs to align with the empirical 
orientation of the study, that is, for this investiga-
tion that is interpretivism, while also providing the 
investigator with appropriate tools and techniques 
to collect and analyse data. As many interpretiv-
ist inquiries seek to explore a new topic, current 
empirical knowledge is often limited. Therefore, 
it is important that the investigator chooses a 
methodology that remains flexible during theory 
building. Such methodological approaches must 
first start research with a “considerable degree 
of openness to the field data” (Walsham, 1995, 
p. 76). Eisenhardt (1989, p. 536), in dealing with 
case studies, states that attempting to approach 
this ideal is important because preordained theo-

retical perspectives or propositions may bias and 
limit the findings. Investigators should formulate 
a research problem and possibly specify some 
potentially important variables, however they 
should avoid thinking about specific relationships 
between variables and theories as much as pos-
sible, especially at the outset of the process.

Walsham reiterates the importance of avoid-
ing formal theoretical predispositions, stating 
that while “theory can provide a valuable initial 
guide, there is a danger of the researcher only 
seeing what the theory suggests, and thus using 
the theory in a rigid way which stifles potential 
new issues and avenues of exploration” (199, p. 
76). It, therefore, becomes important for the in-
vestigator to choose a methodology that remains 
flexible during data collection and analysis. For 
this investigation, a grounded theory methodology 
(GTM) offered such an approach. The objective 
of GTM is to ground data that are systematically 
gathered and analysed. The theory emerges dur-
ing the research process and is a product of the 
continuous interplay between analysis and data 
collection (Glaser & Strauss, 1967). 

A g rounded Pers Pect Ive

The grounded theory methodology (GTM) first 
emerged in the 1960s with Glaser and Strauss 
publishing studies based on the method. In 1967 
both authors published an extended exposition of 
the method and this text1 of origin has remained 
the main reference point for researchers working 
with GTM. Its origins lie with the principles of 
symbolic interactionism, which basically pre-
scribe to the belief that researchers must enter the 
world of their subjects in order to understand the 
subjects’ environment and the interactions and 
interpretations that occur. Symbolic interaction-
ism is both a theory of human behaviour and an 
approach to enquiry about human conduct and 
group behaviour. A principle tenet is that humans 
come to understand social definitions through the 
socialisation process (Goulding, 2002). 
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Using the principles of symbolic interaction-
ism, Glaser and Strauss set out to develop a more 
systematic procedure for collecting and analys-
ing qualitative data (Goulding, 2002). The basic 
premise of grounded theory grew largely out of 
the protest against the methodological climate in 
which the role of qualitative research was viewed 
as preliminary to the “real” methodologies of 
quantitative research (Charmaz, 1983). Grounded 
theory therefore was intended as a methodology 
for developing theory that is grounded in data that 
are systematically gathered and analysed. The 
theory evolves during the research process and is 
a product of continuous interplay between analysis 
and data collection (Strauss & Corbin, 1990). The 
method is most commonly used to generate theory 
where little is already known, or to provide a fresh 
slant on existing knowledge (Turner, 1983). This 
is the fundamental difference between GTM and 
quantitative methods of inquiry, which normally 
aims to “explore” (interpretivism) rather than to 
“test” (positivism) theory. Glaser and Strauss saw 
this imbalance between “theory generation and 
verification” and set about developing processes 
for theory generation as opposed to theory gener-
ated by logical deduction from a priori assump-
tions (Bryant, 2002, p. 28). This gave rise to the 
grounded theory method. 

The fundamental objective of GTM is to de-
velop theory from exploratory research. One of 
the major challenges, however, facing GTM is 
also experienced by other qualitative approaches, 
namely the dominance of positivism within gen-
eral research studies. This is particularly evident 
within IS research, where the majority of studies 
have focused upon positivistic criteria that aim to 
test theory. This, of course, is a result of how IS has 
been viewed within practice, and unfortunately 
academia, that is, as a separate technical systems-
based entity. However, many recent IS studies 
have illustrated the importance of understanding 
wider organisational, social and cultural aspects 
and this in turn has elevated the importance of 
qualitative methods within IS research. 

Until relatively recently, the method had 
something of a peripheral, if not pariah, status 
in many areas; but in recent years it has enjoyed 
a resurgence, and there is a growing body of lit-
erature that attests to its range of application in 
IS research. (Bryant, 2002, p. 28).

According to Myers and Avison (2002, p. 
9), grounded theory approaches are becoming 
increasingly common in IS research literature 
because the method is extremely useful in develop-
ing context-based descriptions and explanations of 
the phenomenon (2002, p. 9). It is also a general 
style of doing analysis that does not depend on 
particular disciplinary perspectives (Strauss, 
1987) and therefore lends itself to information 
systems research, which can be described as a 
hybrid discipline (Urquhart, 2000). One of the 
better examples of a grounded theory approach in 
IS research is Orlikowski’s paper on CASE2 tools 
as organisational change (1993). She states that 

the grounded theory approach was useful be-
cause it allowed a focus on contextual elements 
as well as the action of key players associated 
with organisational change-elements that are 
often omitted in IS studies that rely on variance 
models and cross-sectional, quantitative data. 
(Orlikowski, 1993, p. 310)

Similarly, GTM was appealing to this in-
vestigation as it sought to explore the field of 
enterprise systems. 

 
t he APPl Ic At Ion of gtm  

In adopting a GTM approach to inquiry, the Irish 
health system was selected as the organisational 
context for this investigation. Preliminary inquiry 
revealed that this organisation was implementing 
an enterprise system (using SAP), which had 
commenced in 1995, was one of the largest ES 
implementations in Western Europe, and had an 
estimated €130 million spent on the initiative. In 
order to explain the application of GTM in practice, 
Pandit’s (1996) five stage model is adapted by this 
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investigation. However, before discussing these 
stages, let us first briefly reflect on the workings 
of grounded theory as a methodology.

Using a grounded theory method, both 
secondary and primary data are collected and 
analysed, using three coding techniques, namely 
open, axial, and selective coding. GTM inquiry 
begins by theoretically sampling emerging data, 
where future directions and decisions concern-
ing data collection and analysis are based upon 
prior knowledge and understanding. In GTM, 
both data collection and analysis occur in tandem 
with one another. While theoretical sampling 
assists with data collection, the investigator also 
deploys the three coding techniques to analyse 
the data. Open coding moves data from general 
phenomenon into emerging trends and concepts. 
In effect, data concepts are the building blocks 
of GTM. During open coding the investigator is 
“comparing” all data and assigning concepts with 
specific codes. The next stage involves axial cod-
ing, where the emergent concepts are classified 
into higher order concepts or categories. This 
process involves reassembling data that were 
fractured during open coding. Finally, selective 
coding takes place, where data are refined and 
core categories selected. These categories form 
the rudimentary elements of a “grounded theory.” 
As data collection and analysis occurs in tandem, 
coding is complete once the investigator reaches 
theoretical saturation. Saturation occurs when no 
new data has emerged in the field and only the 
same data concepts keep appearing. 

In order to illustrate the above cited workings 
of GTM in practice, five stages are now presented. 
While these stages are ranked from one to five, 
it is important to note that they are iterative and 
often the investigator must move systemically 
from one to the other throughout the investigation. 
The stages begin with a research design phase, 
followed by data collection, data gathering, and 
data analysis. Finally, the investigator moves to 
compare and contrast the extant literature to the 

new emergent grounded theory. Each of these 
phases will now be highlighted in more detail.

1. Research design: The objective of this phase 
is to develop a research focus, which is then 
narrowed to become a research question. 
According to Strauss and Corbin (1998), 
there are a number of methods for assisting 
the investigator in developing a research 
focus. These include: (1) the investigator 
can identify problems in their workplace, 
(2) speaking with academic faculty, where 
the investigator can synthesis their ideas, (3) 
identify problems and gaps in the literature, 
and (4) by entering the research field and 
developing a research question. 

Of particular relevance to this investigation was 
the identification of gaps in preliminary literature. 
A preliminary review of the enterprise systems 
literature revealed that the implementation of these 
systems was not easy. Some studies cited up to 
90% failure with such systems, primarily because 
organisational issues were ignored or bypassed. 
In particular, top management support was identi-
fied as one of the most important critical factors 
for ensuring the successful implementation of an 
enterprise system. Anecdotal evidence emanating 
from experiential knowledge had informed the 
investigator as to the importance of top manage-
ment support; now the academic literature was 
further supporting such beliefs. Consequently, a 
research question was formed. 

2. Data collection: In a GTM inquiry, the data 
collection phase begins when the study com-
mences. All data is applicable and relevant to 
GTM. An important feature of GTM is the 
simultaneous collection and analysis of data. 
Upon entry into the field, the investigator 
begins to also analyse the data, looking for 
emerging trends. This process is referred 
to as “theoretical sampling” by the original 
authors.



�4  

A Grounded Theory Study of Enterprise Systems Implementation

 Theoretical sampling is the process of data 
collection for generating theory whereby the 
analyst jointly collects, codes, and analyses his 
data and decides what data to collect next and 
where to find them, in order to develop his theory 
as it emerges. This process of data collection is 
“controlled” by the emerging theory. (Glaser & 
Strauss, 1967, p. 45)

In addition to theoretical sampling, another 
feature of grounded theory is the application of 
the “constant” comparative method (Goulding, 
2002). Constant comparison involves compar-
ing like with like in order to look for emerging 
patterns and themes across the data. According 
to Glaser and Strauss there are four stages to the 
constant comparative method. These include (1) 
comparing incidents applicable to each category, 
(2) integrating categories and their properties, (3) 
delimiting the theory, and (4) finally writing the 
theory (Glaser & Strauss, 1967, p. 105). 

In applying data collection techniques, this 
investigation separated this stage into two steps. 
Strauss and Corbin refer to these two steps as (a) 
technical literature collection and (b) non-tech-
nical literature collection. Technical literature 
refers to the current body of knowledge about the 
research topic, for example, the extant literature. 
As a result, this investigation conducted an initial 
preliminary review of the ES literature. Such a 
review seeks to sensitise the investigator with the 
emergent data. 

The nontechnical literature refers to the or-
ganisational evidence, that is, meeting minutes, 
interviews, consulting reports, observations, 
memo writing, and so forth. This is often referred 
to as “secondary” data within other qualitative 
methodologies, for example, case study. The 
nontechnical literature played a pivotal role in 
this investigation. As this study was engaged in 
a 10 year long SAP implementation, there was a 
huge reservoir of non-technical literature for the 
investigator to collect. This included consultancy 
reports, steering meeting minutes, project pre-
sentations, government reports, progress reports, 

vendor reports, and general project specifications. 
On top of the huge reservoir of nontechnical 
literature already gathered, the investigator also 
conducted a series of interviews. The interview 
style remained unstructured, that is, questioning 
tended to emerge during the interview rather than 
leading the interview in a structured format. Each 
informant was therefore afforded greater scope 
to discuss and develop ideas during the session. 
Preliminary interview questions were developed 
from the data collected and already analysed. 
The approach of collecting and analysing data 
simultaneously greatly aided the process of 
data sampling and the pursuit of constant data 
comparisons. In GTM, each interview honed the 
questioning and format of the next, until finally 
theoretical saturation had been achieved. 

Initially, prior to interview commencement, 
key informants were informed, via e-mail, as to 
the nature of the research inquiry and the forth-
coming interview. After interviewing key infor-
mants, theoretical sampling of the data selected 
future informants. Permission to use a dictaphone 
to record interview sessions was also sought. If 
informants were uncomfortable with the use of 
a recording mechanism, the investigator would 
keep notes. All interviews were written up directly 
after each session. This allowed the investiga-
tor to follow up on any outstanding or unclear 
points with the interviewee. With unstructured 
interviews, it was difficult to know their specific 
length until afterwards. However, each informant 
was scheduled for a 1 hour interview. If more 
time was required it could be arranged to follow-
up with another interview, or over the phone at 
a later date. Upon conclusion of the interview, 
informants were thanked for their participation 
and given the investigator’s contact details. This 
allowed informants to gain access to the recorded 
material if they so wished or to follow-up with 
further comments and/or suggestions. Interviews 
were then transcribed directly after each meeting. 
The investigator also kept memos of each meeting, 
which in turn assisted with the process of prob-
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ing and questioning the data. Such an approach 
greatly facilitated with sharpening and focusing 
future interview sessions. 

3. Data ordering: Data ordering acts as a 
bridge between data collection and analysis. 
As this study was focusing on a complex 
organisation, which was implementing a 
system that affected the entire organisa-
tion, data management was critical. GTM 
inquiry also involves many approaches to 
data collection, which increases the need to 
order data. In particular, the vast array of 
nontechnical literature (secondary field data) 
available to this study meant that the inves-
tigator needed to create a systematic order 
for the data. Folders were created to give a 
hierarchical structure to the data. In all, the 
field data was divided into five core folders: 
(1) Data Analysis, (2) Diary of research, (3) 
Health care reports, (4) Interviews, and (5) 
Secondary data. The data analysis folder 
focused on the data analysis process, that is, 
open, axial, and selective coding. The diary 
of research folder allowed the investigator 
to record study memos, meeting minutes, 
and scheduling appointments. The third 
folder focused on health care reports, which 
provided knowledge about health care in 
Ireland. Interview transcripts and meetings 
were recorded in the fourth folder. Finally, 
the secondary data was placed in the fifth 
core folder. This folder included project 
reports, consultant reports, and steering 
committee minutes and presentations. Data 
ordering played an important part in assist-
ing the investigator to analyse the data. As 
data collection and data analysis occur in 
tandem with one another, that is, theoretical 
sampling drives data collection, data order-
ing also occurs in tandem with these two 
phases. 

4. Data analysis: In tandem with data col-
lection and ordering, the researcher is also 

analysing the data. Data analysis starts upon 
entering the field, without it theoretical sam-
pling will not take place. GTM has devised 
a number of methods for analysing data. 
With GTM the idea is to look for patterns 
and reoccurring events in the data through 
comparing data against each other. This pro-
cess is called “coding,” where interview, ob-
servational, and other data forms are broken 
down into distinct units of meaning which 
are then labelled to generate concepts. These 
concepts are then clustered into descriptive 
categories, which are later re-evaluated for 
their interrelationships and through a series 
of analytical steps are gradually subsumed 
into higher order categories, or a single core 
category, which suggests an emergent theory 
(Goulding, 2002). 

Theoretical coding involves breaking down 
the data into specific “units of analysis.”  Each 
unit represents a step on the road to developing an 
emerging theory. In effect data are arranged in a 
hierarchical manner, with the eventual emergence 
of a grounded theory. Strauss and Corbin (1998) 
give us examples of the hierarchy language used 
for data analysis. 

• Phenomena: Central ideas in the data rep-
resented as concepts.

• Concepts: Involves moving from just de-
scribing what is happening in the data, to 
explaining the relationship between and 
across incidents. 

• Categories: These are higher order concepts. 
Grouping concepts into categories enables 
the analyst to reduce the number of units 
with which they are working.

• Properties: These are the characteristics or 
attributes of a category. The delineation of 
which gives the category greater meaning.

These data analysing terms are explained bet-
ter when we look briefly at the coding techniques 
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available to the analyst. Three coding procedures 
have been identified; these include open, axial, 
and selective coding (Strauss & Corbin, 1998). 
The fundamental objective of using these coding 
techniques is to arrive at a situation where the 
data is “saturated,” thus giving rise to a grounded 
theory. Each of these coding techniques is now 
briefly discussed providing examples of its ap-
plication from this investigation.

1. Open coding: Open coding involves 
breaking down the data into distinct units 
of meaning. Such a process allows the re-
searcher to place specific “phenomenon” into 
groups, therefore giving rise to early con-
cept development for the emerging theory. 
This classification of concepts into specific 
groups is referred to as “conceptualising” 
the data (Strauss & Corbin, 1998, p. 103). 
Following on from this the process of “ab-
straction” takes place, where descriptive 
codes and concepts are moved to a higher 
abstract level. Abstraction involves collaps-
ing concepts into higher order concepts, 
known as categories. According to Strauss 
(1987) abstraction involves constantly ask-
ing theoretically relevant questions. To assist 
the process of abstraction, the researcher 
moves beyond open coding and towards 
axial coding techniques.

With the application of open coding within 
the Irish health services, the investigator used 
two steps. First, the investigator moved through 
the data line-by-line, italicising, bolding, high-
lighting, and underling both hardcopy and 
electronic documents alike. This process fits 
with the rudimentary elements of what open 
coding is about. The approach proved arduous 
and time-consuming, but revealed a vast array 
of data imagery, events, words, incidents, acts, 
and ideas, that greatly assisted with the develop-
ment of an understanding towards the research 
phenomenon under inquiry. Strauss and Corbin 

(1998) refer to these factors as the block work to 
building sound data concepts. The second step 
involved building a “library” in Microsoft Excel. 
This process allowed the investigator to order data 
systematically (Pandit, 1996), moving data to a 
state of higher order concepts, or as Glaser and 
Strauss (1967) refer to it as, data conceptualisa-
tion. A comments column was also created in the 
database to allow the investigator to write notes 
and make comments on emerging data. Glaser 
and Strauss (1967) encourage investigator com-
mentary and question raising throughout coding, 
believing that it aids with the process of constant 
comparison and theoretical sampling. 

2. Axial coding: Axial coding involves mov-
ing to a higher level of abstraction and is 
achieved by specifying relationships and de-
lineating a core category or construct around 
which the other concepts revolve. It relies on 
a synthetic technique of making connections 
between subcategories to construct a more 
comprehensive scheme (Orlikowski, 1993, 
p. 315). In other words, the purpose of axial 
coding is to begin the process of reassem-
bling data that were fractured during open 
coding. Higher level concepts known as 
categories are related to their subcategories 
to form more precise and complete explana-
tions about phenomenon (Strauss & Corbin, 
1998, p. 124). Subcategories are the same 
as categories except instead of standing 
for a phenomenon it asks questions of the 
phenomenon, such as when, where, who, 
how, and with what consequences. Such an 
approach gives the category greater explana-
tory power, therefore fitting with the idea of 
developing theoretical abstraction from the 
data (Strauss & Corbin, 1998). 

In applying axial coding, Strauss and Corbin 
support the use of story-maps or network diagrams 
(1998). Similarly, this investigation design a story-
map to tell the story of the SAP implementation 
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within the Irish health services. Specifically, the 
story-map used illustrated the strategies taken, 
conditions that shaped these strategies, the ac-
tions taken because of these conditions, and the 
consequences and outcomes of such actions. In 
story-mapping, axial coding reconstructs concepts 
“fractured” during open coding, and unites them 
through data abstraction. Strauss and Corbin 
found that story-mapping greatly assisted in data 
abstraction (1998). Abstraction involves group-
ing “concepts” to form higher order concepts 
or “subcategories.” After mapping the story, the 
investigator is able to abstract “concept groups” 
or “subcategories.” In effect, a number of key 
trends are beginning to emerge from the story 
under investigation. These key trends will form 
the bases for an emergent theory.

3. Selective coding: Selective coding is the 
final data analysis technique. The fundamen-
tal premise of selective coding is to “refine 
and integrate categories” having reached a 
point of theoretical saturation (Strauss & 
Corbin, 1998, p. 143). Emerging data no 
longer presents any new ideas or concepts 
and is a repeat of data already collected 
and categorised. Understanding the causal 
relationship between data, as identified from 
axial coding, the researcher is able to place 
data concepts and subcategories into higher 
order emerging categories. Selective coding 
now refines and integrates these “emerging 
categories.” Data are “selected” or pulled 
up out of concepts and categorised. The 
application of selective coding revealed a 
number of key patterns to explain how top 
management support ES implementation. 
In effect, these key patterns tell the story of 
ES implementation within the Irish health 
services. 

5. Literature comparison: Finally, the lit-
erature comparison phase is the last stage 
in GTM inquiry. The objective at this stage 

is to compare the “emergent theory” to the 
extant literature, that is, the technical litera-
ture in the areas domain. At this stage the 
researcher can compare and contrast their 
theory with various frameworks or macro 
theories from the literature. There are two 
distinct advantages with tying the emergent 
theory to the extant literature, namely (1) it 
improves construct definitions and therefore 
“internal” validity, and (2) it also improves 
“external” validity by establishing the do-
main to which the study’s findings can be 
generalised with Pandit (1996). 

r eflect Ions on gtm  In 
Pr Act Ice

This section seeks to illustrate some practical is-
sues relating to GTM inquiry. These reflections 
highlight the investigators key observations after 
using a GTM approach. First, the importance of 
maintaining ethical standards is highlighted. This 
is followed by addressing investigator bias, the 
challenge of conceptualisation, and highlighting 
the role of literature in theory formation. 

Throughout this inquiry, it was vital that cer-
tain ethical standards were adhered to. Ethics are 
best described as the set of values or principles 
the investigator maintains during the investigation 
(Goulding, 2002). Examples of ethical consider-
ations include client/investigator confidentiality, 
including people in the research who have given 
of their consent, only recording interviews when 
permitted, not considering documents unless they 
have been initially cleared by informants, limit-
ing “surprise” questions within interviews by 
forwarding interview structure to all informants 
beforehand, and finally regularly communicating 
the research projects integrity and confidential-
ity when dealing with informants at all times. 
Once the Irish health services had agreed to this 
investigation, a liaison officer was appointed to 
assist the study. This individual played a pivotal 
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role in ensuring all prospective informants were 
notified as to the nature of the study and what 
was expected from them. 

Similarly, to ensure ethical considerations are 
adhered to, the investigator plays an important role 
in interpretivist inquiry. In fact, they are the pri-
mary means for collecting, ordering, and analysing 
data, therefore the investigator can never assume 
a value neutral stance in the relationship between 
theory and practice and is always implicated in 
the phenomenon being studied (Orlikowski & 
Baroudi, 1991). It is, therefore, critical that the 
investigator acknowledge their role in interpre-
tivist inquiry and try to control individual bias. 
For this study, GTM provided the investigator 
with a means to overcoming challenges associ-
ated with particular biases. Through “constant 
comparison” of data, the investigator is able to 
state their assumptions about the data, which in 
turn can be compared and contrasted to emerging 
data. This process allows individual biases to be 
either validated or rejected by the data. As a result, 
investigator biases are minimised through empiri-
cal rigor and constant comparison of data.

However, while investigator biases can be 
minimised, it is worth noting that GTM inqui-
ries involve considerable conceptualisation of 
data (Strauss & Corbin, 1998). This process, as 
the original authors note, requires a consider-
able degree of openness to the data (Glaser & 
Strauss, 1967), which is best fostered through 
a “creative theoretical imagination” (Strauss & 
Corbin, 1998). Essentially, the investigator is 
moving data “concepts” to higher order concepts, 
which in turn become “categories.” Categories 
form the rudimentary elements of a “grounded 
theory.” However, in order to derive categories, 
the investigator must conceptualise data. Herein 
lies the challenge for GTM inquiries, which may 
be accused of lacking scientific (deductive) rigor, 
based instead around subjective (inductive) as-
sumptions. Yet, Strauss and Corbin (1998) note 
that the constant interplay of data in GTM in-
volves both deductive and inductive approaches 

to inquiry. By “constantly comparing” emergent 
data, the investigator is deductively conceptu-
alising data, whereas “theoretical sampling” is 
inductively selecting data deduced from earlier 
constant comparison. Furthermore, this study 
found Strauss and Corbin’s (1998) approach to 
GTM quite systematic and rigorous in its approach 
to data analysis. This point is further evidenced by 
Smit and Bryant’s (2000) study, where their find-
ings revealed a majority preference for Strauss and 
Corbin’s approach rather than Glaser’s approach 
to GTM within the IS literature. Similarly, the 
authors note the systematic and thorough nature of 
Strauss and Corbin’s approach to GTM. However, 
reflecting on GTM in practice, this study believes 
that Strauss and Corbin’s (1998) approach to GTM 
could be further enriched by the use of multiple 
methodologies to generate deeper insights into 
the emergent theory. This point is supported by 
Gasson (2004), who noted that a holistic view 
of any research question requires multiple ap-
proaches, as the selection of a research strategy 
entails a trade-off: the strengths of one approach 
overcome the weaknesses in another approach and 
vice versa. This in itself is a powerful argument 
for pluralism and for the use of multiple research 
approaches during any investigation. (Gasson, 
2004, p. 99)

Examples of other methods of inductive cod-
ing include, “discourse analysis, soft systems 
conceptual models, process modelling, and induc-
tive categorisation” (Gasson, 2004). These tools 
would sharpen analysis allowing the investigator 
to further compare and contrast data.

Finally, reflecting on the role of extant litera-
ture with the emergent theory, this investigation 
disagrees with Glaser’s (1992) refusal to review 
current knowledge when conducing GTM inquiry. 
Instead, this investigation concurs with Strauss 
and Corbin’s (1998) view that the literature can 
greatly assist the investigator in shaping their un-
derstanding of the research phenomenon. In fact, 
the authors view the literature as another form of 
empirical data; therefore isolating review until 
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primary data collection has occurred does little to 
advance knowledge and theoretical development. 
For this investigation, while a lack of empirical 
knowledge existed within the extant literature, 
preliminary review prior to field data collection 
greatly assisted the investigator in understanding 
data concepts.

f uture r ese Arch dIrect Ions

Future research will seek to extend the current 
study in a number of directions. First, as this 
investigation seeks to build a “grounded theory,” 
the emergence of such will need further empirical 
validation and elaboration. Exploratory studies 
build “substantive theories,” that is, theories 
that are substantial to the case under inquiry. 
These theories require further exploration and 
eventual generalisation. Consequently, future 
investigations might conduct more quantitative 
or positivistic inquiries, using multiple case stud-
ies or survey instruments, to refine and test this 
“emergent” theory. 

Second, this study was focused on the Irish 
health system. Future inquiries could examine 
other health systems internationally. This would 
allow for a comparative analysis of results, which 
in turn would enable practitioners to broaden 
their knowledge. Similarly, this study could also 
be extended to other public and private sector or-
ganisations within Ireland, and indeed internation-
ally. Questions such as how other private/public 
sector industries shape top management support 
could be asked. 

Finally, future research needs to focus on all 
critical success factors for enterprise systems 
implementation. This study focuses on top man-
agement support, but studies have identified other 
factors that are also important for project success. 
For example, future investigations could focus on 
issues such as project team competence, the role 
of the project champion, the role of management 
and technical consultants during implementation, 

change management perspectives throughout 
implementing organisations, relationship manage-
ment between vendors and their clients, and data 
integrity and conversion to new system.

c onclus Ion

Reflecting on GTM as an approach to empirical 
inquiry, the investigator must be clear as to their 
ontological worldview and their corresponding 
epistemology. These views, in turn, will deter-
mine their methodological choice. As this study 
sought to explore the field of enterprise systems, 
an interpretivist stance was adopted. Such a 
stance seeks to build theory by interpreting the 
world through the words and behaviours of the 
social actors in it. While initially much of the 
language of scientific endeavour belonged to the 
world of positivism, many IS investigations are 
now acknowledging the depth and applicability 
of interpretivist inquiry, particularly for studies 
focusing on complex systems, social, and or-
ganisational issues. Such inquiry is particularly 
suited to IS initiatives in complex organisations 
such as health care. Finally, in describing how 
this investigation conducted its GTM inquiry, five 
stages are outlined. The chapter first begins by 
explaining the research design process. The data 
collection, ordering, and analysis phases are then 
explained. Finally, the comparison of literature to 
the emergent theory is considered. While many 
of these phases occurred in tandem, they are 
separated in this chapter for explanatory purposes 
only. The grounded theory method allows the 
investigator to deploy a multitude of techniques 
for data collection, for example memo-taking, 
secondary data collection, and interviewing. 
Data are analysed via constantly comparing and 
theoretically sampling all emerging concepts. 
Strauss and Corbin (1998) outline three coding 
techniques for data analysis. Following these three 
coding techniques, the investigation allows data 
concepts to emerge. These concepts, as Strauss and 
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Corbin (1998) stated, form the “building blocks 
of a grounded theory.” In turn, these concepts are 
developed during coding and selected to form an 
emergent theory grounded in data.
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1 The Discovery of Grounded Theory (Glaser, 
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Abstr Act

This chapter reviews some of the existing Information Technology Transfer (ITT) literature and suggests 
that it has fallen victim to the well-known limitations of an economic rationalist and positivist world-
view. In particular we challenge the extensive use of the term “success” in the ITT literature, arguing 
that it is problematic for several reasons. Mainstream ITT research portrays ITT as primarily linear, 
incremental, and progressive in line with the economic rationalist belief that a “rising tide lifts all 
boats.” We suggest Marx’s theory of dialectical materialism as an alternative to the dominant hegemony 
and encourage researchers in ITT to accept the fact that internal contradictions are part of a dialectic 
system. We encourage ITT researchers to view local resistance more sympathetically. Concerted efforts 
should be made to understand and dialog with the Other. Overall we recommend more interview based 
case study research in preference to mass-mail out surveys which may prove ineffective in reaching a 
broad segment of the population in non-Western locations. The existing literature’s preoccupation with 
educated urban elites and Transnational Corporations may also prove to be a hindrance to both our 
increased understanding and radical social change.
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Introduct Ion

This chapter is written in the form of a polemic 
which aims to highlight limitations and problems 
associated with accepting uncritically an eco-
nomic rationalist and positivist worldview when 
researching Information Technology (IT) Transfer 
in the developing world. A polemic is a style of 
writing which is deliberately unbalanced and 
provocative; the aim is to highlight weaknesses 
and limitations in established thought so as to 
create radical social change. The Free Dictionary 
at Farlex (available online at www.freediction-
ary.com) defines “polemic” as “a controversial 
argument, especially one refuting or attacking 
a specific opinion or doctrine.” Our aim is for 
our readers to reflexively challenge their own 
maintained assumptions consistent with Michel 
Foucault’s (1986, 1987) late-period writings on 
ethics where he presents an “ethics of the self” 
according to which one creates and forms oneself 
reflexively as an ethical subject. Because this 
chapter is written as a polemic, we are not bound 
to follow conventional rules associated with other 
forms of writing such as a need for completeness 
and balance. Famous polemics of the past include 
Karl Marx’s many newspaper articles written in 
the 1850s for the New York Tribune and his later 
“Critique of the Gotha Program” (Marx, 1994), 
Friedrich Nietzsche’s Beyond Good and Evil 
(1973) and Twilight of the Idols (1990), Herbert 
Marcuse’s One-Dimensional Man (1964), and the 
recent philosophical work by Australian author 
Tamas Pataki entitled Against Religion (Pataki, 
2007). 

This chapter investigates and explores, from 
a neo-Marxist/Critical Theory perspective, some 
of the key issues that arise when we consider IT 
Transfer to countries in the developing world. 
We also critique two generally well-regarded 
articles in the recent mainstream (i.e., noncriti-
cal) IT Transfer literature, Straub, Loch, and 
Hill (2001) and Nahar, Lyytinen, Huda, and 
Muravyov (2006), with a view to highlighting 

how these articles, whilst commendable in many 
ways, reflect the dominant hegemony of Western 
technological rationality (Adorno, 1994a; Bapat, 
2005, p. 171; Marcuse, 1964; Weber, 1968). It is 
important to remember that we are not review-
ing these papers from within the confines of a 
mainstream worldview. To do so would mean 
that we would be forced to focus on points of 
methodology. Instead we critique these papers 
from a radical sociopolitical perspective. Our 
critique is holistic and integrated and may bring 
to readers’ consciousness issues that they may 
have not previously considered. It is hoped that 
this chapter will prove to be especially useful for 
early-career and higher-degree researchers who 
see merit in an integrated and sociopolitical ap-
proach to researching IT Transfer issues.

We conclude that research in this emerging 
and important field should take cues from Marx 
and the Critical Theory of the Frankfurt School, 
so as to best extract oneself from a positivist 
worldview that detracts from the ability to mean-
ingfully engage with members of a cultural Other. 
We discourage the continued use of value-laden 
Western technological-rational concepts bor-
rowed in many cases from the natural sciences 
such as “ranking of success factors” (Nahar et 
al., 2006, p. 669), “rival hypotheses” (Straub et 
al., 2001, p. 17), “scientific hypotheses” (Straub et 
al., 2001, p. 20), “success or failure of the adop-
tion process” (Straub et al., 2001, p. 9), and so 
forth. This terminology reflects and perpetuates 
the limited and limiting cultural worldview of 
its originators (see Tinker, Merino, & Neimark, 
1982 in the critical accounting literature). Many 
cultures in the developing world, such as most 
South, East, and South-East Asian (both Confu-
cian-influenced and ethnic Indo-Malay), Pacific 
Island, and Australian Aboriginal cultures value 
cooperation more highly than competition (Heit-
meyer, 2004; Hofstede, 2001; James & Otsuka, 
2007; Otsuka & Smith, 2005; Singh, 2004). They 
also tend to value achievement through (shared, 
cooperative) effort more highly than achievement 
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through ability (Chen & Stevenson, 1995; Hess 
& Azuma, 1991; Otsuka & Smith, 2005; Yee, 
Otsuka, James, & Leung, 2007). For example, 
whilst Westerners perceive ability to be largely 
fixed, East-Asians for regard effort as an important 
moderating factor which interacts with ability 
to determine achievement (Chen & Stevenson, 
1995; Hess & Azuma, 1991; Otsuka & Smith, 
2005; Yee et al., 2007). Furthermore, Western-
ers, influenced by Aristotle, insist on classifying 
things according to binary opposites: hot/cold, 
day/night, success/failure, profit/loss, rich/poor, 
black/white, and so forth. By contrast, writes 
the Japanese-Australian educational psychology 
researcher Setsuo Otsuka (2006), East-Asians, 
influenced by Zen Buddhism, are much more able 
and willing to view objects from an integrated 
and holistic perspective. East-Asians tend to have 
a much reduced urge to measure and to classify 
everything that moves (and many things that do 
not) compared to Westerners.

Within non-Western worldviews, interview and 
case-based studies (e.g., Alawattage & Wickrama-
singhe, 2006; Efferin & Hopper, 2007; Otsuka, 
2005; Sian, 2006; Uche, 2002; Wickramasinghe 
& Hopper, 2005; Yee et al., 2007), designed to 
add insight rather than prove/disprove hypotheses, 
hold much more promise than “one-size-fits-all” 
large-sample surveys. Anonymous mass-mailed 
surveys are likely to be particularly ineffective in 
cultures that value personal friendships and co-
operation much more highly than competition and 
where an outsider/insider distinction is important. 
Only Westernized urban elites are likely to be the 
recipients of such surveys and are also likely to be 
the only group which is willing to take the time 
to respond. The reason is that these surveys are 
produced and disseminated by community “out-
siders” to whom no traditional, culture-infused 
reciprocal obligations are owed. 

We strongly encourage future IT Transfer 
researchers to take into account normative Criti-
cal Theory-based arguments (see, e.g., Boyce, 
2006; Cordoba, 2007; Jones & Fleming, 2003; 

Reid, 2002) which maintain that the process of 
globalization has increased income inequality 
both between nations (in Boyce’s (2006) words, 
the Global North and Global South) and within 
nations (the foreign and indigenous elites vs. the 
rest; the urban vs. rural populations). Future IT 
Transfer research should acknowledge a shared 
commitment to spread around the economic ben-
efits of globalization in a more equitable manner 
rather than relying implicitly on naïve economic 
rationalist beliefs such as “a rising tide lifts all 
boats” (Boyce, 2006). IT Transfer research must 
move beyond the study of Transnational Corpora-
tions (TNCs) (e.g., Nahar et al., 2006) and educated 
urban indigenous elites (e.g., Nahar et al. 2006; 
Straub et al., 2001) since these groups are the first 
to participate in the benefits of IT Transfer and 
their participation says nothing at all about IT 
participation rates experienced by either urban 
nonelites or rural dwellers. 

Instead of a positivist quasiscientific research 
program of hypothesis development and testing 
(Cordoba, 2007; Klein & Lyytinen, 1985), we urge 
a plurality of research methods and more extensive 
use of compassionate, context-anchored qualita-
tive interview and case-based research. A good 
example within the IS literature of a worldview and 
research design that we fully support is the pilot 
case study presented by Cordoba (2007) where 
focus groups of stakeholders joined the research 
team to express their views as to how the planned 
IS system at Colombia’s Javeriana University 
could help to best meet personal stakeholder goals 
and needs. Another relevant example is the paper 
Al-Mabrouk & Soar (in press) which assesses the 
viewpoints of various stakeholder groups about 
how they perceive IT Transfer issues involving 
the Arab world. In terms of theory (another of 
the extant IT Transfer literature’s weaker points), 
we recommend Marx’s theory of dialectical ma-
terialism (Udo & Edoho, 2000, p. 331), which 
avoids both the need to choose between “rival” 
hypotheses purely based on statistical outcomes 
(since a dialectical “system” can quite well accom-
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modate internal contradictions) and the “political 
quietism” (Tinker, Neimark, & Lehman, 1991) of 
middle-of-the-road positions.

dIAlect Ic Al  mAter IAl Ism, 
g lob Al IzAt Ion, And It  
t r Ansfer  

Marx introduced many important concepts to the 
philosophical and economics literatures, and along 
with Max Weber, is regarded as one of the found-
ing fathers of the modern discipline of sociology 
(Wallace & Wolf, 2006). Contemporary authors, 
writing from both neoliberal and post-modern 
perspectives, have found it very difficult to ex-
tinguish what Jacques Derrida famously termed 
the “spectres of Marx.” Others, such as the French 
philosopher Michel Foucault, much more wisely, 
have acknowledged their intellectual debt to Marx 
(Foucault, 1980a, pp. 52-53) and have used his 
concepts freely (without always acknowledging 
the source so as to distance themselves from the 
oppressive definitions of Marx and Marxism 
found in the discourses of “Marxist journals”). 
As Foucault (1980a, pp. 52-53) points out, many of 
Marx’s ideas are so an integral to an understand-
ing of society that contemporary writers should 
and must rely upon them in the same way that 
a contemporary physicist relies upon Einstein 
without quoting him by name. Foucault (1980b, 
pp. 80-81) regards “totalitarian theories” (citing 
Marxism and psychoanalysis as examples) as 
providing “useful tools for local research” (even 
for postmodernists). In fact, Foucault cited heav-
ily from Volume 1 of Marx’s Capital to develop 
his argument in Discipline and Punish (1979) 
that the capitalist factory, as a disciplinary and 
normalizing institution, had come to rely heavily 
even by Marx’s day on professional managers and 
supervisors to regulate, discipline, and control 
labour. Two of Marx’s most important theories 
are historical materialism and dialectical mate-
rialism. The focus of this section of our chapter 

is the relevance of dialectical materialism to IT 
Transfer research.

Marx’s dialectical materialism, which trans-
forms the concept of the dialectic found in the 
writings of G.W.F. Hegel, is the cornerstone to 
a proper exposition and understanding of Marx 
(Althusser, 2007; Tinker, 2005). Dialectical mate-
rialism is based on the thesis-antithesis-synthesis 
model (Althusser, 2007; Tinker, 2005). Any field 
of struggle at any point in time has a “thesis” (its 
most obvious characteristic or manifestation) and 
its internal, contradictory opposite or “antithesis” 
and both exist in the whole simultaneously. The 
internal contradiction posed within the system (this 
is the key point) by the thesis and anti-thesis lead 
on to the “synthesis” which fuses elements of the 
thesis and antithesis together and remedies (at least 
to a certain degree) the original contradiction. In 
Marxian theory, the ever-increasing production 
and economic wealth created by capitalism (the 
thesis) is contrasted with the increasing exploita-
tion and pauperization of the proletariat (antith-
esis). In original Marxian analysis, the synthesis 
was presented as being increased working-class 
consciousness leading to socialism and (through 
the withering away of the State) communism. 
Under the re-formulated dialectic of the Frankfurt 
School (as represented by the work of Theodor 
W. Adorno, Max Horkheimer, and Herbert Mar-
cuse), the synthesis became the incorporation of 
the proletariat (who suffer from false conscious-
ness (Adorno, 1994b) as to the current state of 
their exploitation) within the existing economic 
and social mainstream and the entrenchment of 
consumer capitalism in the West. 

Whilst IT Transfer research has very happily 
expounded upon Marx’s thesis (the prospects of 
using IT to create efficiency and wealth) it has 
failed to adequately address his antithesis (increas-
ing exploitation of the proletariat associated with 
capitalism and its power technologies such as IT). 
The negative effects of IT on income inequality, 
structural unemployment, poverty, alienation, cul-
tural hegemony and domination, disenfranchise-
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ment, and environmental degradation have rarely 
been explored within the mainstream IT Transfer 
literature. As such, much of its arguments and 
conclusions are hopelessly one-sided and unbal-
anced. More generally, the advantage of a dialectic 
as opposed to an economic rationalist worldview 
is that multiple and contradictory insights into the 
workings of the “system” are permitted, that is, 
there is not always a pressing need to put “rival 
hypotheses” to the test using elaborate statistical 
methods. A researcher using a Critical Theory 
perspective thus learns to develop the ability to 
accept the existence of contradictions; all that 
the Critical Theory researcher hopes to achieve 
is to gain additional insight.

An important method used by Marx in the 
writing of his magnum opus, Volume 1 of Capital 
(Marx, 1976; Tinker, 1999; Wheen, 2006) can 
be seen by his decision to begin Chapter 1 of 
Volume 1 not at the macro, abstract level of (say) 
“the factory,” “surplus value,” or “society” but at 
the microlevel, concrete form of the commodity. 
Only in Chapter 7 of Volume 1 does Marx move 
on to consider the pressing issue of the creation of 
surplus value through unpaid labour time (Bryer, 
1999, 2006) within the capitalist production 
process which some regard as his key theoreti-
cal “discovery.” However, we should not ignore 
Tinker’s (1999) argument that our focus nowadays 
should not be so much on the “labour theory of 
value,” which marginalist economists reject, 
but on the “value theory of labour.” Why start 
with the commodity? There are several reasons. 
First, Marx’s concept of “commodity fetishism” 
is a refinement of his earlier theory of capitalist-
created “alienation” (wrongly claimed by Louis 
Althusser to be a “left-over” from Marx’s early 
period as a humanist idealist; Althusser, 2005a, 
2005b, 2005c). Second, the commodity repre-
sents a microcosm of the whole capitalist system: 
contained within it are the dialectic of use-values 
(which consumers need for their own well-being) 
and exchange-values (which capitalists relentlessly 
pursue) and the dialectic of the wealth creation 

of capitalism and the increasing pauperization of 
the proletariat. Contained within the commodity 
are both capitalism’s greatest achievement and, 
in Marx’s view, the seed of its own ultimate 
destruction. The commodity contains within 
itself the essence of both capitalism’s thesis and 
antithesis. Everything in Capital Volumes 1 to 3 
which Marx would later derive is already there 
within the commodity. 

Marx’s emphasis on the dialectic of the com-
modity has relevance for IT Transfer research. We 
should not be afraid to find internal contradictions 
in real-world IT Transfer scenarios nor should we 
be afraid of failures and setbacks regarding IT 
Transfer in the real world. Localised dialectics of 
IT Transfer need to be grasped in all of their infu-
riating complexity. Arguably, case study methods 
are best equipped to achieve this (although we 
do not claim that mass mail-out surveys should 
never be used).

 A pressing issue that many authors, both ac-
counting academics (e.g., Boyce, 2006; Everett, 
2003; Graham & Neu, 2003) and those from 
other disciplines (e.g., Held & McGrew, 2002; 
Hoogvelt, 1997; Jones & Fleming, 2003; Korten, 
2001; Nederveen Pieterse, 2002; Reid, 2002; 
Worthington, 2000) are presently grappling with 
is globalization, or (as we should say) the dialectic 
of globalization. Many authors on IT Transfer (e.g., 
Kahen, 1995, 1996; Straub et al., 2001) assume, 
however, that globalization is nonproblematic, 
that is, it is essentially linear, incremental, and 
progressive, and it creates economic and other 
benefits for those fortunate enough to be touched 
by it (the “rising tide lifts all boats” theory of 
Boyce, 2006). As alluded to above, the costs of 
globalization are rarely acknowledged by these 
authors. Important costs of globalization that 
many authors outside the IT Transfer field are 
increasingly recognising include environmental 
degradation (Diamond, 2005); the spread and 
encouragement of oppressive and unsafe working 
conditions (Fishman, 2006; Schlosser, 2002); and 
the increased income inequality which globaliza-
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tion often contributes to, both between and within 
nation-states (Boyce, 2006; Diamond, 2005; 
diFazio, 1998; Esposito, Aronowitz, Chancer, 
diFazio, & Yard, 1998; Jones & Fleming, 2003; 
Reed, 2002; Schlosser, 2002).

Globalization (of which IT Transfer is but one 
aspect) is thus full of internal contradictions (i.e., 
it is dialectical). It is not ambiguously “good” (as 
many IT Transfer researchers appear to believe) 
nor is it unambiguously “bad.” Quantitative 
mass-mail surveys used in isolation are unlikely 
to yield researchers sufficiently rich insights into 
the complexity of the globalization dialectic as 
it relates to IT Transfer. Intensive case studies 
using both interviews and archival data are en-
couraged. Interviews must be conducted with a 
wide range of individuals, both elite and nonelite, 
both those working at TNCs and those working 
at domestic public companies, domestic private 
companies, and nonprofit organizations. In the 
words of Bapat (2005, pp. 163-168), Alawattage 
and Wickramasinghe (2006), Otsuka (2005), 
and Wickramasinghe and Hopper (2005), “local 
narratives” are important. Power relations must 
be understood and critiqued. Human empower-
ment, human emancipation, and radical social 
change should be our goals (Cordoba, 2007, pp. 
912, 918; James, 2007; Kellner, 1991; Marcuse, 
1964, 1968, pp. 28-29; Marcuse & Neumann, 
n.d.; Tinker, 2005, p. 101; Udo & Edoho, 2000, p. 
332). IT Transfer is a worthwhile research area to 
explore, and it may prove to be a focus of analysis, 
like the commodity form was for Marx, which 
will attract the interest of globalization research-
ers from outside the IT/IS discipline. Non-IT/IS 
researchers may come to view IT Transfer as a 
compressed concrete site in which to explore and 
unpack globalization issues. IT/IS academics need 
to take the lead in IT Transfer research but, for 
this research to have a wider impact outside the 
narrow traditional boundaries of our discipline, 
researchers must be willing to grapple with the 
complex issues of the globalization dialectic. 
There will be no perfect solutions to any problem 

no matter how high the R2 and how significant 
the t-statistics of any given empirical study may 
happen to be! 

IT Transfer researchers must consider (al-
though it might prove distasteful for some) whether 
in some localised contexts and from some per-
spectives resistance to IT Transfer might not be a 
justifiable or even laudable course of action. In the 
critical accounting literature, using a Foucauldian 
approach, McPhail (1999) argues that resistance 
should be expected and even encouraged in par-
ticular localised struggles for empowerment and 
for social change. McPhail (1999) demonstrates 
that whilst it is true that the mid-period Foucault 
of Discipline and Punish (1979) and The History 
of Sexuality Volume 1 (1981) believed that power/
knowledge can be a positive force on occasion 
(e.g., it may lead to improved health care provi-
sion), there are often situations which do appear 
to merit localised resistance. Kahen (1995, 1996, 
p. 6) talks about localised resistance in Kenya to 
IT Transfer based on a Kenyan perception that 
“IT will reduce employment.” However, Kahen 
(1995, 1996) unfortunately regards such a state 
of affairs only in the negative rather than as a 
localised struggle that may well be justified (or 
at the very least needs to be engaged with and 
understood, through respectful dialogue and 
detailed interview-based research). Such Kenyan 
concerns should not be so easily dismissed. Kahen 
(1996) and similar authors are advised to under-
stand the internal contradictions of the dialectic: 
IT Transfer is not, and should not be viewed as 
being, always linear, incremental, and progres-
sive. A rising tide may well not lift all boats. IT 
Transfer is a contested site (Tinker et al., 1991) 
where a multitude of backgrounds, life and work 
experiences and cultural beliefs may encounter 
one another and where some form of clash may 
be inevitable and often even desirable. In addi-
tion, a Critical Theory-based normative version of 
Stakeholder Theory, which accepts Reed’s (2002) 
proposition that TNCs operating in developing 
countries have additional normative ethical 
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obligations to stakeholders, is recommended 
as a way to disentangle and address conflicting 
views and better meet pressing stakeholder needs 
(Cordoba, 2007).

c r It IQue of the mAInt AIned 
Assum Pt Ions of tW o PAPers 
from the mAInstre Am It  
t r Ansfer lI ter Ature      

This last section of our chapter critiques articles 
by Nahar et al. (2006) and Straub et al. (2001) so 
as to highlight some emerging issues with, and 
limitations of, the typical “mainstream” approach 
to IT Transfer research and its rarely challenged 
maintained assumptions. These two articles were 
not selected by us because they are “worse” than 
any others but because their approach is typical 
of our field. Critique on these two papers will 
provide a focus for our discussion in this sec-
tion. Since our chapter is written as a polemic, a 
complete literature review of the IT Transfer area 
is not necessary. 

Nahar et al. (2006) claim to identify success 
factors for IT-supported information technology 
transfer. Whilst, commendably, these authors re-
gard IT Transfer as both “complex” and “risky” (p. 
663), they quickly fall back on the naïve economic 
rationalist maintained assumption that IT Transfer 
“provides benefits for all parties” (p. 663). What 
about the costs? Do the authors mean benefits 
net of all costs? Surely we must go beyond mere 
assertion here. If only parties legally contracting 
with the firm are being considered, what about 
other stakeholders and society’s disadvantaged? 
Why assume that even those who enter into legal 
contracts only do so if the expected outcome is 
favourable? What about members of the proletariat 
who are forced to sell their labour power on the 
market-place in order to survive? We are reminded 
here also of such people as the 15-20% of Ameri-
can Wal-Mart customers discussed in Fishman 
(2006) who despise the corporation but shop there 

anyway due to limited alternative options and the 
constraints imposed by their budgets. Wal-Mart 
may provide these people with (net financial) 
“benefits” as consumers but as human beings 
they hate the corporation with a passion. Nahar 
et al.’s (2006) untested maintained assumption 
of “benefits to all parties” puts a halt on further 
discourse (who can argue with benefits?); ignores 
the social, economic and political context (Bapat, 
2005; Boyce, 2006; Jones & Fleming, 2003; Sy 
& Tinker, 2006); and amounts to a justification 
for the sociopolitical status quo (Adorno, 1994a, 
pp. 78, 164). 

The Nahar et al. (2006, p. 664) paper gives 
us readers the usual, unsubstantiated marketing-
speak about the claimed benefits of IT. However, 
the marketing-speak presented could have been 
copy-pasted from the first chapter of a first-year 
undergraduate text. It reveals nothing but such 
discussions appear to be par for the course for 
the first few pages of any IT Transfer paper (e.g., 
see also Udo & Edoho, 2000, pp. 329-331). To cite 
Nahar et al. (2006, p. 664): 

Information technology can increase capacity 
as well as decrease costs of information storage, 
processing, and communication. IT adds value 
to an organization by providing support to the 
administrative infrastructure, business pro-
cesses, and the operational skills of the staff. IT 
increases global connectivity, overcomes distance, 
decreases time barriers, reduces communication 
costs, cuts cost through automation, facilitates 
information sharing, and facilitates access to the 
advice of remote experts. 

Numerous sources are cited to back up these 
assertions, but we have to wonder why the authors 
bother. Since when do platitudes need to be ref-
erenced? The only thing that matters, according 
to the authors, is “value to the organization,” 
presumably meaning maximized share market 
price. Surely a more sophisticated model, which 
incorporates effects on diverse stakeholders, is 
warranted here (Cordoba, 2007). For their part, 
labour process theorists Kala Saravanamuthu and 
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Tony Tinker (2003) went far beyond Nahar et al. 
(2006) when they argued that senior management 
have a complicated dual obligation to both capital 
and labour. Nahar et al. (2006) unfortunately 
make no attempt to grapple with such issues 
(and neither does fellow IT Transfer researcher 
Kahen, 1995, 1996). We are in urgent need of a 
holistic and integrated Critical Theory inspired 
“critical IT literature” and “critical IT Transfer 
literature.”

Nahar et al.’s (2006) study is not specifically 
concerned with the impact of cultural factors on 
IT Transfer “success.” However, some comments 
are in order on this point. The very notion of 
“successful implementation” reveals substantial 
hidden cultural baggage. The focus on “success” 
as though it were an objective, out-there, verifiable 
reality, separate from our perceptions, reflects the 
importance that Anglo-American culture, as seen 
in its love for professional sports, places on com-
petitive notions such as “winning” and “success.” 
We observe the word “success” and its variants 
littered throughout the Nahar et al. (2006) paper 
from the Abstract right through to the Conclusions 
(Section 7, commencing on p. 672). But isn’t the 
whole notion of “success” culturally determined? 
We have seen the confusion created by analogies 
taken from the sports field in the discourse on 
the “War on Terror” led by the “Coalition of the 
Willing.” (How would President George W. Bush 
define “success” in Iraq? How would anyone even 
know what success should look like in such a 
context?) Returning to the IT Transfer literature, 
does “success” include a healthier environment, 
improved working conditions, more supportive 
and nurturing family relationships, more com-
munity recognition of the arts, and more funding 
for education, health, and disadvantaged groups? 
If not, why not? If not, why not just replace the 
word “success” with less value-laden, less mis-
leading, and less culturally-bound terminology 
such as “market share increase,” “share price 
maximization,” or “profit maximization”? This 
is unlikely to happen in the IT Transfer literature, 

unfortunately, because quite frankly we Western-
ers like the word success. 

The use of the word “success” we argue is 
one of the primary marketing tools that the IT 
Transfer literature has used to sell, justify, and 
reproduce itself. Writing instead “share price 
maximization” just would not cut it. These words 
are too dry. Why does the word “success” appeal 
so much to us as Westerners? Let us just admit 
it. We want to be successful. We think we know 
what the word means and we do not object to its 
use in the slightest. Visions of gleefully lifting up 
a championship trophy for first place in a swim-
ming race or basketball tournament, backed by 
the cheer of an adoring crowd, fills our minds at 
the mere mention of the word. Through primary 
school sports days and similar mechanisms, we 
are culturally indoctrinated from a very early age 
about the crucial importance of winning and suc-
cess. As Adorno (1994a, p. 81) in his penetrating 
sociological analysis of the astrology column in the 
Los Angeles Times points out, the clear message of 
that column to its audience of trained dependents 
is that “the only thing that really counts [in life] 
is success”. Equally importantly, focus by Nahar 
et al. (2006) on the word “success” obscures for 
us two key questions: “successful from whose 
perspective?” and “successful for which social 
actors?” (If you think that we have just written the 
same question twice, please re-read carefully.) 

Although Nahar et al. (2006) present an Ap-
pendix A entitled “Ranking of success factors by 
recursive branch and bound method: a descrip-
tion” designed to suitably impress those who have 
never thought to question the prevailing dominant 
hegemony of Western technological-rationality 
(Adorno, 1994a; Marcuse, 1964; Weber, 1968), 
we are provided with zero information as to 
the identities and backgrounds of focus group 
participants and interviewees. We had to check 
the paper several times to make sure we were 
not in error here. Amazingly, the very detailed 
and verbose Section 4 (pp. 665-667) entitled 
“Research design and methods” does not provide 
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any information about who the focus group and 
interview participants actually were. No doubt 
they were part of the sophisticated urban elite, 
our cherished “in-group” (Adorno, 1994a, p. 
22). Were they MBA students and/or business 
leaders? Were they from the major corporations? 
We might think so if “success” is what we love 
most and if we define “success” in the standard 
Anglo-American way. However, what will the 
views of such ruling educated elites tell us of the 
views and experiences of our most marginalized 
citizens—the poor, African Americans, Native 
Americans, Hispanics, Australian Aboriginals, 
western Sydney Lebanese Muslims; in Emmanuel 
Levinas’ (1969; Everett, 2007; Stratton, 1998) 
words, “The Other” or, as Bauman (1989;  Crook, 
1994, p. 10) put it, our “conceptual Jew,” that is, our 
“defining and threatening Other?” Why are such 
groups excluded from the dominant discourse in 
IT journals? Maybe they could share with us (if 
only we were interested to listen) valuable insights 
as to why our IT Transfer “success rate” is as low 
as we seem to think it is (Bapat, 2005, chap. 7). 
Even the four fictional case studies presented to 
the study participants in the Nahar et al. (2006) 
study are exclusively “large” companies (pp. 
667-669) and/or “multinationals” (pp. 667-668). 
Why? Surely these are the companies most pro-
ficient in IT who are able to ensure widespread 
standardization of technologies and processes 
within group member companies (Quattrone & 
Hopper, 2005; Yee et al., 2007). IT Transfer is less 
likely to suffer major implementation problems 
in these companies and, if it does, surely the 
companies bear the attached responsibility due 
to their inefficiency and clumsiness. 

Case studies of small companies, not-for-profit 
organizations, and traditional communities would 
surely provide additional useful insight into why 
IT Transfer is most uneven and difficult to achieve 
in the real-world. It would allow us to see clearly 
one major, as yet largely unacknowledged, inhibi-
tor to IT Transfer in developing countries: Not 
everyone works for a TNC! (This sentence should 

be re-read slowly to ensure that it sinks in.) Not 
even everyone (although admittedly many do) 
spend as much as a year of their working lives at 
a TNC during which time they can learn IT and 
transfer it to their later (smaller) workplaces.

We now move on to discuss the Straub et al. 
(2001) paper. Straub et al. (2001) entire focus is on 
(perceived) “successful outcomes” of IT Transfer 
projects (their sole dependent variable in all their 
tests). The unashamed success focus reflects the 
American cultural bias of the all-American author 
team (indeed a “multidisciplinary” author team, 
they proudly tell us, but not a multi-national or 
multi-ethnic one since all three of the authors 
are listed as being affiliated with US institutions 
and all have European sounding family names). 
Firmly entrenched in the Anglo-American mind is 
ingrained dichotomous “win/loss” thinking. It is 
the worldview and language of American sports. 
The authors should realise that they are constrain-
ing the world to fit their Western technical-ratio-
nal worldview (Adorno, 1994a; Marcuse, 1964; 
Weber, 1968), which is all the more problematic 
since they are specifically aiming to assess the 
impact of one claimed feature of Arab culture on 
the perceived “success” of IT Transfer. There is 
a literature in educational psychology (e.g., Hein 
& Lehman, 1999) which argues that members of 
some ethnic groups tend to be more self-critical 
of their own abilities and their own achievements 
than members of other ethnic groups (e.g., East-
Asians more critical, Westerners much less so). 
This is an established research finding in the 
educational psychology literature. To illustrate this 
point, a Japanese student scoring 61% on a test 
might self-report her performance after-the-fact   
as “poor” whereas a Westerner scoring the same 
61% might classify her performance after-the-fact 
as “fair” or even as “good.” The findings of this 
literature, of which Straub et al. (2001) appear 
unaware, renders the self-reporting of perceived 
implementation success by Straub et al. (2001) 
Arab respondents somewhat problematic. Self-
reporting of success outcomes may not be as 
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objective and reliable as Straub et al. (2001) and 
like-minded researchers assume. As Nietzsche 
(1994, section 32) writes: 

The gauge by which we measure, our own nature, 
is no unchangeable quantity; we have moods and 
vacillations; yet we would have to know ourselves 
to be a fixed gauge if we were to evaluate fairly 
the relationship of any one thing to ourselves. 

Incidentally, Straub et al. (2001, p. 19) conclude 
by saying that their “findings generally support the 
contemporary critical theory literature.” However, 
it is hard to know exactly which “critical theory” 
they are referring to since the names Adorno, 
Habermas, Horkheimer, and Marcuse are missing 
from their (extensive) Reference list. Terms such 
as Critical Theory have precise technical mean-
ings in the sociology discipline (as the term IT 
Transfer has in ours) and should not be used by 
IT Transfer researchers in an ad-hoc fashion. 

To conclude the discussion in this section, we 
argue that extensive use of the word “success” 
in the IT Transfer literature is problematic for 
several reasons: (a) the notion of success is cul-
turally determined; (b) even if all cultures agree 
on what success is, members of some cultural 
groups are more self-critical of their own achieve-
ments than those of other social groups; and (c) 
it obscures the vital questions: “successful from 
whose perspective?” and “successful for which 
social actors?” 

We close this section by recommend the fol-
lowing:

a. Use context-anchored, compassionate 
qualitative case study research as well as or 
in place of mass mail-out surveys so as to 
fully capture the richness and complexity 
of dialectical real-world settings;

b. Use Western dichotomous notions of “suc-
cess” and “successful implementation” 
only with extreme caution, after due self-
reflection, and after banning oneself from 

watching, listening to, or reading about any 
professional sporting match for at least a 
three-week period; 

c. Team with co-researchers from other eth-
nic backgrounds and/or nationalities so as 
to provide alternative perspectives and a 
safeguard against unreflexively applying 
dominant culture worldviews to members 
of non-dominant and/or non-Western cul-
tures;

d. Teach oneself some introductory sociology 
and philosophy (focus on key authors and 
texts) so as to bring a socially and cultur-
ally informed worldview to the research 
project and so that one does not “re-invent 
the wheel” (after studying these disciplines 
one is much less likely to routinely separate 
the “economic” from the “social” in any 
given setting); and

e. If  IT Transfer researchers want to continue 
to strictly adhere to “win/loss” thinking, then 
using numbers extracted from published 
financial statements and/or internal cost ac-
counting reports might be a way around the 
self-reporting bias problem. Joint research 
with accounting academics offers promise 
in this regard.

c onclus Ion

This chapter critiques some of the existing In-
formation Technology (IT) Transfer literature 
and suggests that it has fallen victim to the well-
known limitations of an economic rationalist and 
positivist worldview. In particular we challenge 
the extensive use of the term “success” in the IT 
Transfer literature, arguing that it is problematic 
for several reasons: (a) the notion of success is 
culturally determined; (b) even if all cultures 
agree on what success is, members of some cul-
tural groups are more self-critical of their own 
achievements than those of other social groups; 
and (c) it obscures the vital questions: “success-
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ful from whose perspective?” and “successful for 
which social actors?” Mainstream IT Transfer 
research portrays IT Transfer as primarily linear, 
incremental and progressive in line with the eco-
nomic rationalist belief that a “rising tide lifts all 
boats” (Boyce, 2006). We suggest Marx’s theory 
of dialectical materialism as an alternative to the 
dominant hegemony and encourage researchers 
in IT Transfer to accept the fact that internal 
contradictions are part of a dialectic system. We 
also encourage IT Transfer researchers to view 
local resistance more sympathetically. Concerted 
efforts should be made to understand and dialog 
with the Other. In Bapat’s (2005) words, “local 
narratives” are important. Overall we recom-
mend, in the spirit of Major and Hopper (2005) 
and Wickramasinghe and Hopper (2005) in the 
critical accounting literature and Otsuka (2005) 
in the sociology of education literature, more 
interview-based case study research in the IT 
Transfer area. Interview based research is prefer-
able to mass-mail out surveys, not only because 
of the richness and depth of insight they provide 
the researcher but also that they are a more cul-
turally appropriate research tool in non-Western 
countries where personal friendships and the 
concept of an “in-group” are so important. This 
chapter also presents a view that the extant main-
stream IT Transfer literature’s preoccupation with 
educated urban elites and TNCs may prove to 
be an additional hindrance to both our increased 
understanding of localised struggles and radical 
social change.
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Abstr Act

Research in the Information Systems (IS) field has been characterised by the use of a variety of methods 
and theoretical underpinnings. This fact recently raised concerns about the rigour of scientific results 
of IS research and about the legitimacy of the IS academic field. On the other hand, a number of IS re-
searchers have argued for a view that values diversity as a strength of the IS field. This chapter supports 
this viewpoint and analyzes the relation between IS research and concepts originating from theoretical 
debates around transdisciplinarity. We present results from a group of researchers of various disciplinary 
backgrounds towards an integrative platform for the orientation of transdisciplinary IS research. The 
Mikropolis platform provides researchers with a common language, allowing the integration of different 
perspectives through exchange of experiences and mutual understanding. We also discuss some practical 
issues that arise from the transdisciplinary cooperation in IS research.
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Introduct Ion

Research on Information Systems (IS) is con-
stantly faced with the challenge of addressing 
the complexity of sociotechnical systems. As a 
problem-oriented field of study, IS research is 
concerned with the interplay between informa-
tion and communication technologies (ICTs) and 
the organisational and societal contexts in which 
technologies are used, generally under the assump-
tion that the outcomes of technology use depend 
as much on characteristics of the technology as 
on organisational and social actions that shape 
them (Avgerou, 2000).

While this common epistemic interest demar-
cates and to some extent unifies the IS field, a 
great variety of research approaches and methods 
have been used in IS research. This theoretical 
and methodological diversity can be traced back 
to the manifold disciplinary origins of IS from 
computer science and applied social sciences like 
organisation studies, management science, and 
organisational psychology. Thus, in addition to 
the traditional theoretical paradigm of organi-
sational rationalism originated from concepts 
of the management and organisational sciences 
(Avgerou, 2000), recent IS sociotechnical research 
also builds upon theories from social sciences 
such as structuration theory (Orlikowski, 2000), 
critical theory (Ngwenyama & Lee, 1997), and ac-
tor-network theory (Monteiro & Hanseth, 1996).1 
Several corresponding research methods from the 
social sciences are used in IS research, both of 
quantitative (e.g., surveys) and qualitative nature 
(e.g., case study, ethnomethodology). Indeed, a 
recent survey (Glass, Ramesh, & Vessey, 2004) 
supports the picture of IS as an applied discipline 
that applies concepts of other disciplines.

The diversity of approaches and methods and 
the consequent lack of a unified theoretical core 
has generated concerns about the legitimacy of 
IS as an academic discipline (Benbasat & Zmud, 
2003). Countering this viewpoint, a number of 
authors regard pluralism rather as necessary for 

the IS research to cope with the complex and 
multidimensional issues studied (Mingers, 2001). 
Following this line, Lyytinen and King (2004) 
propose the metaphor for the IS discipline as a 
“market of ideas in which scholars and practitio-
ners exchange their views regarding the design 
and management of information and associated 
technologies in organized human enterprise”(p. 
221). As such, the theoretical and methodologi-
cal diversity of IS is seen as a valuable resource 
for the plasticity of the research in response to 
changes in ICT and organisation forms (Lyytinen 
& King, 2004).

Therefore, to fulfil its mission and address 
the complexity of IS and social practices, IS 
research should not harden and restrict itself 
to a theoretical “core” orthodoxy (Benbasat & 
Zmud, 2003), but rather dare the challenge of 
developing strategies for dealing with multiple 
research approaches, integrating different meth-
ods of inquiry, and articulating diverse theoretical 
backgrounds. Facing this challenge means replac-
ing the hierarchical and homogeneous mode of 
scientific practice by a new form characterised by 
complexity, hybridity, nonlinearity, reflexivity, 
heterogeneity, and transdisciplinarity—the Mode 
2 knowledge production described by Gibbons, 
Limoges, Nowotny, Schwartzman, Scott, and 
Trow (1994). Thus, a transdisciplinary approach 
to IS does not strive for a one-dimensional syn-
thesis of the object IS around a unified theory 
at the centre, but assumes that the complex and 
intertwined relations between ICTs and human 
practices must be approached in multiple ways. 
Each of these perspectives sheds a different light 
to the understanding of the multidimensional 
object studied.

This chapter2 argues for the relevance of 
transdisciplinarity for IS research by contras-
tively analysing the theoretical underpinnings of 
transdisciplinarity and IS, and thereafter reporting 
about practical experiences towards a transdisci-
plinary approach to IS research. This approach 
builds upon multidisciplinary collaboration, in 
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which a group of practitioners and researches with 
diverse disciplinary backgrounds (psychology, 
political science, IS, computer science, sociology) 
works together on related themes. To enable com-
munication and articulation among the different 
perspectives involved, we use the Mikropolis 
platform (Krause, Rolf, Christ, & Simon, 2006; 
Simon, Janneck, & Gumm, 2006) that provides 
us with a common exchange language and a uni-
fying research concern, thereby allowing us to 
transpose disciplinary boundaries. Nevertheless, 
each researcher uses the researcher’s own methods 
and has additional particular research interests. 
We press the argument that this approach has 
the advantage of producing results enriched by 
the multiple perspectives, whilst also providing a 
critical feedback to the theoretical basis.

The rest of the chapter is organised as follows. 
First, we discuss the meaning of the interrelated 
terms interdisciplinarity and transdisciplinarity 
and their relation to IS research. We then briefly 
present the main concepts and perspectives of 
the Mikropolis platform. Thereafter, we describe 
our experience of transdisciplinary work using 
Mikropolis, analysing difficulties, challenges, and 
lessons learned. Finally, we present our concluding 
remarks and prospects for future work.

bAckground

Inter- and t ransdisciplinarity

Transdisciplinarity and the related term inter-
disciplinarity are generally opposed to pluri- or 
crossdisciplinarity. The latter two refer to a form of 
cooperation among different scientific disciplines 
that does not change the existing disciplinary and 
theoretical structures. Thus, the result of pluri- or 
crossdisciplinary research can be characterised as 
a juxtaposition or uncoordinated collage of pieces 
stemming from diverse disciplinary traditions. 
Interdisciplinarity, in turn, involves collabora-
tion and cross-fertilisation among disciplines, so 

that concepts and methods perceived as useful 
that originate from different disciplines are put 
together to achieve common problem definitions, 
terminologies and methods. The research results 
are thus a unified whole, and this process can in-
deed yield new disciplines (For more details about 
different forms of interdisciplinary practice and 
terminology variations see, for instance, Balsiger, 
2005; Jantsch, 1972).

The term transdisciplinarity was coined in the 
1970s, and it was defined in the first international 
seminar on interdisciplinarity as “a common 
system of axioms for a set of disciplines” (Klein, 
2004). Meanwhile, the term has broadened its 
meaning and has been related to a mode of knowl-
edge production called Mode 2, which is distinct 
from the traditional mode, or Mode 1 (Gibbons et 
al., 1994). The Mode 1 of knowledge production 
is characterised by being a discipline-based form 
of research, which therefore adheres to the values 
and principles of a specific scientific discipline. On 
the other hand, Mode 2 transcends disciplinary 
borders. In Mode 2, it is no longer a specific disci-
pline that drives knowledge production, but rather 
the search for solutions to real-world problems 
taken out of mutually defined problem settings 
in the application context. Therefore, in Mode 2 
it is not academia alone which produces and then 
redistributes knowledge, but the processes of 
knowledge production cut across the domains of 
academia and application context. Accordingly, 
Mode 2 may be characterised as being complex, 
hybrid, nonlinear, reflexive, heterogeneous, 
and transdisciplinary (Gibbons et al., 1994). As 
such, transdisciplinarity is the privileged form of 
knowledge production in Mode 2, corresponding 
to “a movement beyond disciplinary structures in 
the constitution of the intellectual agenda, in the 
manner in which resources are deployed, and in 
the ways in which research is organised, results 
communicated and the outcome evaluated” (Gib-
bons et al., 1994, p. 27). 

In contrast with interdisciplinarity, a character-
istic of transdisciplinary research is that the prob-



  �1

The Challenge of Transdisciplinarity in Information Systems Research

lems to be researched originate from nonscientific 
application contexts, and they are formulated in 
these contexts independently of scientific theories 
and disciplinary definitions (Balsiger, 2005). In 
this manner, the philosopher Mittelstraß places 
transdisciplinarity in the interface between the 
two systems “science” and “society” (Balsiger, 
2005). Differently from a mere applied research 
though, transdisciplinarity does not proceed by 
segmenting a predefined problem into smaller 
parts each to be solved by a specific discipline 
or method (as usual in applied research), but in-
volves a genuine integration and communication 
among researchers with different disciplinary 
perspectives, and among these and the people of 
the application context (Balsiger, 2005).

Klein (2004) adds to these features of trans-
disciplinarity the acknowledgement of multidi-
mensionality. Based on the works of the physicist 
Basarab Nicolescu, she argues that “transdisci-
plinarity requires deconstruction, which accepts 
that an object can pertain to different levels of 
reality, with attendant contradictions, paradoxes 
and conflicts” (Klein, 2004, p. 524). According 
to this view, a transdisciplinary approach should 
not strive to achieve a one-dimensional theory 
or methodology—for such a procedure would 
imply the creation of yet another discipline. 
Instead, transdisciplinarity is capable of taking 
into account the “flow of information circulating 
between various branches of knowledge,” and 
achieving a coherent whole that preserves the 
multidimensional aspect of the object of study 
(Klein, 2004). Thus, transdisciplinarity call into 
question disciplinary thinking, while pluri-, cross-
, and interdisciplinarity do not.

But what is the position of the IS field in this 
picture? The next section explores this relation.

Is  r esearch and t ransdisciplinarity

As regards the definition of the object of study 
and the relation of IS to the so-called “reference” 
disciplines (Keen, 1987), we may infer that IS 

has an interdisciplinary nature. Indeed, the IS 
field has drawn on concepts and methods from 
a number of different disciplines and research 
traditions, putting them together to address is-
sues that arise in the interplay between ICTs 
and social and organisational practices. Were 
we to accept the demands of Benbasat and Zmud 
(2003) for the establishment of a well-defined and 
constant disciplinary “core” for IS, research in 
the IS field would be “disciplined”; that is, fixed 
boundaries would be defined for the undertaking 
of IS research on the basis of a limited number 
of chosen concepts, methods, and concerns. We 
would see here the birth of a new interdisciplinary 
discipline, similarly to what happened to other 
fields like for example socio-biology arising from 
sociology and biology.

Such unification could only be achieved at the 
expense of expurgating from the plural body of 
research in the IS field works that are not aligned 
with the proposed “core”—for Benbasat and Zmud 
(2003) the strict adherence to topics “closely re-
lated” to the IT artefact and to organisations—and 
preventing future research that uses alternative 
thematic, concepts, and approaches to be accepted 
in the IS field. In fact, the proposal of a narrow 
focus for computing disciplines is not new and has 
a parallel in the positions of formalists like Dijkstra 
(1989), who defended the setting up of a firewall 
between the problems of formal correctness—to 
be explored by computing researchers—and that 
of pleasantness of use—to be addressed by other 
disciplines like psychology.3

Nevertheless, there are many researchers that 
question the underlying premise of the argument of 
Benbasat and Zmud (2003) which see diversity as 
a threat for the scientific rigour of the IS field—for 
instance, the earlier work of Keen (1987), and, 
more recently, responding directly to Benbasat 
and Zmud (2003), Lyytinen and King (2004), 
and Galliers (2003). For these authors, diversity 
of methods and topics is not only convenient to 
deal with the complex set of relations that arise 
from the encounters of technology and human 
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practices, but also a real necessity for the field if 
it is going to stand the pace of the changes in the 
object of study.

As Galliers (2003) points out, accepting di-
versity implies moving from a concept of IS as 
a discipline with fixed boundaries and theoreti-
cal core to that of IS as a transdisciplinary field 
of studies. Indeed, the praxis-based core of IS 
(Lyytinen & King, 2004) is directly related to the 
problem-solving orientation of transdisciplinary 
research mentioned in the previous section. And if 
we consider methods used in IS such as participa-
tory approaches to IS design (e.g., Floyd, 1993) and 
action research (e.g., Baskerville & Myers, 2004), 
we can see that many of the problems addressed 
by IS research originate from practitioners’ de-
mands, and are solved in interaction with the views 
of people in the context of technology use. As 
claimed by Keen (1987), an important goal of IS 
research is to improve practice through research. 
That corresponds directly to the problem-solving 
orientation of research in Mode 2 described by 
Gibbons et al. (1994, Sect. 2).

The multidimensional nature of the object of 
study of IS research—a main tenet of transdis-
ciplinary research as explained in Section 2—is 
also acknowledged in a number of works in the 
IS community. For instance, Land and Ken-
nedy-McGregor (1981) include in the notion of 
information systems:

1) the informal human system comprising the 
system of discourse and interaction between in-
dividuals and groups (…); 2) the formal, human 
system comprising the system of rules and regu-
lations, of departmental boundaries and defined 
roles (…); 3) the formal computer system (…); 
4) the informal computer system epitomised by 
personal computing and the possibility of using the 
formal systems and computer networks as means 
of holding unstructured information and passing 
informal messages (…); 5) the external system, 
formal and informal. (Galliers, 2003, p. 341)

In this manner, the challenge for the IS field is 
considering diversity as a strength, and developing 
means for the integration of different approaches 
and perspectives in order to achieve an enrichment 
of the research results. Following the indications 
of theoretical works on transdisciplinarity men-
tioned in the previous section, this integration 
should not intend to reduce the object of inquiry 
to a particular theory nor to a certain type of 
causal principles (for instance, the precedence 
of technological issues over the social concerns 
or vice-versa). It rather implies acknowledging 
the multidimensionality of the object of study 
and the necessity of using diverse methods and 
approaches to deal with the different facets of an 
information system, while striving to achieve a 
dialogue among the different perspectives and 
theoretical constructs.

After analysing experiences of transdisci-
plinary research cooperation, Balsiger (2005) 
argues for the need of establishing an integrative 
framework for each transdisciplinary research 
project, adapting the idea of a “generalised axi-
omatic system” contained in the early work of 
Erich Jantsch (1972) on transdisciplinarity. This 
integrative framework should not only make clear 
the part of each different disciplinary perspec-
tive in the context of the research project as a 
whole, but also allow the different participants 
to communicate and to understand results and 
concerns from the other viewpoints in relation 
to their own research.

Due to the unique character of each transdis-
ciplinary project, there can hardly be something 
like a universal approach that one would be able 
to use in all different projects. Nevertheless, we 
believe that a common conceptual platform for 
understanding socio-technical phenomena can 
be achieved on an appropriately high level of 
abstraction. This platform can in turn be used as 
a template in the establishment of an integrative 
framework for particular projects. The next section 
thus presents an approach towards the develop-
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ment of such a conceptual platform that can be 
used for transdisciplinary IS research.

t he mIkro Pol Is Pl Atform

The Mikropolis platform described here was 
originated as a didactical instrument in higher 
education aimed at explaining the interplay among 
computing activities, human beings, and the global 
society within the same systemic context. As a 
didactical model, Mikropolis has been used in the 
last 10 years as an orientation model for students 
of Computer Science and Business Informatics 
courses at University of Hamburg. It has been also 
adopted by a number of scholars in Germany and 
was recently published by the German Federal 
Agency for Civic Education (Rolf, 2004). The 
name Mikropolis is derived from the German 
term “Mikroelektronik” (microelectronics) and 
the Greek word polis (which refers to a city or a 
body of citizens), thus emphasising the necessity 
to consider not only technical aspects of ICTs but 
the interplay between social and technological 
implications.

Based on the didactical model, the Mikropolis 
platform is being developed by a multidisci-
plinary network of researchers, which includes 
people with backgrounds in information systems, 
computer science, environmental and business 
informatics, political science, psychology, and 
sociology. We share a common understanding 
that designers and developers of software and 
information technology must take into account 
the social and organisational conditions as well 
as the consequences of technology use.

The Mikropolis platform does not have the 
explanatory power of a theory, nor is it meant 
to replace or complement existing theoretical 
approaches to socio-technical phenomena. It is 
rather to be understood as a heuristic framework 
that allows the integration of different disciplinary 
perspectives and theoretical approaches by provid-
ing a common language in which sociotechnical 

phenomena may be described. As such, as argued 
above, this can only be achieved at a high level 
of abstraction.

The platform makes an analytical distinction 
between the micro- and macro-context of socio-
technical interplay, referring to the societal and 
organisational level respectively. This affords a 
view of organisational aspects of computerisa-
tion and the wider societal influence, as well as 
the social relations that emerge from ICT-related 
organisational change in respect to economy, 
society, culture, and politics. Furthermore the 
platform distinguishes a structural and a temporal 
perspective from which we should interpret these 
contexts. The following sections examine each of 
these distinctions in turn.

micro and macro c ontexts

At the microcontext, we look at how the shaping 
of human behaviour and technological artefacts 
is interwoven, both in development and use of 
ICT. The focus here lies on the interplay between 
ICTs and their embedding into organisational 
contexts. At an interorganisational level, we 
distinguish those organisations using and those 
developing ICT. This distinction is merely an 
analytical one, since many organisations using 
information technology develop or at least cus-
tomise the products they use in-house, and those 
developing are themselves users of ICT. Therefore 
we accent the complex system of different actors 
that are involved in advancing information tech-
nology, for example globally operating software 
vendors, publicly funded research institutions, or 
ICT-related research and development sections of 
larger organisations. The relation between these 
actors can be characterised as a sectional system 
of innovation (Malerba, 2004). The interaction 
between organisations using ICT and the ICT-
related sectoral innovation system is used for the 
analysis of the interplay between development and 
use of ICT, which can be characterised as either 
demand-driven or technology-driven.
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Regarding the implications of ICT for the 
society at large, we take a look at the interplay 
between technological innovation and social 
change. Thus, at the societal level of analysis of 
computerisation the focus lies on the sociopo-
litical and socio-economic context in which the 
organisations are themselves embedded, com-
prehending social and political norms, cultural 
habits and values, and the economic pressures of 
a globalised world. At this level, social patterns, 
standards, and guiding ideals and principles (Leit-
bilder) are thus considered, as well as social and 
cultural values, norms, and regulations. In this 
manner, the macrocontext enables the description 
of specific factors and conditions that are relevant 
to the actor’s actions in the microcontext, that 
is, to ICT production and consumption. Further, 
the structures in the microcontext can thereby be 
observed in the perspective of their significance 
for bringing forth transformations to the social 
sphere as a whole.

structural and t emporal 
Perspectives

The structural perspective used in our platform 
comprises the transformation processes from 
social actions to the technical information format. 
ICT is used and developed in specific contexts 
of interaction, where people work together and 
communicate, consisting of a specific set of rules, 
tradition, and history from which the previous 
elements emerged. In terms of individual ICT 
development and use, this involves, on the one 
hand, the interrelated processes of formalising 
human action, and of “translating” it into computer 
executable routines. On the other hand, it means 
reintroducing those formalised routines into the 
organisational context, triggering social changes 
and unexpected uses of the technology produced. 
Since this process involves a generalised descrip-
tion of context-specific action, which is then 
somehow transferred back into a social context, 
we call it the interplay between decontextualisa-
tion and recontextualisation.

For the sake of better visualisation, Fig-
ure1—adapted from (Krause et al., 2006)—offers 
a pictorial representation of the platform elements 
presented so far. At the centre, the structural 
perspective is placed between the two systems 
of which the microcontext is composed: the 
organisations that use ICT (at the left-hand side) 
and the IT sectoral innovation system (at the right-
hand side). These elements are then embedded 
in the wider social context of the macrocontext, 
represented in Figure 1 by the viewpoint of the 
global society.

The last element of the platform adds a tem-
poral dimension to the previous ones by means 
of a historical analysis of technological develop-
ments based on the theory of path dependency 
(e.g., Schreyögg, Sydow, & Koch, 2003). These 
technology utilisation paths reflect paradigms, 
guiding principles, standards, methods, products, 
and tools that were developed in the lifetime of a 
technology in the society, in organisations and in 
the IT system. As such, the temporal perspective of 
our approach involves the historical development 
and establishment process of certain sociotechni-
cal structures until reaching their actual state; that 
is, the history of the social interactions among 
the actors that were involved in and affected by 
the development of a technology, of the actors’ 
conflicts and consequent power losses and wins, 
and of the guiding principles and the supporting 
technical paradigms. This historical analysis 
thus adds value to the previous perspectives by 
examining the conditions that led to the success 
or failure of certain alternatives, and enabling 
one to use them as lessons for future technology 
development.

t r Ansd Isc IPl InAr Ity  In 
Pr Act Ice

The platform presented in the previous section 
is both the provisional result of and an enabling 
instrument for the cooperation of a group of 
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researchers with different perspectives over the 
same commonly defined problem. Mikropolis was 
profitably applied in various settings for examin-
ing the inter-relation between human action and 
IT design in research projects on sociotechnical 
design of virtual organisations. In the following 
section, we summarise results from a case study 
of the development of a collaboration software for 
a network of freelancers4 in order to exemplify 
how Mikropolis can be used as an integrative 
platform for transdisciplinary IS research that 
can inform one about the social issues involved 
in the design and use of IT.

example Application

The example application presented here is con-
cerned with the development of a groupware 
application for a network of about 15 freelanc-
ers working in the field of IT and management 

consulting. The network was established in 
1997 with the goal of fostering the exchange of 
work experiences, knowledge, and work results. 
Furthermore, the intention was providing the 
members with vocational training and with the 
opportunity for networking, that is, for finding 
new partners for large projects and acquiring new 
clients through other network members. The net-
work is completely self-organised by its members. 
Lacking formal hierarchies or predefined roles, 
the network heavily relies on intrinsic motivation 
for participation, involvement, and commitment 
of its individual members.

To better organise the network, several proj-
ect management systems had been tested by its 
members in the past years. However, with each 
of the systems tested, the usage turned out to 
be unsatisfactorily low. The network members 
blamed this on the respective software, which they 
regarded as unsuitable for their tasks. Thus, the 

Figure 1. A pictorial representation of the elements of the Mikropolis platform
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decision was made to develop a new groupware 
system. This system was to be developed using 
participatory and evolutionary design methods, so 
as to be continually adapted to the organisational 
needs of the network.

A systematic evaluation was carried out to 
investigate the requirements of the organisation 
in respect to software support. For this purpose, 
semistructured interviews were conducted both 
with groups and individual members. Further-
more, the system usage was observed while work-
ing with two core members (acting as representa-
tives) in order to discuss their usage experiences, 
to analyse problems during system use, and to 
plan further developments for about 18 months. 
Regular workshops were organised every 2 or 3 
months with the network representatives for the 
elaboration of design ideas (Finck, Janneck, & 
Rolf, 2006).

After a year and a half of development, the 
evaluation results pointed to a positive resonance: 
the network members emphasised that online 
communication was indeed generally needed, and 
that the developed groupware tool was adequate 
to their needs. However, in spite of the widely 
positive feedback from the users, the actual us-
age of the system turned out to be notably low. 
This could be verified by the low frequency of 
new content being fed into the system, among 
other indicators.

To understand this paradoxical situation, the 
Mikropolis platform was used as an analytical 
instrument. As a first step, the members of the 
network were conceptualised as actors in the mi-
crocontext. We analysed the design process with 
regard to these actors and their inter-relations to 
one another, as well as the relationship that they 
established with the developer team. This analysis 
brought into light the fact that, in respect to the 
development process, there were actually two 
distinct kinds of actors in the network. On the one 
hand, there were a small number of actors who 
actively participated in the development process 
with ideas and suggestions, whilst on the other 

hand, there were many others who were only pas-
sive involved. This lead us to the conclusion that 
the network as whole was rather heterogeneous 
than homogeneous. Two groups of actors had 
been formed within the network, and power was 
unevenly distributed between these groups. As 
opposed to the ideal image of a self-organising 
network of equals, a powerful informal hierarchy 
had in fact been established. The analysis of the 
actors’ interests, actions, and motives showed us 
a clear area of conflict between the propagated 
ideal of equal, nonhierarchical cooperation and 
the actual development practice.

Nonetheless, the usability tests on the achieved 
software resulted satisfactory for all members of 
the network, regardless of whether they had or not 
actively taken part in the development process. 
Indeed, there were no obvious reasons to assume 
that the development process—which was heav-
ily influenced by only a subgroup of the actors 
in the network—could not lead to a satisfactory 
result for the not-directly-involved actors as well. 
However, by tracing the technology utilisation 
path we were able to see that previous decisions 
regarding IT support had seldom been discussed 
with a substantial number of network members, 
but rather been made by the same group of few 
individuals who were especially competent with 
and interested in IT. Since several project man-
agement tools had been unsatisfactorily tested 
beforehand, the introduction of yet another soft-
ware caused confusion amongst the actors less 
involved in the decision making process, making 
them insecure about the continuity of software use 
(will the new software be replaced after a short 
time just like all the others?). This fact reduced 
their motivation to spend time learning about the 
new tool and using it.

The next step was to look at the macrocontext. 
Here we could establish the economic situation 
and its perception by the individual actors as the 
decisive factor for the low system usage. Since 
the actors saw each other as competitors in the 
same market, there was no incentive to share 
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information that could benefit the other actors 
in the network. Consequently, information about 
work experience and contacts to potential clients 
were better withheld by the actors.

In this manner, using the Mikropolis platform, 
we could disentangle the apparent paradox in the 
initial situation—namely, how come a system that 
was developed with participatory methods and that 
had good results in usability tests has such a low 
usage? We concluded that the discrepancy between 
the stated goals, ideals, and motives of the network 
on the one hand, and the daily practices of the 
freelancers on the other, were responsible for the 
low intensity of utilisation of the network platform 
observed. Despite the actors’ common belief in 
the need for a collaboration tool, concrete occa-
sions and tangible incentives for system use were 
rare. Furthermore, due to the economic pressures 
that the freelancers were facing in the market, it 
was rather sensible to be especially careful when 
sharing economically relevant content.

discussion

In the exemplary research described above, the 
Mikropolis platform was used to structure the 
problem at hand. The setting in which a problem 
was identified was mapped to the Mikropolis plat-
form. More specifically, actors, groups of actors, 
organisations, the socio-economic situation, and 
their inter-relations where identified and related 
to the elements of the Mikropolis platform. In 
doing so, the complexity of a high-level problem 
(low system usage) could be managed and the 
underlying problems could be brought into light. 
The initial problem was thus broken down and 
described in a manner that offers fresh insights 
and allows the derivation of possible solutions. 

Furthermore, the platform enabled the initial 
perspective centred on design to be complemented 
by more comprehensive social and organisational 
considerations achieved by an analytical perspec-
tive. Using the Mikropolis platform, designers 
were thus able to make sense of and draw conclu-
sions from the analysis for future sociotechnical 

development. One of these conclusions was the 
importance of considering the diversity of in-
terests of actors and groups of actors inside the 
organisation arenas in the microcontext. Regard-
ing software support, they inferred the need to 
check whether functionalities supporting equal 
and intense cooperation are truly compatible with 
the organisation’s structure and its insertion in 
the wider societal context.

During our experiences, another major advan-
tage of our approach to transdisciplinarity was to 
help overcome the cognitive constraint mentioned 
by Heintz and Origgi (2004): it is indeed very 
difficult to become an expert in more than one 
field. Through the multidisciplinary collaboration 
enabled by the Mikropolis platform, though, each 
researcher contributes to the whole with particular 
expertise on research methods and approaches 
according to disciplinary background. However, 
each researcher also uses the researcher’s own 
methods and has additional particular research 
interests. The results of the common research 
process are thus brought back to question the 
original theories, avoiding in this way a mechani-
cal application of theories from other disciplines to 
the IS context—as pointed out by Monteiro (2004) 
with respect to actor-network theory—by provid-
ing a critical feedback to the theoretical basis. 
As such, as pointed out by Gibbons et al. (1994) 
“some outputs of transdisciplinary knowledge 
production, particularly new instruments may 
enter into and fertilise any number of disciplinary 
sciences” (p. 9).

c onclus Ion

In this chapter, we argued for a transdisciplinary 
approach to IS research. The underlying assump-
tions of this argument are in consonance with 
a view of diversity in the IS field as beneficial 
and necessary to cope with the sociotechnical 
imbrications in which ICT are involved in our 
society nowadays. Like other researchers, we 
see the IS field as a transdisciplinary forum—or 
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market of ideas in the words of Lyytinen and King 
(2004)—where research results using different 
approaches, methods, and theoretical foundations 
come together in dialogue.

Furthermore, our approach extends the use of 
transdisciplinarity from the level of the IS com-
munity to particular research projects by means of 
transdisciplinary collaboration. This collaboration 
is enabled by means of the Mikropolis platform, 
which offers a common conceptual framework for 
the analysis of socio-technical phenomena.

The Mikropolis platform offers a sociotech-
nical structural perspective of IS development, 
which is integrated into the microcontext of the 
relations between ICT producers and ICT consum-
ers. These two perspectives are also contrasted 
against the backdrop of the globalised society 
in the macrocontext, and they are put into a his-
torical perspective by means of the technological 
development paths. The analytical differentiation 
among these perspectives thus adds clarity to the 
different aspects of the ICT system design task 
that, in fact, always takes place simultaneously 
in the “seamless web” of sociotechnical relations 
(Hughes, 1983). In this manner, the platform af-
fords a better understanding of the relations and 
dependencies among those different perspectives, 
thereby helping one to apprehend how complex 
and multifaceted the transformation process is 
that results from the interplay among ICT, or-
ganisations, individuals, and social actors in a 
globalised world.

As such, Mikropolis offers a common lan-
guage for communication and articulation of 
perspectives from researchers with multiple 
disciplinary backgrounds. On the other hand, the 
platform reflects itself the provisional results of 
multidisciplinary interactions. For, as pointed out 
by Klein (1994), “interlanguages develop from 
acts of integration, not prior to them” (p. 5). The 
learning platform so far obtained is to be taken 
neither as a theoretical instrument to substitute 
other sociotechnical theories, nor as a fully-fledged 
universal construct. It is rather a provisional 
pidgin5 to facilitate dialogue and cooperation of 

different perspectives, without striving to dissolve 
the particularities of the perspectives involved, 
but rather acknowledging multidimensionality 
and preserving idiosyncrasies. The platform is 
thus in a state of permanent evolution.

f uture r ese Arch dIrect Ions

Transdisciplinary research in Information Sys-
tems should strive to integrate various disciplines 
as well as to cross over the domains of academia 
and practical application, thus constantly alternat-
ing between theoretical research and field work. 
Relying upon the framework presented in this 
chapter, we may conceptualise transdisciplinary 
research as a dialectical process of doing research 
both on and with the Mikropolis platform.

In terms of empirical research, the Mikropolis 
platform is being currently used as a basis for 
analysing complex problem settings in ICT devel-
opment for the public health sector. Additionally, 
an action research project is also using Mikropolis 
to accompany the institution-wide introduction of 
an educational software into a higher education 
institution. In this manner, research projects like 
these provide real-life problems to be analysed 
relying upon the Mikropolis platform, whilst at 
the same time give important feedback of which 
new directions for further development of the 
platform may emerge. 

Notwithstanding the uniqueness of each 
transdisciplinary project, further research shall 
focus on developing a concept on how to support 
transdisciplinary IS projects with the use of the 
Mikropolis platform, thus making the platform 
available for a wider range of practitioners. By 
incorporating these new viewpoints, we believe 
to step forward into the direction of improving 
dialogue with both scientific and nonscientific 
contexts and thus better addressing relevant issues 
for the society as a whole.

Another interesting direction for transdisci-
plinary research in IS is the theoretical develop-
ment of the Mikropolis platform. In this context, 



  ��

The Challenge of Transdisciplinarity in Information Systems Research

work is due to relate the components of the platform 
more closely to different social theories, like, for 
instance, neo-institutionalism, micropolitics, and 
actor-network theory. At a more abstract level, 
the epistemic underpinnings of the Mikropolis 
platform should also be a focus of research, aim-
ing not only at further developing Mikropolis 
itself, but also at gaining insight regarding the 
epistemic foundations of transdisciplinarity as a 
research modus for IS.
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endnotes

1  For a more comprehensive cover see Avger-
ou, Ciborra, and Land (2004), Orlikowski 
and Baroudi (1991), Myers (1997), and the 
online resource Schneberger and Wade 
(2006).

2  An earlier version of this paper appeared 
as Porto de Albuquerque, J., & Simon, 
E.J. (2007). Dealing with socio-technical 
complexity: Towards a transdisciplinary 
approach to IS research. In O. Hubert, J. 
Schelp, & R. Winter (Eds.), Proceedings of 
the 15th European Conference on Informa-
tion Systems (ECIS 2007) (pp. 1458-1468).

3 The outcome of the debate in which the posi-
tion of Dijkstra (1989) was presented has in 
the end broadened the field of computing, 
which includes today areas that explicitly 
address the human use of technologies like 
human-computer interaction.

4  For further details on the software developed 
and on the case study see Janneck and Finck 
(2006), and for more detailed accounts of 
the analysis presented as follows see Rolf, 
Janneck, and Finck (2006) and Finck et al. 
(2006).

5 This metaphor was proposed by Klein (1994) 
in analogy with the term pidgin from lin-
guistics, which means an interim language 
with simplified vocabulary and grammar, 
based in partial agreement on the meaning 
of shared terms.
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Abstr Act

This chapter provides a set of guidelines to assist information systems researchers in creating, negoti-
ating, and reviewing nondisclosure agreements, in consultation with appropriate legal counsel. It also 
reviews the use of nondisclosure agreements in academic research environments from multiple points 
of view, including the perspectives of both public and private sectors. Active academic researchers, 
industry practitioners, and corporate legal counsel all provided input into the compiled guidelines. An 
annotated bibliography and links are provided for further review.

Introduct Ion And o bject Ives

Nondisclosure Agreements (NDAs) are an im-
portant and necessary tool for researchers when 
dealing with a research subject which wants to 
contractually protect its confidential informa-

tion, or when the researcher’s own confidential 
information needs to be protected. Research 
subjects may require agreement to a NDA before 
allowing researchers access to data, to protect the 
research subject’s proprietary data, procedures, 
and identity. Likewise, researchers may require 
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agreement to a NDA to protect the creation of 
intellectual property as a result of the research. 
Failure to execute a proper NDA could result in 
legal disputes, fees, and liability, as well as an 
inability to use the data collected for research 
purposes.

The objective of this chapter is to provide 
the reader with a set of guidelines and observa-
tions about NDAs that are specific to the needs 
of the academic community. Most NDAs are 
executed between commercial and/or public-
sector enterprises, and as a result it is difficult to 
find reference material that provides guidance 
appropriate to information security researchers 
on this critical topic. 

Nondisclosure agreements are often used in 
the larger context of intellectual property policies 
and management. These policies may be created 
by universities or other sponsoring organizations, 
or may be created by outside organizations. A 
full discussion of intellectual property policies 
is beyond the scope of this chapter. 

bAckground

These guidelines were developed as the result of 
a research project to seek out information about 
academic NDAs. The research was conducted as 
an e-mail-based survey, using open-ended ques-
tions. A request for suggested guidelines went to 
the ISWorld distribution list, an e-mail distribution 
delivered to a global community of Information 
Science (IS) researchers, students, and faculty 
members. The request was not country-specific, 
nor specific to any particular segment of IS. 

The 11 contributors, including 10 in academia, 
were self-selected and responded to the initial 
request. Of those 10, at least 2 had some industry 
experience as well; 1 contributor is a corporate 
legal counsel who provided significant reviews and 
provided guidance both from the corporate per-
spective and what academics should consider.

Of the 11 contributors, 9 were based in the 
United States, 1 in the United Kingdom, and 1 
in Canada. Of the 10 in academia, 8 were faculty 
members, and 2 were students.

This research is exploratory in nature, and is 
not intended as an exhaustive guide to the topic. 
The chapter focuses primarily on United States 
legal definitions and practices, but we anticipate 
that many of the guidelines and principles may 
apply in other jurisdictions.

Different research methods may, of course, 
have different impacts on the need for nondisclo-
sure agreements. The key question, of course, is 
whether your research will either expose you to 
intellectual property that needs to be protected, 
or will create intellectual property that needs to 
be protected. Comments on key methods used 
in most recent IS research (Chen & Hirschheim, 
2004) follow. In all cases, if new intellectual 
property is to be created by the research and needs 
to be protected from disclosure, a nondisclosure 
agreement is an appropriate consideration.

• Case study: Case studies often look at 
organizational activities that may well ex-
pose the researcher to intellectual property. 
Multiple case studies may further expose the 
researcher to similar intellectual property 
at competing organizations, and, as such, 
it may be in the researchers’ best interest 
to be clear about how they will protect that 
property.

• Survey: This method seems somewhat less 
likely to call for a nondisclosure agreement, 
unless the questionnaires address (or might 
address) intellectual property.

• Laboratory experiment: May call for a 
nondisclosure in cases such as when the ex-
periment will leverage intellectual property 
belonging to the researcher, partner, or re-
search subject that needs to be protected.

• Field experiment: Similar to laboratory 
experiments, but may also call for special 
consideration if the field location will put 
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either the researcher’s or their partner’s or 
research subject’s intellectual property at 
greater risk.

• Action research: Given the nature of action 
research, where researchers actively try to 
influence a phenomenon, it is possible that 
intellectual property might be created as a 
result of that research, and as such might 
give rise to need for a NDA.

• Longitudinal studies, which by definition 
take place over a period of time, may war-
rant special consideration in terms of how 
the NDA is structured. A NDA that relies 
on a particular individual for research or 
publication approval may be risky given 
that organizational roles and employment 
change over time.

l eg Al  o ver vIeW

A Nondisclosure Agreement is an “agreement 
restricting the use of information by prohibiting 
a contracting party from divulging data” (Beyer, 
2001). NDAs arise out of a relationship whereby 
one or both parties to the agreement seek to 
contractually articulate the respective rights and 
responsibilities of the parties with regard to some 
kind of intellectual property. Generally speaking, 
Intellectual Property is any property that can be 
protected by law including copyrights, ideas, 
inventions, and other forms of the intellect that 
has independent commercial value and is not 
generally known.

For the researcher, it is very important to 
determine what rights apply to the work to be 
produced—that is, the researcher’s results, pa-
pers, and products. The researcher should ask the 
question as to whether the property is primarily 
functional or aesthetic. Functional elements are 
protected by utility patents and trade secrets. 
Nonfunctional or aesthetic elements are pro-
tected by trademarks, copyrights, and patents. 
The researcher may ask the question: “Does this 

creation accomplish a task or goal or is it done 
primarily to appeal to the senses or provide in-
formation or entertainment?” (Milgrim, 2006a, 
Chapter 9.04).

Thus, courts apply property rules when it 
comes to intellectual product. Because intellectual 
product is considered property, the issue for the 
researcher is to identify who is the “owner” of 
the property. This is critical because the owner 
of intellectual property has the right to use it 
and disclose it to others or restrict its use and 
disclosure as the case may be (Milgrim, 2006b, 
Chapter 2.01).

Consequently, the identification of the type 
of intellectual property law applicable to the 
researcher’s activity is very important. Intellec-
tual property law involves several distinct legal 
disciplines which at times overlap (Milgrim, 
2006a, Chapter 9.02). There are four types of 
Intellectual Property laws which are generally 
applicable to the activities of researchers: Patent 
Law, Copyright Law, Trademark Law, and Trade 
Secret Law. 

Briefly, patents are of two types of interest to 
security researchers: utility and design. The most 
common patent is utility patents and is granted 
to the inventor of a new, nonobvious invention. A 
design patent is granted for a new but nonfunc-
tional design (USPTO, 2006b). 

Copyrights are granted to authors of “origi-
nal works of authorship” that include dramatic, 
musical, artistic, computer programs, and certain 
other intellectual works, both published and un-
published. Copyrights protect the form of expres-
sion rather than the subject matter of the writing 
that is, copyrights do not protect ideas and facts, 
only the manner in which the ideas and facts are 
expressed (USPTO, 2006a).

Trademark or Servicemark law protects a 
word, name, symbol, or device that is used in 
trade with goods to indicate the source of the 
goods, as distinguished from the goods of others 
(USPTO, 2006c). 
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Lastly, which will be of most interest to re-
searchers, Trade Secret law protects any confiden-
tial information that gives the creator or holder 
of the secret a competitive advantage, that is, the 
information has independent economic value 
derived from the fact that it is secret. By defini-
tion, trade secrets are confidential information, 
and the owner of the trade secret can prevent 
others from using the information (NCCUSL, 
1985, Section 1(4)).

As is often the case, Intellectual Property 
overlaps and the researcher should be aware 
that patent, copyright, trademark/servicemark, 
and trade secrets can overlap with regard to a 
particular product, service, or information. For 
instance, it is very difficult, if not impossible, to 
pursue a patent application, while at the same 
time keeping the invention as a trade secret. In 
addition, it is not unheard of for a product to be 
protected under both trademark and copyright law. 
Finally, patent law can intersect with copyright 
and trademark/servicemark law in the manner 
or appearance of an item as well as its design 
and nonobvious functionality (Milgrim, 2006b, 
Chapter 9.04). 

Researchers must also be aware that it is the 
nature of confidentiality that creates the need for 
a nondisclosure agreement. While confidentiality 
may be implied from the relationship of the par-
ties or the nature of the communication between 
the parties, express nondisclosure agreements 
are the safest means for a researcher to protect 
himself from violating a confidential duty as well 
as protecting intellectual interests which arise out 
of the relationship. Therefore, NDAs can differ in 
the nature and scope of the disclosure, but NDAs 
must include a clear description of the informa-
tion held to be confidential, how the confidential 
information may or may not be used, the duty of 
confidentiality, choice of law and venue, remedies 
for breach including injunctive relief, duration 
of the agreement, scope of activities, who owns 
the confidential information, and protection of 
marginal matter, as well as post employment 
activities.

Finally, it must be noted that nondisclosure 
agreements are contractual. In other words, the 
law of contracts controls the analysis and the rules 
a court (whether state or federal) will apply in the 
case of a breach. Because commercial agreements 
are in the domain of state law, state law will apply, 
even if one party is allowed to bring the cause 
of action in federal court; the federal court will 
apply the applicable state law (Milgrim, 2006b, 
Chapter 4.01).

Thus, as a matter of law, NDAs are very im-
portant in protecting the rights of the owner of 
the confidential information as to its disclosure 
and use in a public way. 

The significance of not having an NDA when 
it is appropriate cannot be underestimated. NDAs 
are designed to protect the parties to the agree-
ment. On the one hand, an NDA is designed to 
protect the party making the disclosure of con-
fidential information. Because of its proprietary 
nature, the disclosing party wants to make certain 
that the use of the information is consistent with 
that party’s expectations. On the other hand, an 
NDA is also designed to protect the receiving 
party’s expectations of the permitted use of the 
proprietary confidential information. For both 
parties, the NDA creates contractual rights that 
are enforceable and compensation when those 
contractual rights have been breached. Finally, an 
NDA facilitates the development of research and 
new knowledge by creating a robust environment 
for researchers where the rights and responsibili-
ties of the parties are clearly expressed.

lI ter Ature r ev IeW

The literature review provides a framework for 
other researchers to consider as they review their 
own needs for confidentiality agreements. While 
little in the way of concrete guidelines exists in 
the literature, much is published on the topics of 
industry-university research collaboration, intel-
lectual property, and the impact of confidential-
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ity agreements on various parts of the research 
community.

At least since the mid-1980s, universities 
struggled with how to balance the needs of open-
ness and proprietary control (GUIRR, 1997). 
This dilemma came about because of the 1980 
change in U.S. federal law that made copyright 
the primary protection for computer software 
(Peterson, 1985), with its somewhat less rigor-
ous protection for ideas rather than embodiment 
(Oppedahl & Larson LLP, 1995). The issues that 
arise generally center on the classic tension be-
tween the academy’s desire for open, free sharing 
of information, and the commercial world’s desire 
to maintain trade secrecy of certain information 
for commercial purposes. 

The reality, however, is rarely so clear cut. 
Academics also need to keep certain informa-
tion secret (e.g., confidentiality of the identity of 
research subjects, delays to allow patent filing). 
Commercial researchers are sometimes motivated 
to publish and make a name for themselves or for 
their employer, both in academic and in trade 
journals (Newberg & Dunn, 2002). An institu-
tion that wishes to commercialize the results of 
its research may impose publication restrictions 
both to allow time for patent filings and to allow 
establishing spin-off business units to bring an 
idea or invention to market.

Newberg and Dunn (2002) documented several 
organizational models for Industry-University 
Research Collaboration, each of which may impact 
the need for and use of nondisclosure agreements. 
These include: 

1. University to Industry Technology Licens-
ing, where the university clearly owns and is 
selling or licensing a technology to industry 
for commercialization

2. Industry-Sponsored University Research, 
where it is important to establish intellectual 
property ownership, given that industry is 
sponsoring and paying for the research

3. Spin-off Companies, often with lead re-
searchers and students taking academic 
research into the commercial domain, that 
require appropriate confidentiality and in-
tellectual property ownership agreements; 
and 

4. Idea Labs, such as MIT’s Media Lab (New-
berg & Dunn, 2002, p. 205), where ongoing 
cutting-edge research is conducted in an 
established organizational setting. 

Each of these organizational models carries 
with it potentially different implications about 
the ownership of intellectual property, and the 
level of protection that must be accorded to its 
information. As such, the organizational context 
of the research must be considered as an aspect of 
the design of any nondisclosure agreement.

In the case of a formal research consortium 
inside the university, it may be appropriate to 
require separate NDAs between the consortium 
and its researchers, employees, and visitors 
(Newberg & Dunn, 2002). This approach simpli-
fies relationships with organizations (their NDA 
could be with the consortium), and may serve to 
enable free exchange of information among the 
researchers within the consortium.

The process of establishing ownership of intel-
lectual property is one that can be dealt with in an 
ad hoc fashion, or can be a very structured part of 
the campus research environment. Carnegie Mel-
lon University (CMU) is often cited for its highly 
structured approach. CMU (2001) uses a detailed 
model identifying the various ways in which 
intellectual property can be created, and who 
contributes to that process. From this model, the 
policy then dictates the ownership of the property. 
It further prescribes how any economic benefits 
from that property are to be shared between the 
researchers, the university, and the sponsors. A 
detailed review of intellectual property policy is 
beyond the scope of this chapter. Nondisclosure 
agreements, however, will need to consider the 
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intellectual property policies of all parties to the 
agreement.

Confidentiality agreements may impair the 
researcher’s ability to publish—either by con-
straining what can be published, by delaying the 
publication, or by preventing it entirely. NDAs 
may also impact the researcher’s legal right to do 
the ethically correct thing (e.g., publish results of 
a study showing impact of chemicals on public 
health) (GUIRR, 1997). 

It is also important for the researcher to un-
derstand that even data that is provided under a 
NDA may lose its confidential status in a number 
of ways. For example, information that is gener-
ally known in the industry of the provider of 
the information, or information that is generally 
available to the public, may not be need to be 
treated as confidential by the researcher (Volonino, 
2005). These conditions may vary based on the 

applicable laws; therefore, it is important to seek 
appropriate legal counsel. 

At least one study out of the dot-com era also 
identified potential negative impacts to students. 
Based on confidentiality agreements signed with 
one professor, students were in some cases un-
able to complete assignments given by another 
professor due to the overlap in the assignment 
vis-a-vis the confidential information (Marcus, 
1999). There remains some dispute about the 
cause of this issue; it has been represented that 
the assignment was given as a deliberate form 
of industrial espionage against another profes-
sor. Whatever the facts may be in this case, the 
potential remains for this problem to occur.

Figure 1 shows a sample of the various entities 
and constraints that may need to be considered as 
a nondisclosure agreement is negotiated (modeled 
after Newberg & Dunn, 2002, p. 225). 

Figure 1. Factors to consider in negotiating a nondisclosure agreement
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Legal and regulatory factors impact both the 
researcher and the organization, and may drive 
some aspects of the nondisclosure agreement, par-
ticularly related to the level of protection required. 
Institutional requirements impact the researcher 
as well (e.g., intellectual property creation and 
ownership policies).

Vendors may provide technology and services 
for a project, and the researcher needs to consider, 
before launching the project, how and whether 
any confidential data may be shared with them. 
Lastly, other people may be exposed to confi-
dential data through participation in the project 
in a variety of roles, and it may be appropriate 
to establish constraints around what may or may 
not be shared with them. Students involved in 
the research project should also sign an NDA. 
Stim and Fishman (2001) provide a sample NDA 
to be used with students to protect confidential 
information held by a professor.

g uIdel Ines

The following guidelines represent the collective 
wisdom of the respondents to the original query 
to ISWorld, along with an informal review by 
a corporate attorney (Anonymous, 2005; Clay, 
2005; Edgington, 2005; Kaiser, 2005; Kitchens, 
2005; McLaren, 2005; Newman, 2005; Overby, 
2005; Straub, 2005; Westerman, 2005).

starting Points

1. Note that the NDA is not the same as a 
contract for employment. The NDA defines 
what each party can and cannot disclose 
to others. An employment contract may or 
may not cover the same ground, but will 
also cover such issues as compensation, 
deliverable expectations, and ownership of 
intellectual property. 

2. Treat the relationship with the organization 
as a relationship, not as a transaction (Gross-

man, 2004, pp. 35-38). Take the time to build 
relationships with your sponsor and with 
other key participants, so that the NDA is 
more of a natural part of the process, rather 
than being the very first step in a relation-
ship. 

 In other words, don’t view the NDA as a 
contract for a single transaction by which 
you get some data, publish something, and 
then move on. Develop a relationship in 
which you provide interesting analysis 
and insight to the organization, help them 
understand some questions, and so forth. If 
you develop a group of organizations that 
enjoy working with you and will share data 
over time, what a great asset to have as a 
researcher! (Overby, 2005) 

3. Expect to work from the organization’s 
standard NDA. In general, that will make 
the process simpler than asking them to 
sign yours. However, if the organization is 
small and does not have a standard NDA, 
having one of your own as a template is to 
your advantage.

4. It is also helpful to create standard wording 
elements that you would like to see in the 
NDA so that you can suggest specific clauses 
for their legal counsel to respond to. 

5. Be clear about why you need changes: for 
example,  

 I want to make these changes because our 
situation is different from the typical situa-
tion covered by this NDA. Of course, I need 
to protect your confidentiality. But, as an 
academic, I also need to be free to use my 
research outputs in teaching and publishing. 
So, let’s see if these changes can protect your 
interests while also giving me the freedom 
I need for my career. (Westerman, 2005) 

6. Consider making the agreement only be-
tween yourself and the organization, and 
exclude your university. This separation 
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also simplifies the process. That said, it is 
important to understand your university’s 
policies and ensure that they are not liable 
by implication for your work, and that its 
policies do not require any specific clauses 
or process. 

7. Consider whether the relationship might be-
come one of mutual disclosure, and whether 
your own, or your university’s confidential 
information needs to be protected as well, 
possibly for commercialization. Particularly 
in this latter case, the Bayh-Dole Act of 
1980, which affects ownership of intellectual 
property developed under federal funding, 
should be factored into the language of the 
NDA (Foley, 2004). 

8. Avoid vague language in the agreement, and 
gain an understanding of such common legal 
terms as “prorated” and “reasonable.”

t ime l imits

9. If possible, obtain permission to publish 
freely after 3 years (this is the standard time-
frame, though it can be negotiated). Some 
organizations will have difficulty with such 
a clause. Even though technology does move 
quickly, legacy systems often do not, and you 
could still be in possession of information 
of value to the organization which could be 
detrimental if freely disseminated. 

10. The organization may view a time limit as 
unacceptable, but it is still worth asking. 

Approval r equirements

11. If you can, avoid a requirement for explicit 
approval by the organization. It will certainly 
simplify the publication process. Many 
respondents were more vociferous than 
that. Approval requirements were, in their 
minds, something to be avoided at all costs. 
Alternatively, you might seek agreement 
that the organization has a right to review 

how they are identified (or disguised), and 
will have the opportunity to comment (for 
correctness, within a reasonable timeframe) 
on any other part of the work. That would 
be a reasonable compromise. 

12. A planned review of the findings by the 
organization can both strengthen your va-
lidity as well as improve the possibility of 
approval by your local Institutional Review 
Board. 

13. Consider an annotation in the NDA that you 
retain the right to publish your research, with 
the exception of the organization’s right to 
retain anonymity and prevent publication 
of proprietary information, and that both 
parties will work in good faith to make that 
possible. 

14. Consider offering to co-author with an orga-
nization employee if you will be publishing 
in a trade journal as one of your outlets. This 
option could help build their stature in the 
market, and motivate them to participate. 

15. Be careful that any approvals language 
does not require a new approval each time 
you speak or write about the research you 
conducted with this data.

c ourts and j urisdictions

16. Note that laws vary from state to state and 
from country to country. You will need to 
be sure that your agreement is appropriate 
for the laws that govern it. 

17. Some respondents indicated that courts will 
often rule against the party that drafted the 
agreement. However, the corporate counsel 
who participated in this study indicated that 
this assumption is generally a myth, and that 
courts in general will rule against the party 
that wrote the agreement only in the case of 
an ambiguity in the terms that is material 
to the dispute. It is also worth noting that 
the party with the burden of proof is more 
likely to lose the case.
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18. The agreement should specify both what laws 
apply (generally, in the U.S., which state’s 
laws), and in which court system (generally, 
in the U.S., which county’s courts).

o riginal documents

19. It is commonplace to be asked to return 
originals. It is also reasonable for the or-
ganization to request return, especially if 
the relationship sours for any reason. Do 
not offer this option in the NDA if it is not 
requested. 

20. Be careful to define clearly what needs to 
be returned, as your derivative works need 
to be retained to document your work. 

21. Do not allow either an implication or an 
explicit statement that everything coming 
from the organization is proprietary. Con-
sider asking for proprietary documents and 
works to be explicitly labeled as such. 

22. If your research data includes personal in-
formation, try to get that data “anonymized” 
before you take possession. Anonymization 
helps protect the organization and you from 
liability. 

23. Ensure that you understand and adhere to 
any regulatory requirements that apply to 
the industry or governmental agency un-
der research (e.g., health care and banking 
privacy regulation, government meeting 
disclosure requirements, etc.).

disguising the o rganization

24. To help smooth the process of obtaining 
publication approval, consider disguising 
the name of the organization(s). Even if the 
financials and other demographics might 
make it identifiable, you might be able to 
reduce those numbers by some factor. If 
there are multiple organizations involved, 
reducing all numbers by the same factor for 
all subject organizations might achieve the 
same result. 

25. It is likely the organization would view this 
request as reasonable. However, you need 
to ensure that the disguising you provide is 
real and permanent.

der IvAt Ive Works 1

26. Make sure you own your work product and 
all derivative works, unless you are being 
paid for the work, in which case ownership 
should be defined by the contract for the 
work. 

27. You need to establish your right to create 
research papers and derivative works based 
on those papers from the information ob-
tained from the organization. 

28. The organization will likely take the posi-
tion that they own your work product and 
derivative works from those, so you’ll need 
to establish that ownership explicitly. 

A model nondisclosure agreement, for refer-
ence purposes only, may be found in the Appendix 
to this chapter. The model is designed to provide 
an example of clauses in an agreement that a 
researcher might expect to see from a research 
subject, along with specific clauses that the re-
searcher would like added or modified to be more 
amenable to their needs.

f uture t rends

While the foundations of intellectual property law 
are long-standing, it is reasonable to anticipate 
changes in such laws as they are interpreted both 
across national boundaries, and as the impact of 
new technologies continues to be felt. For example, 
Grossman (2004) notes issues such as the potential 
invisible violation of trademark via meta-tags 
on HTML pages. Such issues may seem to have 
an obvious answer, but will likely take years to 
work through the courts and legislatures and be 
embodied in updated legislation. 
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Globalization is affecting intellectual property 
rights. Globalization is creating cross-border 
research and development. To date, there is no 
international patent, which means that a patent 
is enforceable only in the jurisdiction where it is 
granted. To exacerbate the problem, United States 
patent law does not include extraterritorial effect 
and generally does not restrict potential infringe-
ment outside the boarders of the United States. 
However, this issue is before the U.S. Court of 
Appeals (Voda v. Cordis Corp.). Here the court 
is being asked to consider whether patent matters 
arising under foreign law maybe heard under U.S. 
jurisdiction. Until this matter is heard, practi-
tioners may have to be careful in the important 
freedom-to-operate and infringement clauses of 
their agreements. Where these clauses reference 
foreign activities, they may want to assess the 
impact of an adjudication by a forum other than 
that originally contemplated.2

c onclus Ion

This set of guidelines has been used in multiple 
negotiations, and its parameters provided useful 
guidance to help structure the discussion with 
counsel. For example, the need to provide the 
right to publish anonymized data was not one that 
was initially acceptable to the research subject, 
but with appropriate attention to the relationship 
(Guidelines 2 and 5) with the subject, and by 
communicating the reason for the need (Guide-
line 13), an acceptable clause was created and 
agreed upon. 

While finalizing a nondisclosure agreement 
clearly is an event that warrants the attention of 
qualified legal counsel, the element required in 
NDAs that meet the needs of the academic com-
munity is not apparently well known in the legal 
community. As such, we believe it is helpful for 
researchers to be armed with guidance that can 
help inform their discussions with counsel, result-
ing in agreements that appropriately protect all 
the parties involved. 

The aim of this chapter is to provide researchers 
with a background on nondisclosure agreements 
so that they may be better able to know when 
such an agreement might be appropriate. There 
are risks involved in not using a nondisclosure 
agreement when it is appropriate, and there are 
risks in using a poorly designed nondisclosure 
agreement. It is incumbent upon the researcher 
to engage legal counsel appropriately to help 
mitigate these risks. 

lI mIt At Ions And dIrect Ions 
for f uture r ese Arch

Contributors to this set of guidelines were not 
country-specific in their suggestions. This re-
search could be extended to look more closely at 
laws and regulations outside the United States, 
and to the effects of cross-border research teams 
(Shippey, 2002). The Wiki containing the living 
version of this chapter is shown in Appendix I, and 
other researchers may contribute to the knowledge 
base residing there. Formal review by representa-
tive legal counsel from the university and corpo-
rate settings would be valuable to strengthen the 
validity and reliability of the data.

A data base of best practice clauses, accessible 
based on the characteristics that the researcher is 
seeking, might be built to provide a robust collec-
tion of material from which to craft future agree-
ments. A survey of the users of these guidelines 
might also be conducted to evaluate their value 
to the community, and to further enhance and 
build on the collected expertise.

note

A portion of this material is drawn from Witman’s 
(2005) article, which first appeared in the Com-
munications of the Association for Information 
Systems. A previous version of this chapter ap-
peared in Handbook of Research in Information 
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Security and Assurance, edited by Jeet Gupta 
and Sushil Sharma.
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Add It Ion Al  sources

sample nondisclosures from 
Institutions

• From the University of Wisconsin – Mil-
waukee’s Center for Industrial Mathemat-
ics. Commentary on nondisclosures and a 
sample NDA: http://www.uwm.edu/Dept/
CIM/indmath8.html 

• From the University of Connecticut’s Of-
fice of Sponsored Research. Provides three 
forms of NDA, including one-way disclosure 
in each direction, and mutual exchange: 
http://www.osp.uconn.edu/nondisclosure.
html

sample Intellectual Property Policies

• From Carnegie Mellon University. Broad 
coverage of intellectual property policy, 
well beyond the topics of nondisclosure 
agreements: http://www.cmu.edu/policies/
documents/IntellProp.html

• From Johns Hopkins University Technol-
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ogy Transfer. Starting point for initiating 
agreements with the university: http://www.
techtransfer.jhu.edu/initiateAgreement

sample nondisclosures from the 
view of r esearcher as discloser

• NDA from Columbia University’s Science 
and Technology Ventures. Assumes that 
the University is disclosing its confidential 
information to a third party: http://www.stv.
columbia.edu/guide/agreements/nondisclo-
sure 

• NDA from Southern Methodist University, 
Focusing on the researcher’s work as an 
“Inventor”: http://www.smu.edu/research/
Limited%20Use%20and% 20Nondisclosu
re%20Agreement.doc 

sample nd A for c linical t rials

• University of Minnesota’s Research Services 
Organization guidelines. Focuses to some 
extent on clinical trials, but basic guidelines 
are provided that could be applicable to 
other fields: http://www.ahc.umn.edu/re-
search/rso/information/sponsors/instruc-
tions/home.html

k ey  t erms

Con. dentiality: Restrictions on the dissemi-
nation of information (Garner, 2004, p. 318).

Copyright: “A property right in an original 
work of authorship …, giving the holder exclusive 
right to reproduce, adapt, distribute, perform, and 
display the work” (Garner, 2004, p. 361).

Intellectual Property: “A category of intan-
gible rights protecting commercially valuable 
products of the human intellect,” including but 
not limited to trademark, copyright, patent, and 
trade secret rights (Garner, 2004, p. 824).

Nondisclosure Agreement: A contract prom-
ising “not to disclose any information shared by 
or discovered from a trade secret holder” (Garner, 
2004, p. 1079).

Patent: “The right to exclude others from 
making, using, marketing, selling, …, or import-
ing an invention for a specified period” (Garner, 
2004, p. 1156).

Trade Secret: “A formula, process, device, or 
other business information that is kept confiden-
tial to maintain an advantage over competitors” 
(Garner, 2004, p. 1533).

Trademark: “A word, phrase, logo, or other 
graphic symbol used … to distinguish a product . . 
. from those of others” (Garner, 2004, p. 1530).

endnote

1 A derivative work, for copyright purposes, 
is a new work that is created substantially 
from an original work (Radcliffe & Brinson, 
1999). Examples might be a translation of a 
book into another language, or in research 
terms, reusing a large portion of an existing 
paper to create a new paper with theoretical 
extensions.

2 Voda v. Cordis Corp., Appeal No. 05-1238, 
2005 WL 2174497 at *11 (Fed. Cir. June 6, 
2005).
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APPend Ix

nondisclosure Agreement

AGREEMENT made this [specify day] day of [specify month and year] between [name of first party], 
and [name of second party]. 

1. Addresses. [name of first party] is a [specify whether individual or business entity] located at [iden-
tify address]. [name of second party] is a [specify whether individual or business entity] located 
at [identify address]. 

2. Purpose. [name of first party] wishes to engage the services of [name of second party] (the “En-
gagement”) and in connection with such services, [name of first party] may disclose to [name of 
second party] certain confidential technical and business information which [name of first party] 
desires [name of second party] to treat as confidential. 

3. Definition. “Confidential Information” as used in this Agreement means information or material 
that is not generally available to or used by others, or the utility or value of which is not generally 
known or recognized as standard practice whether or not the underlying details are in the public 
domain, including without limitation: (a) Information or material that relates to [first party’s] 
inventions, technological developments, “know how”, purchasing, accounting, merchandising or 
licensing; (b) Trade secrets; (c) Software in various stages of development (source code, object 
code, documentation, diagrams, flow charts), drawings, specifications, models, date and customer 
information; and (d) Any information of the type described above that [first party] treats as pro-
prietary or designates as confidential, whether or not owned or developed by [first party]. 

4. Nonuse and Nondisclosure of Confidential Information. During the term of this Agreement, 
[second party] will have access to and become acquainted with various propriety information of 
Employer, including discoveries, developments, designs, formulas, patterns, devices, secret inven-
tions, processes, software programs, technical data, customer and supplier lists, and compilations 
of information, records, and specifications , and other matters consisting of trade secrets, all of 
which are owned by [first party] and regularly used in the operation of [first party’s] business. 
[Second party] may also have access to the confidential information of third parties that has been 
provided to [first party] subject to a Confidential Disclosure Agreement.

 All proprietary information and all files, records, documents, drawings, specifications, equipment, 
computer files, computer records, computer programs, and similar items relating to the business 
of [first party], whether they are prepared by [second party] or come into [second party’s] posses-
sion in any other way and whether or not they contain or constitute trade secrets owned by [first 
party], are and shall remain the excusive property of [first party] and shall not be removed from 
the premises of [first party], or reproduced or distributed in any manner, under any circumstances 
whatsoever without the prior written consent of [first party].

 [second party] promises and agrees that [she or he] shall not misuse, misappropriate, or disclose 
any proprietary information or trade secrets described herein, directly or indirectly, or use them 
in any way, either during the term of this agreement or at any time thereafter, except as required 
in the course of the Agreement. 

5. Obligations of Confidentiality not Applicable. Obligations of Confidentiality imposed by this 
Agreement will not apply to confidential information that (a) Is or has been generally available 
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to the public by any means, through no fault of [second party], and without breach of this Agree-
ment; (b) Is or has been lawfully disclosed to [second party] by a third party without an obligation 
of confidentiality being imposed on [second party]; (c) Has been disclosed without restriction by 
[first party] or by a third party owner of confidential information.

6. Academic Use of Confidential Information. Notwithstanding anything above, [second party] may 
use the above identified Confidential Information for not for profit educational or research activi-
ties ultimately leading to publication in academic or trade journals (the “Academic Activities”). If 
the Confidential Information is used for the Academic Activities, [second party] shall protect the 
anonymity of the Confidential Information as well as the source of the Confidential Information. 
[Second party] shall not publish or otherwise disseminate in writing or otherwise the result of the 
Academic Activities without the prior consent of [first party], such consent to be withheld only 
as necessary to ensure the anonymity of the Confidential Information. The parties agree that the 
[second party] has the right to produce derivative publications subject to this Agreement. 

7. Ownership of Work Product. The parties agree that any and all intellectual properties, including, 
but not limited to, all ideas, concepts, themes, inventions, designs, improvements, and discoveries 
conceived, developed, or written by [second party], either individually or jointly in collaboration 
with others, pursuant to this Agreement, shall belong to and be the sole and exclusive property of 
[first party]. 

 Notwithstanding the above, the parties agree that the ownership of derivative work product shall 
belong to and be the sole and exclusive property of [second party]. A “derivative work” is herein 
defined as a new work based upon an original work to which enough original creative work has 
been added so that the new work represents an original work of authorship. 

8. Term. The obligations of [second party] under this Agreement shall survive until such time as 
all Confidential Information disclosed under this Agreement becomes publicly known and made 
generally available through no action or inaction of the [second party].

9. Return of Materials. [second party] agrees to deliver to [first party], promptly on request, or thirty 
days from the date of termination of this Agreement, all confidential material herein identified, 
in the possession of [second party] pertaining to the business of [first party] and originating with 
[first party] that came into the possession of [second party]. 

10. Remedies. The parties to this Agreement acknowledge and agree that it is impossible to measure 
in money the damages which will accrue to the [first party] if [second party] shall breach or be 
in default of any of [second party’s] representations or agreements set forth in this Agreement. 
Accordingly, if [second party] breaches or is in default of any of the representations and agree-
ments set forth above, will cause irreparable injury to [first party] and that, in addition to any 
other remedies that may be available, in law, equity or otherwise, [first party] shall be entitled to 
obtain injunctive relief against the threatened breach of this Agreement or the continuation of any 
such breach, without the necessity of proving actual damages.

11. Non-interference. For the period of one (1) years after the termination of this Agreement, with or 
without cause, [second party] shall not interfere with the relationship of [first party] and any of 
its customers, employees, agents, representatives or supplier.

12. Non-solicitation. For the period of one (1) years after the termination of this Agreement, with or 
without cause, [second party] shall not solicit, operate, be employed by or otherwise participate 
in the business or operations of any of the [first party’s] clients.
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13. Miscellaneous. This Agreement shall bind and inure to the benefit of the parties and their successors 
and assigns. This Agreement supersedes any and all other agreements, either oral or in writing, 
between the parties with respect to the services provided under this Agreement, and contains all 
of the covenants and agreements between the parties with respect to the services provided herein. 
Each party to this agreement acknowledges that no representations, inducement, promises, or 
agreements, orally or otherwise, other than those set forth herein, have been made by any party, 
or anyone acting on behalf of any party, and that no other agreement, statement, or promise not 
contained in this agreement shall be valid or binding. Any modification of this agreement shall 
be effective only if it is in writing signed by the party to be charged. This agreement shall be 
governed by and construed in accordance with the laws of the state of [state]. If any provision in 
this agreement is held by a court of competent jurisdiction to be invalid, void, or unenforceable, 
the remaining provisions shall nevertheless continue in full force without being impaired or in-
validated in any way. 

FIRST PARTY

_______________________________________[signature]

SECOND PARTY

_______________________________________[signature] 
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Abstr Act

Even though information systems is a maturing research area, information systems case study reports 
generally lack extensive method descriptions, validity defense, and are rarely conducted within a multi-
case research project. This reduces the ability to build theory in information systems research using case 
study reports. In this chapter we offer guidelines, examples, and improvements for multicase studies. If 
information system researchers stick to these guidelines, case study reports and papers will get published 
more often, improving the rapidly maturing research area of information systems. 

mul t IPle cA se study  
r ese Arch

It is our belief that IS research is quickly getting 
more mature and deserves more attention in the 
area of methods and practices. In this chapter, we 

report on our experiences (Jansen & Brinkkemper, 
2007; Jansen et al., 2006; van de Weerd, Brink-
kemper, Souer, & Versendaal, 2006; van de Weerd, 
Brinkkemper, & Versendaal, 2007) with multicase 
studies in the area of Information Systems (IS) 
research. We believe that case study evidence is 
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fundamental for building theories in this rapidly 
maturing field (Darke, Shanks, & Broadbent, 
1998). Case studies encourage students and 
researches to train themselves in understanding 
large complex systems (for system maintenance) 
and organizations. Furthermore, case studies are 
generally appreciated by practitioners, and provide 
a popular method in IS research to disseminate 
and explain phenomena in the field. These case 
studies are, however, often reported without much 
validation. This chapter provides a detailed de-
scription of a multicase research project to help 
researchers to document their research methods, 
compare their research approach, and provide 
them with helpful experience reports. We believe 
such descriptions will improve the overall qual-
ity of multicase study research and reports, thus 
contributing to IS research at large.

c ase study c ontext

The experiences reported in this chapter concern 
a multicase research project that lasted from 
2003 until 2006 and concerns the customer con-
figuration updating practices of product software 
vendors. 

To date, product software is defined as a pack-
aged configuration of software components or a 
software-based service, with auxiliary materi-
als, which is released for and traded in a specific 
market (Xu & Brinkkemper, 2005). One area 
that is specific to product software vendors is the 
fact that they have to release, deliver, and deploy 
their products on a wide range of systems, for 
a wide range of customers, in many variations. 
Furthermore, these applications constantly evolve, 
introducing versioning problems. An increasingly 
important part of product software development 
thus is customer configuration updating (CCU). 
CCU is “the combination of the vendor side release 
process, the product or update delivery process, 
the customer side deployment process, and the 
activation and usage processes” (Jansen et al., 

2006). The release process describes how products 
and updates are made available to testers, pilot 
customers, and customers. The delivery process 
describes the method and frequency of update and 
knowledge delivery from vendor to customer and 
from customer to vendor. The deployment process 
describes how a system or customer configura-
tion evolves between component configurations 
due to the installation of products and updates. 
Finally, the activation and usage process concerns 
license activation and knowledge creation on the 
end-user side. 

Product software vendors encounter par-
ticular problems when trying to improve these 
processes because vendors have to deal with 
multiple revisions, variable features, different 
deployment environments and architectures, 
different customers, different distribution media, 
and dependencies on external products. Also, 
there are not many tools available that support 
the delivery and deployment of software product 
releases that are generic enough to accomplish 
these tasks for any product. Case studies have 
shown (Ballintijn, 2007; Jansen, 2005; Jansen, 
2006a, 2006b; Jansen, Ballintijn & Brinkkemper, 
2004; Jansen, Brinkkemper, Ballintijn et al., 2005) 
that many issues remain unsolved. Large parts of 
the CCU process are still performed manually, 
such as quick fix distribution and deployment, 
license file creation, and error feedback reporting. 
Next to this, surveys have shown that up to 15% 
of deployments of products are unsuccessful due 
to missing components and configuration errors 
by the deployers. System administrators for large 
networked environments, too, experience many 
problems with respect to deployment, caused by 
heterogeneous environments, faulty configura-
tion update tools, and lack of knowledge about 
system and software constraints. These problems 
require attention due to their large overhead costs 
(implementation, testing, configuration evolution, 
etc) and due to the fact that no quality guarantees 
can be given at deployment or update time.



122  

Applied Multi-Case Research in a Mixed-Method Research Project

To solve the problems stated above, a model 
to improve the CCU process of a software vendor 
has been developed. This model is based on a 
number of theories which, when applied correctly, 
improve the CCU process for any product software 
vendor and its customers (Roberts, Cater-Steel, 
& Toleman, 2006). Over the last 4 years we have 
conducted mixed-method research to evaluate 
these theories. The methods that have been ap-
plied are case studies, tool evaluations, prototype 
building, design research, and two surveys. The 
different methods were used to confirm or refute 
the theories. Case study research proved particu-
larly useful where “research and theory are at their 
early formative stages” (Benbasat, Goldstein, & 
Mead, 1987). We would like to address the role 
of case studies in mixed-method research. 

The CCU improvement model, although in-
tuitively addressing the right issues with the right 
amount of attention, needed to be evaluated and 
validated. The model consists of a process model 
and maturity measures in each of the mentioned 
process areas. Since 2003, Utrecht University and 
CWI1 have performed a number of case studies to 
establish problems in CCU and to test the model 
for improvement of CCU on the software vendor, 
system administrator, and end-user sides. These 
case studies led to successful research output 
(Ballintijn, 2007; Jansen & Brinkkemper, 2007; 
Jansen & Rijsemus, 2006; Jansen et al., 2006) 
and contributed to the area of IS research and, 
more specifically, software product management. 
To further confirm conclusions and observations 
drawn in the case studies and make a stronger 
claim for generalisability, a survey was been 
undertaken during February of 2007 (Jansen & 
Brinkkemper, 2008). The case studies were per-
formed with care and rigor, using Yin’s (2003) case 
study method and guidelines. To avoid common 
pitfalls, we have used guidelines and pointers 
from Kitchenham, Pickard, and Pfleeger (1995) 
and Flyvbjerg (2006).

c ontributions and structure

The main aims of this chapter are to encourage 
researchers in IS to more explicitly define and 
describe their research methods in publications. 
Second, we wish to encourage both industrial 
and scientific researchers to publish case study 
reports in case study databases. Finally, we wish 
to encourage researchers to do more emperical 
research and rigorously apply validity criteria to 
their research.

The chapter reports on a multicase research 
project that lasted from 2003 until 2006 and 
concerns the customer configuration updating 
practices of product software vendors. In the 
next section, the research methods and validity 
criteria are described. Furthermore, we provide a 
detailed overview of the used research methods, 
the case study protocols, databases, and reports 
are described in detail, an experience report is 
provided on the case studies and the strong points 
of this research and its findings are highlighted, 
the cases are discussed and some of the points 
for improvement are stated, and we describe the 
conclusions of this research and discuss the future 
of case studies in education and IS research.

t he r ese Arch And Its method

The aims of these case studies were to determine 
the state of the practice of CCU, to explore what 
problems were still open, and to test the hypothesis 
that the CCU model potentially efficiently and 
cost-effectively improves the CCU processes. At 
the time of conception, we were already aware of 
the fact that this was a mixed-method research 
project, where the team would be doing tool proto-
typing and surveys as well as the case studies. To 
make sure the case studies would follow rigorous 
methods, we extensively used Yin (2003). This 
research followed positivistic principles wherein 
we believe that there are pre-existing regularities 
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that can be discovered, investigated, and charac-
terized relatively unproblematic using constructs 
devised by us (Orlikowski & Baroudi, 1991). We 
did attempt to closely guard the principles of 
validity by explicitly using the same case study 
protocol, case study database structure, and case 
study report structure.

The units of study of the cases were product 
software vendors, and, more specifically, the CCU 
processes of different product teams within these 
product software vendors. The case studies had 
the specific aims to uncover problems that were 
potentially of interest to the research community, 
to establish the state of the practice by docu-
menting the practices and processes of product 
software vendors, and to find potential points 
for improvement for the participating product 
software vendors. The deliverables of each case 
study are the case study report (listing potential 
points for improvement), the case study database, 
and a list of publishable results. We find that our 
work is similar to the work of Gable (1994). Gable 
(1994), however, does not elaborate on the specific 
methods on how data was gathered for his study 
and does not provide the same level of detail as in 
this chapter. Furthermore, Gable (1994) defined his 
first study as a pilot project because no dependent 
variables had been specified. In another multiple-
case study, which has strong survey elements, 
Radford and Kern (2006) only briefly describe 
their data collection and analysis.

t he method

As IS research is rapidly maturing, we are eager 
to present our research method for future refer-
ence, usage, and criticism. It is our firm belief that 
a further standardization and documentation of 
IS research methods contributes to the field as a 
whole and enables better research. To document 
the research method, we use process-deliver-
able diagrams, a technique taken from the field 
of method engineering (Saeki, 1994). Method 
engineering enables a method developer to take 
parts of a method called method fragments from a 
method base and compose them into new methods 
that are applicable to the developer’s situation. 
With our work, we wish to contribute to such a 
method base for IS research. 

The process-deliverable diagrams define ac-
tivities, sub activities, and deliverables from the 
activities. The left-hand side is a metaprocess 
model based on UML activity diagrams and the 
right-hand side is a meta-data model based on 
UML class diagrams. The dotted arrows indi-
cate which concepts (deliverables) are created or 
adjusted in the corresponding activities. Please 
see van de Weerd et al. (2006) for a more detailed 
overview of this modeling technique.

The case studies have all been conducted 
using the same method, consisting of four activi-
ties: case study invitation, case study initiation, 
research execution, and case study finalization. 
The main deliverables of each case study were 
the case study protocol, case study database, and 

Figure 1. Process-deliverable diagram example
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case study report. We now describe each activity 
and each deliverable in detail.

During the case study invitation activity, we 
attempted to find as many interested participants 
as possible by contacting our professional and 
personal networks. The e-mail sent out to differ-
ent mailing lists described the motivation behind 
the research, the research and case study process, 
and the possibilities for cooperation. We invited 
interested parties to reply. Once a number of suit-
able candidates had replied, we contacted them by 
phone to further establish the details and to make 
an appointment with the initiator (usually someone 
from higher management) and the potential project 
champion for an introductory presentation. At 
these meetings we would generally also introduce 
the Nondisclosure Agreement (NDA), to clarify 
that we would treat results as confidential but had 
the intention to publish interesting results. After 
the introductory presentation, both the research 

group and the product software vendor had 2 
weeks to consider the possibilities for cooperation 
and initiate further contact.

During the case study initiation phase (see 
Figure 2), everything was set up such that after 
this phase the case study researcher could start 
with the research undisturbed. First a protocol 
was created to demonstrate potential impact on 
the organization and to show that the intention 
was a win-win situation for both the company, in 
the form of advice and publicity, and the research 
team, in the form of the results of the case study 
and the opportunity to (anonymously) publish the 
results of the research. As part of the protocol, 
the NDA was finalized and signed together with 
the project champion. The project champion also 
played a part in determining the scope of the 
research within the company (who to interview, 
access to which systems, documentation, access 
to the intranet, etc.) Finally the first documents 

Figure 2. Invitation and initiation activities
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were shared and discussed with the project cham-
pion to get the researcher started. These activities 
generally provided the researcher with a running 
start once the researcher moved its working place 
to the company for the case study period.

Once the researcher arrived at the site, the 
case study research execution phase was formally 
started. The case study database was set up (both 
a digital folder and a paper binder) and the peer 
reviewer was assigned. The researcher would 
then start by studying mostly documents and 
software that was available on the intranet. After 
the researcher had built a database of assumptions 
(mostly in the form of schematic process pictures 
and lists of facts), the first phase of the interviews 
was started. After most of the interviews and 
observations were done, the researcher would, 
while still at the product software vendor’s site, 
write up a draft of the case study report. This 
report would be extensively reviewed by the peer 

researcher and after his approval the report would 
be reviewed by the project champion. The project 
champion’s approval of the case study report in-
dicated the end of the research execution phase. 
The researcher would then return to its research 
institute to finalize the case study report. 

The finalization phase, of the case study 
was usually started after the case study project 
champion had approved of the report. Final 
changes would be made by the researcher at his 
home institute where a final presentation was 
also prepared. Both the report and the presenta-
tion contain advice, based on CCU literature for 
the product software vendor on how to improve 
their CCU practices. As a final step the case 
study report was published as a technical report 
within the research organization, the database 
was added to the large multicase database, pos-
sibilities for further cooperation were discussed, 
and publishing opportunities for the research 
were considered. 

Figure 3. Research execution activity



12�  

Applied Multi-Case Research in a Mixed-Method Research Project

The researcher used three methods to find an-
swers to the research questions, being document 
study, software study, and interviews.

Document Study

The project champion would generally supply the 
researcher with a number of relevant documents 
before the research was started. These documents 
would not only provide insights into the CCU pro-
cesses of a software vendor but, more importantly, 
would provide an understanding of the terminol-
ogy used in the company. The researcher would 
write down terms that were confusing and bring 
them up during the first interviews. We noticed 
that development documentation is often out of 
date and frequently presents a vision instead of 
the truth. Document study was the second most 
powerful but also time consuming method. 
Documents were very helpful in supporting both 
software study (manuals, mostly) and the inter-
views. During the interviews documents were 
often used to provide a foundation for discussion. 
Typical documents were implementation manuals, 
deployment manuals, development instructions, 
and implementation/sales presentations. 

Software Study

An easy way to study how software is delivered 
and deployed is by actually installing the product 
on a workstation. For five of the cases (the sixth is 
a large hospital information system), we actually 
installed the products locally. This type of research 
provides deep insight into the deployment process 
(dependencies, minimum requirements, etc.) and 
more importantly proved to the interviewees that 
the researcher had sufficient knowledge about the 
delivery, licensing, and deployment processes. 
The software vendors freely provided licenses 
for research purposes. 

Interviews

Interviews consisted of two sessions of approxi-
mately one hour. The first interview consisted of 
three parts. First, the interviewee was interviewed 
for approximately 15 minutes with predefined 
questions. After the short round a longer round of 
45 minutes followed, during which the researcher 
and the interviewee would discuss different 
aspects of the CCU process. During the last 5 
minutes, time was taken to see who else was of 
importance to the researcher. Approximately 1 

Figure 4. Case study finalization activity
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week after the first round with an interviewee, a 
second interview was arranged to double check 
the facts distilled from different sources, such as 
software study, documentation study, and material 
from other interviews. We found the two round 
system powerful, especially when sources seemed 
to disagree. After gathering a new list of potential 
interviewees the researcher would generally call 
or visit that person to arrange a new interview. 
In about 10%  of the interviews, the conversa-
tion was ended prematurely, mostly because the 
person did have any knowledge of interest to the 
researcher. Special forms were created for the 
interviews on which the researcher could make 
notes and write down standard answers, such as the 
person’s name and job position. Furthermore, the 
interview notes were written up within 24 hours 
after doing the interview (mostly immediately 
after the interviews) (Walsham, 1993).

We found that e-mail discussions are only 
useful before interviews. If an e-mail discussion 
becomes too detailed, it is best to call or meet 
that person, even after the interviews have been 
completed. We also noticed that a good researcher 
brings a notebook and pen to lunch.

data Analysis

During the process of analyzing the data gathered 
through software study, document study, and 
the interviews, we found that a concrete scope, 
triangulation, and a strong belief in the CCU 
model were most necessary to create valuable 
deductions in the case study reports. During the 
first case study, the scope of the research had only 
been vaguely defined, leading to a case study 
project without boundaries. By re-evaluating the 
scope of the case study during the project, a final 
list of to do items could be made, enabling the 
researcher to define when enough data had been 
gathered. Scoping enabled us to clearly define 
the boundaries of the research, especially after 
seeing what results were interesting to the com-
munity at that time.

One large part of data analysis was theory 
shaping, where the different descriptions and facts 
were modeled in different process diagrams. By 
triangulating these diagrams with data from in-
terviews, software, and internal documents, these 
models were changed until they represented the 
practice of an organization fully. This method of 
data analysis is described by others as constant 
comparative analysis (Hewitt-Taylor, 2001).

It was hard to identify weaknesses within 
the product software vendor’s practices with-
out having a clear view of what we considered 
mature CCU. As the project progressed more 
knowledge became available about good and bad 
CCU practices. As the researchers became more 
knowledgeable on the subject the quality of our 
data analysis improved. We found the length of 
the first case study contributing in this aspect, 
because it enabled us to explore the case study 
practice.

validity

There exist four validity criteria for emperical 
research (Eisenhardt, 1989; Flyvbjerg, 2006; Yin, 
2003;) and we have attempted to satisfy all. They 
are the following:

Construct Validity. Construct validity is satis-
fied when concepts being studied are operational-
ized and measured correctly. A glossary of terms 
was created before actually starting the multicase 
research. Furthermore, we attempted to identify 
and compare different constructs within the case. 
Also, the same protocol was applied to each case 
study. To gain correct and consistent facts for the 
case study database, we did double interviews and 
cross checked our results from the document and 
software study with these. Periodic peer review 
of the case study database ensured that the right 
information was being collected and stored. Fi-
nally, to minimize personal bias the case study 
reports were reviewed by fellow project members, 
the researcher was required to stay at the site, and 
the researcher had to inform participants of the 
exact aims of the project.
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Internal Validity. Internal validity is defined as 
establishing a causal relationship and distinguish-
ing spurious relationships. To make sure we cor-
rectly extracted facts from the case study database 
the case study report was reviewed extensively 
by informed outsiders, the project champion, and 
one other employee from the product software 
vendor. We mostly used explanation building for 
establishing causal relationships (Stake, 2005). To 
make sure the facts and relationships in the case 
study reports were complete, towards the end of 
the case study we would formally invite the project 
champion to make suggestions to complete and 
prioritize lists, process overviews, and the list of 
improvements.

External Validity. External validity is defined 
as establishing the domain to which a study’s 
findings can be generalized. The cases are 
found to be representative for the Dutch product 
software vendor market domain because the 
vendors have come from a list of the Platform 
for Productsoftware,2 an organization that aims 
to share knowledge between research institutes 
and product software vendors in The Netherlands, 
with over 100 members. The list shows that the 
cases are typical for the Dutch software industry 
with respect to size, number of customers, and 
income. 

Empirical Reliability. Empirical reliability is 
defined as the ability to demonstrate that the study 
can be repeated with the same results. A lot of 
work has been put into defining the procedures 
of the research (the case study protocol), the 
case study databases, and the case study report. 
We expect that the cases and the results can be 
repeated if the circumstances are at least similar 
(same interviewees, same documents, etc).

We found these validity criteria guiding bea-
cons in designing the research and would advise 
others to discuss them frequently during the 
progress of the research. 

t he cA se study  Prot ocol, 
dAt AbAse, And r ePort

In this section, the case study protocols, databases, 
and reports are described in detail. 

t he Protocol

The case study protocol serves three purposes. 
First, the aim of the case study protocol is to clearly 
define the aims of the case study so as to avoid 
confusion and conflict in the future. Second, we 
use the protocol to convince the participants of the 
usefulness of the research. Third, the case study 
protocol is a useful document to instruct differ-
ent researchers at different sites and enabled us 
to reuse the results from the different cases. The 
protocol has been specifically adjusted for each 
case but only to change the company details in 
each. The peer-reviewer and the researcher must 
agree on the protocol during the initiation process. 
This document is kept deliberately short to en-
able product software vendors to quickly decide 
whether or not to cooperate.

The document consists of four parts, the 
introduction, the description of the research, the 
description of this specific case, the conclusions, 
and a summary and related work of the case study. 
In the first two parts, the research was described 
nonspecific to the product software vendor. The 
research description consists of a description of 
the different participants, the conceptual model 
and terminology used, the CCU model on which 
this research is based, the research questions, the 
applied research methods, and potential partici-
pants. In the third part was explained how we 
would go about our research and what confiden-
tiality aspects would be taken into account. In 
the fourth part, the research is summarized and 
related work is provided.

The document, generally no longer than seven 
pages, needed to take away any doubts that we 
would be wasting the product software vendor’s 
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time. To do so, the research aim is stated in short, 
a short description is given of the overall research, 
and a lot of attention is given to the description 
of the CCU model. We also note that product 
software vendors spent the most time over the 
list of potential participants (in the form of job 
titles, since we had no inside information on the 
company itself yet) and the list of used research 
methods (software study, document study, and 
interviews). Some of the job titles are configura-
tion manager, developer, supportdesk employee, 
and development manager. The document was 
used as a checklist once the project was ending to 
determine whether points had been missed.

t he database

At the end of each of the case studies, the researcher 
was responsible for delivering his case study da-
tabase. The case study database, as depicted in 
Figure 5, was structured similarly for each case 
and consisted of four parts. During the case study, 
documents and materials were obtained from the 
product software vendor on which the researcher 
had had no influence. These were either available 

on paper or available digitally. The third and fourth 
parts of the case study database consist of materials 
created by the researcher, such as interview and 
observation notes and screenshots and captures. 
Because the case study databases never grew 
over approximately 150 items, the documents 
were kept in two digital folders and two binders. 
We had the largest problem storing e-mails and 
digital discussions, due to the many different 
formats in which they were delivered. We also 
found that meticulous record keeping (Benbasat, 
Goldstein, & Mead, 1987) is essential for storing 
items in the case study databases. Due to the fact 
that the researchers are not at their normal work-
ing place and were travelling by public transport 
or car documents were indeed lost. Also, due to 
insufficient record keeping a lot of duplication 
was found in the databases, especially among the 
digital folders and paper binders.

t he r eport

Please see Figure 6 for the template outline of a 
case study report. The aim of the case study report 
is to provide future researchers with concise mate-

Figure 5. Case study database
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rial about the case studies done. The case study 
reports, varying from 18 to 50 pages, all adhering 
to this outline, thus using a uniform method to 
present the varying results and observations of 
the different researchers. 

c onduct Ing the r ese Arch

We found that the research took approximately 24 
weeks per case study. Of these 24 weeks, only a 
small part was done at the companies (see Table 
1). The other weeks we were waiting for responses 
from software vendors or writing up reports and 
processing material. We found that it generally 
took product software vendors one week to send 
an answer to the invitations. It then took another 
week for them to respond to our formal invitation 
letter by mail. Putting the NDA together took 
between one and four weeks. After the NDA had 

been signed, we generally gained access immedi-
ately to the product software vendor’s resources. 
The research itself took between 3 and 10 ten 
weeks and became progressively shorter as we 
gained more experience. Once the first phase of 
research had been done, the writing of the case 
study report took an average of 2 to 4 weeks. 
Getting it approved, however, took between 1 
and 10 weeks, depending on the quality of the 
report, the sensitivity of the data, and the detail 
of process descriptions. In general, we would 
present our results to the case study participants 
approximately 2 weeks after the case study report 
had been approved.

 
f inding the best f itting c ase

A strong point of this research was the selec-
tion procedure for case study participants. This 
research project was supported by the Platform 
for Productsoftware, providing us with an excel-
lent case selection source. At first, the project 
was mostly opportunity driven where we would 
grasp any organization prepared to share their 
experience. As the results of our research were 
spread, however, we were soon invited by a larger 
number of product software vendors than we 
could handle. This enabled us to pick software 
vendors with different products, practices, and 
technologies. Furthermore, it enabled us to pick 
software vendors who had very mature processes 
and practices (Jansen et al., 2006) and others 
who were actually looking for improvements in 
the area of CCU (Jansen, 2006a). Screening is a 
powerful tool when selecting a product software 
vendor and we recommend being selective and 
avoiding any organization that is undergoing 
rapid change. Finally, we noticed that once your 
foot is in the door of these organizations, they 
will be more receptive to new initiatives. With 
four of the six companies we dealt with, we have 
continued our research in the form of research 
grants, outplacing master students, case studies 
in other fields, and so forth.

Figure 6. Case study report outline
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t he Publications

The work led to a number of publications. The 
best case was the research conducted at a large 
bookkeeping product software firm, which had 
already implemented many different aspects of the 
CCU model. The research conducted there led to 
two papers being accepted at a leading conference 
(Jansen, Brinkkemper, Ballintijn et al., 2005) and 
in a journal (Jansen et al., 2006). The research 
from the third case study was published in the 
industrial forum of a large conference (Ballintijn, 
2007). Finally, an overview paper of all the cases 
was published at a leading conference by Jansen 
and Brinkkemper (2007).

f rom Protocol to t heory

The multicase research was conducted to deter-
mine the state of the practice in CCU, to define 
the scope of CCU, and to contribute new findings 
to this field. The underlying hypothesis was that 
proper knowledge management over the distrib-
uted locations where a product is being used and 
developed (at the vendor, end-user, system ad-
ministrator, etc.) can reduce deployment failures 
and enable quicker fault location in a software 
product. 

To find new contributions, four methods were 
used. First, we formulated long lists of hypotheses, 
stating such things as “a software vendor cannot 

support more than 1000 end-users without tool 
support for updates and deployments,” “software 
vendors are unaware of the hardware that is used 
by customers,” and “vendors with more than 100 
customers automatically release their software.” 
Second, we performed cross-case comparison, 
taking different CCU processes and trying to 
abstract similarities and differences between 
the cases (Jansen & Brinkkemper, 2007). Also, 
we labeled findings in the case study databases 
in relation to the formulated theories. Finally, a 
tool evaluation framework was created (Jansen, 
Brinkkemper, & Ballintijn, 2005) and applied 
to the various tools found during the cases to 
see whether and how these tools supported the 
processes.

The processes defined in the CCU model 
were validated (proved to be similar to those of 
each subject of study) by the case studies, for the 
first time providing us with a validated overview 
of the CCU processes and practices, that is, all 
the processes involved with knowledge creation 
and distribution around a software product. The 
CCU model enabled the linking of each process 
to best practices from the different cases. Finally, 
those hypotheses that had not yet been accepted 
or refuted were processed (where possible) by 
comparing and contrasting the different case 
studies.

Table 1. Case studies overview

Identification
Code

Time Formal
interviewees

Informal
interviewees

Organization
size

Duration at 
the host

ERPComp Early 2004 15 24 1504 10 weeks

OCSComp Early 2005 4 8 114 7 weeks

HISCComp Mid 2005 7 12 107 6 weeks

FMSComp Late 2005 8 8 164 4 weeks

CMSComp Early 2006 4 8 65 3 weeks

TDSComp Mid 2006 4 5 62 3 weeks
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f indings

During the case studies we found a number 
of factors contributing positively, and in some 
cases even essential, to the end results of the 
case studies. 

To begin with, the elevator pitch is your in-
troduction to the company; especially the first 
couple of days you will have to explain why you 
are visiting the company. If you can clearly and 
shortly convey the message of why you are there 
to random people, we found it was much easier 
getting access to unexpected sources. In one case, 
it even lead us to the packaging department where 
only a couple of years ago batches of up to 20 flop-
pies were formatted, printed, wrapped, and sent 
off to customers at 5 packages per minute.

A good relation with the project champion is 
essential for a successful case study. We noticed 
that the success of the case studies was greatly 
dependent on a project champion within the com-
pany who was responsible for the success of the 
case study within the product software vendor. 
For each case study performed,we noticed that 
the project champion would perform as an inter-
mediary between the vendor’s organization and 
the research institute. Furthermore, the project 
champion would reconfirm the importance of 
the research to interviewees and remove infor-
mation blockades. During the case studies there 
were six project champions guiding us through 
the process of conducting the research at their 
product software vendors. Among these six were 
five development managers and one product 
manager. These people were generally hands-on 
professionals who had spent between 5 and 10 
years at the company. We found that the project 
champions had to support the project above all 
else. Their motivation to approve of our research 
was mostly that we would propose improvements 
to their processes and compare them to those of 
others. We also found that project champions, 
after signing the NDA, gave complete openness 
and were not afraid to show weaknesses of the 
organization. 

After the cases were complete, we organized 
meetings for practitioners to report on the results 
of our research. A working group that meets four 
times per year was started to share experiences 
and knowledge about the CCU processes. The 
companies are willing to share their knowledge 
of these processes because their strategic value 
lies in the fact that they build great bookkeeping 
software or content management systems (for 
example) and not in their development and CCU 
processes. Currently, two of the product software 
vendors still participate in the working group and 
we maintain strong ties with the other four.

ccu  c onclusions and end Products

Here we give examples to the reader of some of 
the contributions of the research to show the types 
of deliverables that can come from multicase 
research. The research has been undertaken with 
two main research questions in mind: “What are 
the concepts and is the state of affairs of customer 
configuration updating for product software?” 
and “Can customer configuration updating be 
improved by explicitly managing and sharing 
knowledge about software products?” 

The first research question was answered 
providing an overview of the current state of the 
art (research), and the practice (multicase project). 
Also, the CCU model has been created, providing 
practitioners with a method to evaluate its pro-
cesses, tools, and practices. The second research 
question was answered by stating the methods 
used by product software vendors to explicitly 
manage and share knowledge. Furthermore, a 
tool was developed (currently under validation 
at one of the case study participants) that enables 
a product software vendor to share all types of 
knowledge in a software supply network with 
its customers (Jansen, 2007b). Besides the tools, 
CCU model, and publications, one of the main 
deliverables of this research was a Ph.D. thesis 
(Jansen, 2007a).
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dIscuss Ion

As can be seen in Table 1, the duration of the case 
study projects became progressively shorter. As 
the experience of the researchers grew, so did their 
ability to quickly get to the point; unfortunately, 
so did their sloppiness. We found that towards 
the final two cases, the study had become a 
fairly straightforward assignment in filling in the 
standard structure for case study reports found in 
Figure 6. This did, however, lead to longer periods 
of discussion with the peer reviewer (who was 
essential for the quality of this process) and the 
project champion. 

Some of these discussions were extensive 
and lengthy. The NDAs stated that we would not 
publish anything without the product software 
vendor’s explicit permission. In one case we were 
given the choice to remove sensitive details or to 
fully anonymize the report. Obviously we chose 
to anonymize the report, but that lead to other 
problems. The company is quite unique in The 
Netherlands and already the report stated that the 
vendor was a member of the 100 members of the 
Platform for Product Software, enabling further 
identification (and even if we had removed that 
fact the informed reader would know, since we 
are the founders of the Platform). Fortunately, 
as the discussion went into its sixth week, the 
project champion gave up and approved the 
report. In the future, we would not change the 
NDA, however, since the vendor’s approval of 
all outgoing publications was a key selling point 
for the case studies.

To deal with the issue of self-selection, where 
the results from the cases are influenced by the 
fact that vendors respond to an invitation and thus 
find the research questions relevant, we took two 
measures. First, the invitation stated explicitly 
that we were looking for both product software 
vendors who found their own processes mature 
and those who really wished to improve their CCU 
processes. The second measure is that we actively 

approached two software vendors who initially 
had not replied to the invitational e-mail.

During the research, a list of hypotheses was 
formulated. Not all hypotheses were accepted or 
refuted using the multicase project. A large part 
could only be processed with the results from the 
survey, and some challenges still remain, such as 
determining the “ideal” moment for a product 
release (encompassing both CCU and require-
ments engineering), applying the CCU model to 
software vendors selling their applications in a 
Web service model, and so forth.

According to Eisenhardt (1989), 4 to 10 
cases appear to be a sufficient amount for theory 
building. However arbitrary this suggestion may 
sound, the presented six cases fall into this range 
nicely.

c ase studies in mixed-method 
r esearch

The multicase study has been the larger part of 
a mixed-method research project into the CCU 
practices of software vendors. The research 
furthermore consists of prototype tool build-
ing (Jansen, 2007b; van der Storm, 2007) and 
a survey done at the beginning of 2007. Gable 
(1994) states that mixed-method research is not 
new, but underappreciated in the IS community. 
Some journals even specifically target one type 
of research, encouraging further polarization of 
research methods. In Klein’s five fundamental 
attitudes towards research methods we identify 
ourselves as pluralists, that is, we believe that 
different approaches can be brought to bear on 
the same problem domain and that there exists no 
single universally valid way to delineate objects 
of study or to match the strengths and weak-
nesses of research approaches with contingent 
features of the object of study (Klein, Nissen, & 
Hirschheim, 1991).

While using mixed-methods to establish em-
pirical evidence for theories within our model, we 
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noticed that case studies were responsible for the 
larger part of the success of our research. These 
cases confirmed hypotheses, provided anecdotal 
evidence and counterarguments, and strengthened 
the applicability of the research work in practice. 
Furthermore, the multicase study project uncov-
ered problems of interest to the scientific commu-
nity. The case studies certainly delivered in that 
respect and we hope to validate the claims about 
our prototype tools in production environments 
of the case study participants. Furthermore, the 
case study subjects were brutally honest about 
limitations to and feasibility of the CCU model. 
On the other hand, the case studies were lacking 
in two areas. The feasibility of certain tools and 
protocols within the model could never be proven 
until a prototype was built. Second, it was hard 
to generalize conclusions from the case studies to 
other organizations. This research was undertaken 
as mixed-method project, where different hypoth-
eses were tested using different methods. This is 
different from method triangulation, where one 
hypothesis is tested using different methods.

Due to the limited use of rival hypotheses and 
the fact that we were studying a relatively small 
subset of software vendors to validate the CCU 
improvement model, we encountered problems 
in generalizing our conclusions (Gable, 1994). To 
further validate our research, a benchmark survey 
was launched in February of 2007. The benchmark 
survey takes a “double survey” approach, where 
the results from the first survey are published in 
a report (including improvement advice) to the 
submitter. A second survey is attached to the 
report to see whether it was of use to the software 
vendor. The cases were the source for all improve-
ment advice given in the survey reports. Both the 
advice and the reports were deemed useful and 
informative by the survey submitters. We find 
the use of different methods extremely useful to 
test hypotheses and become experts in the field 
of CCU. Furthermore, the use of mixed-method 
research has enabled us to generalize the conclu-
sions from our multicase research.

multiple vs. s ingle c ase study 
r esearch 

The research project was always intended to 
consist mostly of multicase research. There are 
three reasons for this. To begin with, we wanted 
to find out the current state of the practice in 
CCU, not the one company that does things dif-
ferently (Yin, 2003, calls these “black sheep” 
cases). Second, we needed a solid base to launch 
other research from, such as surveys. This was 
reached through multicase research, which is 
considered to deliver more “robust” results than 
a single case study (Herriott & Firestone, 1983). 
Finally, we needed measurable constructs and a 
conceptualized overview of the CCU research 
field. Such constructs had hardly been defined 
in previous research by others (Jansen, 2007a), 
enabling us to take a green fields approach. In a 
single case study, we potentially had not been able 
to define constructs as well, simply because one 
study would not have provided a full overview 
of the different concepts. 

In practice, the different case studies un-
earthed much more than a single one would have. 
The multiple cases enabled the discovery of one 
particular exotic case (Jansen et al., 2006), more 
theory building, and the definition of similari-
ties and differences between the different CCU 
processes of the organizations. The exotic case is 
described further in another section of the chapter. 
Some of our early hunches, such as the fact that the 
number of customers a vendor has is detrimental 
to the process of license management, could only 
be confirmed by looking at multiple case studies. 
The same holds for product complexity: a more 
complex product leads software vendors to hav-
ing a more elaborate CCU process with more 
manual steps, leading to our conclusion that such 
complexity comes at a price.

The identification of differences and simi-
larities between the cases enabled us to define 
processes and best practices that are standard in 
regards to the CCU process for software vendors. 
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For example, all companies use the major, minor, 
and bugfix release model, where major releases 
happen every 1 to 3 years, minor releases happen 
every 6 months to a year, and bug fix releases are 
released anywhere between one per day to one 
per 6 months. Another find was that all cases 
used a release scenario to make sure that on the 
day of a release the product was released in full 
without any missing parts (documentation, lan-
guages, libraries, etc.) An interesting sidebar to 
this find is that later in the survey we uncovered 
that this holds only for those organizations with 
more than 5 employees (all organizations from 
the cases had 62 employees or more). Similarly, 
differences were found between the cases. Some 
of the organizations had strict well-planned release 
schedules set up to map out the different versions 
that would be released over the following 3 year 
period, whereas others had vague targets and 
flexible dates. Also, when it comes to license 
management of their software products, all 
vendors used different mechanisms and support 
tools. One final reason to do multicase research 
was that we wished to give something back to 
the organizations from previous experiences and 
from some of the research on CCU in academia, 
in the form of advice and consultancy. 

Yin (2003) states that one should try to avoid 
to put “all eggs in one basket,” that is, one should 
always attempt to get more case studies or be 
ready to defend the choice for that specific case 
fiercely. The one downside that we did find in 
this research was that a lot of work is involved 
in doing six case studies. If one is going to do 
such research, our advice is to distribute the work 
over different researchers. Also, in the future, we 
hope to combine different forms of research to 
get more data from one organization in different 
research fields. Finally, the selection of the cases 
deserves at least as much attention as with one 
case because a case study in a multicase project 
must at all times contribute to the data. We have 
provided an example of a case that contributed 
only marginally to our work in another section 
of the chapter.

t he best c ase

In 2003, when this research started, there were no 
reports on how the industry performed in the area 
of CCU. To establish whether there were new and 
innovative practices in this area, an invitation was 
sent out for case study participants with either a 
mature or immature process. One organization, 
Exact Software, contacted us immediately. They 
believed their practices were innovative and in-
dustry leading. They had, for example, their own 
updater that kept customers up to date, maintained 
a customer base of 160.000 with low overhead, and 
had several product lines. The last founder of the 
company, which presently has 2,644 employees, 
was leaving the organization and wished to con-
tribute to the research community. This put the 
organization in an extraordinary position, where 
in the past the company was well known to reject 
any type of scientific cooperation, the company 
was now open for our research. 

Within 5 weeks, our researcher started at Exact 
to study the processes. The product manager at 
that time facilitated the research completely. The 
researcher obtained a login ID for the intranet from 
any location and started work at the development 
department in Delft, the Netherlands. The case 
study did bring forward new and innovative ideas 
and these results were published in two papers 
(Jansen, Brinkkemper, Ballintijn et al., 2005; 
Jansen et al., 2006) (the founder is a co-author of 
one of these). The case study was a success for 
three reasons. First, the company was undergoing 
changes and was open to research and new ideas. 
Second, the company displayed novel phenomena 
worth reporting. Finally, the company wished to 
provide openness to the outside world making 
the publication process much easier.

t he Worst c ase

In 2004 a software vendor providing an online 
statistics package responded to our invitation for 
case studies. The vendor had three products, with 
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100,000, 1,000, and 100 customers respectively. 
One of these products was a pure software product 
with a full delivery and deployment process and 
was of interest to our research. The other two 
products were provided as an online service and 
were thus less interesting. The management of 
the organization was undergoing changes, but 
the case study champion proved to be a reliable 
character with strong interests in our research. 
At face value, we approved of the case study and 
would start, due to the fact that the research team 
was busy in 2005. 

When the case study began, all seemed 
well. Unfortunately the smallest product (100 
customers) was the product of interest, which 
we only discovered in 2005. Furthermore, the 
project champion was away a lot, making it hard 
to get access to all sources. As the case study 
progressed, the product with the largest amount 
of customers was sold to another company and 
the project champion left the company. These 
changes made the employees wary of changes and 
thus were reluctant to participate in a case study. 
Fortunately the project champion was replaced by 
a new equally competent project champion, but 
the results proved to be only marginally relevant. 
These problems could have been avoided by better 
screening of the organization before the initiation 
of the case study.

c ase studies in education, Industry, 
and r esearch

The case studies undertaken contribute to our 
educational program, to our industrial partners, 
and to our research initiatives. In the research 
methods course for our information systems 
students, the multicase example is discussed in 
1 out of 20 2-hour lectures. Many of our students 
do projects with industrial partners and we find 
that case study education is essential for these 
students. Case study education has proven fruit-
ful, since many of the student projects have lead 
to publications (Bakhshi, Versendaal, van den 

Berg, & van den Ende, 2007; Brinkkemper, van 
Soest, & Jansen, 2007).

The multicase research project would have 
been much harder without the Platform for Prod-
uctsoftware. The Platform enabled us to handpick 
case study participants, organize expert meetings, 
and the Platform provided us with an outlet to the 
industry when there were best practice findings. 
The research we have undertaken in the multicase 
project has created credibility with the software 
vendors in the Platform. The credibility has lead to 
software vendors approaching us when encounter-
ing fundamental problems, creating long-lasting 
relations between our research group and some 
of the industrial parties that participated in the 
case studies. 

With regards to research, the multicase re-
search project now serves as an example to new 
Ph.D. students and starting researchers in our 
research group. We advise new Ph.D. students 
to start with a practical case study, as to gain 
an understanding of the problems in industry, 
compared to the problems and challenges these 
students gather from literature. We caution them, 
however, that what is interesting to an organization 
is frequently not aligned with our interests. 

c onclus Ion

Case studies are a useful tool for IS and technol-
ogy (IS/IT) research and improvement projects. 
More and more of our students are joining large 
consultancy firms after they obtain their Master’s 
Degree. The use of case studies will improve a 
student’s value in research and in the consultancy 
industry. We therefore encourage educational 
institutes to put case studies on the curriculum 
as one of the main drivers of IS/IT research. Case 
studies can also be of vital importance in new 
(Ph.D.) research projects to give the researchers 
a feel for the problems and terminology used in 
the particular field of IS research.
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There are three reasons for reporting on the 
research conducted in a multicase study project in 
this chapter. First, we wish to propagate that case 
studies must be centrally stored to enable further 
theory building in the field of IS. Second, we want 
to formally report on our research methods, in 
a structured and fragmented fashion, to enable 
re-use and comments on our methods. Finally, 
we wish to share our experiences in case study 
research to improve future case study research.

f uture r ese Arch dIrect Ions

Case study research undoubtedly contributes to 
the field of IS. All too often, however, case stud-
ies are published as mayflies. There should be a 
collaborative research database in which teaching 
cases and research case studies reside and can 
be retrieved through a simple interface. A good 
example is the eXperience (http://en.experience-
online.ch) e-business case study database. Such 
databases enable IS practitioners and researchers 
to learn from others and to extract theories from 
literature research. 

This work is only a first attempt at formally 
documenting research methods. In the future, we 
hope to contribute to the method base in other 
forms so that IS researchers can develop a research 
method toolkit. We found the mixed-method ap-
proach for this research successful and hope to 
repeat it in different projects to further evaluate 
mixed-method research. 

Add It Ion Al  r eAdIngs

For the beginning case study scientist, we recom-
mend reading Yin’s (2003) case study method 
and guidelines. Common fallacies and pitfalls are 
described in regards to information system case 
studies in Kitchenham et al. (1995) and Flyvbjerg 
(2006). Describing research with method engi-
neering techniques enables re-use and discussion 

about research methods. This requires compre-
hensive descriptions (van de Weerd et al., 2006) 
of method engineering techniques. In regards to 
CCU, we recommend reading more on the bench-
mark survey for Dutch product software vendors 
(Jansen & Brinkkemper, 2008) and the changing 
product software industry (Brinkkemper, Soest 
& Jansen, 2007).
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Abstr Act

This chapter gives important methodological, theoretical, and practical guidelines to the information 
system (IS) researchers to carry out a historical study. This study shows how a new theory can be discov-
ered inductively from historical studies using a methodological guideline from Mason, McKenney, and 
Copeland (1997b), using multiple data collection methods, such as semistructured interviews, archival 
files, and published news, and using novel data analysis methods from learning and intelligent systems, 
such as the Self-Organizing Maps (SOMs), SOMs combined with U-matrices, and the Bayesian network 
modeling. It also outlines the benefits, the main problems, the characteristics, and the implications of 
historical research in the information system field. Finally this chapter gives future some research direc-
tions of historical research. 

Introduct Ion And 
bAckground

  
The goal of this chapter is to outline how a new 
theory can be discovered inductively using histori-

cal research approach. Historical research is dif-
ficult to carry out because its nature is interpretive, 
the research of which has been largely ignored so 
far (Bannister, 2002). There are studies outlining 
the importance of historical research in the area of 
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information systems (IS) (Ein-Dor & Segev, 1993; 
Locker, Miller, Richardson, Tebeaux, & Yates, 
1996; Mustonen-Ollila, 2005; Sandberg, 2005), 
studies involving single or multiple time periods 
and being longitudinal in its nature (Barley, 1990; 
Heiskanen, 1994; Pettigrew, 1989, 1990), and a 
study of the historical evolution of information 
system and time generation categories’ develop-
ment (Friedman & Cornford, 1989). Historical 
research can be characterised as longitudinal 
research from the past, because both longitudinal 
research and historical research are characterised 
by the measurement of differences or change in 
a variable from one time period to another, and 
longitudinal data analysis permits insights into 
the processes of change (Davies, 1994; Menard, 
2002). In the historical studies, the research begins 
far away in the past when the distant causes for 
the events did not mean anything to each other, 
but later on effected to the current effects. 

The fundamental assumptions of the historical 
research are as follows. First, in historical research, 
several simultaneously used data collection 
methods are needed. If the bulk of the gathered 
data is qualitative, consisting of interviews and 
archival material, historical research methods 
should be adopted (Copeland & McKenney, 1988; 
Mason, McKenney, & Copeland, 1997a, 1997b; 
McKenney, Mason, & Copeland, 1997) such that 
the suggestions of Pettigrew (1985) should be 
followed mostly when gathering and organising 
the data. 

Pettigrew (1985) studies the management of 
organisational change, which is the phenomena 
in its real context. Pettigrew (1985) points out the 
aspects of continuity and change, and his study 
illustrates how change as a continuous incremental 
process can be interspersed with radical periods 
of change. These major decisions are associated 
with major changes in business market conditions 
(Dawson, 2003).

Second, the terminology and concepts between 
the historical research and the other forms of over 
time dependent research, such as longitudinal 

research and time series research are interchange-
able, because they all study the phenomena of 
change and patterns over time but from different 
perspectives. 

Third, data collection in historical studies 
is often problematic, because the access to the 
research objects is difficult since the time has 
passed. Longitudinal historical data gathering 
poses special problems, because attrition of cases 
can be serious for the reasons as follows. The lost 
individuals, interviewees not remembering or not 
wanting to remember the past events, the second-
ary or some other sources are the only available 
sources, researcher is not able to maintain contact 
with the research subjects, or some other attrition 
of data can have happened (Bannister, 2002; 
Buckland, 1998; Menard, 2002; Rutter, Maughan, 
Pickles, & Simonoff, 1998; Sandberg, 2005). 
Historical research takes place over a long time 
period, typically more than 10 or 20 years, and 
researchers of history are not present at the time 
of the historical events being studied (Bannister, 
2002). Historical research generally considers 
events in retrospect including oral histories and 
life and work histories (Bannister, 2002; Ruspini, 
1999). The historical studies generally use many 
primary and secondary sources of evidence 
(Mason at el., 1997b) which can be both qualita-
tive and quantitative in nature (Eisenhard, 1989; 
Venkatesh & Vitalari, 1991). Primary historical 
and longitudinal sources are the key sources of 
evidence, such as written material (e.g., notes, 
diaries, internal documents generally, and stories), 
and eye witnesses at a single time period for several 
time periods (Bannister, 2002; Mustonen-Ollila, 
2005; Sandberg, 2005; Venkatesh & Vitalari, 
1991). Secondary data needs pre handling, and 
interpretation to generate understandable results. 
Data collection of the past events is dependent 
on existing transcriptions and their interpreta-
tion to discover the historical patterns is based 
on researcher’s own intuition (Bannister, 2002; 
Buckland, 1998; Kieser, 1994). Studying historical 
change needs the use of longitudinal data, which 
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is certainly not a cure for a weak research design 
and data analysis (Menard, 2002).

Fourth, in quantitative longitudinal research, 
the data analysis is used to give a parsimonious 
summary of patterns of relations between vari-
ables in the survey dataset (Lambert & Gayle, 
2004). On the other hand, data analysis and 
interpretation of the results in historical studies 
needing quantitative longitudinal data is very 
complex and requires considerable sophistica-
tion. The preferred analysis strategy is partly 
determined by the shape of the data set in terms 
of number of cases and periods. The choice of a 
particular data analysis approach must depend 
on the objectives of the research (Venkatesh 
& Vitalari, 1991), but, unfortunately, historical 
research is lacking proper data analysing meth-
ods, which may influence the trustworthiness of 
the research (Sandberg, 2005). Even if modern 
analysing methods are now easily implemented, 
longitudinal empirical research and thus histori-
cal research do lag behind for such reasons such 
as the reviewers’ are not aware of the moderns 
analysis methods (Willett & Singer, 2006), and 
a shortage of researchers with skills appropriate 
for longitudinal data analysis (Lambert & Gayle, 
2004). Specifically, if the purpose of the histori-
cal study is to find out the unique patterns from 
the data, to discover changes over time, to build 
up different categories, to discover relationships 
and dependencies between the concepts and cat-
egories, to find out internal or external factors 
from the past, and to find out causal chains and 
path dependencies (Kieser, 1994; Mason et al., 
1997b), then new analysing tools and methods 
are needed, such as Self-Organizing Maps (SOM) 
(Kohonen, 1989), SOM combined with Unified 
distance matrices (U-matrix) (Ultsch & Siemon, 
1990), and Bayesian networks (Heckerman, 1996). 
Use of SOM, U-matrix, and Bayesian networks 
is rare in the information systems field (Ein-Dor 
& Segev, 1993; Mustonen-Ollila & Heikkonen, 
2002, 2003), even if they can give several ad-
vantages to the historical research as described 
in this chapter. 

Fifth, suitable methodological guidelines to 
carry out historical studies are needed in IS lit-
erature. Mason et al. (1997a, 1997b) present the 
only methodological guideline, which is based 
on organisation theory by Kieser (1994), and is 
close to that described by Yin (1994) for case 
study research (Bannister, 2002). When analysing 
longitudinal historical qualitative data, one ought 
to begin by putting it in a chronological order 
because the time line can help in the organisation 
of the large amount of empirical data (Mustonen-
Ollila, 2005; Mustonen-Ollila & Lyytinen, 2003, 
2004; Sandberg, 2005). In the interpretation 
phase, the data should be organised according to 
the themes based on the developed framework. 
This kind of analytical data organisation helps to 
understand the patterns in the data and to establish 
sequences across levels of analysis (Pettigrew, 
1997; Sandberg, 2005; Yin, 1981). The theoreti-
cal framework of the study should be linked to 
the cases via pattern-matching logic (Yin, 1994), 
because the goal is to find patterns and themes 
in the progression of organisations over time 
(Pettigrew, 1997). This is in line with Pettigrew’s 
(1992) and Lambert and Gayle’s (2004) claims 
that longitudinal research is not only describing 
the change, but also involves the identification 
of patterns, and the search for the underlying 
mechanisms that shape the patterns. 

Even if the historical studies are difficult to 
carry out, they are important to the IS society. 
Therefore, the main objective of our study is to 
describe how IS research could improve by using 
historical research methods. Our study outlines the 
main problems, the characteristics, the benefits, 
and the implications of historical research in the 
IS field, and it shows how historical case studies 
can be used to create a new theory. The second 
objective of our study is to give important meth-
odological, theoretical, and practical guidelines 
to IS researchers to carry out a historical study, 
and it hopefully will effect positively the future 
of historical research in IS field. 
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The rest of the chapter is organised as follows. 
We first present the main thrust of the chapter 
by presenting data collection procedures for his-
torical studies, outlining new analysing methods 
and tools, and presenting how to use historical 
research to discover a new theory inductively. 
We then make some conclusions, present future 
directions, and give additional readings of the 
research area. 

r ese Arch methodology  In 
hIst or Ic Al  stud Ies

Issues, c ontroversies, Problems 

The data collection in historical studies should 
be handled with care due to its direct effect to the 
research results achieved. In the historical data 
collection, the reconstruction of the past events 
and processes is achieved by interviewing the 
key persons of the different organisations. Even 
if the limitations of such data are understood, 
the collected data set in a form of a manuscript 
in a logical order over time is the strength of a 
historical study. Qualitative research tends to 
produce a large amount of data which must be 
manipulated and data reduction must also be 
used. Unfortunately, collecting a representative 
data set by following a time dependent vertical 
research design that involves several organisa-
tions is difficult to carry out due to resource and 
access limitations. Therefore, the sample should 
be limited to the number of organisations that are 
possible to study. By doing this, there is a control 
over the dependent variables, such as time, the 
organisations, and the concept categories (Mus-
tonen-Ollila, 2005).

The definition of past events will form the basis 
for interviews and collecting data. Also archival 
files must be explored and system handbooks, 
system documentation, and minutes of meet-
ings should be collected. The archival data must 
encompass several time periods representing 

a secondary source of data (Järvenpää, 1991). 
Other empirical data can contain tape-recorded 
semistructured interviews dealing with the ex-
periences of the past events and main concepts 
in the study, the processes, and changes in the 
concepts. The interviews should be carried out 
both with people in charge in the organisations 
and with some people who have worked at those 
organisations at that time. The interviewees ought 
to be involved in multiple situations and events, 
and their working careers should extend at least 
over a period of 10 to 30 years in the studied 
organisations if possible. 

Also published news about changes in the 
organisations’ environments and examined docu-
mentation of the relevant issues to the study must 
be gathered. Owing to the data being qualitative 
and consisting of interviews and archival material, 
historical research methods must be adopted. 

In our research (Mustonen-Ollila, 2003, 2004, 
2005; Mustonen-Ollila & Heikkonen, 2002, 
2003; Mustonen-Ollila & Lyytinen, 2003, 2004), 
a qualitative case study with a replication logic 
(Curtis et al., 1988; Johnson, 1975; Laudon, 1989; 
Yin, 1994) was chosen to address our research 
questions. We collected data using a longitudinal 
vertical research design that involved multiple 
organisations. Our study was a descriptive case 
study (Yin, 1994) in that it embodied history 
and the context of ISPI adoptions (Pettigrew, 
1985, 1989, 1990) and emulated Friedman and 
Cornford’s (1989) by covering several generations 
of computing. Because the bulk of the gathered 
data was qualitative and covered both primary 
and secondary sources (Järvenpää, 1991), we 
adopted historical methods of generalizing from 
context (Copeland & McKenney, 1988; Mason et 
al., 1997a, 1997b). 

Triangulation should be used by checking 
simultaneously different data sources, such as 
archival material to improve the reliability and 
validity of the data. The triangulation by multiple 
data collection techniques provides stronger sub-
stantiation of constructs and hypotheses (Denzin, 
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1978; Mustonen-Ollila, 2005; Sandberg, 2005; 
Yin, 1994). Collecting different types of data by 
different methods from different sources produces 
a wider scope of coverage and may result in a 
fuller picture of the phenomena under study, and 
both quantitative and qualitative data should be 
used in any study (Eisenhardt, 1989). 

All research being qualitative or quantitative 
is based on underlying philosophical assumptions 
about the appropriate research methods and valid 
research. The underlying epistemology guides 
the research and philosophical assumptions and 
according to Hirschheim (1992) epistemology 
refers to the assumptions about knowledge and 
how the knowledge can be obtained. There are 
several paradigms for qualitative research, such 
as positivism, critical theory, and constructivism 
(Cuba & Lincoln, 1994). However, in the practi-
cal social research the paradigms are not so far 
away from each other. Qualitative research can 
be positivist, interpretive, or critical. Thus, the 
choice of a specific qualitative research method 
is independent of the underlying philosophical 
assumptions (Myers, 1997). 

The main weaknesses of qualitative and 
quantitative studies are that there may be a lack 
of rigor in the study, the studies may provide little 
basis for scientific generalisation, and they can 
often take too long time, and result in massive, 
unreadable documents. (Carr, 1994; Huber & Van 
de Ven, 1995; Eisenhardt, 1989; Mustonen-Ollila, 
2005, 2007; Sandberg, 2005). 

Triangulation (Yin, 1994) facilitates the 
combination of various data-collection methods, 
and whereas interviews may provide depth and 
personal feeling, secondary sources may provide 
factual information (Forster, 1994; Pettigrew, 
1990). Therefore triangulation is seen as a power-
ful means to increase the reliability, such as the 
ability to replicate results from one period to the 
next (Sandberg, 2005). 

The gathered data set should be arranged in 
a manuscript, which includes descriptions of all 
the important events, their decision-makers, the 

participating companies, their organisational 
structures, and the relevant changes in the or-
ganisations. These events must be arranged in 
chronological order, such as according to time 
and themes and written into a baseline descrip-
tion that identifies all the important issues of the 
main phenomena in the companies. To increase 
reliability of the information a logical chain of 
evidence of the data is needed (Yin, 1994). Since 
this base line history manuscript does not always 
include any analysis of phenomena and events, 
no explanation of these events or phenomena is 
necessary. This is done to minimise bias in in-
terpretation of the data. The manuscript must be 
corrected for multiple omissions. If the analysis 
contains several important omissions, more data 
should be gathered and a second version of the 
manuscript should be written. This new manu-
script can be divided into several parts in order 
to retain confidentiality of some of the data, if 
necessary. The new manuscript must be again 
corrected for omissions (Mustonen-Ollila, 2003, 
2004, 2005; 2007; Mustonen-Ollila & Heikkonen, 
2002, 2003; Mustonen-Ollila & Lyytinen, 2003, 
2004). 

The problem formulation can be done in fa-
vour of a particular research method. In historical 
studies both the conceptual (Swanson & Ramiller, 
1993), and the empirical (Miles & Huberman, 
1984) research approaches should be applied. 

Conceptual research is research on concepts, 
and it examines the role of the concept in its 
context without defining research methods. In 
empirical research empirical observations or 
data are collected in order to answer particular 
research questions. Empirical research is also 
useful in answering practical questions. Em-
pirical case studies are interpreted and analysed 
using qualitative research methods. The selected 
research approach includes practice orientation 
and inductive theory creation (Miles & Huber-
man, 1984). Wolfe (1994) argues that the third 
stream of research of organisational innovation is 
the process theory (PT) models: “Process theory 
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research of organisational innovation investigates 
the nature of the innovation process, how and 
why innovations emerge, develop, grow and 
terminate.” The unit of analysis is the innovation 
process. PT studies tend to be inductive, in-depth 
longitudinal examinations of how innovations 
develop over time. Research methods employed 
include historical analyses of the archival data, 
and published reports, interviews, questionnaires, 
and real-time, field observation.

The research questions must be studied empiri-
cally, but the concepts derived from the data are 
studied both conceptually and empirically. In the 
conceptual part, the literature of phenomena do-
mains should be analysed, and the main concepts 
must be related to the present theories. 

solut Ions And 
r ecommend At Ions

The reconstruction of histories is a feature of ret-
rospective research making it possible to identify 
changes, relationships between the variables, and 
patterns in their context (Mason et al., 1997b; 

Sandberg, 2005). When the purpose of the 
data analysis is to find out the unique patterns and 
changes in the organisations, and to discover a 
new theory from the empirically found concepts, 
categories, and factors then the Self-Organizing 
Maps (SOMs) (Kohonen, 1989, 1995), SOMs 
combined with U-matrices (Ultsch & Siemon, 
1990), and the Bayesian networks (Heckerman, 
1996) are suitable statistical tools for the tasks 
as discussed below. SOM is a statistical method 
for clustering the data and combined with U-
matrix representation it can give hints about the 
hindered concepts, categories, and factors on the 
data, but also can visualize the data to give new 
insights to the complex data. Bayesian network 
is a tool for relieving and visualizing the statisti-
cal dependencies among the data variables. Both 
SOM and Bayesian networks have been used in 
many data analyzing and data mining applica-

tions, see, for example, Heckerman (1996) and 
Kohonen (1995). 

The SOM is a vector quantization (clustering) 
method to data samples from an input space  onto 
a typically lower dimensional space  of a map 
such that the topological relationships between 
the samples are preserved. This means that the 
input samples, which are close to each other, 
tend to be represented by the units (codebooks, 
weight vectors) close to each other on the map 
space which typically is a one or two dimensional 
discrete lattice of codebooks. The codebooks are 
weight vectors with the same dimensionality as 
the input vectors. 

Figure 1 illustrates the use of SOM and its 
topology preserving ability. 

The training of the SOM is based on so called 
unsupervised learning, meaning that the data used 
for learning does not contain any information 
about the desired output for the given input, but 
instead the unsupervised learning scheme tries 
to capture the emergent collective properties and 
regularities in the data. This makes the SOM 
especially suitable for the type of data where the 
main characteristics emerging from the data are 
of interest (such as concepts, categories, and fac-
tors), and the topology-preserving tendency of the 
map allows easy visualisation and analysis of the 
data. The SOM has been used especially success-
fully in such explorative data analysis where the 
dimensionality of the data is large and the char-
acteristics like conditional probabilities between 
the variables are needed to be explored. 

The SOM training algorithm is either iterative 
or batch based. In the iterative approach, a sample, 
input vector x(n) at step n, from the input space VI, 
is picked and compared against the weight vector 
wi of the unit with index i in the map VM. The best 
matching unit b (bmu), that is, the closest unit, 
for the input pattern x(n) is then searched using 
some metric based criterion such as Euclidean 
vector norm. The weights of the best matching 
and the units in its topologic neighborhood are 
then updated towards x(n). In batch training the 
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bmus are computed for all data samples and the 
map is updated toward the estimated optimum for 
the set. When using batch training, usually few 
iterations over the training set are sufficient for 
convergence. In our experiences we used batch 
learning scheme. The mathematical properties of 
the SOM have been considered by several authors 
(e.g., Cottrel, 1998; Kohonen, 1989, 1995; Luttrell, 
1989). Briefly, it has been shown that learning 
the units of the map tend to approximate closely 
the probability density function of the training 
data, which is desired a property in the case of 
clustering.  

Historical studies in information systems 
research have many characteristics that support 
the use of SOM. The gathered data has typically 
rather high dimensionality, that is, each sample 
consists of several independent variables, such as 
factors, and the data itself in a table form does 
not easily show its contents. For analysing and 
visualization of this data 2D SOM of certain 
number of units (codebooks) is one of the most 
convenient tools. The number of units may vary 
from 25 up to a couple of hundred depending on 

the number of training samples and the character-
istics of the data. After training, the SOM divides 
the data into clusters and the weight vectors of 
the units represent the centers of the clusters. 
The distribution of the data on the SOM units is 
examined by projecting the data on a map (i.e., 
when searching for the best matching unit for each 
data sample). The number of hits from the data 
to each map unit is counted to each of the vary-
ing factors, such as organisations, time, and the 
concept categories, which may be the dependent 
variables. The hit distribution, the weight vector 
values of the units, and their correlation is analysed 
and interpreted. Furthermore, the relationships 
between variables can be studied. To find out the 
relationships, possible significant correlations, 
and conditional probabilities between variables 
should be analysed. An interesting finding can 
be that variables are related to each other, and 
the results can show linear or nonlinear relation-
ships between the variables (Mustonen-Ollila & 
Heikkonen, 2003).

A popular way of using SOM is to utilise its 
component planes and U-matrix representations 

Figure 1. A simple example of 2D SOM that represents the original 3D data of the three variables. After 
mapping the data from 3D space to 2D map space the potential data clusters (groups) can be observed 
and further analysed

Original 3D data 

Variable 1 
Variable 2 

Variable 3 

Data mapped on 2D SOM
of 6x4 units and potential 
data groups (clusters) can 
be observed. 

Data mapping 

Cluster 1 

Cluster 3 

Cluster 2 

Trained SOM 
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(Kohonen, 1989, 1995; Ultsch & Siemon, 1990). 
Also, in historical studies of information sys-
tems, the variation in the concepts and categories 
over time can be further investigated with these 
representations. In component plane plotting 
(Kohonen, 1995), the components of codebook 
vectors are drawn in the shape of the map lattice; 
each component plane visualizes the correspond-
ing variation of the weight vector. By looking at 
the component planes of two or more codebook 
variables, it is possible to observe the dependen-
cies between the variables. The plotted component 
planes can be then qualitatively or even quantita-
tively analysed by experts. The results naturally 
depend on the data, but in the cases where there 
are clear similarities and regularities in the data, 
these can be observed by the formed pronounced 
clusters of units on the map. These observable 
clusters can provide clues to the experts on the 
dependencies and characteristics of the data, and 
some data clusters of particular interest can be 
picked for further more detailed analysis even 
if a correlation or a linear relationship between 

the concepts and categories is not immediately 
quantitatively measured.

The visual U-matrix representation of the SOM 
(Ultsch & Siemon, 1990) shows the distances be-
tween the units and their neighbouring map units, 
that is, codebooks, and helps to see the emerging 
higher level clusters of the data consisting of one 
or more SOM units. This U-matrix visualization 
is typically based on a colouring scheme in a way 
that the units belonging to the same clusters are 
indicated by uniform areas of low intensity values 
whereas the cluster boundaries are represented 
by high intensities. This intensity map is based 
on calculated average distances between the ad-
jacent units of the SOM; the higher the distance 
and thus a more probable gap between the units 
is represented by a higher intensity whereas 
dark colouring between the units signifies that 
the codebook vectors are close to each other in 
the input space. This is illustrated in Figure 2. 
Of course, U-matrix does not provide definite 
answers about the clusters, but it gives clues as 
to what similarities (clusters) there may be in the 

Figure 2. A simple example of how 2D SOM of 10x10 units with the U matrix can find three clusters 
of data. In the left the original samples as red dots, the units of the trained SOM as black dots, and the 
topology is represented as gray lines are seen. In the right is the U matrix representation of the trained 
SOM: Those units that within their own clusters have darker colour (shorter distances to adjacent units) 
whereas the units that are between the clusters have whiter colour (longer distances to adjacent units)
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data by revealing possible cluster boundaries on 
the map. Teaching SOM and representing it with 
the U-matrix offers, thus, a fast way to get insight 
on the data. If several dependencies between the 
concepts and categories exist, the dependencies 
can be seen visually from the output U-matrix 
intensity map even if a correlation or a linear 
relationship between the concepts and categories 
is not measured. The U-matrix representation is 
descriptive in its nature and different develop-
ment paths can be discovered, such as analysing 
processes and studying the phenomena over time. 
The U-matrix representation is a novel statistical 
analysing method in the area of IS (Mustonen-
Ollila & Heikkonen, 2008a, 2008b).

For the modelling of the probabilistic depen-
dencies between the concepts or categories, the 
Bayesian network approach (Heckerman, 1996) is 
appropriate. Founded on the Bayesian modelling 
framework and Bayesian dependency modelling, 
the Bayesian network is based on directed graphs 
where the variables of interest are represented as 
nodes and those nodes (i.e., variables), which are 
dependent are connected by arcs. In simple, the 
variables A and B are dependent on each other if 
from the known values of A it is possible to guess 
the values of variable B.  By observing the inde-
pendencies of the variables, which are suggested 
by the network structure, the full probability 

distribution for a set of variables can be simplified 
for the purposes of data analysis. If the analysis 
shows that the derived dependency graphs for 
each time generation over time, then they could 
be used as models for the studied phenomena 
over time. For example, consider a simple graph 
in Figure 3 with four variables A, B, C, and D. 
By using the chain rule of probability, the joint 
probability of all variables is P(A,B,C,D)=P(A)
×P(C|A)×P(B|A,C)×P(D|A,B,C). By using 
conditional independency relations relieved by 
the graph structure, this can be simplified as 
P(A,B,C,D)=P(A)×P(C|A)×P(B|A)×P(D|B,C) 
where the single probability terms can be easily 
determined from the data. With the Bayesian rule, 
the condition probabilities can be expressed in the 
form P(X|Y) = P(Y|X)P(X)/P(Y). For Bayesian 
network construction, the B-course software 
(CoSCo, 2000) can be easily used, but also many 
other commercial and non-commercial software 
exist.  

The discovery of using Bayesian modelling, 
which sought the proper model to use and to 
describe the dependencies between the different 
concepts and categories over a million of pos-
sible models is a rather novel statistical analysing 
method in the area of IS (Mustonen-Ollila & Heik-
konen, 2002). Both the dependencies between the 
concepts and categories and their variation over 

Figure 3. A simple Bayesian network

C B 

D 
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time can be studied with the help of the resulting 
network structure. One of the main focuses of 
the longitudinal historical studies is to observe 
changes in the main processes over time and the 
longitudinal historical data is important because a 
horizontal survey research would not have given 
answers to the research questions.

Theories can be discovered in different ways, 
such as by the empirical results, discovering the 
relationships between the concepts and catego-
ries, and developing conceptual frameworks. 
The above statistical methodologies when used 
efficiently are valuable tools for this. The theo-
ries can also be created by some laws (Webster 
& Watson, 2002). The final product of creating a 
theory from the case studies may be concepts, a 
conceptual framework, or propositions or possible 
mid-range theory (Eisenhardt, 1989). According 
to Markus and Robey (1988), theories are estab-
lished by using a process or a variance theory. 
Process theory tries to understand the phenomena 
in terms of the cause-effect events leading to an 
outcome. Variance theory explains phenomena 
in terms of the relationships that are the linking 
hypotheses between the dependent and indepen-
dent variables. A new theory can be presented by 
viewing both the variance theory and the process 
theory. The emergent theory, which can be a 
conceptual framework, the various concepts, the 
concept categories, and their relationships and 
dependencies with each other, offers a new type 
of theoretical constructs for understanding the 
studied phenomena in different perspectives. It 
can be argued that the discovered theory reflects 
the phenomena in the multiple organisational 
contexts better than the earlier fragmented theo-
ries in the literature about the phenomena. The 
discovered theory can cover more concepts and 
related categories and also an organisational view 
of the phenomena over time. 

Thus, a new theory can be presented in the 
form of conceptual framework and classes of 
concepts which are called information system 
process innovations denoted as ISPIs, ISPI cat-

egories, ISPI development generations, three 
organisational units, decision-maker categories, 
and relationships between the concepts. In the 
study, both the viewpoints of variance theory and 
the process theory can be applied. An example 
of such theory creation can be seen from studies 
from Mustonen-Ollila and Lyytinen (2003, 2004), 
Mustonen-Ollila and Heikkonen (2002, 2003), 
Mustonen-Ollila (2003, 2004, 2005, 2007). 

The research process can indicate that under-
standing the role of the phenomena in organisa-
tions would not suffice, and extraction of the 
historical study from the interpretive research 
approach, organisational research approach, and 
practice oriented research approach to inductive 
theory creation (Miles & Huberman, 1984) during 
the research process is needed. 

One limitation of the historical studies con-
cerns the comprehensiveness and thus reliability 
of the data: despite the efforts to obtain, through 
in-depth interviews, and extensive use of archi-
val material and all relevant facts that affect to 
the phenomena, we have to accept the limitation 
of a historical method. Historical studies try to 
interpret the situations and events happened a 
long time ago in the organisations, the data col-
lected is empirical, and thus the study is a practice 
oriented research approach. However, historical 
study approach may not be enough to understand 
the issues happened a long time ago in the past. 
Therefore, we have to expand our research to 
inductive theory creation in order to understand 
the role of the phenomena in the organisations. 

Finally, our obtained results (Mustonen-Ollila, 
2003, 2004, 2005; Mustonen-Ollila & Heikkonen, 
2002, 2003; Mustonen-Ollila & Lyytinen, 2003, 
2004) may not be applicable to other organisations 
because the phenomena studied in our studies 
can be atypical.

Instead of having a single contribution and 
suggestion, the results may provide many im-
plications to both practitioners and research-
ers. When building up a new theory from the 
historical data, the grounded theory (Glaser & 
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Strauss, 1967) approach and descriptive case 
study approach embodying time, history, and 
context are useful. The cases should be selected 
so that they either predict similar results (literal 
replication) or produce contrasting results but for 
predictable reasons (theoretical replication) (Yin, 
1994). Replication is not always successful, and 
evidence of changes in strength or patterns of 
relationships over time may alert the researcher 
to real changes in relationships or unreliability 
of measurement (Menard, 2002). The credibility 
can be increased in the study by familiarising the 
researcher with the theoretical background and 
forming a theoretical framework before entering 
the field (Miles & Huberman, 1994; Sandberg, 
2005). Theory triangulation can be used where 
multiple perspectives are used to interpret a single 
set of data, and methodological triangulation 
where multiple methods have employed in the 
research problem (Denzin, 1978).

According to Eisenhardt (1989), the combi-
nation of case study with grounded theory (GT) 
approach has three major strengths: it produces a 
novel theory, the emergent theory is testable, and 
the resultant theory is empirically valid. In GT 
approach, the theory emerges from the data. In our 
case studies, we used the theoretical framework to 
clarify the concepts and phenomena before enter-
ing the field which is not always in the done in GT 
approach. We used also GT approach because the 
collected data validated the major concepts and 
relationships of the framework and therefore the 
theory emerged from the data. Some concepts in 
the framework however were not validated from 
the field data. 

According to Glaser (1992) there is no need 
to review any literature of the studied area be-
fore entering the field. This is in line with our 
research because we started collecting the data 
before developing our theoretical framework. 
On the other hand, in some of our case studies, 
the theoretical framework guided our inquires in 
the field. GT is used in interpretive case studies. 
Our case studies (Mustonen-Ollila, 2003, 2004, 

2005; Mustonen-Ollila & Heikkonen, 2002, 
2003; Mustonen-Ollila & Lyytinen, 2003, 2004) 
were interpretive in their nature even if we had 
to expand them to inductive theory creation on 
later stages of the research. 

In historical studies, a conceptual framework 
of the studied processes must be developed, and 
the concepts must be grounded on empirical evi-
dence and theories reflecting the findings from 
the field study over time. The most fundamental 
components in this conceptual framework of the 
processes are its concepts, and categories, and 
the relationships between the concepts over time. 
The concepts should be sharpened by building 
evidence which described the concepts. Constant 
comparison between the data and concepts must 
be done so that accumulating evidence converges 
on simple and well defined concepts (constructs). 
This new theory integrates present theories and 
literature. By analysing the environment, the 
factors explaining the phenomena of certain 
concepts’ creation can be explained. With the 
help of these findings, a general theory is induc-
tively created by which factors generally explain 
what the concepts are. A special status in theory 
building is given to dependent variables, such as 
time, organisations, and categories, which are 
the focal concepts in the theory. The ancillary 
concepts, such as factors and mechanisms in 
the theory, are the independent variables which 
are associated with changes in the value of the 
dependent variables. The conceptual framework 
tries to explain the changes in the values of these 
concepts over time. The boundary conditions in 
the theory creation have to be taken into account, 
because the phenomenon is normally so atypical 
that it holds only in specific contextual organisa-
tional environments. In the studies, the results of 
testing can validate the conceptual framework, 
which will become the discovered theory for the 
phenomena (Mustonen-Ollila, 2005, 2007). The 
conceptual framework should be cut into the sub 
frameworks, denoted as the research models ac-
cording to the research questions. The research 
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questions are the basis in the development of the 
sub frameworks in order to study the phenomena. 
The sub frameworks must be compared with the 
various theories, because possibly there is no 
single theory, which could explain the different 
aspects of the conceptual framework. The sub 
frameworks and related research must be there-
fore integrated together. However, the conceptual 
framework and the sub frameworks are only 
attempts to describe the reality and use of the 
models as methodological tools for scholars and 
practitioners in research work. These frameworks 
and concepts grounded on empirical data can be 
used in other studies to visualise the complexity 
of the historical research in the organisational 
studies. The data which confirms the emergent 
relationships enhanced confidence in the validity 
of the relationships (Mustonen-Ollila, 2003, 2004, 
2005; Mustonen-Ollila & Heikkonen, 2002, 2003; 
Mustonen-Ollila & Lyytinen, 2003, 2004). The 
data which disconfirms the relationships provides 
an opportunity to expand end refine the emerging 
theory (Mustonen-Ollila, 2005). In a historical 
study, various perspectives of the phenomena can 
be emphasized which form a rich, even contra-
dictory theoretical basis. Some of the conflicting 
results with the present literature can result in a 
more creative and new way of thinking. The non 
conflicting results can strengthen the definitions of 
the concepts and the conceptual framework. The 
past studies with similar findings are important 
because they tie together the underlying simi-
larities in phenomena not associated with each 
other. Stronger internal validity is achieved. The 
results, however, may not be readily applicable to 
other organisations since the phenomena can be 
atypical. Thus, generalisation of the results can 
be difficult, but not necessary impossible. 

The data should be categorised under several 
themes over time, which can be discovered from 
the data, including the major changes in the or-
ganisations, influencing people working inside 
or outside the organisations, and so forth. These 
themes can also form the main categories or the 
concepts in the data. This is the selective way of 

finding the concepts and categories from the data 
and it is based on researchers’ own intuition and 
knowledge. The concepts must be categorised 
according to relevant terminology and theories, 
which are the most refereed work of categoris-
ing concepts in the studied research area. After 
the categories are discovered, the amount of the 
categories must be decided. The problem of the 
categories is: are there enough proofs found from 
the data to make the categories and concepts valid 
and reliable, and whether the categories and con-
cepts discovered are the correct ones. Some other 
concepts and categories can emerge from the data 
later. If the concepts and categories are not proper, 
the researcher must go back to the data again and 
discover new concepts. After the abstract concepts 
are found, they can be coded according to the 
instructions of Glaser and Strauss (1967) using 
selective coding in searching the data categories. 
The abstract concepts can also be found with the 
content analysis approach (Järvinen, 2004; Krip-
pendorff, 1980). Content analysis is text analysis 
method (Krippendorff, 1980; Järvinen, 2004). 
The approach requires a researcher to construct 
a category system, code the data, and calculate 
the frequencies or percentages that are used to 
test hypotheses about the relationships among 
the variables of interest. It is assumed that the 
meaning of text data is objective in the sense that 
a text corresponds to an objective reality. The text 
is interpreted and understood without extraneous 
contextual knowledge. In our case studies the 
purpose of the analysis was to find out the unique 
patterns of the organisations. The concepts were 
sharpened by building evidence which described 
the concepts. Constant comparison between the 
data and concepts was made so that accumulating 
evidence converges on simple and well defined 
concepts (constructs). 

The selected reference theories must be in 
the same contextual area as the subject of study. 
In some cases theoretical models in the research 
can be lacking, and also the classification does 
not take into account the most important issues in 
the area. In this case the researcher must expand 
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the present theories and models by emphasising 
the missing issues. If the goal of the study is to 
discover a new theory of change trying to improve 
the present concept categories, then the researcher 
must test the concepts of the present theories of 
change in the studied organisations. This has 
to be done in order to find out if the discovered 
concepts of the new theory were similar or dif-
ferent from the concepts of the past theories. The 
findings can indicate that some of the concepts of 
the past theories are confirmed and some of the 
concepts were disconfirmed. 

One of the most important requirements to 
study changes in phenomena in other organisa-
tions is that their findings are based on the past 
theories categorisation over time. If this require-
ment is fulfilled, the tested hypotheses in the 
study could be tested in any organisation. On 
the other hand, the hypotheses discovered should 
be tested separately in every organisation under 
study. Some of the research questions should also 
be formulated differently. 

In our study, the boundary conditions of the 
theory had to be taken into account because the 
phenomenon was so atypical that it holds only in 
these specific contextual organisational environ-
ments. The primary focus in the theory building 
was the dependent and independent variables and 
their relationships with each other. Sometimes 
there is limited knowledge of the context because 
access to secondary sources is allowed alone. The 
limited number of studied companies affects to 
the findings, which can be generalised across a 
set of organisations with care (Mustonen-Ollila, 
2005).

c onclus Ion

This chapter gives important methodological, 
theoretical, and practical guidelines to the in-
formation system (IS) researchers to carry out 
a historical study. This study shows how a new 
theory can be discovered inductively from his-

torical studies using a methodological guideline 
from Mason et al. (1997b); using multiple data 
collection methods, such as semi-structured in-
terviews, archival files, and published news; and 
using novel data analysis methods from learning 
and intelligent systems, such as the Self-Orga-
nizing Maps (SOMs), SOMs combined with U-
matrices, and the Bayesian network modeling. It 
also outlines the benefits, the main problems, the 
characteristics, and the implications of historical 
research in the information system field. Finally 
this chapter gives future some research directions 
of historical research in the IS field. 

Our study shows one example of creating a 
theory inductively from empirical historical case 
studies by building up a conceptual framework and 
discovering concepts and categories from the theo-
ries and empirical data. An example where a theory 
has been derived using this methods can be found 
from Mustonen-Ollila (2005). Mustonen-Ollila’s 
(2005) study examines the history and evolution 
of information system process innovation (ISPI) 
processes (adoption, adaptation, and unlearning) 
within the information system development (ISD) 
work in an internal information system (IS) de-
partment and in two IS software house organisa-
tions in Finland over a 43-year time-period. The 
study offers insights into influential actors and 
their dependencies in deciding over ISPIs. The 
research uses a qualitative research approach, and 
the research methodology involves the description 
of the ISPI processes, how the actors searched 
for ISPIs, and how the relationships between the 
actors changed over time. The existing theories 
were evaluated using the conceptual models of the 
ISPI processes based on the innovation literature 
in the IS area. The main focus of the study was 
to observe changes in the main ISPI processes 
over time. The main contribution of the thesis 
was the new theory. The term theory should be 
understood as (1) a new conceptual framework 
of the ISPI processes, (2) new ISPI concepts and 
categories, and the relationships between the ISPI 
concepts inside the ISPI processes.
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In this study, we have outlined how to use a 
methodological guideline to carry out historical 
studies, and how qualitative, and quantitative 
research methods, a multiple case study approach, 
historical data collection methods, and learning 
and intelligent systems’ data analysing methods 
and tools can be used to discover a new theory 
inductively from empirical historical case stud-
ies (Mustonen-Ollila, 2003, 2004, 2005, 2007; 
Mustonen-Ollila & Heikkonen, 2002, 2003; 
Mustonen-Ollila & Lyytinen, 2003, 2004). We 
focused on creating a theory by inductively de-
veloping a conceptual framework, and deriving 
concepts and categories from the data and the 
past theories. We derived the concepts both from 
the theory and practice using content analysis; 
the SOM (Mustonen-Ollila & Heikkonen, 2002, 
2003) and the SOM with U-matrix can be utilized 
to classify the concepts into the concept categories 
and the patterns (Mustonen-Ollila & Heikkonen, 
2008a, 2008b); with the Bayesian network ap-
proach one can find out the relationships and the 
dependencies between the concepts, variables, 
and concept categories (Mustonen-Ollila & 
Heikkonen, 2002); and with the SOM component 
plane plotting of the factors, and their variation 
over time can be discovered (Mustonen-Ollila & 
Heikkonen, 2003). 

In our study, we have also outlined the charac-
teristics, problems, benefits, and implications of 
historical studies by presenting new issues in the 
historical research. Studying historical research 
problems over time is very complex and covers 
studies of changes over time, finding patterns over 
time, studying relationships and dependencies 
between the variables over time, and discovering 
variation in different factors. The significance of 
applying new research methods to historical re-
search is evitable, but it needs a close cooperation 
between the IS researchers and researchers from 
learning and intelligent systems science. 

f uture r ese Arch dIrect Ions

There are several new interesting research direc-
tions to investigate in the historical longitudinal 
research. The first direction would be to study 
the development of the main Information System 
Process Innovation (ISPI) concepts and categories 
looking at the prism of sociology of knowledge 
(Berger, 1963; Berger & Luckmann, 1966). Berger 
(1963) argues that to understand the organisations 
one must look behind the official mechanisms 
regulating the power in the community. 

In this study the information system process in-
novation (ISPI) is defined as a new way of develop-
ing, implementing, and maintaining information 
systems in an organisational context. ISPIs play 
a major role in changing the information system 
development (ISD) process in organisations, and 
they can improve the process and outcomes of in-
formation systems. ISPIs affect the ISD processes, 
and their study can provide a useful framework 
to understand the complex nature of ISD. 

A second direction would be to find out the 
actors’ behaviour mechanisms in using and imple-
menting ISPIs. In such a study Actor-Network 
Theory (ANT) could be used to find out answers 
on how a diverse group of actors can reach agree-
ment with each other (Latour, 1991). According 
to Latour (1991) and Riihimaa (2004), the ANT 
looks at the innovation process from the view-
point of the artifact (which may be a product or 
a process) and the networks needed concurrently 
when the artifact is created and delivered. At the 
beginning, there is a project to create a product. 
When a network is created, it is a process of 
mobilisation, organisation, and persuasion. The 
key position is held by an innovator who succeeds 
in directing, mobilizing, or changing the interest 
of other actors according to the innovator’s own 
visions (Mustonen-Ollila & Heikkonen, 2008c).

The third research direction of the future could 
be to investigate what are the reasons for failures 
or successes in infusion processes or how they vary 
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between different concepts and categories over 
time (Swanson & Ramiller, 1997). In our study, the 
concepts are defined as ISPIs and the categories are 
defined as ISPI categories. ISPIs can be classified 
into four categories based on their scope, purpose 
and content in how they align with technological 
and administrative innovations. These are project 
management and control procedures, (M) (Ad-
ministrative Innovation); description methods, 
(D) (Administrative Innovation); development 
tools, (TO) (Technological Innovation); and base 
line technology innovation called technology 
innovation (T). The first category includes rules 
and administrative procedures that help control, 
manage, and coordinate development activities. 
Examples of type M innovations are project 
management guidelines or organisational arrange-
ments like chief programmer teams (Swanson, 
1994). Innovations of type D include notational 
systems and standards, which help to describe 
the development product or process and/or its 
relationship to the environment. Such innovations 
include the well known standardised modelling 
techniques like Data Flow Diagrams, Unified 
Modelling Method (UML) and process modelling 
approaches. The innovations of type TO include 
all “productivity tools” for system development 
covering application generators, Computer Aided 
Software Engineering (CASE) tools, documenta-
tion tools, data dictionaries, or tools to configure, 
or manage software components. Innovations of 
type T consist of (externally) developed tech-
nical platforms like programming languages, 
database management systems and middleware 
components (Mustonen-Ollila, 2003, 2004, 2005; 
Mustonen-Ollila & Heikkonen, 2002, 2003; Mus-
tonen-Ollila & Lyytinen, 2003, 2004).

Based on Friedman and Cornford (1989) 
ISPIs can be classified into several generations. 
Friedman and Cornford (1989) point out- based 
on an extensive empirical analysis of the histori-
cal evolution of IS development—that the four 
types of innovations discussed above are often 
closely “horizontally” related, and they can be 

accordingly classified into a set of evolutionary 
generations. They point out that the changes in 
these generations are driven by: (1) technologi-
cal changes in hardware and software (Type T 
innovation), (2) changes in the types of systems 
being developed, and (3) changes in the types of 
users. The two latter are thus external demand 
factors that drive the ISPI. They are outcomes of 
attempts to harness the new computing capabili-
ties into new organisational domains and tasks 
(what Swanson 1994 calls type II and type III 
innovations) (Mustonen-Ollila, 2003, 2004, 2005; 
Mustonen-Ollila & Heikkonen, 2002, 2003; Mus-
tonen-Ollila & Lyytinen, 2003, 2004).

Four generations of ISPIs can be recognised. 
The first generation (from the late 1940s until 
the mid 1960s) is largely hampered by “hard-
ware constraints,” that is, hardware costs and 
limitations in its capacity and reliability (lack 
of T innovations). The second generation (from 
the mid 1960s until the early 1980s), in turn, 
is characterised by “software constraints,” that 
is, poor productivity of systems developers and 
difficulties of delivering reliable systems on 
time and within budget (lack of D, M, and TO 
innovations). The third generation (early 1980s 
to the beginning of the 1990s), is instead driven 
by the challenge to overcome “user relationship 
constraints,” that is, system quality problems 
arising from the inadequate perception of user 
demand and the resulting inadequate service 
(lack of M, D, and TO innovations). Finally, the 
fourth generation (from the beginning of 1990s) 
is affected by “organisational constraints” (lack 
of M, and D innovations) (Publication I). In the 
latter case the constraints arise from complex 
interactions between computing systems and 
specific organisational agents including customers 
and clients, suppliers, competitors, cooperators, 
representatives, and public bodies (Friedman & 
Cornford, 1989; Mustonen-Ollila, 2003, 2004, 
2005; Mustonen-Ollila & Heikkonen, 2002, 2003; 
Mustonen-Ollila & Lyytinen, 2003, 2004).
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The fourth new research direction could be 
the task of describing the evolution paths of the 
main categories and concepts, which are based on 
predecessor and successor relationships over time. 
Changes in concepts and categories are developed 
through many stages of evolution over time. A 
study of the antecedents, and consequences of the 
evolution paths, and the utilisation of other refer-
ence literature such as the organisation theory to 
discover how the organisation changed due to shift 
to new evolution paths would be an interesting 
subject of study. The task of describing the modi-
fication processes of the concepts and categories 
would be also one of the new research directions 
(Mustonen-Ollila & Heikkonen, 2008a, 2008b). 

The main design choice of the observations 
and research questions regarding longitudinal 
historical studies is the use of diverse research 
methods at the same time, and one of the main 
characteristics of historical longitudinal research 
is its long time span. We do not know, however, 
what would be the ideal and optimal research 
period to study history and changes over time. 
One of the issues is also to find a suitable site 
where to collect the data. Multiple data collection 
points raise a special problem how to compare 
the different observations with each other. The 
main research goals in the longitudinal histori-
cal studies are to capture changes over time, to 
discover dependencies between the concepts and 
categories, to find out the patterns over time, and 
finally to discover a new theory by using longi-
tudinal historical research design (Mustonen-
Ollila, 2003, 2004, 20052007; Mustonen-Ollila 
& Heikkonen, 2002, 2003; Mustonen-Ollila & 
Lyytinen, 2003, 2004). 
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Abstr Act

Large-scale systems development is a complex activity involving number of dependencies that people 
working together face. Only a few studies concentrate on the coordination of development activities in 
their organizational context. This research study tries to fill at least part of this gap by studying how 
systems development process is coordinated in practice. The study uses a multimethodological approach 
to interpret coordination of systems development process in a contemporary software organization in 
Finland. The methodology is based on the empirical case-study approach in which the actions, concep-
tions, and artefacts of practitioners are analyzed using within-case and cross-case principles. In all the 
three phases of the study, namely multi-\site coordination, requirement understanding, and working with 
systems development methods, both the qualitative and quantitative methods were used to an under-
standing of coordination in systems development. The main contribution of this study is to demonstrate 
that contemporary systems development is much more complex and more driven by opportunity than 
is currently acknowledged by researchers. The most challenging part of the research process was the 
combination of qualitative and quantitative methods, because of the lack of multimethodological work 
done in IS discipline.
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Introduct Ion

Large-scale systems development is a complex 
activity involving number of dependencies that 
people working together face. Furthermore, in 
distributed and multiparty information systems 
projects, there is even a larger number of stakehold-
ers involved, and a great number of dependencies. 
These dependencies create a need for coordination 
that requires continuous effort by developers. 
Broadly defined, coordination is management of 
interdependencies between activities (Malone & 
Crowston, 1994). This definition assumes that if 
there are no interdependencies, there is nothing 
to coordinate. The activities can be activities or 
objects; everything that has dependencies re-
quires coordination (Malone & Crowston, 1994). 
Coordination is an inherent aspect of work in 
any organization and takes place in the form of 
meetings, scheduling, milestones, planning, and 
processes.

To systematize coordination, many methods 
and process models have been proposed over 
the years. These models mainly focus on the 
sequence of steps used by developers to develop 
information systems. The status of methods as a 
whole has been described as a “method jungle,” 
as “an unorganized collection of methods more 
or less similar to each other” (Jayaratna, 1994). 
Though these methods and process models have 
helped companies to gain certification and attain 
global standards, they do not take into account 
interpersonal interactions and various other social 
aspects of development organizations. The devel-
opment of new methods has tended to be more 
technology driven, often being influenced by the 
introduction of improved techniques and software 
tools (Nandhakumar & Avison, 1999). 

Only a few studies concentrate on the pro-
cess of systems development and coordination 
of development activities in their organizational 
context. Kraut and Streeter (1995) found that 
coordination becomes much more difficult as 
project size and complexity increases. Apparently, 

complexity increases when the project is located 
in multiples sites. Communication is a salient part 
of coordination, and it has been observed (e.g., 
Allen, 1977) that distance affects the frequency 
of communication. Communication delays and 
breakdowns taking place in software development 
projects are discussed in several studies (Curtis, 
Krasner, & Iscoe, 1988; Kraut & Streeter, 1995; 
Herbsleb et al., 2000).

Systematic surveys of the existing literature in 
both Information Systems (Wynekoop & Russo, 
1997) and Software Engineering (Glass, Vessey, 
& Ramesh,  2002) fields revealed that most of the 
research papers in these fields consist of norma-
tive research in which concept development is 
not based on empirical grounding or theoretical 
analysis, but merely upon the author’s opinions. 
Because of that, many researchers (e.g., Curtis et 
al., 1988; Orlikowski, 1993) call for more empirical 
studies in order to understand how information 
systems are developed in today’s organizations 
and how development work is coordinated in vari-
ous types of organizations before development of 
new methods.

This research study tries to fill at least part 
of this gap by further clarifying how systems 
development process is coordinated in practice. 
This objective is reached by conducting a series 
of empirical studies of two systems development 
projects in a contemporary organization that 
competes in the information technology busi-
ness. We study the early systems development, 
which we consider to be most important phases 
in development process: requirement elicitation 
and architecture design. In this study, the actions, 
conceptions, and artefacts of practitioners are in-
terpreted and analyzed using multimethodological 
approach. By multimethodological approach is 
meant research approach that uses different re-
search methods structured as a set of guidelines or 
activities to assist in generating valid and reliable 
research results (Mingers, 2001). The objective 
for this research is twofold: (1) to understand how 
practitioners coordinate the systems development 
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process and (2) to make a contribution to the theory 
and practice of systems development.

The rest of this chapter is structured as fol-
lows. First we describe the other research using 
multiple research methods and then the research 
framework is created and the research process 
used is explained. After that, the research find-
ings are summarized. The discussion of using 
this methodology by comparing it to framework 
proposed by Mingers (2001) as well the general 
experiences in using the methodology is given 
in the sixth section. Finally, we summarize the 
used methodology and research findings and give 
direction for future research.

r el Ated r ese Arch 

Combining different research methods has been 
the subject of much debated after 1990s. Mingers 
(2001) advocated multimethodological research 
on the grounds that both the target of the research 
and the research process were complex and 
multidimensional, requiring range of different 
approaches. 

There have been numerous reviews of the 
information system research literature, each 

with different purpose, but few of them spe-
cifically considered combining methodologies. 
Mingers (2003) reviewed systematically the six 
IS top journal published in the time period from 
the year 1993 to 2000 and studied the extent of 
multimethodological research. The results of this 
study clearly show a lack of multimethodological 
research published within IS. In the following table 
is shown the proportion of multimethodological 
research papers in these journals.

Mingers also looked at the particular combi-
nations of methods used. He found that the vast 
majority (70%) involve only observation, survey, 
case study, and interview. In these studies, the 
mixture of hard (quantitative) and soft (qualita-
tive) methods were rare. 

Example of studies in IS discipline using mul-
timethodological approaches are Markus (1994), 
Ngwenyama and Lee (1997), Trauth and Jessup 
(2000), and Ormerod (1995), but the literature 
around the theme is quite scarce. 

In relation to IS field, in the area of Manage-
ment Science, a research of Munro and Mingers 
(2002) showed that the use of multimethodological 
methods were very common among practitioners 
within organizational interventions and was 
driven by the demands of complex real-world 

Year ISR
(%)

ISJ
(%)

MISQ
(%)

EJIS
(%)

AMIT
(%)

JIT
(%)

Average
(%)

1993 40 0 50 0 - 21 22

1994 13 20 35 29 - 13 25

1995 0 11 7 18 33 8 13

1996 28 14 18 15 60 0 23

1997 18 27 19 7 63 17 25

1998 0 0 20 18 25 16 13

1999 0 22 24 21 56 21 24

2000 10 31 13 0 33 33 20

Table 1. Proportion of multimethodological papers (1993, 2000) adapted from Mingers (2003)

Note: Information Systems Research (ISR); Information Systems Journal (ISJ); MIS Quarterly (MISQ); European Journal of 
Information Systems (EJIS); Accounting, Managements and Information Technology (AIMT); Journal of Information Technol-
ogy (JIT)



  1��

A Multi-Methodological Approach to Study Systems Development

problem situations. According to this study, prac-
titioners used two, three or even more methods 
together in this area.

develo PIng the methodology  

studied o rganization

The research study was carried out in a software 
development department of an international ICT 
company. The software development department 
was an internal partner for the company’s busi-
ness units. The development of applications and 
services was assigned to an in-house software 
development unit (Internal Development Unit, 
later referred as IDU) or outsourced companies. 
The use of IDU for development of new services 
was mandated by the company’s top management. 
IDU had approximately 150 employees that had 
formerly focused on R&D work in the company. 
During the past few years, it had tried to improve 
its software skills and processes in order to make 
its development more effective and also to prove 
its capability to other business units. All the 
business units of the company did not agree with 
IDU’s processes and did not trust in its software 
development capability. Their attitudes towards 
IDU competencies in software development were 
quite suspicious, mainly because of IDU’s history 
as an R&D department. Quite often business 
units preferred outsourcing instead of develop-
ing in-house. 

The projects, called here the “DS project” and 
the “EC project” respectively developed mobile 
services to both the global and domestic telecom-
munication markets. A major goal of both projects 
was the renewal of old platform architecture to 
allow the services to be better and easier modifi-
able, maintainable, and scalable. 

The DS project developed a directory service 
platform for international markets. The project 
was partitioned into two subprojects to facilitate 
easier management. Partitioning was carried out 

on the basis of the architecture and technology: 
one subsystem had a highly distributed, compo-
nent-based architecture (Server) and the other was 
a centralized subsystem (Client), which handled 
authentication, authorization and user interfaces. 
The functionality of the services required subsys-
tems to communicate only through an extensible 
and configurable interface.

The goal of the EC project was to develop an 
Electronic Commerce mobile service platform. 
The system was intended to enable organizers 
or their sponsors to promote their products in all 
kinds of events, such as ice hockey and football 
games. The system was composed of two sub-
systems: the platform in which the services are 
run (Platform subsystem) and the toolbox (Tool 
subsystem). The Tool subsystem allowed adding, 
configuring and simulating of services to run in 
a Windows PC and with a service platform in an 
UNIX environment.

The actual systems development projects took 
place in IDU during the year 2001 and they were 
planned and organized according to a traditional 
waterfall model with distinct requirement elicita-
tion, analysis, software design, implementation, 
and testing phases.

shaping the r esearch Problem

The basic notion of systems development, namely 
systems development as a process that involves 
real people in real environments (e.g., Lyytinen, 
1987), formed the ground for constructing our 
research methodology. To truly understand 
systems development, it is imperative to study 
people-systems development practitioners as they 
solve real development problems in real environ-
ments. Therefore, as

Rosen (1991) puts it, “to understand social 
process one must get inside the world of those 
generating it.” This kind of goals favoured in-
terpretive approach that enables researcher to 
understand human thought and action in social 
and organizational contexts (Walsham, 1995).
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Systems development in organizational envi-
ronment arouses different kinds of dependencies. 
The structure of the software system itself creates 
dependencies between software elements, while 
the structure of the development process creates 
dependencies between software developers. Each 
of these both shapes and reflects the development 
process; therefore, the other objective of selecting 
the research methodology to this study was to 
focus on different aspects of systems develop-
ment (both technical and social dependencies) 
and therefore to get richer understanding of the 
dependencies.

Yet another goal was also to be more con-
vinced of information accuracy also discussed 
in Yin (1994). Quantitative evidence can indicate 
relationships which may not be salient to the re-
searcher. It also can keep researchers from being 
carried away by vivid, but false impressions in 
qualitative data, and it can bolster findings when 
it corroborates those findings from qualitative 
evidence (Eisenhardt, 1989).

Above objectives favoured selecting the inter-
pretive approach (Walsham, 1995) and integrating 
different methods according to multimethodologi-
cal approach (Eisenhardt, 1989; Mingers, 2003). 
Used methods are described in another section 
along with description of research process. In 
the following, the basic principles of the shap-
ing the research methodology are explained in 
more detail.

Phases Adopted in r esearch

The research included three phases: studies on 
how architecture affects a multi site development 
project, studies on how requirements were shaped 
and interpreted during the systems development 
and how this process is to be estimated, and a study 
on how practitioners work with systems develop-
ment methods. It is briefly explained how these 
three phases shaped the research problem: 

Phase One: Multisite Coordination

The objective of this phase was to clarify the 
systems development problems related to software 
architecture and investigate how practitioners 
cope with these problems in systems development. 
This phase consisted of two parts: a qualitative 
study about social complexities and a quantitative 
analysis of technical complexities. During the 
phase, the problems found in the qualitative study 
evolved more to coordination and communication 
problems for which architecture provided a tool. 
In the quantitative study, the understanding of the 
architecture as a size predictor in the project cost 
estimation got its basic shape. The results from 
this phase of study are given in another section.

Phase Two: Requirement 
Understanding Process

In the beginning of phase two, we tried to find coor-
dination problems or problems related to software 
architecture, but observed that the problems were 
more related to requirement understanding and 
organizational conflicts. This observation shaped 
the research problem towards the interpretation of 
the requirement understanding process and how 
this could be measured to get better estimates of 
the project timetable along with the architecture 
measures from phase one. The results from this 
phase are given in another section. At the end 
of this phase, the observations so far suggested 
that methods in the organization played an im-
portant role in the case study projects. This led 
us to shape the study towards the interpretation 
of the role of methods and their use in the studied 
organization.

Phase Three: Working with Systems 
Development Methods

In this phase, the comparisons of the results 
of phase one and phase two according to their 



  1��

A Multi-Methodological Approach to Study Systems Development

similarities and differences (cross-case analysis). 
During this analysis, it appeared that the coor-
dination and the requirements understanding in 
the projects were the result of using and adapting 
methods based on the practitioner’s background, 
experience and the development situation at hand. 
The results from this phase are given in another 
section.

r ese Arch Process

In this section, the research process is explained. 
Figure 1 explains the flow of research phases and 
tasks. After that the process is explained in a more 
detailed level.

Preparing for the study

The beginning of our research study included 
an initial definition of the research question, a 
selection of cases and crafting instruments and 
protocols.

Each of the phases of the study had the research 
questions of its own. Table 2 summarizes the 
research questions of each three phases.

The selection of cases relied on the theoreti-
cal sampling principle (Glaser & Strauss, 1967), 
in which cases are chosen as extreme situations 
and polar types in which the process of interest is 
“transparently observable.” The sampling strat-
egy of the current study was designed to be built 
around projects displaying problems in systems 
development, big problems that caused delays to 
the project’s timetable. Within these projects in 
the studied organization, we chose projects of 
polar types: one project had problems inside the 
project, the other problems with the customer; one 
was smaller and the other one bigger; they both 
produced service platforms for different business 
areas. The analysis revealed that the projects had 
even more different features, such as the orienta-
tion, attitudes, and experience of the participants, 
and the communication between participants that 
extended the emergent theory (Eisenhardt, 1989). 
To facilitate iteration and comparison, which is an 
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Figure 1. Research process
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inevitable feature of the grounded theory method 
(Locke, 2003), these two projects were analyzed 
one by one. 

data c ollection

During the study, most of the data was collected 
from project extensive documentation (see Table 
3) based on the dynamic process of data collec-
tion (Glaser & Strauss, 1967), where samples 
were extended and focused according to the 
emerging needs of the theoretical sampling. In 
both case projects, the project documentation 
data was complemented with interviews among 
project participants (customer, project managers, 
designers, etc.).

The interviews were all tape-recorded and com-
pletely transcribed. The length of the interviews 
varied from half an hour (focused interviews) to 
2 hours (group interview). Several hundreds of 
pages of project documentation, the transcribed 
interviews, and 170,000 lines of program source 
codes were analysed during the studies.

The data for the quantitative statistical analysis 
in both phases one and two was collected from 
the architecture and component design specifica-
tions, source code, project management database, 
and bills from subcontractors. Some metrics (or 
property values) of the software system were 
calculated based on these documents. In the phase 
this metric was related to software architecture 
and in the phase two to requirements evolution. 
In the project management database, the data 
included the time spent on each task (development 
effort) by the project participants. In the cases 

where foreign consultants were involved in the 
development work, the development effort data 
was taken from the subcontractors’ bills. 

seed c ategories

Specification of a priori constructs (Eisenhardt, 
1989) or also called seed categories (Miles & 
Huberman, 1984) can help research. In phase 
one, a notion of the common object from Malone 
and Crowston’s coordination theory (Malone & 
Crowston, 1990, 1994) was used to interpret the 
coordination in the project. In phase two, the 
concept of a technology frame of reference (Or-
likowski & Gash, 1994) was used to interpret the 
requirement understanding in the project. 

data Analysis

In these studies, we used the principle of within-
case and cross-case analysis to interpret the find-
ings in different phases of this thesis (Eisenhardt, 
1989). In the within-case analysis “the overall idea 
is to become intimately familiar with each case as 
a standalone entity” allowing unique patterns to 
emerge before trying to generalize patterns across 
cases (Eisenhardt, 1989). In the first two phases 
of the research, the qualitative data analysis was 
based on the grounded theory (Glaser & Strauss, 
1967; Strauss & Corbin, 1990). In those phases, 
quantitative data analysis with a simple linear re-
gression method (Lawson, 1995) was carried out. 
The principal researcher conducted the qualitative 
analysis alone in all the phases, but, in phases one 
and two, two other researchers did the quantita-

Phase one Phase two Phase three

What kind of coordination problems related 
to software architecture was present during 
the systems development?

How were software requirements 
shaped and interpreted during systems 
development?

How practitioners use systems devel-
opment methods in projects?

How did these problems differ in the same-
site and multi-site environments?

How methods support systems devel-
opment practitioners in projects?

Table 2. Research questions in each three phases of the study
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tive data analysis and provided complementary 
insights (Eisenhardt, 1989) into the qualitative 
analysis in our discussions. As outsiders of the 
qualitative data collection, they were able to look 
at the data more with greater objectivity (Nand-
hakumar & Jones, 1997), which facilitated a more 
reliable data analysis as a whole.

In the first and second phase of the study, the 
qualitative data analysis started quite early, right 
after the data on the project meeting minutes 
was collected. In the first phase, data collection 
continued with design specifications simultane-
ously with the analysis of the data on the project 
meeting minutes. In phase two, the collection of 
requirement specification data started while the 
analysis of the data on the project meeting minutes 
was still being performed. The quantitative data 
collection started as soon as some initial findings 
of the qualitative data analysis were made. Such 
overlap of data collection and analysis is strongly 
recommended by Eisenhardt (1989) and Strauss 

and Corbin (1990). To help manage the quite ex-
tensive amount of information and the analysis 
process, the Atlas.ti (Scientific Software, 2001) 
tool was used. It helped in the analysis process, for 
example in the retrieval of categories, memo mak-
ing and recording of semantic relationships.

The quantitative data analysis was hypoth-
eses testing in nature and naturally used a priori 
constructs. Both hypotheses were based on the 
initial findings of the corresponding qualitative 
studies. To the statistical data analysis, we used 
the Matlab Optimization Toolbox (MathWorks 
Inc., 2003).

In the following we describe the data analysis 
process in the three phases of the study.

Phase One

Data analysis started with open coding according 
to Miles and Huberman (1984). In open coding, a 
researcher tries to find relevant categories based 

Data/Document/Artifact
DS project

Data/Document/Artifact
EC project

15 Progress Report (from Project Manager) 15 Progress Reports (from Project Manager) 

Project management
Software: Plan vs. Actual costs

Project management
Software (Niku Workbench): Plan vs. Actual costs, develop-
ment effort

11 Project Steering Group Meeting Minutes 16 Project Steering Group Meeting Minutes

46 Project Group Meeting Minutes 26 Project Group Meeting Minutes

Project Plan Project Plans

Functional Specifications Requirement Specification document

Requirement Catalogue Project Quality Criteria document

Risk analysis document Architecture Specification

Project Quality Criteria document 26 Module Specifications

Architecture Descriptions 22 Tool subsystem UI specifications

Module Specifications Kick-off presentation, Steering Group kick-out meeting 
minutes

Group Interview with project participants Focused interviews of three BU members (development 
manager, team leader, designer) 

Group interview slides Focused interviews of four IDU members (steering group 
representative, project architect, 2 project designers)

Source code (Lines of Codes) 138,000 LOC Source code (Lines of Codes) 32,000 LOC

Table 3. Data available from the case projects
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on research questions. Open coding started with 
the finding of problems and deviations related to 
coordination and software architecture (relevant 
categories in this study) in the project progress, 
using mainly project meeting minutes and the 
group interview as a data source. We further 
used architecture and design specifications to 
help pinpoint the problems. We observed in total 
329 deviations and problems related to software 
architecture and coordination.

Data analysis continued with the axial coding, 
in which categories found in open coding were 
refined, developed further, and related. In this 
phase, we used a notion of common object as a 
seed category based on Malone and Crowston’s 
coordination theory (Malone & Crowston, 1990, 
1994) to help in the interpretation of coordination 
problems in the project. We identified two types 
of common objects from the study, namely com-
ponent and development activity. The following 

example (Figure 2) shows a translated excerpt of a 
transcript after axial coding. This example shows 
how common objects were interpreted from the 
project material.

In the selective coding phase, where the “core 
category,” or central category that ties all other 
categories in the theory together, was identified 
and related to other categories (Glaser & Strauss, 
1967). The identification of common objects 
helped in finding the interdependencies between 
activities that caused coordination problems in 
the project. We identified three interdependencies 
between components and three interdependencies 
between development activities. These interde-
pendencies are explained in another section.

After finding the interdependencies, we tried 
to find an answer to the research question of how 
the problems in coordination differed in multisite 
and same same-site environments (cross-case 
analysis). To find these differences, we compared 

Figure 2. Translated excerpt of a transcript after axial coding in the phase one

 
”On the Server side, we gained experience from new technologies,  
like XML, XSL and CORBA” 

”We had a lot of problems with Client and Server synchronization.  
The Client was first and the Server was behind, it should be wice versa ” 

”The Client-Server  interface was dependent on core resources” 

”AA and MS&LB need communication with architect and designer” 

”The second actual build was made 24th August, FFE not ready for testing” 

T echn ica l o rien ta tion of the  S erver 
C om m on o b ject: d eve lopm ent activ ity

C om m un ica tion prob lem s
C om m on o b ject: d eve lopm ent activ ity

In te rface and  in te rdependence prob lem s
C om m on o b ject: c om ponent

A ssem bly order p rob lem s
C om m on o b ject: d eve lopm ent activ ity

In te rface prob lem s
C om m on o b ject: c om ponent
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the two subprojects and analyzed the differences 
in the coordination processes between them.

In the quantitative analysis, we used meta-
phorical analysis (Frost & Morgan, 1983; Lakoff 
& Johson, 1980; Schultze & Orlikowski, 2001) to 
help understand the architecture of the system. 
According to our metaphor of architecture draw-
ing, we identified three categories that described 
the architecture of our case study system best. 
Within these categories, we attempted to select 
the properties, which were simple and could be 
calculated based on project design specifications. 
We chose the simple linear prediction model to 
analyze the correlation between architecture 
properties and systems development effort. From 
these 7 property values for six components, a total 
of 42 property values were calculated. From these 
property values, we calculated coefficient values 
using Matlab Optimization toolbox. In the end of 
this quantitative process, we calculated the model 
errors to determine the quality of our cost effort 
estimation model and analyzed the results based 
on coefficient values.

Phase Two

Phase two started with the identification of 
problems and deviations in the project progress. 
During the development, these were issues that 
were brought to the project meetings for discus-
sion and decision-making. The steering and 
project group meeting minutes were the main 
sources for problem and change identification. 
We observed in total 150 problems and deviations 
related to project progress. Most of the concerns 
brought to the steering group were related to the 
other subsystem and its requirements. Also the 
system development styles and strategies caused 
concerns.

To better understand the requirements of 
the system, we investigated in more detail the 
requirements specification document. We were 
able to extract only four initial requirements that 
were related to the other subsystem. Our analysis 

continued as we used three conceptual models 
of both subsystems developed in the qualitative 
study.

Through these models, we were able to grasp 
how the subsystems evolved through different 
phases of systems development. The content of 
these conceptual models suggested to us that 
the other subsystem’s requirements changed 
considerably during the process. This led us 
into investigating further why this subsystem’s 
requirements changed so much, while the other 
subsystem’s requirements remained stable.

To answer this question, we made focused in-
terviews among the project participants to identify 
the reasons for these changes. Project participants 
were asked to reflect on the project’s history by 
showing the analysis and implementation models 
of the system and to describe their understand-
ing of what happened in the project between the 
requirement analysis and implementation phases. 
Four of the interviewed project participants were 
from the development side and three from the 
business side. Business side representatives were 
also asked about the competences and processes 
of development side during the time the project 
was running and how these competences and 
processes had evolved after that. The interviews 
were audio taped and fully transcribed to preserve 
all the details.

Based on the interviews, we observed that 
requirements did not change that much during the 
project, but the understanding of them changed. 
The open coding proceeded in parallel, treating 
each interview as confirmation or further develop-
ment of results from earlier findings. During this 
process, the categories developed gradually. First, 
we identified quite concrete concerns of system 
development. In further analysis, we found more 
subtle contextual attitudes and expectations about 
how systems development should be performed. 
These attitudes and expectations were so strongly 
visible in the data that we could interpret them as 
technology frames (Orlikowski & Gash, 1994). In 
further analysis, we used technology frames as a 
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priori construct or lenses to the data. This further 
analysis consisted of group analysis, cross-group 
analysis and re-examination of the categories. 
This iterative examination of the data yielded five 
categories of technology frames, which were used 
as a basis for the next phase, axial coding.

During the axial coding, we identified four 
processes of stereotypical “tensions” between 
these attitudes and expectations, which affected 
how project participants emphasized these frames 
of understanding in different phases of the proj-
ect. These tensions and explained in another 
section. 

In the selective coding phase, the causal 
relationships between categories were recorded 
with Atlas.ti’s (Scientific Software, 2001) se-
mantic network capability. Figure 3 shows an 
example of such a network diagram. In Figure 
3, the boxes represent categories, the arrows the 
interpreted causalities between them, and the 
lines simple associations between the categories. 
The abbreviations business value of system de-
velopment (BVSD), system development strategy 

(SPS), system development capability (SDC), 
and system development resource allocation 
(SDRA) correspond to the categories of frames 
of understanding.

Based on project material, interviews, and 
analysis, we formulated the project narrative to 
trace how the participants’ attitudes and expecta-
tion influenced the systems development process. 
In the end of the research process, the project 
narrative was sent by e-mail to the project man-
ager to get her opinion on the correspondence of 
the narrative with the reality. She adjusted some 
details, which did not affect the main findings.

In the quantitative analysis, we formulated 
the metric describing the identified requirement 
evolution in the project. The metric was quite 
simple: it calculated the concepts found dur-
ing the analysis and implementation models of 
the system. These analysis and implementation 
models were formed based on the project speci-
fications. In the statistical analysis, we used the 
same simple prediction model as in phase one of 
the study. The other metrics needed were chosen 

Figure 3. An example of semantic network diagram using Atlas.ti (Scientific Software, 2001)
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based on simplicity and wide usage. Using this 
prediction model, we calculated the correlation 
between metrics chosen and the development ef-
fort. In the end of the process, we formulated the 
model errors to determinine the reliability of our 
prediction model and analyzed the results.

Phase Three

In phase three, we used cross-case analysis to 
interpret the final results in this thesis (Eisenhardt, 
1989). We searched for cross-cased patterns to 
compare the multi-site and same-site development 
by listing their similarities and differences (Eisen-
hardt, 1989). We selected pairs of cases and listed 
similarities and differences between each pair. In 
this phase, the number of cases was actually three 
because one of the case projects consisted of two 
subprojects. The cross-category table produced 
in this process is shown in Table 4.

shaping the hypothesis

From the within-case analysis, the cross-case 
analysis and overall impressions, tentative tenses 
and concepts and their relationships begin to 
emerge, which is called hypothesis shaping 
(Eisenhardt, 1989). The idea is that researchers 
constantly compare emergent theory and “raw” 
data—iterating towards a theory with closely fit 
data (Eisenhardt, 1989).

In the hypothesis shaping, we used the semantic 
network diagram capability of Atlas.ti software 
(Scientific Software, 2001). This semantic network 
is shown in Figure 2. This network shows the 
relationships between the core categories used 
to interpret the role of methods.

f inishing and r eporting the studies

Eisenhardt (1989) distinguishes the phase “enfold-
ing literature.” By this phase, Eisenhardt means 
the comparison of the findings with similar and 
conflicting literature. The aim of this phase is to 

raise confidence, creative thinking, and the valid-
ity, generalizability, and conceptual level of the 
findings. Yin (Yin, 1994) refers to this as “analytic 
generalization” to distinguish it from the more 
typical statistical generalization that generalizes 
from a sample to a population. In phase one, the 
main comparisons were done with Malone and 
Crowston’s (Malone & Crowston, 1990, 1994) 
coordination theory and cost estimation literature. 
The comparisons of phase two were made with 
traditional requirement engineering approaches 
and existing sociotechnical approaches to re-
quirement elicitation, especially the concept of a 
technological frame. All these provided conflict-
ing and similar concepts and patterns, which all 
provided an alternative and more creative view 
to our findings. In phase three, the findings were 
compared to a few empirical studies of the role 
of methods in systems development.

summAr y of fI nd Ings 

Phase One: Multisite Coordination (Ovaska & 
Bern, 2004; Ovaska, Rossi, & Marttiin, 2004)

In phase one, we discovered six different coordina-
tion processes to explain most of the coordination 
problems related to software architecture in the 
case studies. These six processes can be sum-
marised as follows: 

1. Interfaces: Managing interfaces between 
system components

2. Integration: Managing the assembly of sys-
tem components, enabling their integration 
into a full, working system architecture

3. Interdependence: Managing the interdepen-
dencies between system components

4. Communication: Managing the commu-
nication processes between development 
participants

5. Responsibility: Managing the allocation of 
responsibilities for key decisions related to 
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the software architecture and subsystem 
designs 

6. Perspectives: Managing the different per-
spectives development participants brought 
to the project and managing negotiations 
related to these perspectives 

This phase suggest that technical dependen-
cies among software components (interfaces, 

integration, and interdependence) create social 
dependencies (communication, responsibility, 
perspectives) among the software developers 
implementing those components. It also supports 
the Malone and Crowston’s coordination theory by 
highlighting the importance of the coordination 
of interdependencies between activities instead 
of purely coordinating activities in systems de-
velopment. 

Table 4. Cross-category table between projects in the studies

 Category Case Project 1 

subproject A 

Case Project 1 

subproject B 

Case Project 2 

Adaptation to 
method 

yes no yes 

Problems minor technical 
inside project 

inside project, 
coordination and 
architecture 
understanding 

requirement understanding 

Timetable 
estimation 

no major 
problems 

problems problems 

Orientation and 
 

Architect’s 
technical 
orientation 

Architect’s 
business 
orientation 

towards UI and windows 

Experience Experienced 
project group 

Unexperienced 
project group 

Unexperienced project group 

Communication good bad in the beginning bad, later good 

Understanding 
the system 

fairly good not very good in the beginning no, learning to 
understand 

Understanding 
the 
development 
situation 

yes no in the beginning no later yes 

Method 
purpose 

communication 
and 
coordination 

method use failed communication and learning 

The most 
meaning metric 
(relative to 
development 

 

Coupling 
(NIC) 

     -  Requirements Creep 
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Phase Two: Rrequirement Understanding 
(Ovaska, 2004; Ovaska, Rossi, & Smolander, 
2005)

In phase two of the research process four categories 
of technology frames were identified that could 
explain attitudes and expectations that affected 
people’s understanding of requirements and which 
were directly related to the ISD process. These 
categories can be summarised as follows: 

1. Business value of systems development: 
attitudes and expectations about the re-
lationship between business and system 
development.

2. Systems development strategy: attitudes 
and expectations about the system develop-
ment lifecycle model and associated ISD 
processes.

3. Systems development capability: the as-
sumptions, attitudes and expectations 
surrounding the various competencies of 
project participants in different areas of 
system development

4. Systems development resource allocation: 
the assumptions, attitudes and expectations 
as regards scheduling, budgeting, and priori-
tisation of systems development activities

Within these four frames it was possible to 
identify stereotypical “tensions” which emerged 
as the projects unfolded. These tensions and the 
processes associated with them had important ef-
fects on how the project participants emphasized 
various technology frames during the different 
phases of the project:

1. Incongruence: this tension emerged when 
understanding, attitudes, or expectations 
differed among the stakeholders, causing 
conflicts and misunderstanding

2. Filtering: this tension surfaced when a 
stakeholder of the development process left 

something out of scope because of his/her 
particular perspective, attitude, series of 
expectations, or experience of ISD

3.  Negotiation: this refers to tensions associ-
ated with the various negotiations between 
project participants and took place in order 
to resolve incongruities

4. Shifting: this emerged when the understand-
ing of a frame changed (called a “frame 
shift”). After a frame shift, the parties in-
volved achieved an understanding of a frame 
that was more aligned and suitable for the 
current situation than before the shift. 

In this phase, we observed that preconcep-
tions, attitudes, and expectations about systems 
development among project participants filtered 
the understanding of software requirements, ne-
gotiating between project participants resolved 
the issues caused by filtering and shifts in these 
attitudes and expectations facilitated changes in 
the understanding of requirements. In spite of this 
observed filtering, shifting, and negotiation, the 
developed system exceeded the customer’s needs 
and expectations even though it was delivered late. 
The results of this phase suggest that the current 
conceptions regarding requirement elicitation do 
not correspond with the needs of practice. The 
traditional requirement engineering research 
concentrates on detecting and representing re-
quirements and ensuring that they are complete 
and consistent. It sees requirements mainly in a 
system context assuming that they already exist

somewhere ready to be picked in the require-
ment elicitation phase. Our study has consequences 
beyond such a view. It suggests that requirement 
elicitation is in practice an ad-hoc and iterative 
process involving political, cognitive and social 
aspects that affect the interpretation of require-
ments during the whole project lifetime.
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Phase Three: Working with Methods (Ovaska, 
2005)

During the cross-case analysis in phase three of 
the research process, we discovered the five cat-
egories which summarised various ways in which 
methods were used in the target projects:

1. Methods used as tools: rather than following 
predefined phases and tasks practitioners 
used ISD methods as if they were a set of 
tools which could be variously deployed or 
discarded as the need arose

2. Methods used to coordinate: practitioners 
primarily used methods to coordinate sys-
tems development 

3. Methods used a communication language: 
methods were used to provide common 
communication language between various 
project participants, and the methods thus 
helped to set the agenda for many discus-
sions

4. Methods as a means to aid understanding 
of the system and its requirements: methods 
were used to help develop an understanding 
of the system in terms of requirements and 
expectations of users and align these with 
various technical and nontechnical issues 
which arose

5. Understanding the development context: 
methods were used by participants to make 
sense of the development situation as it 
shifted over time

This phase suggests that working with methods 
is complex social interaction and a mutual under-
standing process between project participants. The 
methods were used in our case study as a tool for 
communication and learning and as a resource 
in project planning among system development 
participants, not as a list of phases to be followed 
in detail. Method use requires communication 
between project participants to adopt the method 
to the development situation. Without commu-

nication, methods use failed. When participants 
gained common understanding

of the appropriate development strategy and 
method, the method use became a learning pro-
cess. In this learning process, system develop-
ment participants changed their understanding of 
the system, according to changing development 
situations. Without the common understanding 
of the system between project participants, the 
estimation of project timetable and resources 
did not succeed. Based on the observations of 
our study, we argue that methods are used more 
as support and guide the development than strict 
phases to be followed in detail.

dIscuss Ion 

In this section the multimethodological ap-
proach used in this study is discussed related to 
the multimethodological guidelines set out by 
Mingers (2001). The guidelines suggest that in 
designing research one should consider the fol-
lowing domains:

• The context of the research—in particular the 
relationships between the research situation 
and task, the methods and theories available, 
and the researchers’ own competencies and 
commitments

• The dimensions of the research situation—in 
particular, the material, social, and personal 
aspects

In the following, these domains are explained 
in more detail along with the comparison our 
multimethodological approach to it. Finally, we 
summarize the general experiences of using the 
methodology and its limitations.

t he c ontext of the r esearch

The multimethodology used in this study lies on 
the most close to dominant type of design in which 
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one method is the main approach with contribu-
tions from the others. The qualitative methods 
were our main method in all phases contributed 
from qualitative statistical analysis. The reasons 
for such a design were formed from the nature of 
systems development as a social process. 

The professional and scientific background of 
principal researcher provides some explanations 
for understanding the selection of the research 
method and also the role of the researcher in the 
interpretive research process. Because of her 
educational background in engineering, she also 
wanted to get some “hard evidence” of the projects, 
maybe to become more assured of the reliability 
of the research. She wanted to carry out some 
statistical, quantitative calculations that would 
support the qualitative work. During the learn-
ing process in the research work, the quantitative 
calculations faded into the background and shifted 
more towards an interpretive approach.

Although the principal researcher did not work 
on the chosen projects, she acquired “deep famil-
iarity” (Nandhakumar & Jones, 1997) with the 
research context and its actors during the 5 years 
working in that company. During the observation 
period, she was fully involved in the activities 
of the company. During the analysis period, she 
was not involved in the activities, but had full 
access to all project documents gaining access to 
information that would not otherwise have been 
divulged. The used data in the study was mainly 
documents gathered during the projects. Without 
her personal experience in the company, it would 
have been difficult to interpret the local meanings, 
dominant perceptions, tacit knowledge, and non-
verbal communication (Nandhakumar & Jones, 
1997) from the documentation. Without the deep 
familiarity with the research context and its actors, 
it would not be possible to gain additional insight 
in the actors’ interpretations, their motivation, 
and perspectives (Nandhakumar, Jones, 1997) 
in the focused interviews carried out during the 
study. Her role as a researcher was somewhere 

between an outside observer and involved re-
searcher (Walsham, 1995); it can be called an 
“involved observer” participating in the work of 
the company before the analysis period.

t he dimensions of the r esearch 
situation

According to Mingers (2001), each research 
situation is the combination of three worlds: the 
material world, the social world, and the personal 
world. Each domain has different modes of exis-
tence and different epistemological possibilities 
as followed:

• The material world is outside and inde-
pendent of human beings characterized as 
objective in the sense that it is independent 
of the observer although our observations 
and descriptions of it are not. Our relation-
ship to this world is one of observation.

• The personal world is the world of our own 
individual interpretations, experiences, 
thoughts, and beliefs. We do not observe it, 
but experience it.

• The social world is the world that we share 
with others in a particular social system and 
participate in it.

In comparing our research situation and 
methodology to this framework, all these worlds 
were present to the following extent. The study 
covered material aspects, such as architecture as 
a predictor of system size or requirement creep 
as a measure of requirement evolution. The inter-
pretive analysis of documentation and interviews 
explored the meaning of coordination and require-
ments understanding for particular individuals; 
and group interviews and their interpretations 
revealed the social aspects of coordination and 
requirements understanding.
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g eneral experiences

In general, we experienced the methodology 
highly iterative learning process, in this process 
the research themes and questions changed dur-
ing its phases. 

The most challenging part of the research was 
the combination of quantitative and qualitative 
methods, mainly because of the lack of the em-
pirical frameworks to guide the work; therefore 
the frameworks would be helpful in designing 
and developing this kind of research.

l imitations of the methodology

A critical issue for researchers concerns the 
generalizability of the results of their work, and 
Yin (1994) notes that this issue is often rose with 
respect to case studies. Different arguments for 
the generalizability of case study research have 
been given (Dutton & Dukerich, 1991; Eisenhardt, 
1989; Walsham, 1995; Yin, 1994). It is argued that 
in case study research, the identified concepts and 
categories are compared to theoretical concepts 
and patterns, unlike in statistical generalization 
from a sample to a population. Still, due to the 
nature of this study in which the understanding 
of method use was interpreted on the basis of 
separate phenomena found in one organization, 
the generalization of the use of methods may be 
limited. Therefore, the understanding gained in 
these studies provides a basis for understanding 
similar phenomena in the same settings rather 
than enabling the understanding of phenomena 
in other contexts.

summAr y And f uture Work 

This chapter has described the multimethod-
ological approach to study coordination of systems 
development process. We used the principle of 
within-case and cross-case analysis to interpret 

the findings in different phases of the study. In 
all these three phases, we used both qualitative 
and quantitative methods to get richer and more 
reliable understanding from coordination phe-
nomena.

The three phases of the study have provided 
a rich picture of different aspects of systems 
development in the software organization. In the 
first phase of the study, we examined the role of 
architecture in coordination and cost estimation 
in a multisite software development from quan-
titative and qualitative viewpoints. The second 
phase involved two studies, one qualitative and 
the other quantitative, on the evolving requirement 
understanding process and the measurement of 
this process. The third phase was a study based 
on the first two studies on the role of methods and 
how practitioners work with them using principle 
of cross-case analysis. The research process of 
these phases was explained.

We experienced the methodology highly itera-
tive and adaptive learning process, in which the 
research themes and questions evolved during its 
phases. The study covered material aspects, such 
as architecture as a predictor of system size as 
well as personal and social aspects. Highly inter-
pretive analysis of documentation and interviews 
covered aspects of particular individuals whereas 
the group interviews and their interpretation 
revealed the social aspects of coordination of 
systems development work. 

The main contribution of this study is to dem-
onstrate that contemporary systems development 
is very complex and more driven by opportunity 
than is currently acknowledged by researchers. We 
need more knowledge of the current and emerging 
business and organizational contexts in which and 
for which these systems are developed. This study 
suggests that further rich, multimethodological 
research is urgently needed in order to build a 
picture of how communities of practice make sense 
of systems development. Only in this way we can 
begin to find ways to understand and address the 
problems in systems development.
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The most challenging part of the research 
process was the combination of qualitative and 
quantitative methods because of the lack of mul-
timethodological work done so far; therefore the 
frameworks would be helpful in designing and 
developing multimethodological approaches.

In the future, our multimethodological frame-
work needs deeper work towards a theory-building 
approach, especially related to analysis process in 
the phase three. Also, the replication of our study 
in other contexts and redefinition of the framework 
based on experiences is necessary.
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Abstr Act

Usability Evaluation Methods (UEM) are plentiful in the literature. However, there appears to be a new 
interest in usability testing from the viewpoint of the industry practitioner and renewed effort to reflect 
usability design principles throughout the software development process. In this chapter we examine one 
such example of usability testing from the viewpoint of the industry practitioner and reflect upon how 
usability evaluation methods are perceived by the software developers of a content driven system and 
discuss some benefits that can be derived from bringing together usability theory and usability evaluation 
methods protocols used by practitioners. In particular, we use the simulated prototyping method and the 
“Talk Aloud” protocol to assist a small software development company to undertake usability testing. 
We propose some issues that arise from usability testing from the perspectives of the researchers and 
practitioners and discuss our understanding of the knowledge transfer that occurs between the two.

usAbIl Ity  evAlu At Ion methods

Usability is a multidisciplinary field that falls 
under the larger umbrella of Human-Computer 
Interaction (HCI) where there are essentially 
two camps: design and evaluation (Wania, At-
wood, & McCain, 2006). In their bibliographic 

citation analysis of the HCI literature, Wania et 
al. (2006) suggest that the two camps can learn 
from each other implying that they are separate 
and noninclusive. But, in industry, are usability 
design and evaluation really so far apart? Even 
relatively early research (Sullivan, 1989) called 
for usability to be considered throughout the 



1�4  

Usability Evaluation Meets Design

entire software design process and suggested 
that considering only usability evaluation or test-
ing is a “narrow conception” of usability. More 
recently, a study of Dutch IT companies found 
that in the software industry and the IT industry 
in general, there is variance in whether design 
is a consideration throughout the development 
process. In the study it was found that the us-
ability of the system is often only addressed in 
the latter stages of the process (Gemser, Jacobs, 
& Ten Cate, 2006). The study also showed that 
developers of content-driven systems were more 
likely to consider usability throughout the whole 
design process. The authors suggest that this is 
related to the amount of influence customers have 
over the design process.

Hartson, Andre, and Williges (2003) conducted 
a thorough review of User Evaluation Methods 
(UEMs) for usability and even went so far as to 
establish a criteria for selection of a most suited 
UEM and provide guidance on the number of tests 
needed to ensure the reliability of the process. 
Carter (2007) advocates the simplicity of usability 
testing and suggests that the academic community 
have become too wrapped up in the protocols of 
UEMs and have lost sight of the usefulness of 
usability testing. The expectations of the practi-
tioner and the usability expert differ. Certainly, 
away from the theory, there is an interest in how 
usability testing can be undertaken in the field 
(Waterson, Landay, & Matthews, 2002).

The three most widely used, robust, easy-
to-use UEMs are cognitive walkthrough (CW), 
heuristic evaluation (HE), and thinking aloud (TA) 
(Hertzum & Jacobsen, 2003). The thinking (or 
talking) aloud (TA) verbal protocol analysis has 
been widely used, for example, in health care Web 
site design (Zimmerman, Akerelrea, Buller, Hau, 
& Leblanc, 2003) and in software development 
(Hohmann, 2003). Roberts and Fels (2006) extend 
the think aloud protocol to include procedures to 
follow when the participant is deaf. Krahmer and 
Ummelen (2004) in their comparison of the think 
aloud protocols developed by Ericsson and Simon 

(1998) and Boren and Ramey (2000) argue that 
the correct use of a UEM is important for two 
reasons. First, if UEMs used in practice are not 
reliable and valid, it becomes difficult to compare 
and replicate studies and therefore to redesign or 
improve previous versions. However, this reason 
pales into significance with the second reason 
which is simply that if UEMs used in practice 
are not reliable and valid, it becomes difficult to 
identify problems signalled by the test user from 
those that might be evoked by the test setting or 
indeed other intervening factors. Given these 
implications for incorrect use of the protocols 
and a reported lack of understanding between the 
groups, we wanted to understand the knowledge 
transfer process better.

k no Wledge t r Ansfer

In recent years, there has been significant re-
search focus on knowledge transfer which has 
led to several models of the process. The “science 
push” or knowledge-driven model assumes that a 
unidirectional flow of information from research-
ers to practitioners exists. The “demand pull” or 
problem-solving model views the process as oc-
curring through the commissioning of information 
from researchers with the intent of addressing a 
well-defined practical problem (Landry, Amara, 
& Lamari 2001; Weiss, 1979). A third model, 
the interactive model, suggests that knowledge 
transfer as a reciprocal and mutual activity, one 
that involves researchers and practitioners in the 
development, conduct, interpretation, and appli-
cation of research and research-based knowledge 
(Landry, Amara, & Lamari 2001). Whilst each 
of these models are equally applicable in differ-
ent circumstances, active engagement between 
researchers and practitioners is required to ensure 
that the exchange, synthesis, and application of 
research based knowledge is effective (Huber-
man, 1990; Lomas, 2000). This observation is 
consistent with the view of Dougherty, who argues 
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that “Knowledge transfer is about connection not 
collection, and that connection ultimately depends 
on choice made by individuals” (Dougherty, 1999, 
p. 262). Despite these assertions, a great deal of 
research has identified that there is a significant 
gap between research and practice (Rynes, Bar-
tunek, & Daft, 2001).

The research-practice gap is so significant that 
some researchers have commented that its origins 
are a result of differences in the most basic assump-
tions and beliefs of researchers and practitioners 
(Shrivastava & Mitroff, 1984; Thomas & Tymon, 
1982). Similarly, others have observed that there 
are notable differences between researchers and 
practitioners with respect to the goals they seek 
to influence, the social systems in which they 
operate, the variables they attempt to manipu-
late, and acceptable time frames for addressing 
problems (Johns, 1993; Powell, & Owen-Smith, 
1998; Thomas & Tymon, 1982).

An early study of usability engineering prac-
tices in European companies (Dillon, Sweeney, 
& Maguire, 1993) identified many issues with the 
implementation of usability evaluation methods. 
These authors go on to comment that 

It is worth pointing out that formal, user-
based evaluations carried out in fully equipped 
usability laboratories by dedicated, trained staff 
are an ideal of the human factors profession. That 
companies rarely meet this ideal in practice is 
not a criticism but a statement of fact. (Dillon et 
al., 1993, p. 92)

The research described in this chapter has two 
key elements, namely the environment in which it 
was conducted was one where interaction of the 
practitioners and researchers was facilitated by 
being embedded in a technology incubator busi-
ness park. Second, the purpose of the research 
was not to conduct a formal usability study and 
publish data related to the software being assessed. 
In stead, the purpose was:

• To build a better understanding of the differ-
ing goals and time frames of the researchers 
and practitioners involved, 

• To provide opportunities for bidirectional 
transfer of both knowledge and technol-
ogy 

• To enhance the case study organisations 
software product, and 

• To lead to a better understanding of the 
knowledge transfer process between re-
searchers and practitioners.

This chapter presents the experience of a group 
of researchers with expertise in usability testing 
working with a small software development com-
pany inexperienced with formal usability testing 
processes to provide technical guidance on how 
to undertake usability testing on their product.

method

This study uses a qualitative inquiry research ap-
proach within the Verstehen (Patton, 2002) tradi-
tion of understanding the meaning of behaviour 
through fieldwork. To achieve this, we designed 
an experiment using a single case study to tell a 
story contrasting the researcher’s experience of us-
ability testing and that of a software development 
company undertaking formal usability testing for 
the first time. The experiment was designed to al-
low the researchers to observe interaction between 
experts and industry people to try to understand 
the process of knowledge transfer while also 
sharing useful usability testing knowledge with 
the software developer. Data was collected using 
observation and qualitative interview techniques 
with a special interest in issues that arose during 
the transfer of knowledge between the research-
ers and the software development organisation. 
Although usability data was collected about the 
software product and the testing process itself, 
this in not the focus of this particular chapter. 
Next, we describe the case study organisation to 
provide a context for the discussion.
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cA se descr IPt Ion

Building Integration Software Company Limited 
(bisco) was started by two Carter Holt Harvey 
(CHH) employees who had been researching 
integrated building design systems with the 
ultimate objective of improving timber usage. 
After a period of consideration, Nick Alexander 
(NA) and Nick Clements (NC) (both former CHH 
employees) decided that there was a sufficiently 
large market to support a dedicated product suite 
in the area of integrated construction information 
management.

The bisco concept case was accepted into 
the AUT Technology Park Incubator program 
in February 2005, and bisco was incorporated 
as a company in March 2005. At the time of this 
study, bisco employed five full-time software 
developers and were supporting a number of 
collaborative research projects with a team of 
dedicated researchers.

Their product—bisco Of. ce™—is designed 
to revolutionise building by changing the way 
information flows through the building indus-
try. Automatically unlocking the information 
currently held in three dimensional (3D) Com-
puter Aided Design (CAD) models is the key to 
exchanging and sharing information efficiently 
throughout the building industry supply chain. 
The key industry issues in this area are:

1. Most residential houses are designed in 3D 
CAD packages but then are manually re-
entered into other applications to complete 
the process.

2. Typically plans are printed out and then 
manually surveyed to determine material 
quantities. Quantity specification documents 
are also manually created.

3. The designs will be manually recreated in 
other applications like Frame and Truss 
design, roofing, or windows, and

4. Reprocessing of building information is 
slow, expensive, and error prone when 
completed manually.

The bisco solution for providing more acces-
sible and reusable building industry information 
is to develop a software solution that extracts 
information from 3D CAD models and automati-
cally reprocess them for other uses. Such automatic 
reprocessing requires tools to be developed to 
extract the data then transform it into the formats 
required by the other processes. The structure of 
information exchange in the building industry is 
shown in Figure 1.

To achieve wide acceptance, the system has 
to be capable of working with all leading CAD 
applications (something not achieved before). In 
addition to this, bisco Office™ manages all the 
business information in a way that ensures it is 
easily located, stored securely, and is available to 
a network of mobile users.

usability t esting the bisco Office™ 
Product

The bisco Office™ tool set manages information 
throughout the building industry supply chain 
from concept, through planning, construction, 
and completion. As a result, it needs to organise 
and manage very large amounts of specific and 
complex information in various formats. The tool 
set will be accessible to a wide variety of actors 
within the building industry and to be successful, 
it must be easy to understand and use.

The developers of bisco Office™ faced two 
problems with the usability testing of their soft-
ware. First, they were unable to objectively analyse 
the usability of the software user interface from 
the perspective of the different types of users of 
the tool set. Second, they had very little experience 
of usability testing techniques, or understanding 
of usability best practice and protocols. The de-
velopers feared that this lack of knowledge and 
experience could preclude them from gaining an 
objective and complete assessment of the usability 
of their software product. 

The software developers at bisco sought out 
usability expertise from AUT University to help 
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them learn about usability testing. Bisco employed 
the services of a postgraduate student studying 
software usability to do some of the initial plan-
ning and assist with the assessment process with 
the assistance of a technology infrastructure New 
Zealand government grant. The postgraduate stu-
dent had completed a course in software usability 
and the project also benefited from the input of 
usability experts from the School of Computing 
and Mathematical Sciences at AUT University, 
New Zealand. 

The problem was one of balance between the 
objectives of the practitioners and the researchers 
in this study. There was incongruence between 
how much data to collect and how closely to fol-
low the protocols. One aspect of contention was 
how many “observers” to allow at the testing 
sessions given that there was no one-way mirror 
or specialised usability testing facility. 

t he exPer Iment

In order to be able to observe and understand 
the knowledge transfer process between the re-
searchers and the practitioners, usability testing 
of the bisco Office™ software was undertaken. 
Although extensive usability data was collected 
and analysed, it is not reported in this chapter as 
the focus is to understand the knowledge transfer 
process that occurred between the researchers and 
the practitioners. The usability testing itself is the 
vehicle for such transfer. However, for the reader 
to be able to understand the issues discussed, the 
context of the experiment is important; therefore, 
we describe the method used for the usability 
testing. 

The simulated prototyping usability testing 
method (Hohmann, 2003) was used for the bisco 
Office™ usability testing. This method was cho-

Figure 1. Information exchange using bisco Office™ software



1��  

Usability Evaluation Meets Design

sen because it is designed for use by practitioners 
and is clearly explained for the purpose of users 
not familiar with usability testing. Using this tech-
nique, a representative user attempts to complete 
assigned tasks using a prototype of the system. 
The process involves the following:

1. Assign developer roles and responsibili-
ties

2. Carefully select users that are representative 
of the population

3. Develop tasks for the users to complete
4. Run the test

a. Explain of the goal of the testing
b. Have the user attempt the tasks while 

the observer records any signs of con-
fusion, misunderstanding or inability 
to complete the task—encouraging 
the user to “talk aloud” during the 
process.

c. Discuss the results of the test with the 
user and

5. Compile the results.

As a part of the integral process, we ran two 
consultation sessions with a usability expert from 
the University with several years experience run-
ning a usability laboratory. The first session was 
an information session. In the second session, 
the developers undertook the usability evaluation 
process with the consultant acting as the user. The 
second session was most beneficial in terms of 
both researchers and practitioners learning what 
was required and understanding the extent of the 
current knowledge of the other party.

In our testing experiment, we assigned three of 
the main roles of the five identified by Hohmann 
(2003) of leader/greeter, facilitator, and observer. 
We wrapped the roles of leader and greeter into 
one role as this suited the actual role of the person 
involved. We did not need a computer role as the 
interface was already in a fully functional mode 
and there was no need for a person to simulate 
the operation of the software user interface. The 

leader/greeter was also the codirector of bisco, 
but not the chief developer. The facilitator was 
a part-time employee experienced with training 
and the observer was the postgraduate student 
employed for the usability testing project.

The task of selecting representative users was 
undertaken of by the codirector of bisco who had 
a close relationship with a test-site builder. Five 
users from the test-site were chosen as well as 
two “dry-run” testers who were used to pretest 
the usability evaluation process.

The tasks for the testing were selected by the 
bisco group including the developers and the 
postgraduate student. The tasks were focused 
around the navigation patterns of the software 
and ease of completing every day tasks. The tasks 
were written as scenarios add context and were 
read aloud with the users as well as provided in 
printed format. The tasks were as follows.

1. Scenario 1 
a. find a customer contact details
b. find a contract (document)

2. Scenario 2
a. find a document name “Sherrock 

House Detail”
b. find out who is the supplier of this 

project and find out contact detail
c. delete a contact and then add a new 

one for “Northern Concrete Cutters”
3. Scenario 3

a. Find a supplier and add a document.

During the testing, one personal computer 
with a second visual display attached was used 
as recommended by Krahmer and Ummelen 
(2004)—one for the user and facilitator and one 
for the observer and the team. This was especially 
important so that the observer could sit opposite 
the user and observe body language as well as have 
full view of what was happening on the computer 
screen. The observer also used preset sheets to 
help with logging of the observations. There was 
also a developer and a researcher present at the 



  1��

Usability Evaluation Meets Design

testing. The team used screen-capture software 
and a personal VCR to record each test so that the 
software team were able to preserve the screen 
and the audio from each test. During the testing 
users were encouraged to “Think Aloud.” 

Usability testing was carried out at one of 
the planned sites for installation of the bisco 
Office™ software. At the end of the usability 
testing experiment, the researchers interviewed 
bisco’s codirector using an open interview style. 
The focus of the interview was the codirectors 
experiences and reflections of learning and car-
rying out usability testing. The opportunity to 
interview the codirector, himself an experienced 
software developer, also allowed the research-
ers to explore any issues that arose during their 
involvement in the usability testing process. An 
open-coding data analysis technique was used to 
analyse the interview data. 

Issues Ar IsIng

Many of the points raised in the literature also 
occurred in this study such as the information 
intensive nature of bisco Office™ and the need 
and interest for usability evaluation. However, the 
researchers also found the bisco software devel-
opment team were very interested in the validity 
and reliability of the usability evaluation method. 
First, some usability evaluation environmental 
issues observed in this study are discussed. 

system r eliant on c lient 
satisfaction

The bisco team members were very open to 
the idea of usability testing. Based on their past 
experience, they understood the importance of 
developing usable software and were very willing 
to learn. The following outlines the level of aware-
ness at bisco around the importance of building 

usability features into the software to ensure the 
overall success of the project.

NC: The previous ones, [software development 
projects] we sort of said, “oh well, we will get 
the thing working first and then we will come 
back and do the user interface.” So, we basically 
didn’t worry about the user interface at all, we 
made it functional, but that was all, we didn’t re-
ally try and address much in the way of usability, 
and often, users would get lost as to where they 
were in the system. Or if they wanted to get back 
to where they were, they wouldn’t know how to 
get back. Umm, and so, we realised, it just made 
it, the whole thing that bit more difficult. It made 
training that little bit harder because each time 
they had to do something, they would get lost and 
then you would have to tell them how to get back 
again, and then next time they weren’t so confident 
to go and do something because they weren’t sure 
if they were able to get back again.

One motivator for bisco’s interest in usability 
evaluation is the complexity of their system. They 
are striving to have the base navigation and user 
interface reasonably intuitive and usable without 
extensive training. 

In this discussion, three key themes arise. 
They are: 

1. The trade-off between needing to train users 
more and inherently good usability, 

2. The way that usability testing brings soft-
ware developers closer to the customer 
perspective, and 

3. The important link between incorporating 
usability into the software and customer 
uptake of software. 

At the end of this discussion, we link these 
three themes back to how some of the knowledge 
was transferred and what was learned.
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t raining c ompensating for g ood 
usability

At the outset, there was a very blurred understand-
ing of what might be a “training” issue and what 
might be a “usability” issue. For example, in one 
part of the software, the words used on a particular 
button meaningfully describe the function of that 
button to the developer. Usability testing revealed 
that the function of the button was not intuitive to 
the user. This issue could be addressed through 
either documentation or training. This trade-off 
was apparent, but the implications were not evident 
to the bisco developers until they witnessed the 
usability tests on their software. 

NC: …and quite often it happened that, you would 
have them doing a task and they would be hover-
ing over what they should be clicking on, and they 
would almost click on it and then they would say 
“no, I’m lost, I don’t know what to do.” And, that 
was purely a terminology thing.

If the function of a particular button is not 
intuitive, it can easily be taught and documented 
in the training manuals. However, what is learned 
can easily be forgotten. The bisco team tried to 
balance the usability testing feedback with a real-
ity check to identify aspects of the software that 
users could be taught and aren’t an issue and then 
aspects that are a usability issue in the software 
and should be intuitive.

During the usability testing process, the team, 
and in particular the facilitator had to resist the 
urge to train the user to use the software as shown 
in the following quote:

NC: so you are not actually trying to teach them 
how to use it, you are holding back to see what they 
stumble on and then you make a decision when 
they stumble on something, are they stumbling 
because that is something that they would have 

had in the training or are they stumbling because 
it isn’t quite as obvious as it should be? 

This was partly because the facilitator had user 
training experience, but was also something that 
the whole software development team grappled 
with. The UEM and particularly the protocol 
used helped to guide the team in their roles and 
to ensure the process was followed so that the 
results were reliable.

Evaluation Influencing Design

The bisco team were very quick at responding to 
many of the action points raised by the usability 
testing and in many cases, they were aware of 
the problem but did not realise the importance 
of it until they saw the user interact with the 
software.

NC: I think it is going to change our thinking a 
little bit, just in terms of how we approach things. 
And, umm, help reinforcing thinking about things 
from a customer perspective. 

In particular, bisco talked of changing future 
software development to emphasise the customer 
perspective more as shown in the following com-
ment.

NC: … and if we are able to continue with that 
thinking so when we develop the next thing, we are 
actually thinking through, well while this might 
be how we describe it or how we expect to see it, 
but how would a customer expect to see it? And 
sort of being able to think back to this is how it 
happened when you actually saw it in the usability 
test and sort of looking at how could we use the 
software from that perspective, I think it sort of 
helps thinking about things a bit differently. 
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Therefore, the involvement with the UEM and 
the resulting learning is now informing future 
design and reinforcing good software design.

t esting with Actual users

The bisco team members have an excellent rela-
tionship with their final end-users and therefore 
they had the opportunity to test with actual users. 
This could be risky given that there is always a 
danger in showing the software to users before it 
is ready and alienating the potential buyers of the 
software in the process. However, bisco sought to 
turn this risk of alienation around into a process 
of gaining “buy-in” for potential users of the 
software as shown in the codirectors comments 
when asked about the risk of usability testing 
with actual users. 

NC: No, I think it has helped for a couple of rea-
sons, it has helped them to buy in to what we are 
doing. I think it has, and hopefully they will see 
that we have made some changes as a result of 
the feedback, so they will see that we are listen-
ing to them. 

The codirector refers to the usability process 
as one of engagement with the users and a way to 
provide a positive perception of the system and a 
good introduction to the system as a concept. 

NC: I think it has helped engage them with what 
we are looking to do. So, I think it has almost 
part of the sales process. Selling it in to them as 
a concept and what the system will do for them, 
and so I think it is quite a good soft start to get 
them hooked into the whole system.

However, bisco were careful to manage the 
delicate process of managing user expectations 
by communicating very clearly with the users 
and making sure that they were aware that all 
suggestions would not be implemented. 

NC: We won’t have made all of the things that 
they have asked for, but I have said to them that 
we wouldn’t be. So, I said that we would try. So 
I think they will some changes to it as a result, 
so hopefully they will see that the product has 
moved forward from where it was with the us-
ability testing. 

t esting environment

During the testing, the team of researchers were 
interested in feedback regarding the usability 
experience. In particular, issues that arose around 
the testing environment, the composition of the 
testing team, and the transfer of knowledge within 
the team.

Unrealistic Experience

The usability testing was a fairly artificial test of 
the users’ experience with the software because 
the users were not at their own desk using the 
software in their own time. During testing, testers 
were under a fair amount of intense scrutiny from 
a team of six people representing the software 
product.

The relationship between bisco and the people 
doing the testing was very close, and therefore 
it was straightforward to reflect on whether the 
test environment worked well. The software 
development team at bisco felt that although the 
users were influenced by the number of people 
sitting at the table, they were soon comforted by 
the instructions and the design of the tests.

Developer Involvement Good

There was room in the team to allow for a devel-
oper to observe the tests. The bisco team regarded 
this as a very valuable opportunity as it helped to 
inform the developers.

NC: …we did have some of developers there and 
it was worth them seeing how people got around 
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and seeing, coz when you are creating something, 
you are completely intimate with and you will be 
working it with it for months, so you take so many 
things for granted. 

The researchers’ observations revealed that by 
allowing developers to see the user reaction to the 
software helped to point out problems with the 
functionality that the developers did not originally 
like, but had become accustomed to. When the 
developers saw the user struggling with the func-
tionality, they remembered their initial feelings 
and quickly addressed the problem.

The bisco team felt that the testing environ-
ment was the best compromise between expense 
and value.

NC: So, I think that they found it a little bit off-
putting, sort of having so many people intently 
watching them, but most of them seemed to get 
over that pretty quickly and umm, certainly, all the 
people that were there got value out of it. I think 
the way that, Phil, was saying that when they used 
to have the usability lab where they used to have 
the developers being able to watch on camera, I 
guess that would be the ideal scenario, you know, 
we are not going to get to the point where we have 
a usability set up like that. With one way glass or 
cameras or whatever.

However, NC adds that the testing environment 
is going to be a relatively unrealistic situation, un-
less you were testing at their desk, in their office 
environment, and install an unobtrusive camera. 
He concludes that usability testing is always going 
to be unrealistic, it is just a matter of how much 
impact the lack of realism actually has. 

Inclusion of the developers in the process is a 
departure from the protocol. However, it is a very 
useful tactic to have the UEM inform usability 
design and to influence the work practices of the 
developer. 

Knowledge Transfer

The codirector of bisco appreciated the oppor-
tunity to learn about the protocol and process of 
usability testing and the opportunity to learn from 
people who had planned usability studies previ-
ously. In particular, the codirector mentioned that 
without the guidance that they received from the 
researchers they would have been more likely to 
have run the session like a training session and not 
found out what the real usability issues were.

NC: Yeah, it has been a really worthwhile exer-
cise for us and I think that the real benefit for us 
has been learning the skills of how to structure 
the test and sort out what is a usability test. So, 
without any of us having any sort of formal train-
ing, in it, I’d heard of it, but didn’t really know 
how you went about doing. So, I think the time 
with Phil and being able to get his experiences 
short-cut things a lot for us. We probably could 
have fumbled through, but I think that we would 
have tended to make it, more like a training ses-
sion so I think that we would have missed a lot 
and I think we would have helped them out too 
soon and not necessarily seen where we got to 
and really sort of seen which bits they struggled. 
So, the biggest thing for me is that we now have 
the skills and how to structure the approach and 
structure in such a way that we are going to derive 
the benefits from it, which is how we are going to 
make the software easier to use.

There were several benefits to this project 
(see Table 1). The protocol imparts the rigor 
whereby the actors in the process are guided to 
collect the data in a reliable and valid way. The 
postgraduate student was also given valuable 
industry experience having first learned about 
usability evaluation methods from the research-
ers and then given the opportunity to assist the 
practitioners to undertake the usability evaluation 
methods as well as involvement in the planning 
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and execution of the usability testing undertaken. 
The researchers were given a unique opportunity 
to impart valuable usability testing knowledge and 
experience as well as evaluate the effectiveness 
of their own usability training of postgraduate 
students and to add to their practical knowledge 
of usability testing. 

l essons l eArned

From the viewpoint of the researcher, there was 
value in experiencing the usability testing tech-
nique and observing the interactions between 
testers and users and testers and developers. In 
particular, the developers observed that it was 
really difficult to maintain objectivity and to get 
the user to open up about the experience. It was 
very important to remain nonjudgemental in the 
process. The researchers found that even the 
words “think aloud” as suggested by Hohmann 
(2003) were too judgemental and a better phase to 
use was “talk aloud.” The researchers also found 
that more directed questions were better in the 
discussion of the results of the test with the user, 
process 4(c), such as “You hesitated at that point, 
tell me about that,” rather than, “Why did you 
hesitate”—which might suggest to the user that 
their hesitation was “wrong.” The UEM protocol 
helped the facilitators become aware of this effect 
and to at least factor it in to their interpretation of 
the results, if not to strive for ways to improve the 
process or to better individual practice.

The developers responded positively to seeing 
how a user might use the software and it opened 

their mind to options that they had not thought 
about or gave them more incentive to address 
problems that they knew existed but they had 
accepted as part of the environment. Many of 
the changes in the software were implemented 
even before the test results were reported. This 
suggests that the usability evaluation process did 
have a fairly immediate impact on the usability 
design process in this instance.

Essentially, our foray into usability testing 
from the viewpoint of the industry practitioner 
suggested to us that whilst practitioners were not 
necessarily aware of the theoretical underpinnings 
of UEMs (the psychological origins of the “think 
aloud” protocol, for example), they were able to 
follow a protocol and saw the benefit of doing so 
and were very interested in producing reliable and 
valid results. They knew whether the results they 
had achieved were reliable and valid by whether 
they “rung true” even though they were not aware 
of the underlying reasons for certain aspects of the 
usability protocol or even the higher capacity to 
compare and choose between UEMs. This study 
has shown that in the right environment, with 
the right level of interaction from research and 
practitioners, teams undertaking usability testing 
can start to share common goals and timeframes 
to achieve useful knowledge transfer. Therefore, 
it seems important that the practitioners and aca-
demics cooperate on this so that the practitioners 
can be guided on what protocols to use and can 
be updated with improvements and new under-
standing of usability theory that can influence 
software design. In return, academics can receive 
feedback on how usability protocols work from 

Table 1. Benefits of the project from the perspective of bisco

Actor Involvement Benefit

User Involvement Influence user perceptions

Developer Involvement Influence development practices and attitudes

Researcher Involvement Identify critical success points in the usability evaluation protocol
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the viewpoint of the industry practitioner and can 
therefore contribute to the growing understanding 
of usability knowledge. In this light, it is difficult to 
understand how taking an isolated view of UEMs, 
as suggested by some authors, can contribute to 
anything but mediocrity leading to a stand-still 
in the communal (researchers and practitioners 
included) understanding of usability.

f uture r ese Arch dIrect Ions

Information systems researchers and practitioners 
can gain much from working together. From the 
researcher point of view, industry partnership 
is an important ingredient in gaining external 
government grants. From a practitioner point of 
view, researchers and their affiliated universi-
ties are an important source of employees and 
research and development knowledge. Research 
based funding schemes in countries such as the 
United Kingdom, Australia, and New Zealand 
have forced universities and researchers to take 
notice of commercial opportunities. 

However, in our experience, at least, the 
prospect of researchers and practitioners working 
together is something akin to a meeting of a turtle 
and a hare. This is mostly because the researchers 
(let us say the turtles) and the practitioners (let 
us say the hares) have very different motivators 
and goals. Although the university environment 
is changing, researchers operate in a somewhat 
insular environment where timelines stretch over 
years. From the point of planning the research to 
the point of publication often takes between 2 and 5 
years in the university environment. Practitioners 
are more closely situated to the market and there-
fore must respond to pressures from competitors 
and consumers. This position forces practitioners 
to have a much tighter horizon for projects.

There is great potential for researchers and 
practitioners to work together to learn more about 
the usability of software and great potential for 
learning on both sides. However, few practitioners 

will wait silently by until September when new 
projects are sought and then February when work 
on the projects can begin. 

Experience has shown us that timing is very 
important when working with practitioner teams 
to achieve research oriented projects. There will 
always be tensions within the project as universi-
ties and industry are governed by different rules 
of operation. For example, gaining full ethics 
approval for observation of the testers will be a 
major hurdle for the researchers. However, the 
practitioners are much more likely to be worried 
about issues that will affect their bottom line such 
as time to market and consumer reaction to their 
software product. We were able to overcome some 
of these tensions by working with a business in 
a technology incubator park sponsored by our 
University. The environment at the incubator 
park enabled us to have a closer relationship with 
a large group of industry people and therefore 
we could get the timing right for the project. The 
environment at the incubator park also enabled 
us to gain access funds to support the students 
involved in the project much more quickly. The 
geographic proximity of the incubator park also 
gave the researchers better access to the projects 
and the students were able to spend more time 
with the practitioners.

In conclusion, obviously, university research 
would be severely deficient if limited to only 
start-up companies working from a university 
incubator park. However, incubator parks afford 
researchers with ready made connections and a 
relatively safe environment from which to launch 
information systems research further afield.
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Abstr Act

Soft Systems Methodology (SSM) has been employed to increase the effectiveness of organizational re-
quirement analysis in Information Systems (IS) development in recent years. Various forms of SSM for IS 
development have been developed and examined in different environments by different researchers. There 
appears to be little research or application that can be identified of the use of SSM in IS maintenance. 
The objective of this chapter is to develop a conceptual “analysis-form” of SSM for IS maintenance, so 
that further research can be undertaken in the application of this conceptual model.

bAckground

During the past few decades, many information 
systems (IS) were developed in a wide range of 
working environments. There are many reasons 
for change to an existing IS in an organization. 
Examples are functionality, flexibility, continu-

ous availability, and correct operation (Lehman, 
1989; Lientz & Swanson, 1980). Once an IS has 
been developed, it is rarely free of errors and 
occasionally operates in the same way in the 
changed environment (Leveson, 1995). Literature 
suggested that IS maintenance is gaining more 
notoriety because of its increasing cost (Smith, 
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1999). People are becoming more concerned about 
how to improve the IS maintenance process so as 
to reduce IS maintenance costs.

IS maintenance is a knowledge intensive task 
(Anquetil, de Oliveira, de Sousa, & Batista Dias,  
2006). A good understanding of different aspects 
of IS is needed, to, for example, identify the prob-
lems to solve, the software process to adopt, the 
computer language and system architecture to be 
used. All these examples consume high levels of  
human effort as well as costs. 

Maintaining software is primarily a cognitive 
task that has been described in various ways by 
different investigators (Eioerman & Dishaw, 
2007). Lutters and Seaman (2007) suggested the 
use of documentation for IS maintenance. Von 
Mayrhauser, Vans, and Howe (1997) focused on 
the software comprehension process associated 
with maintenance described as the Integrated 
Comprehension Model. In this process model, 
individuals employ a top-down model in which 
they engage in hypothesis generation and verifi-
cation, a program model in which they develop 
a flow of control abstraction of the program, and 
a situation model in which they develop data-
flow/functional abstraction of the program. IS 
professionals use all three approaches and use 
them interchangeably. 

Based on the literature, human knowledge is 
a major factor in IS maintenance. Soft Systems 
Methodology (SSM) is concerned with human 
activity systems (Platt & Warwick, 1995). SSM 
should be a very useful tool for IS maintenance 
as it aims to improve human conditions by under-
standing and changing the situation (Checkland, 
1992).

SSM focuses upon a stage-by-stage process. 
An early model, which was presented by Check-
land (1981), consisted of seven iterative stages. It 
explained the action devices to improve the prob-
lem situation by comparison with the “real world” 
and “systems thinking about the real world.” The 
classical form of SSM (seven-stage structure), 

the developed form of SSM, and the Processes 
for Organization Meanings (POM) model all do 
not produce any outputs suitable to satisfy the 
technical needs of IS users and programmers. 
Thus a model is required that incorporates both 
organizational and technical needs.

This chapter describes a review of SSM and 
the application of SSM to IS development. Then, 
an “analysis-form” of SSM for IS maintenance is 
presented with its design and structure. The objec-
tive of this chapter is to present a SSM “analysis-
form” conceptual model for IS maintenance so 
that further research can uncover the applicability 
of this conceptual model through its use.

lI ter Ature r ev IeW

Problems on Is  maintenance

An understanding of the problems of IS mainte-
nance is critical. IS maintenance problems can 
be grouped into four categories—psychological, 
characteristic, practical, and management prob-
lems.

Psychological Problems

Higgins (1986) pointed out that the maintenance 
process involves psychological problems. Reasons 
why programmers are unlikely to undertake the 
maintenance process include:

• Program was written by another program-
mer; 

• One programmer may use radically different 
logic from another programmer;

• It provides ample opportunities for failure 
other than for success; 

• Need to study the whole program even if it 
requires a small change; and/or

• Users always compare the new system with 
the old one.
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Many IS maintenance problems are orga-
nizational in nature, involving issues of, for 
example, organization design, task definition 
and assignment, work technique, and policies 
for coordination and control. Situations in which 
organizational problems arise have been identified 
as a set of six relationships (the relational founda-
tions of maintenance) as a basis for its effective 
management (Swanson & Beath, 1989). The six 
relationships are: (1) among-systems relation-
ship; (2) among-staff relationship; (3) among-
user relationship; (4) systems-staff relationship; 
(5) systems-user relationship; and (6) staff-user 
relationship. Problems in maintenance can be 
viewed as a lack of fit interpretation among these 
six relationships and can be viewed as psychologi-
cal problems amongst these parties.

 
Characteristic Problems

Swanson and Beath (1989) also indicated that 
the nature of IS is one of the main sources of 
maintenance problems. They identified four 
natural characteristic problems in maintenance: 
(1) IS embody and institutionalize organizational 
knowledge; (2) IS tend to grow and elaborate over 
time; (3) IS tend to be long-lived; and (4) IS tend to 
congregate and develop as families whose mem-
bers are highly dependent upon one another.

Practical Problems

A study by Lientz and Swanson (1980) pointed 
out that major sources of problems in practice 
include: (1) user knowledge; (2) programmer ef-
fectiveness; (3) product quality; and (4) program-
mer time availability. Swanson and Beath (1989) 
undertook multiple-case studies on IS mainte-
nance and identified 26 potential problem items 
that contributed to the problems of maintaining 
IS in the 12 cases. They divided the problems 
into similar factors and worked out six problem 
factors as: (1) user knowledge; (2) programmer 
effectiveness; (3) product quality; (4) programmer 

time availability; (5) machine requirements; and 
(6) system reliability.

Maintenance Management Problems

The study of the practical problems, as explained 
by Swanson and Beath (1989), was based on an 
earlier extensive survey conducted by Lientz and 
Swanson (1980). Other writers have conducted 
similar surveys, which addressed IS maintenance 
problems (e.g., Ball, 1987; McClure, 1992; Nosek 
& Plavia, 1990). Dekleva (1992), undertook his 
survey, where managerial views were included 
and categorized. He classified problems into four 
categories: (1) maintenance management; (2) 
organizational environment; (3) personnel factors; 
and (4) system characteristics. The results of the 
survey concluded that:

a. Maintenance problems rooted in an orga-
nizational environment cause maintenance 
management problems;

b. High maintenance management problems 
precipitate high personnel problems; and

c. Problems associated with system charac-
teristics cause problems described in the 
personnel factors category.

Literature points to the problems of IS main-
tenance being not just computer problems. The 
problems involve a combination of people, or-
ganization, and technology. Based on Deleva’s 
(1992) and Chapin’s (1993) surveys, there are 
two technological problems (maintenance man-
agement and systems characteristics) and three 
nontechnological problems (personnel factors, 
user relations, and environmental factors) within 
IS maintenance. However, most IS maintenance 
studies have focussed on technological problems. 
Little methodology has been developed in relation 
to human behavior. But according to Schneide-
wind’s (1987) explanation, a human being is the 
major factor in IS maintenance cost. There is a 
lack of an adequate methodology that incorporates 



200  

An Analysis-Form of Soft Systems Methodology for Information Systems Maintenance

human activities; however SSM is an approach 
designed to study social systems. It could be a 
useful tool for undertaking IS maintenance. 

soft systems methodology and its 
Applications

SSM was originated in 1972 by Checkland as a 
means of dealing with complex managerial as op-
posed to technically defined problem situations. 
SSM had been developed over the preceding 30 
years based on the principle that development can 
best be undertaken by the interaction between 
theory and practice (Tsouvalis & Checkland, 
1996). Tajino and Smith (2005) reported that SSM 
has been used in over 200 cases (mainly in the UK 
and other parts of Europe) that involved a wide 
variety of management issues in private business 
enterprises (e.g., Ferrari, Fares, & Martinelli, 
2002), nonprofit organizations (e.g., Luckett, Ngu-
bane, & Memela, 2001), and health care services 
(e.g., Atkinson, Eldabi, & Paul, 2002).

In terms of system thinking, Checkland (1981) 
distinguished between SSM and hard systems 
methodology. Checkland argued that SSM starts 
with an urge to bring about improvement in a social 
system in which there is felt to be an ill-defined 

problem situation. Hard systems methodology 
starts with an urge to solve a relatively well de-
fined problem which an analyst may, to a large 
extent, take as given, once a client requiring help 
is identified.

Checkland (1981) described a seven-stage 
process (Figure 1) in his earlier work. The seven-
stage model consists of two types of activities: 
real-world activities and systems thinking activi-
ties. The seven stages are: the problem unstruc-
tured; the problem expressed; root definitions of 
relevant systems; conceptual models; comparing 
the expressed problem to the conceptual models; 
feasible and desirable change; and action to im-
prove the problem situation. 

In 1990, Checkland and Scholes (1990) 
presented the developed form of SSM (Figure 
2), which showed the developing nature of the 
modelling and enquiry processes during a case 
study. The developed form of SSM is a concep-
tual model that uses nouns to represent concrete 
components and arrows to represent interaction 
between components. SSM is used to promote 
user participation and identify systems which are 
appropriate for computerization based on human 
activity considerations (McDermid, 1990).

Figure 1. The classical form of SSM as a seven-stage structure (adapted from Checkland, 1981)
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Checkland (1995) used systems concepts as the 
well-defined theoretical base for model building, 
and substitutes for the Realist claim that social 
reality will be explained. However, there is no 
practical example of the use of the developed 
form of conceptual model until Checkland and 
Holwell (1998) first presented their account of 
IS and IS development. Checkland and Holwell 
distinguished between data, capta, information, 
and knowledge (Figure 3). Capta is the selected or 
created facts that are actually collected from the 
real world. They developed an elaborated model 
called Processes for Organization Meanings 
(POM) model of categories (data, capta, informa-
tion, and knowledge) in relation to organization 
activities and their consequent action (Figure 

4). The concept implied by the POM model is 
contrary to the then conventional wisdom about 
the process of IS development.

More literature emerged after 1990 on the use 
of SSM in IS projects. Many writers attempted 
to justify the use of SSM and the combined use 
of SSM with other existing IS development tech-
niques for IS development. Shafer (1988) presented 
a Functional Analysis of Office Requirements 
(FAOR) method that provides a source of general 
problem-solving and learning heuristics. FAOR 
consists of four stages: exploration, method tailor-
ing, analysis, and evaluation. FAOR considers the 
participation of team members and team work-
ing critical to understanding complex systems. 
Avison and Wood-Harper (1990) presented a 

Figure 2. The developed form of SSM (adapted from Checkland & Scholes, 1990)
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MULTIVIEW method that represents an example 
of bringing together soft and hard approaches to 
IS development. MULTIVIEW includes a specific 
approach for IS development that consists of five 
stages: analysis of human activity, information 
analysis, analysis and design of sociotechnical 
aspects, design of the computer interface, and 
design of technical aspects. Checkland and 
Holwell (1998) have justified the use of SSM in 
large organizational environments. Taylor and 
DaCosta (1999) have examined a case study in a 
small to medium enterprise (SME), of IS project 
using SSM, and discussed the reasons why SSM 
is just as appropriate in a SME environment as 
it is in a large organization environment. Taylor 
and DaCosta (1999) concluded that SSM can help 
to provide a deeper understanding of information 
systems-related problems within an SME environ-
ment. Lai (2000) proposed a model where SSM 
and object-oriented methodologies can be used 
together to increase the effectiveness of organiza-
tional requirements analysis for IS development. 
Lai suggested one of the main benefits that arose 
from the use of an integrated framework in the 
IS development project is improved user require-
ments definition which is important to successful 
implementation of IS. Rose (2007) proposed an 
Interact-Transformation-Interaction (ITI) model. 
This model views the software process as a so-

cial and managerial task, rather than a technical 
activity. It was successfully used (in conjunction 
with developed forms of SSM which incorporate 
analysis based on structuration theory) to structure 
the development of an intranet in a university 
department. Wherever, in a large organization 
or a SME environment, in a public university 
or a private company, SSM can more effectively 
uncover the real IS needs by means of seeking 
“accommodation” of IS requirements and inves-
tigating the wider human activity system. 

Xu (2000) pointed out that “SSM is one of the 
new IS development methods (ISDMs) concepts 
and practice” and “SSM has been successfully 
applied to ISDMs such as MULTIVIEW, FAOR 
and other methods through contributing systems 
ideas” (p. 106). The core idea of SSM is to gen-
erate logical systems models that are thought to 
be a problem situation and then to compare the 
model and situation in order to structure a debate 
about change (Ledington & Ledington, 1999). 
SSM emphasizes the importance of the human 
participants and the way in which they relate to 
each other through the work that they perform 
(McDermid, 1990). A number of researches have 
used SSM in numerous organizations as a vehicle 
for establishing organizational requirements for IS 
projects (Checkland, 1981; Checkland & Scholes, 
1990; Taylor & DaCosta, 1999). 

Figure 3. The links between data, capta, information, and knowledge (adapted from Checkland & Hol-
well, 1998)
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A search of the literature covering the period 
1950 to 2007 inclusive was undertaken. All ar-
ticles identified with the keywords “soft systems 
methodology” were reviewed. Articles identified 
as referring to IS maintenance/MIS maintenance/
software maintenance were scanned to find those 
which related to SSM. This search showed that 
there were no articles identified with respect to 
the use of SSM as an operational method to assist 
IS maintenance activities. Thus it was concluded 
that there appears to be a gap in the literature on 
the use of the SSM as an operational method to 
maintain an IS. 

AnAl ys Is-f orm of ssm  for 
Is  mAInten Ance

Based on concepts derived by Checkland (1981), 
Checkland & Scholes, 1990), (Checkland & 
Holwell, 1998), a new form of SSM “analysis-
form” was developed by this research for use in 
IS maintenance (Figure 5). It attempts to model 
the real world in the same structure as the pur-
posed model. The SSM “analysis-form” is used 
as a tool to analysis the elements in “real word” 
and “thinking about the real world,” and explains 

Figure 4. The POM model (adapted from Checkland & Holwell, 1998)
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the “whole” IS maintenance process as a human 
activities system to participants engaged in the 
IS maintenance project. 

The “analysis-form” consists of 10 elements, 
which are divided between real-world activities 
and systems thinking activities. In term of orga-
nizational needs, the “analysis-form” represents 
the ideal type sets of human actions expressed 
as a system for IS maintenance. This ideal set of 
human interactions is the ideal actions and reac-
tions between users, owners, and programmers 
during the IS maintenance process. In term of 
technical needs, the “analysis-form” produces 
outputs of a “change requirement” and “real 
information system.”  

There are many reasons why users and owners 
want to change their existing IS. These reasons 
are due to “external change” (1), “internal change” 
(2), and “need for improvement” (3). “External 

change” is the change outside an organization, for 
example, the change in technical standards and 
the way of doing business. It affects people’s view 
of the world. Change in the “perceived world” (4) 
affects the perception of owners and users of a 
“client organization” (5). “Internal change” is the 
change initiated solely by a client organization. 
It directly affects the perceptions of a client’s 
organization. Based on these perceptions, a client 
organization will want to modify an existing IS 
to incorporate change. The need for improvement 
may be affected by internal and external change, 
but normally it is a proactive action which aims 
to make the system better. 

Normally, a client organization defines the 
change in the form of “change requirement” (7), 
which is somewhat technical in nature. It is hard 
for nontechnical users and owners to draw up a 
technical document. Therefore, an “IT organiza-

Figure 5. Analysis-form of SSM for IS maintenance
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tion” (6) will help a client organization to define 
the change and specify in a technical form. A 
change requirement outlines the idea for change 
and draws a picture of the output—“conceptual 
model” (8). This conceptual model can be 
described as a purposeful IS. A conceptual model 
cannot be built from nothing. But by reference to 
the “benchmarking” (8a) and change techniques 
(8b), a conceptual model can be built thoroughly 
and reduce bias.

An IT organization then takes “action” (9) 
to modify existing IS. After a period of time, a 
modified IS is released. A client organization will 
then compare the “real IS” with the purposeful 
one. Users and owners imagine a purposeful IS 
based on their change requirement. But program-
mers develop a real IS which may be different 
to the purposeful one. This “comparison” (10) 
may lead a client organization to place another 
change requirement and start the next cycle of 
modification.

The activities or elements are defined as fol-
lows.

1. External change: External change is the 
change induced by the environment outside 
an organization and out of its control. Ex-
amples are globalization, new government 
regulation, development of new technology, 
and terrorist threats.

2. Internal change: Internal change is the 
change within an organization that is within 
its control, such as change of an organiza-
tion’s structure, change of CEO, and change 
of production process. 

3. Need for improvement: Need for improve-
ment may be responsive or proactive. It 
depends on managerial decision

4. Perceived world: Perceived world is what 
people perceive they will accomplish through 
their various assumptions. The worldview 
will be changed due to the external envi-
ronmental change such as the availability 
of new technology. For example, the wide 

use of the Internet leads to a modification 
of existing IS to be an Internet-enabled ap-
plication.

5. Client organization: This is an organization 
where the IS is implemented. 

6. IT organization: This is an organization 
that undertakes an IS maintenance service 
for a client organization.

Within an IT organization, there are two dif-
ferent maintenance processes:

• The maintenance process used by an indi-
vidual software maintainer (programmer) to 
implement a specific modification request; 
and

• The process at an organizational level that 
manages the stream of maintenance requests 
from users and owners.

7. Change requirement: A client organization 
places a change request and an IT orga-
nization makes a request analysis. An IT 
organization helps a client organization to 
define which parts of the existing IS should 
be changed. Then, they draw up a change 
requirement specification. A change require-
ment is a technical document that is com-
monly used in traditional IS maintenance. 

8. Conceptual model: Conceptual model is 
the model made after formulating change 
requirement. By referring to system thinking 
and benchmarking, the conceptual model is 
more closely to be from free of bias.

9. Action to improve IS: A purposed action 
of IS maintenance takes place in the form of 
program design and coding. Programmers 
modify the original design and build a new 
version of the IS.

10. Comparison of IS and conceptual model: 
Users and owners compare the real IS and 
conceptual model. The comparison affects 
a client organization and leads to the start 
of the next change to modify the IS.
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The change requirement is the main driver 
for IS maintenance. According to the Lientz and 
Swanson’s (1980) study, approximately 80% of IS 
maintenance activities are attributed to adaptive 
and perfective maintenance, both of which relate 
to a changing requirement. The “analysis-form” 
focuses on the change requirement and the follow-
ing areas: (1) planning for requirements change; 
(2) assessing the impact of change; (3) determining 
requirements volatility; and (4) assessing client 
organization and IT origination effectiveness at 
handling change. A change requirement can be 
classified into the following types: 

1. Screen change—changes to the “interactive 
forms”
a. Layout/detail changes—changes to the 

design of a single form
b. Style change—changes to the style 

of a form that will affect many or all 
forms

2. Report change—changes to the reports 
generated
a. Report layout—changes to the layout 

or design of a report
b. Query change—changes to the query 

mechanism used to generate reports
c. New field change—the addition of one 

or more new fields to a report
3. Data change—changes to the database 

structure

The broad features of “analysis-form” are:

1. It purports to be a defensible device with a 
structure and language, which can be used 
to make sense of life in real organization. 

2. Elements are connected in a particular way 
to form a structure. The elements define a 
set of connected processes. 

3. The structure of the “analysis-form” is cy-
clic. The ending element (10) is connected 
to the starting point; the action cycle is then 
restarted.

4. The process can encompass different ways 
of conceptualizing an organization. 

5. The “analysis-form” enables the user to 
define the process to maintain an IS.

dIscuss Ion

Literature posits that IS maintenance problems 
have both technological and nontechnological 
bases (Chapin, 1985; Dart, Christie, & Brown, 
1993; Dekliva, 1992; Lientz & Swanson, 1980; 
Martin & Osborne, 1983; Swanson & Beath, 
1989; Tan & Gable, 1998). Nontechnological 
problems are mainly human related. For techno-
logical problems, maintenance management also 
involves management activities between people 
and events. System characteristics are defined by 
human beings. Therefore, both problems contain 
human related issues. Any solution to improve 
the maintenance phase must address these issues. 
Thus, any model to be applied to IS maintenance 
must include the human factor. 

The “analysis-form” leads to information that 
supports people’s understanding of the ideal set 
of human actions, which is a two-way relation-
ship between a client organization and an IT 
organization. It helps the learning process for 
users, owners, and programmers to improve not 
only communications but also technical issues. 
Checkland (2001) stated that SSM is based on a 
principle that any understanding of the process 
must be systemic and continual. The cyclic nature 
of the “analysis-form” implies that IS maintenance 
can be done continuously.

Flood and Jackson (1991) argued that SSM 
rested heavily on the issue of participation. Partici-
pation is an essential part of the “analysis-form.” 
The interaction between ideals and experiences 
of the real world leads to a debate; the level of 
participation in the debate is crucial in defining 
and implementing the change (Callo & Packham, 
1999). The “analysis-form” provides a rich picture 
for users, owners, and programmers to construct 
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their IS maintenance activities. Those activities 
are highly participative. The effectiveness of the 
“analysis-form” depends on the level of participa-
tion from participants in a client organization to 
build their capacity to maintain their IS. 

The objective of this study was to extend SSM 
as an operational model in IS maintenance with 
the aim of making a contribution to the literature 
and providing a stimulus for further research. 
Checkland (1981) suggested that theoretical mod-
els consist of extending a familiar theory into a 
new domain of application; these models draw 
from some more basic theory or theories, a set of 
assumptions about an object or system, including 
its inner structure, composition or mechanism. In 
this study, the “familiar theory” is SSM and “new 
domain of application” is the area of maintenance 
of IS. In order to show that SSM can be used in 
the process of IS maintenance, a conceptual model 
was developed. It is proposed that this model be 
tested in “practice” in further studies. 

The study is useful by making a contribution 
to knowledge in two areas. First, this study makes 
a contribution by adding to the literature on SSM. 
It also makes a contribution to the literature on IS 
maintenance by providing an alternative method 
to maintain an IS. This research examined the 
issues contributing to the lack of an organiza-
tional methodology in IS maintenance. Second, 
the research developed a conceptual model as an 
“analysis-form” of SSM to assist IS maintenance. 
This study was exploratory so further research 
could be undertaken on IS maintenance by using 
this “analysis-form.”  

c onclus Ion

Literature highlights that the problems of IS 
maintenance are not just computer problems. 
The problems involve the combination of people, 
organization, and technology. Any solution to 
improve the maintenance phase must address the 
human related issues. In this chapter, an extended 

SSM model is developed for improving the hu-
man condition by understanding and changing the 
situation of IS maintenance. The “analysis-form” 
is used as a tool to increase the effectiveness of 
organizational requirement analysis in IS main-
tenance process. Hence, this study provides op-
portunities for further research that will see this 
“analysis-form” further validated and refined by 
collecting and analysing data from organisations 
during the IS maintenance process.
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Abstr Act

Recently, many organisations have become aware of the limitations of their legacy systems to adapt to 
new technical requirements. Trends towards e-commerce applications, platform independence, reus-
ability of prebuilt components, capacity for reconfiguration, and higher reliability have contributed to 
the need to update current systems. Consequently, legacy systems need to be re-engineered into new 
component-based systems. This chapter shows the use of the design science approach in information 
systems re-engineering research. In this study, design science and the Bunge-Wand-Weber (BWW) model 
are used as the main research frameworks to build and evaluate conceptual models generated by the 
component-based and traditional approaches in re-engineering a legacy system into a component-based 
information system. The objective of this evaluation is to verify that the re-engineered component-based 
model is capable of representing the same business requirements as the legacy system.

Introduct Ion

The objective of this chapter is to show how the 
design science research approach can be used 
for applied information systems (IS) research. 

Design science in information systems is defined 
by March and Smith (1995) as an attempt to create 
things that serve human purposes, as opposed to 
natural and social sciences, which try to under-
stand reality.
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The IS research problem chosen to demonstrate 
the use of design science is the re-engineering 
of a legacy system in a financial institution. The 
vast majority of legacy information systems were 
implemented using the traditional paradigm. The 
traditional paradigm consists of modeling tech-
niques used by system analysts including system 
flow charts and data flow diagrams (DFD) to 
capture, during the analysis phase, the activities 
within a system. However, with recent develop-
ments, particularly trends towards e-commerce 
applications, platform independence, reusability 
of prebuilt components, capacity for reconfigura-
tion, and higher reliability, many organizations 
are realizing they need to re-engineer their sys-
tems. Given the limitations of legacy systems to 
adapt to these new technical requirements, new 
component-based systems are required to meet 
these trends; however, there is a high degree of 
interest and concern in establishing whether or 
not a full migration to a more portable and scal-
able component-based architecture will be able 
to represent the legacy business requirements in 
the underlying conceptual model of re-engineered 
information systems. 

To address this concern, the research project 
re-engineered a sample process to derive a compo-
nent model from the legacy system and posed the 
question: Is the resulting component-based model 
equivalent to the legacy conceptual model?

In order to answer the research question, the 
project evaluated the conceptual models gener-
ated by the component-based and traditional ap-
proaches in the re-engineering process in order 
to verify that the re-engineered component-based 
model was capable of representing the same busi-
ness requirements of the legacy system. Design 
science is used as the central research approach 
for this project. 

The first section provides the background 
for this chapter. Then, the application of design 
science in information systems re-engineering 
is demonstrated by using a case study. Finally, 
directions of future research are suggested. 

des Ign sc Ience bAckground

design science as an Information 
systems r esearch Approach

The design science approach has a history of 
providing useful results in the evaluation of 
constructs and models in information systems 
(Hevner, March, Park, & Ram, 2004). This is in 
line with Nunamaker and Chen (1990) who classify 
design science in IS as applied research that applies 
knowledge to solve practical problems. March and 
Smith (1995) define design science as an attempt 
to create artifacts that serve human purposes, as 
opposed to natural and social sciences, which try 
to understand reality (Au, 2001).

f undamental c oncepts of design 
science

March and Smith (1995) outline a design science 
framework with two axes, namely research activi-
ties and research outputs. Research outputs cover 
constructs, models, methods, and instantiations. 
Research activities comprise building, evaluating, 
theorizing on, and justifying artifacts.

Constructs or concepts form the vocabulary 
of a domain. They constitute a conceptualiza-
tion used to describe problems within a domain. 
A model is a set of propositions or statements 
expressing relationships among constructs. In 
design activities, models represent situations as 
problem and solution statements. A method is a 
set of steps (an algorithm or guideline) used to 
perform a task. Methods are based on a set of 
underlying constructs (language) and a representa-
tion (model) of the solution space. An instantiation 
is the realization of an artifact in its environment. 
Instantiations operationalize constructs, models, 
and methods.

Concerning research activities, March and 
Smith (1995) identify build and evaluate as the 
two main issues in design science. Build refers to 
the construction of constructs, models, methods, 
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and artifacts demonstrating that they can be con-
structed. Evaluate refers to the development of 
criteria and the assessment of the output’s perfor-
mance against those criteria. Parallel to these two 
research activities in design science, March and 
Smith (1995) add the natural and social science 
couple, which are theorize and justify. Theorise 
refers to the construction of theories that explain 
how or why something happens. In the case of IT 
and IS research this is often an explanation of how 
or why an artifact works within its environment. 
Justify refers to theory-proving and requires the 
gathering of scientific evidence that supports or 
refutes the theory (March & Smith, 1995).

The use of the design science research frame-
work is justified on three grounds for the chosen 
research project. First, it provides a framework 
that can be used for Information Systems ap-
plied research. This is in line with Nunamaker 
and Chen (1990) who classify design science in 
IS as applied research that uses knowledge to 
solve practical problems. Second, design science 
provides a framework for evaluation of models. 
The objective of this research project is the evalu-
ation of the capacity of component-based models 
to represent business requirements of legacy 
conceptual models. This framework seems to be 
aligned with this objective. Finally, the framework 
can be used to extend the scope of this research. 
Although the objective of this research is not 
to create new theory based on the findings, the 
framework provides that possibility and could be 
used for future research.

The objective of the project chosen to dem-
onstrate the design science approach is to use 
component-based constructs to compare the 
representation of the same requirements in 
component-based models with legacy systems 
modeled with traditional constructs. Very few 
research frameworks for applied research in 
information systems have been developed in 
the past. However, design science is a scientific 
research method that can be used in developing 
an evaluation of conceptual models’ frameworks 
(March & Smith, 1995).

For the chosen research problem, the design 
science approach is used to design an evaluation 
of conceptual models’ frameworks to help IS 
specialists in the verification of representation 
of the business requirements in re-engineered 
component-based models originally represented 
in legacy conceptual models. 

The building part of the research uses re-engi-
neering methodologies to generate the conceptual 
models required for the research. There are many 
re-engineering methodologies that help to cope 
with the problem of transforming legacy systems 
originally developed with traditional methodolo-
gies into component-based systems. 

APPl Ic At Ion of des Ign sc Ience 
APPro Ach

r esearch o utline

The research project chosen to demonstrate the 
design science framework covers the build and 
evaluate research activities and has a research 
output of constructs and models. Instantiations 
are not covered as the scope of this research is 
limited to conceptual models. Conceptual models 
do not include any implementation details that 
can be used for instantiation.

March and Smith (1995) propose a 4 by 4 
framework that produces 16 cells describing 
viable research efforts. The different cells have 
different objectives with different appropriate 
research methods. A research project can cover 
multiple cells, but does not necessarily have to 
cover them all.

The build part of the framework will be used 
as part of this research since conceptual models 
need to be created for ontological evaluation. The 
main activity of the research project will be the 
evaluation phase, as it will allow identification of 
metrics to compare the performance of constructs 
and models. 
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Table 1 illustrates the cells at the intersection 
of research activities and research outputs of 
March and Smith’s (1995) framework which are 
discussed in this chapter. Each cell/intersection 
contains a specific research objective of the overall 
research. The build column covers the recovery 
of a conceptual model for a legacy system and 
the generation of a re-engineered component-
based model. Construct building is not required 
as existing constructs for both traditional and 
component-based are used.

The evaluate column in Table 1 includes evalu-
ating the completeness of the component-based 
constructs (UML) in terms of ontological deficien-
cies that the constructs could have when modeling 
traditional constructs. Conceptual models need 
to be evaluated in order to measure the capacity 
of the component-based model to represent the 
same requirements as the legacy model.

selection of methodologies Applied 
to the design science Approach

In the previous section we explained the research 
objectives in the different cells of March and 
Smith’s framework (1995) covered by the research 
study. However, as March and Smith explain, 
every cell and research objective may call for a 
different methodology. This makes it necessary 
to identify an adequate method for each specific 
research objective, resulting in an overall method 
mix. To achieve this, several methodologies were 

identified as part of the literature review. These 
methods are listed in Table 2.

The IS research problem chosen to demonstrate 
the use of design science involves three main parts: 
conceptual model recovery, system re-engineer-
ing, and ontological evaluation.

Methodologies Selected for 
Conceptual Model Recovery

The conceptual model recovery of the case study 
is one of the major challenges in the research 
since most of the legacy systems have very poor 
documentation in terms of models and techni-
cal design. In order to address this problem, the 
researcher captured the conceptual model of the 
legacy system by applying a reverse engineer-
ing approach as specified in the Jacobson and 
Lindstrom (1991) methodology. There are many 
re-engineering methodologies that help to cope 
with the problem of transforming legacy systems 
originally developed with traditional methodolo-
gies into component-based systems. The Jacobson 
and Lindstrom (1991) approach for re-engineering 
of legacy systems was chosen for the following 
reasons:

• It contemplates cases of a complete change 
of implementation technique and no change 
in the functionality, which is the case of this 
research;

Build Evaluate

Constructs Not required Identifying ontological modeling deficiencies of 
component-based constructs in terms of traditional 
construct representation

Model Recovering the legacy conceptual model of 
the case study

Generating the re-engineered component-
based model for the legacy system

Evaluating the capacity of the re-engineered com-
ponent-based for representing the same business 
requirements embedded in the legacy model

Table 1. Research activities based on design science approach (adapted from March & Smith, 1995)
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• It does not require the use of source code. In 
the case study used for this research there is 
no access to the source code used to develop 
the system;

• It also covers reverse engineering. This is 
useful for this research given the need to 
capture the original conceptual model for 
the legacy system;

• It is relatively simple to use. 

Although Jacobson and Lindstrom’s (1991) 
original methodology was proposed for object-
oriented systems, it can be easily adapted for 
component-based systems since components can 
be viewed as a higher level of abstraction based 
on object-oriented methodology. The methodol-
ogy for this project uses data collection methods 
including interviews, direct observation and 
secondary data.

Methodologies Selected for System 
Re-engineering

Once the conceptual models from the legacy 
system are recovered, the system is re-engi-
neered using the Jacobson and Lindstrom (1991) 
approach for re-engineering of legacy systems. 
The output of this step is the re-engineered com-
ponent-based model as detailed in Valverde and 
Toleman (2007).

Methodologies Selected for 
Ontological evaluation 

The legacy system and re-engineered models 
generated as part of the building part of the re-
search are then evaluated based on the ontological 
evaluation of grammars (Wand & Weber, 1993). 
As part of the evaluation research, an analysis 
is done using the Bunge-Wand-Weber (BWW) 
model. The BWW model is an ontological theory 
initially developed by Bunge (1977, 1979) and 
adapted and extended by Wand and Weber (Wand 
& Weber, 1989, 1995; Weber, 1997). 

The BWW model is well founded on math-
ematical concepts. Prior research on the evalu-
ation of grammars has shown it has been used 
successfully in information systems research 
(Evermann & Wand, 2001; Green & Rosemann, 
2000; Opdahl & Henderson-Sellers, 2002; Weber 
& Zhang, 1996).

After developing the re-engineered model, it 
is necessary to compare both legacy and re-engi-
neered models for equivalency of representation of 
business requirements. An ontological normaliza-
tion methodology developed by Fettke and Loos 
(2003) is used for this activity. The Fettke and 
Loos (2003) methodology is considered appropri-
ate as it provides a mechanism for the comparison 
of conceptual models; models can be compared 

Methodology Definition

Case Study Study of a single phenomenon (e.g., an application, a technology, a decision) 
in an organization over a logical time frame

Jacobson & Linstrom (1991) Methodology for information systems re-engineering and legacy system 
conceptual model recovery

Fettke & Loos (2003) Methodology for ontological evaluation of conceptual models

Interviews Research in which information is obtained by asking respondents questions 
directly

Direct observation This occurs when a field visit is conducted during the case study

Secondary Data A study that utilizes existing organizational and business data, that is, docu-
ment, diagrams, and so forth. 

Rosemann & Green (2002) Meta Models methodology for Normalized Reference Models generation and 
comparison

Table 2. Methodologies selected for research project
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based of their normalized referenced models; and 
it is simple to use.

In order to generate these normalized reference 
models in BWW terms, the Rosemann and Green 
(2002) BWW meta-model is used. This meta-
model is based on the original entity relationship 
specification from Chen (1976) with extensions 
made by Scheer (1998). Scheer’s version is called 
the extended ER model (eERM).

Once the legacy system and re-engineered 
models are generated, they can be evaluated based 
on an ontological evaluation of grammars (Wand 
& Weber, 1993). An ontological normalization for 
the original and re-engineered models is gener-
ated. The two models are evaluated using the 
Fettke and Loos (2003) methodology based on 
their ontologically normalized models generated 
by the Rosemann and Green (2002) methodology. 
The result of the comparison reveals that the 
compared models are equivalent, complementary 
or in conflict (Fettke & Loos, 2003). Table 3 dis-
plays the mapping of the retained methodologies 
to the activities.

r esearch Project Procedures

The case study methodology is chosen to evalu-
ate the capacity of the re-engineered component 
model to represent the same requirements as the 
legacy traditional model (Benbasat, Goldstein, & 
Mead, 1987). The case-study system selected is 

a Home Loan information system developed by 
a consultant company in the Netherlands. The 
system was customized for a mid-sized home loan 
bank that specializes in the marketing, sales, and 
administration of its own home loan products. 
The information system was designed for use on 
Unisys A-Series mainframes.

In this chapter, the focus is not on report-
ing the outputs of the re-engineered business 
process but on the procedures and frameworks 
used by the researcher in adopting a design sci-
ence research approach. Research procedures 
are divided into build and evaluation procedures. 
Build procedures are required to accomplish the 
build objectives of the design science approach 
while the evaluation procedures accomplish the 
evaluation objectives.

Data Collection (Build)

Data gathering is an important part of this research 
as it is required to commence the building part 
of the research. For this research, observation 
techniques, interviews, and review of physical 
artifacts and system documents were used as the 
sources for data gathering. The most common 
methods of collecting data within the case study 
approach are through observation and interviews 
(Bell, 1992). 

The use of observation as a method of data col-
lection is well documented (Bell, 1992; Benbasat 

Build Evaluate

Constructs Not required Fettke & Loos (2003)

Model Case Study

Interviews

Secondary Data

Direct Observation

Jacobson & Linstrom (1991)

Case Study

Fettke & Loos (2003)

Rosemann & Green (2002)

Table 3. Research methodologies selected for the design science approach
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et al., 1987; Stake, 1995) and works well in case 
research (Yin, 1994). 

Before observations were used in the research 
project, the three minimum conditions set out 
by Tull and Hawkins (1993) were met: the data 
were available for observation; the behaviour 
was repetitive, frequent, or otherwise predict-
able; and each event covered a reasonably short 
time span.

According to Jorgensen (1989), observation 
is appropriate for studies of almost every human 
existence. Through observation, it is possible to 
describe what goes on, who or what is involved, 
when and where things happen, how they occur, 
and why things happen as they do in particular 
situations (Jorgensen, 1989). A great deal of time 
is spent on paying attention, watching, and lis-
tening carefully (Neuman, 1994). The observer 
uses all the senses, noticing what is seen, heard, 
smelled, tasted, and touched (Neuman, 1994; 
Spradley, 1979).

In terms of research stance, Neuman (1994) 
identifies four possible roles for the participant 
observer:

• Complete participant: The researcher oper-
ates under conditions of secret observation 
and full participation;

• Complete observer: The researcher is 
behind a one-way mirror or in an invisible 
role that permits undetected and unnoticed 
observation and eavesdropping;

• Participant as observer: The researcher 
and members are aware of the research role, 
but the researcher is an intimate friend who 
is a pseudo-member;

• Observer as participant: The researcher is 
a known, overt observer from the beginning, 
who has more limited or formal contact with 
members.

In this study, the researcher visited the case 
study information system’s site and observed its 
functionality as a complete observer. The justi-

fication for this role is to avoid intrusion in the 
normal operation of the information systems and 
learn the most by observing the users in the natural 
environment of the information systems.

The technique used to interview users, main-
tainers, and designers was open-ended interviews. 
The use of this technique is justified for this re-
search by two main reasons. First, the goal is to 
elicit the respondent’s views and experiences in 
his or her own terms, rather than to collect data 
that are simply a choice among pre-established 
response categories (Anderson, Aydin, & Jay, 
1994). Second, the interview is not bound to a 
rigid interview format or set of questions that 
would be difficult to establish given the nature of 
the research and would limit the results (Anderson 
et al., 1994). 

The final goal of the open interview is to in-
terview system users, maintainers, and designers 
of the legacy systems in order to find out how the 
system was developed, what are the functions of 
the system, and the type of documentation used 
for the system development. The system owners 
consented to the participation of the developers 
in the interviews.

System documentation was collected in order 
to perform the reverse engineering analysis re-
quired to recover the conceptual models (Jacobson 
& Lindstrom, 1991). The legacy information sys-
tem can be described by using different elements 
such as requirements specifications, user operat-
ing instructions, maintenance manuals, training 
manuals, design documentation, source code files, 
and database schema descriptions (Jacobson & 
Lindstrom, 1991). Information systems documen-
tation is a valuable source of data. Documentation 
related to the system, including manuals, database 
schemas, and system architecture diagrams were 
collected.

Conceptual Model Recovery (Build)

In order to capture the conceptual model of the 
legacy system, the reverse engineering method-
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ology, as specified in Jacobson and Lindstrom 
(1991), was applied. The following three steps 
were used:

• Develop a concrete graph that describes the 
components of the system and their inter-
relationship;

• Develop an abstract graph showing the 
behavior and the structure of the system;

• Develop a mapping between the two, that is, 
how something in the abstract graph relates 
to the concrete graph and vice versa.

The abstract graph should be free of imple-
mentation details. For example, mechanisms for 
persistent storage or partitioning into processes 
should not appear on this graph. The concrete 
graph must, on the other hand, show these details. 
The mapping between the two should explain how 
the abstract graph is implemented by way of the 
concrete graph (Jacobson & Lindstrom, 1991).

Use cases are an excellent tool for reverse 
engineering since they provide a sequence of 
user interactions with the system (Jacobson & 
Lindstrom, 1991). Their purpose is to define a 
typical way of using the system and to describe 
the business process, to document how the busi-
ness works and what the business goals are of 
each interaction with the system. In the context 
of reverse engineering, it is possible to explore 
a legacy system with use cases (Jacobson & 
Lindstrom, 1991). 

Use cases were developed to create the concrete 
graph for reverse engineering. These use cases 
show the interrelationship between manuals, 
documentation, interviews, source code, and re-
searcher’s observation of the system. The abstract 
graph described in the Jacobson and Lindstrom 
(1991) methodology is in fact an example of the 
legacy conceptual model. For this research project, 
the conceptual model was represented in terms of 
data flow diagrams (DFDs), a context diagram, 
and entity relationship (E-R) diagrams.

The description of the business process, 
business events, and responses is essential in 
generating a conceptual model (Whitten, Bentley, 
& Dittman, 2001). The use cases employed to 
construct the concrete graph document the busi-
ness processes, events, and responses required 
to construct this legacy abstract graph. In order 
to generate the DFDs required to construct the 
legacy conceptual model, business events to 
which the system must respond and appropriate 
responses were identified with the help of the use 
cases. According to Whitten et al. (2001), there 
are essentially three types of events:

• External events: Are so named because they 
are initiated by external agents. When these 
events happen, an input data flow occurs for 
the system in the DFD;

• Temporal events: Trigger processes on the 
basis of time. When these events happen, 
an input called control flow occurs;

• State events: Trigger processes based on a 
system change from one state or condition 
to another.

Information systems usually respond to exter-
nal or temporal events. State events are usually 
associated with real time systems (Whitten et 
al., 2001).

Once these events were identified, DFDs were 
drawn with the help of the list of mapping trans-
formations suggested by Whitten et al. (2001). 
The concrete graph represented by the use case 
can be mapped to the abstract graph represented 
by the DFD. The actor in the use case that initi-
ated the event will become the external agent; the 
event identified in the use case will be handled 
by a process in the DFD; the input or trigger in 
the use case will become the data or control flow 
in the DFD; all outputs and responses in the use 
case will become data flows in the DFD.

The data model of the legacy conceptual 
model is generated by identifying the data stores 



21�  

Design Science

in the DFD, examining the use cases, and finally 
documented by using an E-R Diagram.

Component-Based Model Generation 
(Build)

Once the model was reverse engineered from 
the legacy system, the legacy system was re-en-
gineered for a complete change in implementa-
tion technique but no change in functionality by 
preparing an analysis model and then mapping 
each analysis object to the implementation of the 
old system (Jacobson & Lindstrom, 1991).

In the first step, an analysis model was pre-
pared with the help of the use cases prepared 
in the reverse engineering process. These use 
cases already contain the information that was 
assimilated from the manuals, system architecture 
documentation, open interviews, and research 
observations described as description elements 
in the Jacobson and Lindstom (1991) methodol-
ogy (Figure 1). Only the analysis model of the 
re-engineering process was required since the 
primary objective of the research project was the 
comparison of conceptual models and not the full 
implementation of the information systems.

An analysis model only contains the logical 
aspects and is free of physical implementation 
details. The logical representation of a compo-
nent is concerned with its logical abstraction, its 
relationship with other logical elements, and its 
assigned responsibilities. The logical representa-
tion of a component-based system was modeled by 
using the UML diagrams: use case diagrams, class 
diagrams, sequence diagram, and state diagrams 
(Houston & Norris, 2001).

Actors were identified from the use cases and 
use case diagrams were constructed to identify the 
system scope and boundaries. The model should 
be free of physical implementation details. For the 
case of components, their logical representation 
was modeled using UML subsystems and identi-
fied inside the use case diagrams as proposed by 
Houston and Norris (2001). Class diagrams were 
prepared using the criteria for finding objects as 
described in Jacobson’s (1987) object-oriented 
method. This step was accomplished by review-
ing each use case to find nouns that correspond 
to business entities or events (Jacobson, 1987). 
Not all the nouns in the use cases represent valid 
business objects. A cleansing process removed 
nouns that represent synonyms, nouns outside 
of the scope of the system, nouns that are roles 

Figure 1. Preparation of the analysis model (adapted from Jacobson & Linstrom, 1991)
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without unique behavior or are external roles, 
unclear nouns that need focus, or nouns that are 
really actions or attributes (Whitten et al., 2001). 
Once objects were identified, their relationships 
were modeled as part of the class diagrams and 
interfaces were identified.

Ontological Evaluation (Evaluation)

Once the legacy conceptual model was recovered 
and the component business analysis model repre-
sented with the use of UML diagrams, the Fettke 
and Loos (2003) methodology was used to evaluate 
these models for equivalency of representation of 
business requirements.

As part of this evaluation, the ontological 
normalization of the legacy and re-engineered 
component models was generated. The ontological 
normalization of a reference model consisted of 
four steps (Fettke & Loos, 2003):

• Step 1. Develop a transformation map-
ping;

• Step 2. Identify ontological modeling defi-
ciencies;

•  Step 3. Transform the models; and
• Step 4. Assess the results.

In the first step of this method, a transformation 
mapping of the traditional and component-based 
(UML) diagrams used for representing the con-
ceptual models was developed. This transforma-
tion mapping allowed converting the constructs 
of the traditional and component-based (UML) 
diagrams to the constructs of the BWW model. 
The first step was based on the method for the 
ontological evaluation of grammars proposed by 
Wand and Weber (1993). 

The transformation mapping consisted of 
two mathematical mappings. First, a representa-
tion mapping described whether and how the 
constructs of the BWW model are mapped onto 
the traditional and component-based (UML) 
constructs. Second, the interpretation mapping 

described whether and how the traditional and 
component-based (UML) constructs are mapped 
onto the constructs of the BWW model (Fettke 
& Loos, 2003).

All ontological deficiencies of the conceptual 
models were identified as part of the second step 
of the generation of the normalized ontological 
models. To identify the ontological deficiencies 
of the recovered model and re-engineered com-
ponent-based model, all constructs of the models 
were reviewed. Each construct of the models 
analyzed was examined with respect to whether 
the construct was used correctly regarding the 
interpretation mapping. 

Three classifications of deficiencies were 
used:

• Adequacy: The grammatical construct is 
ontologically adequate. Nevertheless, an 
ontological deficiency can emerge by ap-
plying the grammatical construct to build 
the reference model. Therefore it must be 
examined whether the construct of the refer-
ence model is used correctly with respect to 
the interpretation mapping. The construct 
of the reference model is used adequately 
if it is used correctly with respect to the 
interpretation mapping.

• Excess: Construct excess is a modeling defi-
ciency in general and needs special handling 
in the transformation step. Therefore, this 
construct should be marked as excessive in 
the reference model. 

• Overload: Construct overload is a model-
ing deficiency in general and needs special 
handling in the transformation step. There-
fore, this construct should be marked as 
overloaded in the reference model (Fettke 
& Loos, 2003).

Based on the representation mapping, it was 
decided whether the traditional and component-
based grammar are incomplete or redundant. An 
incomplete grammar suggests that specific facts 
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of reality cannot be adequately represented in 
the model. 

In the third step, the models were transformed 
to ontological models. The outcome of this step 
was two ontologically normalized models. The 
objective of both techniques was to represent 
the domain of interest in a normalized way by 
applying specific transformation patterns (Fettke 
& Loos, 2003). 

The two models were compared based on their 
ontologically normalized models. The result of 
this comparison was an analysis that revealed 
whether the compared models are equivalent, 
complementary, or in conflict. In order to gener-
ate these normalized reference models in BWW 
terms, the Rosemann and Green (2002) BWW 
meta-models were used. 

c onclus Ion

This chapter has discussed how design science can 
be used for the research of information systems 
re-engineering. The research activities identified 
by March and Smith (1995) were fundamental for 
this study. This framework requires two main 
activities: build and evaluate, which require the 
use of several methodologies as the first was used 
for construction of conceptual and BWW normal-
ized models and the second for the evaluation of 
these models for equivalency of business require-
ments using the Fettke and Loos (2003) ontologi-
cal methodology. The case study methodology 
was used as the main methodology to build and 
evaluate conceptual models. The Jacobson and 
Lindstrom (1991) approach for re-engineering of 
legacy systems was employed to build the original 
conceptual model of the legacy system under 
research and for the building of the component-
based re-engineered models. Conceptual models 
were built with the help of data collected by using 
interviews, observation techniques, and review 
of information systems documents. 

The methodology by Fettke and Loos (2003) 
was selected to evaluate the models generated by 
the reverse engineering (legacy conceptual model) 
and those generated by the re-engineering process 
(component model). Traditional and component-
based constructs were also evaluated under the 
same methodology. The Rosemann and Green 
(2002) metamodels were used as the primary 
tool to represent the normalized models in BWW 
construct terms. 

f uture r ese Arch dIrect Ions

Future research can be concentrated in the devel-
opment of automated tools for the re-engineering 
of information systems based on design science. 
A software tool could be constructed to build 
legacy and re-engineered conceptual models 
and evaluate them based on the methodology 
proposed. This software tool could translate the 
legacy and component models into ontological 
normalized reference models that could be used 
for comparison. 
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Abstr Act

Information and communication technology (ICT) refer to a family of technologies that facilitate in-
formation capturing, storing, processing, disseminating, and providing a supportive role for human 
activities to enhance organizational efficiency and effectiveness. With the use of ICT, organizations are 
expected to have better decision-making capabilities and faster execution of activities. Logistics activi-
ties in a company consist of a wide scope of processes ranging from planning and implementing mate-
rial flow and storage, services, and information from the point of origin to the point of consumption. If 
ICT could be used to support these activities, logistics cost would decrease over the long term and the 
efficiency of logistics activities would increase substantially. In this chapter, we explain a method for 
studying the impact of ICT in logistics companies. This type of study is useful to devise a long term busi-
ness process improvement policy in a country or a region. We suggest methods for collecting data and 
presenting them through descriptive and statistical analysis. We suggest the use of t-statistic method to 
test relationships between various variables and ICT implementation. We have provided a hypothetical 
case study to show the steps in the analysis. We believe that the chapter will be useful to researchers in 
conducting studies on the impact and suitability of ICT in logistics and other service providing sectors. 
The results obtained from this type of study can help the decision makers to understand the opportunities 
and hurdles in achieving greater efficiency in the organizational processes through the use of modern 
information technology.
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Introduct Ion

Business process efficiency can be enhanced by 
cutting down or shifting some nonvalue adding 
processes to automated processing. The pace of 
development in computer hardware and soft-
ware and other technologies have enabled many 
companies to reorganize their business related 
processes, such as in finance or manufacturing. 
The use of information and communication tech-
nologies (ICT) or information technology (IT) 
helps to capture, store, process, and disseminate 
information to provide a supportive role for hu-
man activities in order to enhance organizational 
efficiency and effectiveness (Cohen, Salomon, & 
Nijkamp, 2002). The decision on the use of ICT 
is strategic (Huber, 1990) as ICT capabilities 
significantly influence overall logistics compe-
tence (Closs, Goldsby, & Clinton, 1997). ICT can 
improve an organization’s ability to respond and 
change to a dynamic environment (Monteiro & 
Macdonald, 1996).

In the remainder of the chapter, we discuss 
the type of logistics services and their relation 
with ICT, development of a research framework, 
development of questionnaires, and finally the 
collection and analysis of data. The emphasis in 
this chapter is on the illustration of the method 
to analyze the use of ICT both in terms descrip-
tive analysis and statistical analysis and then on 
helping readers draw conclusions based on the 
analysis. The chapter ends with conclusions and 
some remarks on possible extension of research 
work in the area of ICT and logistics. 

l ogistics services

Logistics services are generally categorized into 
four groups: warehousing, freight forwarding, 
transportation, and depot operations (Andersen 
Consulting, 1998). Warehousing refers to receiv-
ing of goods, keeping their records, storing them 
in order for easy retrieval, receiving orders for 
withdrawal, withdrawal of goods from the store, 

packaging, and finally preparing documentation 
for dispatch. 

Freight forwarding refers to the coordination 
of freight movement, carrier selection, cargo 
clearance and tracking, and documentation of 
container cargoes. A freight forwarding agency 
obtains, prepares, and checks customs and in-
surance documentation to comply with various 
regulations of different countries. It may also 
develop appropriate routes for shipment and ar-
range payments for subsequent services on behalf 
of the clients. 

Transportation refers to material transport 
from the shipper to the consignee carried out by 
sea (or river), air, and land. Transportation is an 
important part of logistics in terms of total logistics 
costs. Swenseth and Godfrey (2002) mention that 
the cost of transportation can be as high as 50% 
of overall logistics costs. 

Depot operations refer to obtaining containers, 
doing major and minor maintenance, container 
modification, container inspections (to adhere to 
the standards as per the Institute of International 
Container Lessors), storing, releasing, and track-
ing of container movements. Therefore, proper 
documentation is necessary to manage containers 
properly. 

l ogistics and Ict

One study has shown that in the United States, 
logistics costs amounts to 6-11% of total sales 
and about 8-9% of a country’s GDP can come 
from logistics activities alone (Langley, Allen, 
& Colombo, 2003). It is also shown that with the 
use of ICT, logistics costs could be reduced by 
as much as 50% (Gattorna & Berger, 2001). The 
use of ICT can enhance internal communication 
capabilities, speed and information accuracy 
(Huber, 1990). However, the adoption of ICT in 
different companies may be hindered by the size 
of the company. While large companies may be 
motivated to invest in ICT because of their long 
term business focus, smaller companies may not be 
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motivated to adopt a full fledged ICT system due 
to smaller business volume and higher investment 
requirements (Pokharel, 2005). Therefore, larger 
companies might spend more on ICT than the 
smaller companies (Mitra & Chaya, 1996). Dawe 
(1994) mentions that companies that shy away 
from ICT investments generally cite examples 
such as obsolescence and irrelevance of applica-
tions to a firm’s particular information needs. 

develo Pment of 
methodology  

The development of research framework to carry 
out the study, sampling method, and data analysis 
methods are the focus of this section. We pres-
ent some hypothetical constructs to establish the 
relation between various parameters that can be 
obtained from the survey. It is to be noted that 
completeness on the response to all questions in 
survey questionnaire is essential to draw conclu-
sions from this type of analysis. 

r esearch f ramework 

Development of a research framework to under-
stand the underlying relation between different 
factors with ICT has been proposed by various 
authors (see for example, Andersen, 2001; Byrd 
& Davidson, 2003; Carbonara, 2005; Klein, 
2007; Nanang, Pokharel, & Jiao, 2003; Ngai, 
Lai, & Cheng, 2007; Pokharel, 2005; Spanos, 
Prastacos, & Poulymenakou, 2002). Andersen 
(2001) has used a framework that shows relation 
among six different factors—the use of Internet, 
organizational performance, strategic planning, 
decentralized decision making, computer net-
work, and the level of environmental dynamism 
and complexity. Spanos et al. (2002) have used five 
factors—structure, strategy, human capital and 
management systems, and ICT adoption—to pose 
four research questions. The research framework 
adopted by Byrd and Davidson (2003) considers 

five different factors—IT department technical 
quality, IT plan utilization, top management 
support for IT, IT impact on supply chain, and 
firm’s performance. Nanang et al. (2003) use 
a framework to examine the relation of com-
pany information, information technology, and 
warehouse operations with the status of IT use 
in warehouses. Similarly Carbonara (2005) use 
nine different factors, Pokharel (2005) use five 
factors, Klein (2007) use seven factors, and Ngai 
et al. (2007) use four factors to develop research 
framework for their studies. Some of these studies 
have analyzed the research question in relation 
to one identified factor while others have studied 
relations with more than one factor mentioned in 
their research framework. 

The effective use of ICT can be described in 
terms of coordination of internal and external 
functions by an organization in order to increase 
the customer service level. The use of ICT in 
external functions could be influenced by size, 
ownership, targeted market, and type of products 
handled by the organization. While the use of 
ICT in internal function could be influenced by 
the exposure of the company decision makers or 
senior level managers (what motivates them and 
what stops them from adopting it), annual rev-
enues, availability of suitable ICT hardware and 
software in the market, and the employee expertise 
in handing ICT functions. Based on the above, a 
research framework has been proposed in Figure 
1 for analyzing the relationship between ICT and 
different variables. Each of the links (arrows) in 
Figure 1 poses a research question. For example, 
the link between the size of the company and 
ICT use addresses the research question—“is the 
level of ICT use related to the change in size of 
an organization?” Similar analysis can be done 
between the types of industries served and the 
ICT use. 

A good research framework addresses the 
outlined research questions and leads to the design 
of a good questionnaire. However, questionnaire 
should be validated with academics (for  clarity 
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suitability of analysis) and with practitioners (for 
clarity ease in providing the answer). Pretesting for 
evaluation of questionnaires has also been men-
tioned by Kitchenham and Pfleeger (2002b). 

Two types of questions are generally seen in 
the survey instruments—open and closed (Kitch-
enham & Pfleeger, 2002a). While open questions 
are for respondents to write their own reply, closed 
questions are for selecting answers from the list 
of predefined choices. Closed questions are easier 
to analyze and they can also contain questions on 
ordinal scale (Kitchenham & Pfleeger, 2002a). 
Such questions take shorter time to complete 
than those that are open (Kitchenham & Pfleeger, 
2002a). Therefore, methods like preempting the 
answers and providing a Likert-type scale can 
provide some relief to the respondents. This type 
of scale is also adopted by Andersen (2001) to 
study the potential performance improvements 
on an organization’s communication capability. 
Nanang et al. (2003) and Pokharel (2005) have 
also used this type of scale in their surveys. 

sampling method

Establishing an approximate number of compa-
nies in logistics is the first step in conducting the 
survey. If such information could be obtained, 

further sampling can be done. For the number 
of logistics companies in a region or a country, 
researchers can seek the information from various 
associations dealing with logistics sector. Some of 
the examples of those associations are: Logistics 
Association of Australia (http://www.laa.asn.
au/home), Asian Logistics Directory (http://www.
schednet.com/), Singapore Logistics Association 
(http://www.sla.org.sg/index.shtm), European 
Logistics Association (http://www.elalog.org/), 
Hong Kong Logistics Association (http://www.
hkla.org.hk/), and Supply Chain & Logistics Asso-
ciation Canada (http://www.sclcanada.org/index.
php?id=10). The names of logistics companies in 
Singapore can also be obtained from http://www.
thegreenbook.com. 

Selection of sample size for the survey can be 
done by using probabilistic or nonprobabilistic 
methods (Kitchenham & Pfleeger, 2002c) as 
discussed next. In probabilistic methods, such 
as random sampling, each organization in the 
large population is assumed to have a probabil-
ity of being included in the sample. Applicable 
probabilistic sampling methods for organizational 
surveys are random sampling, stratified sampling, 
cluster sampling, and systematic sampling. Ran-
dom sampling can be used when the population 
size is too large. In stratified random sampling, 

Industry served 

ICT knowledge 

Core/non-core 
services

Available ICT 
Hardware

Target market Ownership 

Annual 
revenuesInvestment in 

ICT

ICT use   

in a company

Barriers

Company 

Figure 1. Research on ICT use
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logistics companies can be grouped according to 
the service that they provide; then a percentage 
population is selected randomly from each group 
as sample. In cluster sampling, samples can be 
chosen from the list of members of associations, 
like transport associations, dealing with a particu-
lar logistics service group. This type of sampling 
is also used by Kuan and Chau (2001) to study 
EDI adoption in small businesses. In systematic 
sampling, every nth organization in the list is 
selected for survey. 

The nonprobabilistic sampling methods are 
good when the population and its size are hard 
to identify, which is often the case in this type 
of surveys dealing with services provided by the 
organizations. Therefore, sample size is based 
on convenience (for example, time, cost, ease in 
carrying survey, and resources devoted for the 
survey) or quota (judgment used for choosing the 
sample from a stratified sample) or snowballing 
(referrals from other organizations). 

The total number of samples for survey can be 
obtained through standard sampling methods, for 
example, by using statistical parameters (such as 
standard deviation and mean) of similar surveys. 
However, for the type of survey mentioned in this 
chapter, sample size can be calculated by using 
convenience sampling, for example, fixing the 
number of companies to survey and then using 
random sampling to choose the companies from 
the obtained list. Nanang et al. (2003), Pokharel 
(2005), and Spanos et al. (2002) have chosen 
convenience sampling method for their study. A 
combination of stratified (or systematic) sampling 
and convenience sampling is used by Joshi, Ka-
thuria, and Porth (2003) and Ellram and Zsidisin 
(2002) for the selection of sample size. 

understanding survey r esponse 
r ate

In this type of surveys, number of respondents 
becomes an important criterion to make a mean-
ingful inference from the analysis. However, 

literature search shows that many of this type of 
surveys get less than 30% response rate—Tay 
and Kam (2001) report 8.8%; Nanang et al. (2003) 
report 10.7%; and Sum and Teo (1999) reported 
11.1% response rate for their surveys. Augur, 
Barnir, and Gallaugher (2003) have reported 
only 15.3% response rate from those companies 
who initially agreed to complete the surveys. The 
companies could cite many reasons, for example, 
lack of time, personnel, data, and other factors 
for not responding to such surveys. 

When the total population size is small (less 
than 30 organizations) and only a few of these 
organizations show interest in participating in 
the surveys, an interview based survey can be 
conducted. Pan and Pokharel (2007) have used 
this method to assess the use of ICT in hospital 
logistics. Citing McCracken (1988), Golicic, Mc-
Carthy, and Mentzer (2002) mention that qualita-
tive inference can be made with as little as eight 
responses for most survey questions. When the 
response rate is low, the total number of returned 
questionnaire, as that mentioned by Lancioni, 
Smith, and Oliva (2000), should be taken into 
account. Responses from two dozens in a group 
would be good enough to start the statistical 
analysis (Motulsky, 1995).

dAt A AnAl ys Is

Survey data can be analyzed through descrip-
tive and or statistical methods (see for example, 
Byrd & Davidson, 2003). Descriptive analysis 
generally refers to the characteristics or profile 
of companies. For example, Byrd and Davidson 
(2003) have presented their description analysis 
in terms of characteristics such as employee size, 
revenue size and industry group. Similarly, Klien 
(2007) has given descriptive statistics on the type 
of client industry, year of client relationship and 
client employee size to present their result on 
integrated e-business supply chain relationships. 
Other characteristics could be the year of opera-
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tion of the company, budget, types of services 
provided, ownership of the company, types of 
ICT hardware and software used for logistics 
functions, motivators and barriers to use ICT 
and the mean, and standard deviation of various 
characteristics. Descriptive analysis method is 
also used by Davies, Mason, and Lalwani (2007) 
to study the impact of ICT on haulage industry 
in UK. 

descriptive f actors for Analysis

Some of the factors that can be used for the analysis 
of respondents are discussed below. 

Company Size

The size of logistics companies is categorized 
either in terms of employee size or in terms of 
revenues or initial investments. Attempt should be 
made to present data table correlating employee 
size and operating revenues. However, our ex-
perience is that companies are reluctant to give 
their revenue figures; therefore, in such cases, the 
information on employee size itself might have 
to be assumed as the key factor to segregate the 
companies. 

ICT Implementation

The survey can identify the types of ICT used in 
logistics companies. Our experience is that the 
development of a comprehensive list would help 
in answering the questions faster. Companies can 
provide information on additional ICT they use 
for logistics functions. 

ICT Value

The implementation of ICT types may not exhibit 
the widespread use of ICT in the company. For 
example, the existence of Internet does not neces-
sarily mean that it is available to all the employ-
ees (or for all business activities) in a company. 

Therefore, investments made in ICT should also 
be examined. In general, higher investment means 
a greater use of technology in logistics functions. 
Similarly, companies serving a particular type of 
industry can have higher investment in ICT. 

Motivators and Barriers in ICT 
Implementation

In a survey of EDI adopters, Min and Galle (2003) 
found that the high cost of investment was a major 
deterrent for a decision EDI use. However, the 
authors also noted that recognition of ICT use as 
a part of corporate policy and a large pool of cus-
tomers or suppliers using ICT were the motivators 
for its adoption. The cost for integration of new 
technology with existing system can be a barrier 
to ICT implementation (Jakobs, Pils, & Wallbaum, 
2001). The lack of management support could also 
be another major factor in ICT implementation 
(Proudlock, Phelps, & Gamble, 1999). 

Perceived motivators and barriers for ICT 
adoption can be measured on a Likert-type scale 
that ranges from “agree” to “disagree” on each mo-
tivator and barrier. Identification of these factors 
can help in improving the use of ICT in logistics 
sector. For example, the perception of problems of 
integrating the existing system with new technol-
ogy could be addressed by ICT vendors. 

statistical Analysis

Statistical analysis refers to quantitative analysis 
method used to obtain insights on the collected 
data. Klein (2007) mentions that quantitative 
analysis methods can focus on structural equa-
tion modeling such as partial least squares, or 
testing relationships between latent variables, 
or specific construct measures for dependent 
and independent variables. Some authors have 
used Pearson correlation tests, chi-square tests, 
or t-tests for statistical analysis (see for example, 
Guimaraes, 2000; Nanang et al., 2003; Pokharel, 
2005). In statistical analysis, hypothesis testing 
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of relationship between various factors, as shown 
by arrows in Figure 1, is also conducted.

The choice of a statistical method to analyze 
the collected data depends on many factors as 
mentioned by Motulsky (1995). As per the author, 
if the distribution of the population is assumed 
as Gaussian, the response rate is not high and the 
statistical analysis requires comparison of paired 
and unpaired groups, then Student t-tests should 
be used for quantitative analysis. As the size of 
response grows, the t-distribution approaches 
normal distribution; therefore, it is a relevant quan-
titative method for comparison of respondents. 
Some relevant hypotheses (each is called the null 
hypothesis) that can be tested with Student t-test 
are given below. Hypothesis tests can be done 
either by comparing the t-stat values with t-critical 
values or in terms of a significance level (α) which 
is related to the confidence interval. In general, 
a 95% confidence interval (or α=0.05) is used to 
accept or reject a null hypothesis. These values, 
in turn, depend on the degrees of freedom. If the 
absolute t-stat value is greater than the t-critical 
value, then the null hypothesis is rejected and vice 
versa. As a proxy to t-stat values, p-values are 
used to reject or accept the null hypothesis. If a 
p-value is smaller than α (for example, p<0.05 for 
95% confidence interval), then the null hypothesis 
is rejected. An opposite of the null hypothesis is 
called an alternate hypothesis. For more details 
on student t-tests, readers are advised to refer 
Motulsky (1995). 

Company Size/Revenues and ICT 
Implementation Level 

In general, company size can influence the use 
of ICT in logistics companies. Annual revenues 
can also influence the use of ICT. In general, 
generation of higher annual revenues would 
require an efficient business process. However, 
it may not be true in all companies with higher 
revenues. Therefore, we can test the hypothesis 
of no significant difference on the use of ICT 

by companies of different sizes. The two null 
hypotheses can be written as: 

Hypothesis 1a: There is no significant differ-
ence in the level of ICT implementation in the 
companies of different sizes. 
Hypothesis 1b: There is no significant difference 
in the level of ICT implementation in the compa-
nies with different annual revenues. 

Targeted Market and ICT 
Implementation 

Logistics companies target local, regional or 
global market. If the market is larger, companies 
have a larger volume of transaction for which ICT 
based business process can be used. Therefore, 
the null hypothesis can be written as: 

Hypothesis 2: There is no significant difference in 
the level of ICT implementation in the companies 
covering different markets. 

Ownership and Level of ICT 
Implementation

Ownership of the company can have a significant 
role in the implementation of ICT solutions in 
logistics companies. For example, branches of 
multinational companies are more likely to have 
higher level of ICT implementation due to the 
requirements from their headquarters. Therefore, 
the null hypothesis can be written as: 

Hypothesis 3: There is no significant difference in 
the level of ICT implementation in the companies 
with different ownership. 

IT Knowledge and ICT Implementation 

If a company has an ICT/IT department, then it can 
be expected that the staff in that department would 
have adequate knowledge to operate and maintain 
ICT infrastructure and functions. We can assume 
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that having an ICT department means more ICT 
knowledge within the company and therefore, it 
should have a full fledged use of ICT. However, 
this may not be necessarily true as ICT services 
may be outsourced to third parties. Therefore, the 
null hypothesis can be written as: 

Hypothesis 4: There is no significant difference 
in the level of ICT implementation in companies 
with and without prevailing ICT knowledge. 

Logistics Service and ICT 
Implementation 

Although logistics companies can provide 
more than one service, companies providing a 
particular type of logistics service, for example 
freight forwarding, could have a higher ICT use. 
However, the complexity in handling more than 
one logistics service may also require better ICT 
infrastructure. Therefore, next hypothesis can be 
written as:

Hypothesis 5: There is no significant difference 
in the level of ICT implementation in the com-
panies providing one and more types of logistics 
services. 

Types of Industry Served and ICT 
Implementation

Company servicing one type of products might 
have to align themselves with their client due to po-
tentially large volume of such materials. However, 
when more than one type of product is handled, 
the process to handle inventory, transportation, 
or custom clearance might be different. 

Similarly, companies dealing with industrial 
goods could differ from companies dealing with 
consumer products alone. In general, companies 
dealing with industrial goods might have to imple-
ment ICT to align themselves with their parent 
company and to satisfy the customer demands as 
soon as possible. Also, companies dealing with 

consumer goods might have to track and trace 
the flow of materials, demand, supplies, and the 
inventory, which requires better ICT infrastruc-
ture. Therefore, the following two hypotheses 
can be written as: 

Hypothesis 6a: There is no significant difference 
in the level of ICT implementation in the compa-
nies serving one or more types of products. 
Hypothesis 6b: There is no significant difference 
in the level of ICT implementation in the compa-
nies providing industrial or consumer products. 

Motivators and ICT 

Statistical analysis could also be done to show the 
relation between the influencing factors relating 
to ICT implementation. As shown in Figure 1, 
there could be a relation between the size of the 
company and the motivators or barriers for the 
implementation of ICT. It is generally assumed 
that larger companies are positive towards ICT 
implementation. Similarly, smaller companies 
could have more barriers to ICT implementation. 
Therefore, the following two null hypotheses can 
be written as: 

Hypothesis 7a: There is no significant difference 
between the size of the company and the motiva-
tion to use ICT. 
Hypothesis 7b: There is no significant difference 
between the size of the company and the barriers 
of use ICT. 

ICT Hardware and Investments and 
the Level of ICT Implementation

In general, the more the availability ICT hardware 
in a logistics company, the higher the level of ICT 
implementation in their business processes. Also, 
if the value of ICT used is high, the company 
might be using relevant large scale software and 
hardware for their business processes. Therefore, 
the two null hypotheses can be written as: 
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Hypothesis 8a: There is no significant differ-
ence in the level of ICT implementation in the 
companies with different levels of installed ICT 
hardware. 
Hypothesis 8b: There is no significant differ-
ence in the level of ICT implementation in the 
companies with different values of installed ICT 
hardware. 

cA se study

We have developed a hypothetical case study by 
assuming four main logistics services—ware-
housing, transportation, freight forwarding, and 
depot operations. We assume that the true popu-
lation of companies providing logistics services 
cannot be established and, therefore, we have to 
prepare a list of logistics companies from some 
published information. The prepared list can be 
used for random sampling for survey. 

development of Questionnaire

A sample questionnaire that can be used to ob-
tain data for assessing the use of ICT in logistics 
sector is given in the annex of this chapter. The 
questionnaire is divided into two parts so that it 
can be filled by a senior person from the company. 
The design of questionnaire should take cultural 
factors into account. Some companies might find 
the questionnaire easy to respond, while others 
may find it too time consuming and ambiguous. 
Therefore, the given set of questions could be 
taken as the set of base questions for developing 
questionnaires in different cultural contexts.

sampling method 

We assume that data is collected from an estab-
lished source (through the Internet or directory 
of business associations). We assume that the 
questionnaire is sent to a list of randomly selected 

1,000 companies. It is further assumed that 311 
questionnaires are returned, of which 52 are postal 
return due to nonexistence of the company at the 
given address and 7 are incomplete returns. This 
makes the total sample size as 941 and the total 
response rate as 26.8%. The following analysis 
is based on the responses prepared for this hypo-
thetical case study. 

descriptive Analysis

The profile of the respondents can be established 
as given in Table 1. The table shows that among the 
respondents, only 31 companies have more than 
100 employees. It is also found that more than two-
fifths of respondents have 50 or fewer employees. 
Looking at the table, in terms of company size, 
companies might be grouped as “small” with less 
than 50 employees and “medium-large” with 50 or 
more employees. However, researchers can choose 
two groups as “small” with up to 100 employees 
and large with more than 100 employees as done 
by Pokharel (2005). The target here is to adopt a 
standard prevalent in the study area. 

Table 1 further shows that about 60% of the 
respondents are local companies. In terms of 
target market, about half of the companies are 
serving to the global market and less than one 
third of companies provide services to the local 
market only. Local market here means the market 
within a country. 

Most of the companies cater to the logistics 
needs of healthcare and electronics. About 20% 
of respondents (N=52) provide services to the 
automotive companies. Data analysis shows that 
none of the companies provide service to a single 
industry. It is seen that about 70% of the compa-
nies focus only on one logistics service. Further 
analysis shows that among the companies provid-
ing only core service, 32 are from warehousing, 
86 are from transportation, 24 are from freight 
forwarding, and 36 are from depot operations. 
This shows that among the respondents, the trans-
portation sector forms the largest group and the 
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freight forwarding is the smallest group. Similar 
analysis can be done for companies providing 
more than one logistics service. 

In terms of annual revenues, more than 45% of 
the companies earn more than $50 million annu-
ally. Only 14 companies earn $1 million or less. 
For the purpose of comparison between the mean 
values of two groups, if necessary, revenues of $50 
million can be assumed as the cut off point. 

Table 2 provides ICT characteristics of the 
respondents. Data shows that more than 50% 

of the companies have an ICT department. The 
examination of the value of ICT in the company 
shows that more than 65% of the companies have 
ICT hardware and software worth more than 
$100,000. The response showed that none of the 
companies reported as having equipment worth 
less than $50,000. 

Data shows that, on an average, each respond-
ing company has more than five types of ICT 
hardware. All of the responding companies had 
computers and fax machines and about 60% of 
them also had a computer scanner. Similarly, 
about 40% of the companies had image captur-
ing devices. Although all the companies have 
computers, only 159 respondents mentioned 
that they have Internet facilities; therefore, not 
all the companies having computer use Internet 

Table 1. Characteristics of responding compa-
nies

Characteristics Number

Company size

•	 Less than 50 112

•	 50-100 employees 109

•	 More than 100 employees  31

Company Ownership

•	 Local 151

•	 Multinational 101

Target Market

•	 Local 77

•	 Local-Regional 53

•	 Global 122

Serviced Industries

•	 Electronics 171

•	 Chemical  79

•	 Healthcare 157

•	 Precision  48

•	 Construction  77

•	 Automotive  52

•	 Telecommunications 109

•	 Food and Beverages 105

Logistics activities 

•	 Only one core activity 178

•	 More than one activity 74

Annual Revenues

•	 Less than $1 million 14

•	 $1 m-$10m 33

•	 $10m-$50m 89

•	 More than $50m 116

Table 2. Characteristics of the respondents re-
lated to ICT 

Characteristics Number

ICT knowledge

•	 Have ICT Department 136

•	 Do not have ICT Department 116

ICT Hardware

•	 Computer and fax 252

•	 Internet 159

•	 Scanner 145

•	 Image capture (video/digital image) 99

•	 Automated Guided Vehicle 87

•	 EDI 83

•	 Bar code scanner 67

•	 Handheld computer 56

•	 Sorting device 47

•	 Voice Recognition 43

•	 RFID 28

•	 Wireless data transmission 19

•	 Automated storage and retrieval system 10

ICT Value

•	 Less than $100,000 83

•	 $100,000 or more 169
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or Web-based processing of logistics functions. 
These companies can be promoted to use wire-
less access, if not land line, of Internet facilities 
to increase their processing efficiency. 

Table 3 gives the average values for different 
influencing factors for ICT implementation in 
logistics companies. A Likert-type 3-scale is used 
(as given in the questionnaire) to assess the status 

Table 3. Factors influencing ICT use

Factors Mean±Std

Implementation Status

•	 Order Processing 3.00±0.00

•	 Accounting/Financial Processing 2.70±0.40

•	 Warehouse Management System 2.42±0.79

•	 Customs Documentation Management System 2.40±0.50

•	 Transportation Management System 2.25±0.94

•	 Human Resource Management 2.25±0.43

•	 Software of Container Packaging or Palleting 1.79±0.91

Motivators

•	 Increasing business process efficiency 3.00±0.00

•	 Reducing data entry error 2.90±0.30

•	 Reducing order processing time 2.60±0.60

•	 Decreasing labor cost 2.31±0.48

•	 Helping clients to reduce inventory costs 2.00±1.00

•	 Facilitating timely payments 2.00±1.00

•	 Helping clients to improve customer service level 1.90±0.80

•	 Aligning with corporate policy 1.60±0.60

Barriers

•	 The company does not have sufficient resources to implement ICT 2.94±0.23

•	 Currently available technology or software do not meet specific 
requirements 2.87±0.34

•	 Customers or suppliers’ software not compatible 2.78±0.43

•	 Difficult to justify investment and operation costs 2.73±0.64

•	 Associated or anticipated problems of computer virus 2.68±0.58

•	 Management does not perceive the need as yet 2.44±0.59

•	 Fear of not achieving expected work efficiency 2.30±0.60

•	 Unaware of software available in the market 2.26±0.44

•	 Current structure of the organization does not promote the use of ICT 2.03±0.49

•	 Difficult in finding qualified people to operate the existing system 2.00±1.00

•	 Improvement in business process is not obvious 2.00±1.00

•	 Many software available and therefore, difficult to choose one 2.00±0.93

•	 Perceived continuous investment in technology 1.80±0.90

•	 Purchase, implementation, and operation takes a long time 1.60±0.84

•	 The available software does not interface with the company’s infor-
mation system 1.49±0.71
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(or level) of ICT implementation, motivators and 
barriers. Table 3 shows that order processing is 
used by all the respondents, whereas return ma-
terial management system is used by only a few 
of the respondents. Most of the companies have 
implemented ICT systems at least partially to cater 
to business processing needs of the companies. 

statistical Analysis

Only four of the hypotheses mentioned earlier 
will be explained here for the purpose of illus-
tration: the relation between company size and 
ICT; industries served and ICT; core/noncore 
service offered and ICT; and finally, motivators 
and ICT. In terms of motivators, relationship 
will be tested between large and small logistics 
companies. We use two sided test by assuming 
unequal variances between the samples in two 
groups being compared. The testing pattern and 
way of drawing inferences would be similar for 
other relationships as well. 

Company Size and Level of ICT 
Implementation 

As mentioned earlier, respondent companies can 
be grouped into small (N=112; implementation 
level mean = 2.42 ± 0.21) and medium-large 
(N=140; implementation level mean =2.41± 0.31) 
companies. Statistical test gives a t-stat value of 
0.181 and (p=0.856). From t-distribution table or 
from the statistical software, the t-critical value 
is obtained as 1.969. As t-critical is greater than 
absolute t-stat for this test, the null hypothesis 
is accepted. Alternatively, the two tail p>0.05 
also indicates that the null hypothesis has to 
be accepted. From this, we conclude that there 
is no significant difference in the perception of 
small and medium-large companies on the imple-
mentation of ICT although smaller companies 
generally tend to focus on specific items and on 
local/regional markets. The lack of difference in 
the implementation level also shows that there 

might be a competitive business environment 
in logistics and, therefore, all companies tend to 
implement ICT to the best extent possible. 

Industries Served and ICT 
Implementation Level

Companies servicing to only one type of industry 
can have a different level of ICT requirements to 
suit their specific logistics functions. Therefore, 
another test is to examine the level of ICT imple-
mentation between industries providing service 
to one and more type of products. Data analysis 
shows that the average level of ICT implementa-
tion is 2.44±0.33 (N=49) for companies providing 
services to only one type of industry and 2.40±0.25 
(N=203) for companies providing more than one 
service. On absolute terms, the mean is not that 
different between the two groups. Statistical 
analysis gives a t-stat value of 0.762 (p=0.45). 
Therefore, as in the earlier case, as p>0.05, it can 
be concluded that there is no significant difference 
between the perception on ICT implementation by 
logistics companies providing services to one or 
more types of industry. When companies provide 
services to only one type of industry, there might 
be a need to increase business process efficiency 
to meet the specialized customers. However, when 
the companies are providing services to more 
than one type of industry, integration of business 
processes could be difficult but implementation 
of ICT can help in achieving integration and ef-
ficiency in business processes. 

Core Service and ICT Implementation 

Due to the nature of business, companies providing 
a particular type of service may perceive the need 
for higher level of ICT than those providing more 
than one service. To examine this, the respondents 
are grouped into companies providing only one 
service (N=178) and companies providing more 
than one service (N=74) in addition to the core 
service. The mean value for the two groups is 
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2.32±0.21 and 2.63±0.26. This shows a slightly 
high importance given to ICT by companies pro-
viding more than one service. However, statisti-
cal analysis gives a t-stat of 9.07 (p<<0.01). As 
p<<0.05, it can be said that the perception on the 
level of ICT implementation significantly differs 
between the companies providing only one or 
more logistics services. The companies providing 
more than one service perceive a higher level of 
ICT need in their business than the companies 
providing only one service.

 
Motivators for Companies with Different 
Sizes

Another analysis is done to find out the difference 
in the perception of motivators between small and 
medium-large companies. Table 4 shows the aver-
age value of perceived motivators. The analysis 
shows that small companies consider increasing 
efficiency and reducing data entry error as their 
main motivators for ICT implementation. Align-
ment with corporate policy is not considered as 
the prime factor, possibly because of the nature 
of business, which might require at least some 
inclusion of ICT in their logistics functions. In 

medium-large companies, efficiency and reduc-
tion in data entry errors are the two main motiva-
tors. Alignment of corporate policy is the least 
concerned feature in these companies as well. 
Compared to small companies, helping clients 
to reduce inventory costs and increasing service 
levels are not featured as important motivators 
in medium-large companies. 

Statistical analysis shows that none of the 
company groups show significant difference in 
their perception on the motivators, when 95% 
confidence interval is considered. However, for 
90% confidence interval, the perception of the 
companies is changed for decreasing labor cost 
and improving customer service level. Smaller 
companies might be putting more importance on 
these factors (due to a positive t-stat value) than 
their larger counterparts. Decreasing labor costs 
for internal economic efficiency and increasing 
customer service level for clients’ satisfaction 
could be emphasized more in smaller companies 
due to their need to attract more business from 
clients and their referrals. 

Table 4. Perceived motivators in different sized companies

Average values Significant 
valuesPerceived Motivator Small compa-

nies
Medium-large 

companies

Aligning with corporate policy 1.6±0.6 1.5±0.6 0.506

Decreasing labor cost 2.3±0.5 2.3±0.5 0.902*

Increasing efficiency 3.0±0.0 3.0±0.0 0.023

Reducing data entry error 2.9±0.3 2.9±0.3 0.157

Reducing order processing time 2.0±1.0 2.6±0.6 0.224

Helping clients to reduce inventory cost 2.0±0.8 1.8±0.8 0.854

Helping clients to improve customer service level 3.0±1.0 2.0±1.0 0.905*

Facilitating timely payment 2.0±0.0 2.0±0.0 0.478

*significant at p<0.1 level
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c onclus Ion

This chapter has provided a broad methodology 
to assess the use of ICT in logistics companies. 
The specific nature of logistics service used 
in the survey is highlighted in the descriptive 
analysis. The statistical analysis shows the rela-
tion between various company characteristics 
and their objectives. 

The framework and the method proposed in 
this chapter are portable for use in similar kind 
of surveys where comparison of one group of 
respondents with the other group is required to 
understand their statistical significance. The use 
of t-statistics in this chapter is to show how a 
simple statistical method can be used to obtain 
important insights from the responses. However, 
as in all sample surveys, the basic assumption 
here is that the collected samples represent the 
larger population and the information obtained 
genuinely represent the facts. 

The examination of four different types of 
perceptions in statistical analysis section of the 
case study is to show the insight of numerical re-
sults. Similar techniques can be used to test other 
hypothesis. The perception could be between the 
dependent (level of ICT implementation in this 
chapter) and one independent variable or between 
the two independent variables if they are known 
to influence each other. 

 
f uture r ese Arch dIrect Ions  

This chapter is prepared to help the readers to 
understand the value of surveys in ICT or in 
logistics industry. Extension of the analysis can 
be done to test the hypotheses between the small 
and large companies within a group in service, 
for example, the difference in perception on ICT 
between large and small warehousing companies 
or the difference in perception on ICT between 
large warehouse and large transportation com-
panies. Pokharel (2005) has shown this type of 

analysis and has developed further insights on 
the use of ICT. 

Analysis of survey data by using factor analysis 
to a group of variables could be an extension of this 
study. This will help in simplifying the influence 
of various factors on the use of ICT. 

One of the elements that can be used to estab-
lish the use of ICT could be to find out how the 
company is currently communicating with their 
clients or business partners. Similarly, study can 
also examine the impact of outsourcing the lo-
gistics functions in terms of business efficiency. 
The required IT skills of the staff, for example, 
knowledge on word processing, spreadsheet, da-
tabase management, or knowledge on particular 
software can also help in assessing ICT penetra-
tion in the companies. 
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Annex

sample Questionnaire

PArt  1

COMPANY PROFILE

1. What is the staffing strength in your company?

 Persons Please √ as applicable

Less than 50 persons 

51-100 persons

101-500 persons

More than 500 persons

2. Ownership of your company

Ownership Please √ as applicable

Local Company

Multinational Company 

3. Targeted market (or operating market) of your company

  Targeted Market Please √ as applicable

Local market (Country) 

Both local and regional markets

Global market (can include local/region as well)

4. The focus of your company’s activities 

Operations Place 1 for core and 2 for other(s)

Warehousing

Transportation

Freight Forwarding

Depot Operations

5. Which of the following industry segments are your customers? (Please √ as many as applicable)

Customers Industrial goods/ raw materials Consumer 
products

Electronics/software

Chemical/petrochemical 



244  

Analyzing the Use of Information Systems in Logistics Industry

Healthcare/biomedical              

Precision/ nano-technology   

Construction 

Hospitality 

Exposition               

Automotive

Telecommunication

Food & Beverage

6. What was the total annual gross revenue of your company? (Please √ as applicable).

Revenues (Please√ as applicable)

Less than S$ 1 million

Between S$ 1 and 10 million     

Between S$ 11 and S$ 50 million    

More than S$ 50 million

PArt  2

INFORMATION AND COMMUNICTIONS TECHNOLOGY (ICT) 

7. Is there an IT/ICT department in your company? Yes/No (delete as applicable). 

8. Do you have the following ICT hardware in your company? (Please√ as many as applicable).

ICT hardware (Please√ as many as applicable)

Computer

Fax machines

Computer Scanner

Video Camera (including CCTV)

Digital Imaging

Internet/Extranet

Bar Code Scanner

Electronic Data Interchange (EDI)/E-Commerce

Automated Guided Vehicles (AGV)

Hand-held/On Board Computers

Sorting Devices

Voice Recognition System

Wireless or Radio Frequency System

Automated Storage and Retrieval System

Radio-frequency Identification (RFID)

Geographical Positioning System (GPS)
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9. What is the status of ICT implementation in following logistics functions in your company? (1= “not 
implemented”; 2: implemented partially”; 3: “fully implemented”).

Logistics Activities Status (1-3)

Order Processing 

Warehouse (or inventory) Management 

Transportation Management (Vehicle Routing/Scheduling)

Accounting/Financial Processing

Customs documentation Management System

Human Resource Management 

Software of Container Packaging or Palleting

Others, please specify:

10. How much is the cumulative investment in ICT (hardware/software) in your company?

 Investment (Please√ as applicable)

Less than S$ 100,000 

More than S$ 100,000 

11. In your opinion, how would you rate the following expected motivators for adopting ICT in your 
company (1= “disagree”; 2=“neither agree nor disagree”; 3= “agree”). 

Motivators Rating (1-3)

Aligning with corporate policy

Decreasing labor cost

Increasing business process efficiency

Reducing data entry error

Reducing order processing time

Helping clients to reduce inventory cost

Helping clients to improve customer service level

Facilitating timely payment

Other motivators, please specify____________________

12. If you were to implement ICT, what barriers do you think would you have to face? (1= “disagree”; 
2=“neither agree not disagree”; 3= “agree”).

 Anticipated Barriers Rating (1-3)

The company does not have sufficient resources to implement ICT

Currently available technology or software do not meet specific requirements

Customers or suppliers’ software not compatible

Difficult to justify investment and operation costs

Associated or anticipated problems of computer virus
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Management does not perceive the need as yet 

Fear of not achieving expected work efficiency

Unaware of software available in the market

Current structure of the organization does not promote the use of ICT

Difficult in finding qualified people to operate the existing system 

Improvement in business process is not obvious

Many software available and therefore, difficult to choose one

Perceived continuous investment in technology 

Purchase, implementation and operation takes a long time 

The available software does not interface with the company’s information system

The company does not have sufficient resources to implement ICT
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Abstr Act

Engineering asset management organisations (EAMOs) are increasingly motivated to implement business 
intelligence (BI) systems in response to dispersed information environments and compliance require-
ments. However, the implementation of a business intelligence (BI) system is a complex undertaking 
requiring considerable resources. Yet, so far, there are few defined critical success factors (CSFs) to 
which management can refer. Drawing on the CSFs framework derived from a previous Delphi study, 
a multiple-case design was used to examine how these CSFs could be implemented by five EAMOs. 
The case studies substantiate the construct and applicability of the CSFs framework. These CSFs are: 
committed management support and sponsorship, a clear vision and well-established business case, 
business-centric championship and balanced team composition, a business-driven and iterative develop-
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Introduct Ion

background

Engineering asset management organisations 
(EAMOs), such as utilities and transportation 
enterprises, store vast amounts of asset-orientated 
data (Lin, Gao, Koronios, & Chanana, 2007). 
However, the data and information environments 
in these organisations are typically fragmented 
and characterised by disparate operational, trans-
actional, and legacy systems spread across mul-
tiple platforms, diverse structures, and different 
data formats (Haider, 2007; Haider & Koronios, 
2003). The plethora of different systems makes 
it very difficult, even impossible, for a system in 
one functional unit to communicate with systems 
in other units. This lack of integration of infor-
mation systems, together with the large volumes 
of transactional data which might be spread in 
different pools across the enterprise, can lead to 
increased difficulties in analysing, summarising, 
and extracting actionable information resulting in 
suboptimal management performance (Ponniah, 
2001). Moreover, heightened competition resulting 
from market deregulation as well as increased 
regulatory compliance and governance require-
ments, such as the Sarbanes-Oxley ordinance 
in the U.S. and the CLERP 9 Acts in Australia, 
have demanded greater accountability for deci-
sion making within such organisations (Logan & 
Buytendijk, 2003; Mathew, 2003). 

On the other hand, existing management 
information systems are no longer adequate for 
EAMO’s modern business needs and not always 
meeting the expectations of decision makers at 

all hierarchical levels (Olszak & Ziemba, 2007). 
These systems were unable to handle the integra-
tion of different, dispersed, and heterogenic data 
within such enterprises. Nor could they effectively 
interpret such data in any broader contexts or 
discover new data interdependencies (Bui, 2000, 
cited in Olszak & Ziemba, 2007; Gray & Wat-
son, 1998), due to improper techniques of data 
acquisition, analysis, discovery, and visualisation 
(Olszak & Ziemba, 2007). Therefore, in response 
to these pressing challenges of information disper-
sion and compliance requirements, EAMOs are 
compelled to improve their business execution 
and management decision support through the 
implementation of a contemporary BI system 
(Olszak & Ziemba, 2007). 

According to Negash (2004), “BI systems 
combine data gathering, data storage, and knowl-
edge management with analytical tools to present 
complex internal and competitive information to 
planners and decision makers.” Whilst Moss and 
Atre (2003) state that “it is an architecture and 
a collection of integrated operational as well as 
decision-support applications and databases that 
provide the business community easy access to 
business data.” Stated simply, the main tasks of a 
business intelligence (BI) system include “intel-
ligent exploration, integration, aggregation and 
a multidimensional analysis of data originating 
from various information resources” (Olszak & 
Ziemba, 2007). Implicit in this definition, data is 
treated as a highly valuable corporate resource, 
and transformed from quantity to quality (Gangad-
haran & Swami, 2004). As a result, critical infor-
mation from many different sources of an asset 
management enterprise can be integrated into a 

ment approach, user-oriented change management, a business-driven, scalable and flexible technical 
framework, and sustainable data quality and integrity. More significantly, the study further reveals that 
those organisations which address the CSFs from a business orientation approach will be more likely 
to achieve better results. 
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coherent body for strategic planning and effec-
tive allocation of assets and resources. Hence, 
meaningful information could be delivered at 
the right time, at the right location, and in the 
right form (Negash, 2004) to assist individuals, 
departments, divisions, or even larger units for 
improved decision-making (Jagielska, Darke, & 
Zagari, 2003). 

From an architectural standpoint, a BI system 
is composed of a set of three complementary 
data management technologies, namely data 
warehousing, OLAP, and knowledge discovery 
(which is aided predominantly by data mining 
techniques). To be specific, Olszak and Ziemba 
(2007, p. 138) posit that a BI system is composed 
of the following components: 

• Extraction-Transformation-Load (ETL) 
tools that are responsible for data transfer 
from operational or transaction systems to 
data warehouses; 

• Data warehouses to provide some rooms for 
thematic storing of aggregated and analysed 
data; 

• OLAP analytic tools to let users access, 
analyse and model business problems and 
share information that is stored in data 
warehouses; 

• Data mining tools for determining patterns, 
generalisations, regularities, and rules in 
data resources; 

• Reporting and ad hoc inquiry tools for creat-
ing and utilising different synthetic reports; 
and 

• Presentation layers that include customised 
graphical and multimedia interfaces to pro-
vide users with information in a comfortable 
and accessible form. 

 
In the past few years, the BI market has experi-

enced extremely high growth as vendors continue 
to report substantial profits (Gartner, 2006a; IDC, 
2007). Forrester’s recent survey indicated that for 
most CIOs, BI was the most important application 

to be purchased (Brunelli, 2006). The results of 
the latest Merrill Lynch survey into CIO spend-
ing similarly found that the area with the top 
spending priority was BI (White, 2006). These 
findings are echoed by Gartner’s CIOs priorities 
surveys in 2006 which revealed that BI ranked 
highest in technology priority (Gartner, 2006b). 
In the most recent survey of 1,400 CIOs, Gartner 
likewise found that BI leads the list of the top ten 
technology priorities (Gartner, 2007). 

While the BI market appears vibrant and the 
importance of BI systems is becoming more 
widely recognised, particularly in EAMOs, 
nevertheless few studies have investigated the 
implementation of BI systems in general and 
critical success factors in particular. Although 
there have been a plethora of guidelines from 
the IT industry, most rely on anecdotal reports 
or quotations based on hearsay (Jagielska et al., 
2003). This is because the study of BI systems 
is a relatively new area that has primarily been 
driven by the IT industry and vendors (Jagielska 
et al., 2003). Therefore, empirical research to shed 
more light on those critical factors influencing the 
implementation of BI systems is desirable because 
the understanding of critical success factors 
(CSFs) enables BI stakeholders to optimise their 
scarce resources and efforts on those significant 
factors that are most likely to have an impact on 
the system implementation, and thus increase the 
chances of implementation success. 

r esearch motivation

CSFs have been one of the earliest and most promi-
nent topics in the area of IS research (Lu, Huang, 
& Heng, 2006). Rockart (1979) defines CSFs as 
“the limited number of areas in which results, 
if they are satisfactory, will ensure successful 
competitive performance for the organisation.” 
Whilst Greene and Loughridge (1996) assert 
that the identification of CSFs can help to clarify 
the nature and amount of resources that must be 
gathered to permit the project team to concentrate 
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their efforts on meeting priority issues rather than 
what the available technologies will allow. Thus, 
the emphasis here is on “few” and “must go right” 
(Khandelwal, 2000). For obvious reasons, CSFs 
are high-level management considerations as 
distinct from a detailed set of project deliverable 
specifications. 

The IS literature contains many studies that 
investigate the factors that impact the imple-
mentation of an information system. As a result 
of such research efforts, a number of critical 
factors have been investigated and identified; 
for instance, top management commitment and 
adequate sponsorship (Lu et al., 2006). However, 
while these studies are helpful, the complexity 
involved in the implementation of BI systems is 
arguably different from traditional systems de-
velopment efforts (Bischoff & Alexander, 1997; 
Fuchs, 2006; Han & Kamber, 2001; Ponniah, 
2001; Power, 2002). The implementation of a BI 
system is not a conventional application-based IT 
project (such as an operational or transactional 
system), which has been the focus of many CSF 
studies (Wixom & Watson, 2001). Instead, it shares 
similar characteristics with other enterprise-wide 
infrastructure projects such as enterprise resource 
planning (ERP) systems implementation. 

That is, a BI system implementation is regarded 
as a complicated infrastructure project and is 
defined as a set of shared, tangible IT resources 
that provide a foundation to enable present and 
future business applications (Duncan, 1995). It is 
not a simple activity to purchase a combination of 
software and hardware, but rather it is a complex 
undertaking requiring requisite infrastructure and 
resources; initially it involves various stakehold-
ers several months to develop, and it may pos-
sibly take several years to become adopted fully 
across the enterprise (Moss & Atre, 2003; Moss 
& Hoberman, 2004; Olszak & Ziemba, 2007; 
Reinschmidt & Francoise, 2000; Watson & Haley, 
1997). Typical expenditure on these systems in-
cludes all BI infrastructure, software programs, 
licenses, training, consulting, and implementation 

costs, and may demand seven-digit expenditure 
(Watson & Haley, 1997). Furthermore, BI stake-
holders need to address issues foreign to the 
conventional systems, and these might include 
cross-functional data quality and integrity issues, 
technical complexities such as multidimensional 
data modelling, cross-organisational needs and 
socio-politics, and broader enterprise integration 
and consistency challenges (Shin, 2003). 

Specifically, the key infrastructural compo-
nent—a data warehouse—is a subject-oriented, 
integrated, time-variant, and nonvolatile collec-
tion of data that differ from conventional online 
transactional processing (OLTP) databases (In-
mon, 1994). A complex data structure must be 
maintained in order to provide an integrated view 
of the organisation’s data so users can query across 
departmental boundaries for dynamic retrieval of 
rich decision-support information. Furthermore, 
the BI system’s architecture is highly complex 
owing to the back-end systems originating from 
multiple data sources and to the vast volume of 
data to be processed (Sen & Jacob, 1998). Moss 
and Atre (2003) reported that a surprisingly high 
rate of 60% of BI projects end in abandonment 
or failure due to an assortment of issues. The 
complexity of BI systems is further exemplified 
by Gartner’s recent study which predicted that 
more than half of the systems that had been imple-
mented would achieve only limited acceptance 
(Friedman, 2005). In brief, the implementation of 
a BI system is associated with many challenges as 
summarised below (Fuchs, 2006; Moss & Atre, 
2003; Watson, Gerard, Gonzalez, Haywood, & 
Fenton, 1999):

• Lack of recognition of BI projects as cross-
organisational business initiatives which 
differ from typical stand-alone solutions. 

• Unengaged or weak business sponsors. 
• Inadequate formal involvement from the 

business side of the enterprise. 
• Inappropriate project team structure and 

dynamics. 
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• No software release concept (no iterative 
development method). 

• No work breakdown structure (no methodol-
ogy). 

• Ineffective project management (only project 
administration). 

• No business analysis and no standardisa-
tion activities (with too much reliance on 
disparate methods and tools) 

• Underlying back-end systems and processes 
which originally were not adapted for BI ap-
plications because the normalised database 
structures in operational systems are suited 
to updating data, but not for exporting data 
to other systems. 

• Poor data quality derived from source 
systems that can often go unnoticed until 
cross-systems analysis is conducted. 

• Inadequate resources needed to keep the 
system alive and constantly adapted to the 
needs of users. 

• The maintenance process for BI systems that 
tends to be vague and ill-defined because it 
is quite difficult to determine how the busi-
ness users will work with the BI system if 
they are given such analytical and reporting 
freedom. 

 
Despite the daunting complexities in imple-

menting BI systems, there has been little empirical 
research about the CSFs impacting the implemen-
tation of BI systems. The gap in the literature 
is reflected in the low level of contributions to 
international conferences and journals (Yeoh, 
Gao, & Koronios, 2006). More importantly, the 
value of previous CSF studies will obviously 
decline with age (Little, 1998). As pointed out 
by Dickson, Leithesier, Wetherbe, and Nechis 
(1984), “New technologies, economic and legal 
conditions, and other developments will cause the 
relative importance of these issues to change and 
cause new ones to come into existence.” Thus the 
rapid advancement of technology innovation in 
general, and the pace at which new technologies 

are being adopted in particular, will apparently 
influence the state of criticality for such types of 
CSFs research (Little, 1998). Furthermore, CSFs 
applicable to other types of information systems 
may not necessarily apply to a contemporary BI 
system. 

Therefore, the increased rate of adoption of 
BI systems, the complexities of implementing a 
contemporary BI system, the scarcity of academic 
research, and the far-reaching business implica-
tions justify a more focused examination of CSFs 
as well as the associated contextual issues required 
for implementing BI systems.  

 
bI system vs. o perational system

As the focus of this study is on BI systems, it is 
critical to understand how they differ from other 
systems, and especially those for operational 
and transactional purposes. In general, there are 
two fundamental types of information systems 
within the IS literature, namely online transac-
tional processing (OLTP) systems (also known as 
operational or transactional systems) and online 
analytical processing (OLAP) systems such as 
BI systems (Datta & Thomas, 1999; Ponniah, 
2001; Power, 2002). There have been numerous 
successful cases associated with OLTP-based op-
erational systems, but the knowledge required for 
building these systems is not adequate for success-
ful implementation of OLAP-based BI systems 
(Fuchs, 2006; Power, 2002). In fact, BI systems 
differ in many ways from operational systems that 
process business transactions (Power, 2002), and 
there is a need for a more sophisticated technical 
and philosophical understanding of BI systems. A 
number of researchers have described the differ-
ences between BI systems and operational systems 
(see Datta & Thomas, 1999; Fuchs, 2006; Han & 
Kamber, 2001; Ponniah, 2001; Power, 2002) and 
these are summarised in Table 1 below, followed 
by detailed discussion. 

The major difference between operational 
systems and BI systems is in the general purpose 
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Attributes Operational system BI system

Business purpose Support the operational business activities 
in an efficient manner.

Support strategic and tactical activities by 
giving the right information and new insights 
to the business.

Characteristic Operational processing Informational processing

Orientation Transaction Analysis

Function Day-to-day operations Long-term informational requirements, 
decision support

Business The users often have no choice whether 
or not to use the system; he or she is not 
obligated to use the system in order to 
conduct business.

“Voluntarily,” in the sense that users can 
perform analysis and reporting with other 
tools (such as spreadsheets), even though it 
may be less efficient.

Education Easy to plan, because an operational system 
often consists of fixed business process that 
need to be taught.

Difficult to foresee, as most BI systems allow 
for many nonprocesses based ways to create 
reports and analyses.

User type Frontline worker, operational staff Knowledge worker, managerial staff

IT support Relatively easy to plan, unless the system 
suffers from quality problems. 

Demands flexibility

Focus Data in Information out

Unit of work Short, simple transaction Complex query

View Detailed, flat relational Summarised, multidimensional

Operations Index/hash on primary key Lots of scans

Data content Current values Archived, derived, summarised

Data structure Optimised for transactions Optimised for complex queries

Database design Entity relational based, application oriented Star/snowflake schema, subject oriented

Access frequency High Medium to low

Access type Read/write, update, delete Mostly read

Usage Predictable, repetitive Ad-Hoc, random, heuristic

Number of records 
accessed

Tens millions

Priority High performance, high availability High flexibility, end-user autonomy

Metric Transaction throughput Query throughput, response time

Response time Sub-seconds Several seconds to minutes

Number of users Large number Relatively small number

Development Most operational processes are known and 
taken into account when implementing the 
system

The BI system develops over time, because it 
is often difficult to foresee the usage of a new 
and mostly non-process based system

User reaction in case 
of system failure

Immediate when the system is not working, 
because the day-to-day business stops

The user “can wait” in the sense that the 
business will go on, even though the BI 
system stops

Table 1. Comparison of BI system with operational system (Adapted from Fuchs, 2006; Han & Kamber, 
2001; Ponniah, 2002; Power, 2002)
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of each. Operational systems are online transac-
tional processing (OLTP) systems designed to 
expedite and automate transaction processing, 
record keeping, and simple reporting of trans-
actions (Datta & Thomas, 1999; Power, 2002). 
These so-called “bread-and-butter” systems, 
such as sales order processing, procurement, 
inventory control, claims processing, billing, 
and so on, are not designed to provide business 
intelligence. They are used to run the repetitive, 
day-to-day core business of an organisation and 
to support its daily business processing by cap-
turing information about the economic activities 
of the company (Ponniah, 2001). For example, 
information processed for each transaction may 
include a single invoice, a single order, or a single 
purchase. Hence, an OLTP system records cur-
rent information and maintains a database of 
transaction information which is a predictable 
usage (Corey, Abbey, Abramson, & Taub, 2001) 
whereas a BI system uses those transaction data 
for analysis (Power, 2002). In brief, the purpose 
of operational systems is to record data in the 
database of computers (Ponniah, 2001). 

In contrast, specially designed BI systems are 
not intended to run the core business processes, 
but aim to retrieve information from existing 
computer’s databases (Ponniah, 2001). It is an 
online analytical processing (OLAP) system that 
is used to support decision-making and thus facili-
tate better managerial work. In this information 
environment, summarised and aggregated data are 
much more critical than detailed records (Datta 
& Thomas, 1999). As a result, business users 
are able to scour data for information about the 
business to provide tactical or even operational 
decision support (Turban, Sharda, Aronson, & 
King, 2007). Therefore, a BI system is intended 
to provide competitive advantages that make an 
impact on the bottom line of the organisation 
(Kulkarni & King, 1997). The typical output 
information consists of summarised reports and 
consolidated statements that provide a picture of 

the overall performance of the enterprise, and in 
so doing they enable insights, new thinking, and 
new understanding of the business to knowledge 
workers. The database typically contains long 
periods of historical data comprising hundreds 
of gigabytes and terabytes (Chauduri & Dayal, 
1997). 

An analytical processing using OLAP system 
is performed through comparisons or by analysing 
patterns. For instance, sales trends are analysed 
along with specific marketing strategies to de-
termine the relative success of those initiatives. 
However, such analysis is difficult to perform with 
OLTP systems because the data are sourced from 
different information systems across multiple 
departmental units (Poe, Klauer, Brobst, 1997). 
In other words, a BI system can be viewed as 
market-centric with a shrinking information time 
window as opposed to an operational system that 
is customer-centric and time specified (Han & 
Kamber, 2001). 

The differing requirements of OLTP and 
OLAP systems demand different data models for 
each type of system (Datta & Thomas, 1999). The 
relational data model commonly used in OLTP 
systems is not meant for effective querying and 
so is unlike the dimensional data model used in 
OLAP systems (Datta & Thomas, 1999; Goede, 
2001). However, the dimensional design of an 
OLAP system is not suitable for OLTP systems 
because of redundancy and the loss of referential 
integrity of the data (Datta & Thomas, 1999; Go-
ede, 2001). Although these two qualities are crucial 
in every information system, an OLAP system 
primarily emphasises flexibility in the retrieval 
of decision-relevant information in conducting 
analysis (Power, 2002). Also, Eckerson (2003) 
asserts that the relational design (of an OLTP sys-
tem) enforces a business process structure which 
should not be changed regularly, but dimensional 
design (of an OLAP system) needs to be changed 
dynamically to meet the ever-changing needs of 
the business. Thus, an OLAP-based BI system 



2�4  

Empirical Investigation of Critical Success Factors for Implementing Business Intelligence Systems 

aims to enhance effectiveness of business deci-
sion-making rather than increasing efficiency in 
processing transactional data (Power, 2002). 

Moreover, the maintenance process for BI 
systems differs significantly from operational 
systems (Fuchs, 2006). Typically, an operational 
system implementation has a standard project 
management plan. Usually, the system mainte-
nance and support are not considered as part of 
the project, but a future process for which a sys-
tem maintenance team will be held responsible. 
Unlike BI systems, the maintenance part can be 
relatively small once the system is put in place. In 
contrast to operational systems, the overall project 
management of a BI system implementation takes 
into account the maintenance process during the 
outset (Fuchs, 2006). The BI project evolves into 
a process that turns some of the usual IT project 
phases into a well-defined repetitive process. In 
order to optimise the investment, the existing BI 
application would be measured against certain 
predefined metrics and overall benefits. Based 
on this, together with the evolving business and 
user demands, the system is further modified and 
improved. This adaptive process model acknowl-
edges that the user’s needs change over time and 
that their way of working with BI applications is 
often difficult to predict at one single stage. Thus 
the maintenance process optimises the current 
BI solution in corresponding to the changing 
needs leading to a perception of positive benefits 
(Fuchs, 2006). 

Therefore, given the above substantial differ-
ences, organisations are compelled to implement 
two separate types of information systems, one 
being an OLTP-based operational system and the 
other an OLAP-based BI system. Whilst there have 
been a number of studies on CSFs for operational 
systems, their applicability to contemporary BI 
systems cannot be taken for granted. The subtle 
differences warrant rigorous research to specifi-
cally address the CSFs affecting the implementa-
tion of BI systems. 

r esearch Aim

Given the motivation for this research and drawing 
on the CSFs framework developed in a previous 
Delphi study, the authors used multiple case 
studies to: 

• Examine the CSFs and their associated con-
textual issues that impact the implementation 
of BI systems in EAMOs

 
The remainder of this chapter has been 

structured as follows. The following section de-
scribes the research framework and discusses the 
definition of success criteria in this study before 
elaborating on the research methodology. The later 
section then presents the research findings. In the 
subsequent section the authors discuss the findings 
of the study and then state their conclusions. 

r ese Arch f r AmeWork

Implementation success c riteria

A rigorous review of the literature has indicated 
that it is very difficult to quantify the benefits 
of a BI system implementation using standard 
economic evaluation methods. While the cost 
and timeframe of a BI system implementation 
can be estimated, assigning monetary value to the 
benefits is difficult since the benefits can be in-
tangible and transient (Rockart & DeLong, 1988). 
Instead, the return on investment in a BI should 
be included in those of the business process as a 
whole (Liautaud & Hammond, 2001). Therefore, 
the benefits perceived by business stakeholders 
in this study should be considered to be qualita-
tive, and dependent upon the particular features 
of each individual case. Nevertheless, Delone 
and McLean (1992, 2003) have suggested that 
the success of an information system could be 
evaluated against a number of criteria, and other 
researchers, such as Wixom and Watson (2001) and 
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Ariyachandra and Watson (2006), have proposed 
additional criteria that can be used to determine 
the level of success of a data warehouse-based 
information system. 

Based on their combined suggestions, espe-
cially Ariyachandra and Watson’s proposition 
(2006), the implementation success criteria of 
this research takes into account two key dimen-
sions: infrastructure performance, and process 
performance. The infrastructure performance has 
parallels with the three major IS success variables 
described by Delone and McLean (1992, 2003), 
namely system quality, information quality, and 
system use, whereas process performance can be 
assessed in terms of time-schedule and budgetary 
considerations. Specifically, system quality is 
concerned with the performance characteristics 
of the information processing system itself, in 
which the system should be flexible, scalable, and 
able to integrate data (Ariyachandra & Watson, 
2006; Delone & McLean, 1992, 2003). Information 
quality refers to accuracy, completeness, timeli-
ness, relevance, consistency, and usefulness of 
information generated by the system (Ariyachan-
dra & Watson, 2006; Delone & McLean, 1992, 
2003; Fisher, Lauria, Chengalur-Smith, & Wang, 
2006). System use is defined as “recipient con-
sumption of the output of an information system” 
(Delone & McLean, 1992, 2003). Given that many 
theoretical and empirical studies have used and 
tested DeLone and McLean’s IS success criteria 
(albeit with a number of multiple dimensions), it 
is considered that the success criteria provide a 
solid foundation for measuring implementation 
success, and thus are suitable for this study into 
the related CSFs. 

csf  r eviewed 

In the previous section, the measure for implemen-
tation success was introduced and defined. Those 
success criteria serve as the operationalisations 
of this study’s dependent variables. The focus 
will now move on to the dependent variables, the 
so-called critical success factors. 

There is relatively little academic literature 
on the subject of CSFs for successful BI system 
implementation. The field of BI systems is driven 
by industry, and it takes time for a tradition of 
academic scrutiny and evaluation to develop into 
a comprehensive literature. Nonetheless, there 
have been a number of studies which have sought 
to identify CSFs for the implementation of a data 
warehouse. Since a data warehouse is a core 
component of a BI system, their CSF studies are 
believed to be applicable to BI systems. Specifi-
cally, the synthesis of the literature (conducted 
in an earlier phase of this research, see Yeoh et 
al., 2006) provides a theoretical platform for this 
study about CSFs affecting the success of a BI 
system implementation. Following the literature 
review, a Delphi study was carried out with a panel 
of 15 BI system experts in order to identify the 
relevant CSFs (see Yeoh, Gao, & Koronios, 2007). 
Based on the Delphi findings, a CSF framework 
was developed to incorporate those CSFs which 
were endorsed by the panel. 

This research framework outlines how a set 
of factors contribute to the success of a BI sys-
tem implementation. It postulates that there is a 
set of CSFs which determine the quality of the 
BI system and its information output which, in 
turn, have a positive effect on the users’ attitudes 
towards the use of the system. In other words, this 
framework treats the proposed factors as neces-
sary factors for implementation success, whereas 
the absence of the CSFs would lead to failure of 
the system. Subsequently, individual users and 
their respective organisations would assess the 
benefits of the BI system implementation. This 
perception of the benefits would then become part 
of an interactive, business-driven evolutionary 
continuum to further support evolving business 
needs for improved BI systems (Arnott, 2004; 
Arnott & Pervan, 2005). This framework, and 
its related research issues, are the foci for the 
data collection and analysis of this research. 
The framework’s components are illustrated in 
Figure 1. Within the framework, description of 
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each CSFs identified by the Delphi study (Yeoh 
et al., 2007) is as follows. 

Business orientation (BO) emphasises the 
business-aligned approach relating to the current 
and future needs of business intelligence in order 
to successfully address the CSFs influencing BI 
systems. 

CSF#1: Committed management support 
and sponsorship. This refers to the commit-
ment and sponsorship of top management to the 
BI initiative. This commitment is particularly 
required to overcome organisational challenges, 
including issues such as: flow of information, 
data ownership and technical framework develop-
ment that is cross-functional, people issues, and 
consistent sponsorship of the initiative from the 
business side. 

CSF#2: Clear vision and well-established 
business case. This refers to the existence of a 
strategic business vision with a clear outline of 
business objectives. In implementing BI systems, 
a detailed business case is required to describe 
the BI initiative in qualitative terms, and more 

importantly it must be aligned with the business 
vision. The case should clearly outline the business 
needs, processes and inadequacies of the existing 
information infrastructure to address the core 
decision-support problems of the business. 

CSF#3: Business-centric championship 
and balanced team composition. This refers 
to a business-centric champion who views 
the BI system in strategic and organisational 
terms rather than in technical terms. Ideally the 
champion possesses strong business acumen, is 
technically knowledgeable, and committed to 
the leadership of the BI competency team. The 
team comprises cross-functional representatives 
from IT and business. They provide a central 
location to drive consistent BI deployments, and 
this ensures ease in coordinating and supporting 
BI and performance management initiatives that 
span multiple departments. 

CSF#4: Business-driven and iterative devel-
opment approach. The scope of the BI system 
implementation is clearly defined at the outset, and 
an incremental delivery (“iterative”) approach is 

Figure 1. CSFs framework for implementation of BI systems
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adopted. The project commences in those areas 
which can readily be impacted in order to get 
buy-in and where programs can be scheduled to 
deliver quick wins. 

CSF#5: User-oriented change management. 
Key users and relevant functional managers are 
involved throughout the entire implementation 
process, and during the business-driven, iterative 
maintenance process to develop further improve-
ments. Training, education, and consistent sup-
port from the BI competency team are in place 
to induce individuals to embrace new practices, 
procedures, and technology throughout the period 
of the system implementation. 

CSF#6: Business-driven, scalable, and 
flexible technical framework. This refers to the 
establishment of a strategic, scalable, and flexible 
technical framework covering both architecture 
design and data modelling in alignment with 
short and long-term business requirements, and 
including additional internal and external data 
sources. At the initial phase, a pilot prototype 
is used as proof-of-concept and stable source 
systems are in place. 

CSF#7: Sustainable data quality and integ-
rity. This refers to business-led establishment of 
common definitions, measures, and classifications 
that are used across the organisation, and the 
foundation of high-quality data at source systems, 
and a data governance framework is in place to 
monitor the data collection process. 

r ese Arch methodology   

methodology

This study applied a qualitative case study meth-
odology with multiple-case design and content 
analysis techniques. The use of this approach is 
valid for the following reasons.

• As opposed to sampling logic, case study 
research is an empirical investigation 

following replication logic that leads to 
analytic generalisation (Eisenhardt, 1989; 
Yin, 2003); by

• Investigating a relatively new research area 
within a real-life context (Eisenhardt, 1989; 
Yin, 2003); to

• Provide in-depth and rich contextual 
information which describes an actual 
situation (Robson, 1993); from 

• Rigorous observation and systematic 
examination using multiple sources (Miles 
& Huberman, 1994; Yin, 2003).

It should be noted that, unlike sampling logic, 
replication logic is a purposive selection—it does 
not aim to generalise the findings to an entire 
population (Firestone, 1993). Thus multiple case 
studies in this study should be regarded as multiple 
experiments and not multiple respondents in a 
survey (Yin, 2003). That is, relevance rather than 
representativeness is prioritised in case selection. 
Within each case, and guided by the research 
questions, the need for in-depth investigation and 
richer understanding of critical factors within the 
organisation’s real-life context was the subject 
of this study. Given the research objectives, case 
study research with multiple-case design was the 
appropriate methodology. 

r esearch site

In order to maintain homogeneity and thus 
lessening the potential for confounding effects 
of different industries and IT environments, it 
was decided that all case organisations should 
come from the same industry. The engineer-
ing asset management organisations (EAMOs), 
such as electric, gas, water utilities, and railway 
companies, were selected for three reasons. First, 
the types of information systems in these asset-
intensive organisations are identical. Typically, 
they are composed of asset operational systems, 
maintenance systems, condition monitoring, 
work management, and contract management. 
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Secondly, due to fierce competition resulting from 
deregulation, increased regulatory compliance, 
and governance requirements, many EAMOs 
are on the verge of implementing large-scale BI 
systems, yet there is very limited literature to 
guide such organisations. For instance, a recent 
BI project introduced by an Australian water 
utility cost several millions dollars (LeMay, 
2006). Third, the experiences of such EAMOs 
(that are traditionally characterised by its silo 
information environment) could provide better 
insights and richer contexts for comprehensive 
understanding.

Furthermore, fear of a shortage of cases was 
eliminated because this research was supported 
and sponsored by the Cooperative Research Centre 
for Integrated Engineering Asset Management 
(CIEAM). Hence, the BI system usage in this 
study focuses on the asset management business 
rather than the conventional market-centric ap-
plications. To assess the importance of the seven 
previously-identified CSFs, the authors studied 
five Australian EAMOs that had implemented BI 
systems. The backgrounds of these case compa-
nies are illustrated in Table 2. 

data c ollection
 

Data collection for this study entailed semis-
tructured interviews with key stakeholders of BI 

projects, and those interviewed included project 
managers, end users, key project stakeholders 
(who have been involved directly in either business 
or IT functions), and in two instances, external 
consultants/contractors. To facilitate data trian-
gulation, data were also gathered from a number 
of sources including relevant documents (such as 
business cases), training documents, presentation 
slides, and publicly available reports (such as an-
nual reports and financial statements).

In order to maintain consistency of question-
ing, the authors used the CSF research framework 
as a basis for the interviews, inviting participants to 
comment on the proposed CSF framework. After 
the interview, further clarifications (if any) were 
made by follow-up phone calls. The authors also 
observed the BI system in operation and gathered 
data about the CSFs for BI system implementation. 
However, the authors were cautious about being 
over-reliant on key informants, and attempted to 
seek contrary evidence when possible in order 
to corroborate findings and issues from other 
interviewees. 

A cross case analysis approach was used in 
this study to gain better understandings and in-
crease the generalisability of the findings (Miles 
& Huberman, 1994). In searching for patterns, 
the authors examined similarities and differences 
about relationships within the data (Eisenhardt, 
1989). Hence, varying the order in which case 

Table 2. Background of case organisations

Case Types of EAM Industry Annual 
revenue *

No. of staff ** Total assets #

C1 Rail transport and network access M M L

C2 Rail transport and network access L L L

C3 Builder and maintainer of large engineering asset M M S

C4 Electric and gas utilities L M L

C5 Water, sewage, recycled water utilities L M L

Note: Case descriptions have been disguised slightly to preserve the anonymity of participants. 
*Small=<AUD $100 million, Medium=AUD $100 to $1000 million, Large= >AUD$1000 million
** Small = <1000 staff, Medium = 1000-5000 staff, Large = over 5000 staff
#Small=<AUD $1000 million, Medium=AUD $1000 to $5000 million, Large= >AUD$5000 million
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data are arrayed enables patterns to become 
more obvious (Stuart et al., 2002). Moreover, 
this research did not produce quantitative data. 
In all cases, the authors were examining the pres-
ence or absence of a particular CSF (e.g., were 
adequate resources provided?), while at the same 
time ascertaining whether that characteristic was 
fulfilled in a meaningful way.

r esul ts 

Implementation success

After analysis of the triangulated results for all 
five organisations, three instances of notable 
success emerged, together with one moderately 
successful case and one failure. The three success-
ful cases of BI system implementation described 
their respective BI systems as stable, easy to use, 
fully functional, flexible, and responsive within 
anticipated times. Furthermore, the information 
generated was considered accurate, timely, com-
plete, consistent, and relevant to most participants. 
In addition to the encouraging trend of system 
use among end-users, the project leaders of these 
organisations confirmed that their implementation 
projects were completed on time and within bud-

get. However, the moderately successful case was 
experiencing uncontrollable external factors in its 
BI system implementation. The key application of 
its BI system was not identical to those of conven-
tional commercial enterprises. Due to its unique 
form of business and the peculiar bonus system 
with its major client, it was more concerned with 
ensuring on-time delivery of assets and meeting 
quality and safety standards rather than reducing 
costs or staffing. The BI system thus enables them 
to analyse and investigate underlying business 
activities with ease. Also, auditable reporting can 
be generated from the system to assist the business 
meet its strict regulatory requirements. 

On the other hand, the firm that experienced 
BI failure did so because it encountered business 
issues at the early phase of its implementation 
process. The business needs and requirements for 
BI system had not been clearly defined, yet there 
existed silo information systems with multiple 
versions of the truth. In that firm the BI initiative 
was driven mainly by the IT department alone 
and was viewed as a technological issue, and as 
a result the management had to suspend the BI 
initiative. This instance of failure served as a 
useful contrast case for comparative analysis in 
this research. Table 3 summarises the findings of 
implementation success for all cases. 

Table 3. Implementation success measure for the five cases (source: developed from field data)

Note: =Good; N =Acceptable; X=Poor; S=Successful; N =Partially successful; U =Unsuccessful 

Success measures / Case code C1 C2 C3 C4 C5

Infrastructure performance

1 System quality     N/A

2 Information quality     X

3 System use   N  N/A

Process performance

4 Budget  N   X

5 Time schedule     X

Overall S S N S U
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csf s o bserved

To demonstrate how the implementation success 
compared against the management of the CSFs 
of the five case organisations, an analysis of the 
CSFs 1 to 7 was conducted through a cross-case 
analysis. Table 4 summaries the relevant CSFs 
performance in matrices recommended by Miles 
and Huberman (1994), and these were used as 
an initial step in analysing patterns in the data. 
For each case, management of each CSF is rated 
through a summary rating of  (for a CSF that was 
fully-addressed), N (for a CSF that was partially 
addressed), or X (for a CSF that was ignored). 
Moreover, the summary ratings are supported 
through factual data from field research with 
each organisation.

o ver All  AnAl ys Is And 
dIscuss Ion  

The CSFs identified from a previous Delphi study 
were examined empirically in five engineering 
asset management organisations. This section 
discusses the qualitative results of the case stud-
ies. Essentially, the evidence from these studies 
clearly substantiated the construct and applica-
bility of the multidimensional CSFs framework 
proposed in the previous Delphi study. More 
importantly, the studies further reveal the sig-
nificance of addressing those CSFs through the 
business orientation approach. That is, without a 
specific business purpose, the BI initiatives rarely 
produce a substantial impact on business. As a 
result, the implementation of a BI system has a 
much greater likelihood for success when busi-
ness needs are identified at the outset and used 
as the driver behind the implementation effort. 
Thus, the entire system implementation must be 
business-driven and organisation-focussed. It 
should also have interactive business-side involve-
ment, and be adapted to meet evolving business 
requirements throughout the lifecycle. Invariably, 

a “build it and they will come” approach which 
overlooks business-focused strategies in system 
implementation proves to be unsatisfactory and 
very expensive (Bates, 2000). In other words, 
this particular metafactor (i.e., a business orienta-
tion approach) dictates the commandment of the 
proposed CSFs, particularly within the follow-
ing important aspects: business case formation, 
management commitment, championship, team 
composition, scoping and development methodol-
ogy, organisational change management, technical 
framework development, data model, and data 
quality issues. 

In essence, the three successful cases (C1, 
C2, and C4) seemed to emphasise the business-
oriented approach when addressing the CSFs, 
while the partially successful case (C3) appeared 
to comprise a mixture of business and customer-
centric approaches. The instance of failure (C5) 
was not totally business-driven but instead was 
technology oriented. The three successful cases 
shifted their focus from the technological view 
and instead adopted an approach that put their 
respective business needs first. On the basis of 
these case studies, it is apparent that the manner 
in which an organisation addresses those CSFs, 
whether through a business-oriented, technol-
ogy-oriented, or customer-oriented approach, will 
have a substantial impact on the implementation 
outcome. Having a clearly-defined set of CSFs is 
important, but it is even more critical to address 
the CSFs from the right approach. In the case 
of BI systems implementation, the triangulated 
data of case studies clearly demonstrates that by 
placing business needs ahead of other issues an 
enterprise has a higher likelihood of achieving a 
useful business information system. 

In order to meet the need for systems which 
provide management with dynamic analytics 
and business reporting, the findings of these 
case studies indicate that business stakehold-
ers should involve interactively throughout the 
implementation process. One explanation is that 
a BI initiative “provides the users with access to 
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information that they did not already know that 
can actually be used to change their actions and 
decisions” (Hancock & Toren, 2006). In other 
words, it necessitates the participation of business 
stakeholders in the development of a process of 
business analysis and reporting that usually de-
mands practical business experience (Hancock & 
Toren, 2006). Moreover, due to evolving business 
needs and ever-changing information require-
ments, it was found that the respective BI teams 
had to provide continual high-level maintenance 
and support not only on tools application, but also 
at broader data modelling and system scalability 
issues. The designing of data models and system 
architecture frameworks needs consistent input 
from those most familiar with the business needs 
of the enterprise. 

In summary, the three successful cases clearly 
demonstrated that addressing the CSFs from a 
business perspective was the cornerstone on which 
they successfully based the implementation of 
their BI systems. Conversely, the unsuccessful 
case failed because it focused primarily on the 
technology and neglected the core requirements of 
its business. In order to better address the CSFs, 
it is essential for an organisation to emphasise the 
business orientation approach, and in so doing it 
will gain an advantage over competitors. Indeed, 
this view was supported by Gartner Research, 
which stated that, “best in class organisations focus 
on business objectives and use a business-driven 
approach to define and scope their people, process, 
application, technology and/or services strategy” 
(Burton, Geishecker, & Hostmann, 2006). 

Also, it is relevant to note that in implementing 
a BI system neither data nor technical factors ap-
peared to be as critical as other organisational and 
process factors. According to most research par-
ticipants, technological difficulties can be solved 
by technical solutions. However, it was found 
that achieving management and organisational 
commitment for a BI initiative poses the greatest 
challenge because the BI teams considered them 
to be outside their direct control. The level of or-

ganisational support is reflected in the attitudes of 
the business stakeholders; that is, their attitudes to 
change, time, cost, technology, and project scope. 
Based on a large-scale survey result, Watson and 
Haley (1997) similarly pointed out that the most 
critical factors for successful data warehousing 
implementations (the antecedent of BI systems) 
were organisational in nature. Thus, committed 
management support and adequate resources were 
found to determine the implementation success 
because these factors worked to overcome socio-
political resistance, address change-management 
issues, and increase organisational buy-in. This 
finding was also congruent with Gartner’s recent 
observation that “overcoming complex organisa-
tional dynamics will become the most significant 
challenge to the success of BI initiatives” (Burton 
et al., 2006). Therefore, organisational and pro-
cess-related factors must not be taken for granted 
in the implementation of BI systems. 

c onclud Ing r emArk

Implementing a BI system is a costly, resourceful, 
and complex undertaking. This study examined 
the CSFs impacting BI systems implementation 
in EAMOs. Based on a previous Delphi study, it 
developed a multidimensional CSF framework 
for understanding those CSF issues. These CSFs 
are: committed management support and sponsor-
ship, a clear vision and well-established business 
case, a business-centric championship and bal-
anced team composition, a business-driven and 
iterative development approach, user-oriented 
change management, a business-driven, scalable 
and flexible technical framework, and sustainable 
data quality and integrity. 

Subsequently, the proposed CSFs were then 
examined empirically in case studies of five en-
gineering asset management organisations. The 
evidence from these studies clearly confirmed 
and substantiated the construct and applicabil-
ity of the CSFs framework. Within the set of 
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CSFs, an analysis of the findings indicated that 
nontechnical factors, including organisational 
and process-related factors, were more influential 
and important than technological and data-related 
factors. More importantly, the research suggests 
that organisations are in a better position to suc-
cessfully address those CSFs through the business 
orientation approach. Thus this business orienta-
tion meta-CSF should be regarded as the most 
critical factor in determining the implementation 
success of BI systems. 

This research has made a contribution to our 
understanding of the CSFs that impact on BI 
systems implementation. The literature review 
reveals that there is a lack of research on CSFs 
for successful implementation of BI systems. This 
study, therefore, fills in the research gap. This 
research provides thought-provoking insights 
into multidimensional CSFs that influence the 
implementation of BI systems. The CSFs which 
have been identified allow a clear understanding 
of the pivotal factors that must be addressed. 
Hence, it focuses attention on those important 
areas that might otherwise be neglected or taken 
for granted but are significant for the implemen-
tation success. Moreover, the consolidated CSFs 
framework provides a significant contribution to 
theoretical understanding of how implementation 
of BI systems can be improved. More specifically, 
the findings suggest that in investigating the criti-
cal success factors researchers should not only 
consider the technical context but also focus on 
organisational and process dimensions to provide 
a more comprehensive research approach. 

Not only does this research contribute to the 
academic literature on this topic but it also benefits 
organisations in several ways. The identification 
of CSFs enables BI stakeholders to gain a com-
prehensive understanding of those CSFs through 
a business orientation approach, especially in the 
planning and management of BI initiatives. Such 
outcomes will help them to determine those factors 
to which they should give priority. It also helps 
to ensure that those CSFs will receive deliberate 

and continuous management scrutiny. For senior 
management, this research finding can certainly 
assist them by optimising their scarce resources 
on those key areas that are most likely to have an 
impact on the implementation of the BI systems. 
Moreover, the management can concentrate their 
commitment to monitor, control and support those 
critical areas of implementation. In short, the CSFs 
findings represent the best practices of firms that 
have successfully implemented BI systems. The 
empirical evidence that was revealed provides 
insights for BI stakeholders and will significantly 
increase the chances of implementation success. 
Those that address the CSFs from a business ori-
entation approach and translate the business needs 
into a well-managed BI system implementation 
will likely succeed. 

ImPl Ic At Ion for f uture 
r ese Arch 

The results of this study suggest several areas for 
future research. They include replication of current 
study, theory testing research, and longitudinal 
study. First, this research focused on engineering 
asset management industries that implement BI 
systems for better managing their asset-intensive 
business. Thus, further empirical research in 
other industries or in other countries may shed 
light on where and how the research findings can 
impact the success of a BI system implementation. 
Research on cross-industry or across-country 
comparisons of CSFs will enrich and complement 
this research with additional insights, and possibly 
new understanding of factors. 

As it stands, this study was exploratory in 
nature and hence quantitative research can be 
conducted using a structured questionnaire with 
adequate samples. It could provide insight into the 
correlation between factors identified in the CSFs 
framework and determine the generalisablity of 
this study. In addition, a longitudinal study may 
be useful to further test the theory built in this 
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research. It would be ideal if a researcher could 
observe a case organisation prior to commencing 
a BI system implementation project, and then fol-
low the progress of implementation to completion. 
Nonetheless, a longitudinal research would require 
a long-term commitment by both the researcher 
and the participating organisation. 
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Abstr Act

A review of the literature showed that there appears to be very little research undertaken on Electronic 
Data Interchange (EDI) adoption by small to medium sized business (SMEs) particularly in Singapore. 
This study is a preliminary attempt to quantify this area. Using a survey-based methodology, the research 
examined EDI adoption. Results indicate that Singapore SMEs confirm findings by some researchers 
that EDI adoption is significantly associated with a firm’s annual sales but is not significantly associated 
with employee size as other studies have shown (Rogers, Daugherty, & Stank, 1992). This study is at 
odds with previous single-dimension EDI adoption studies indicating a significant relationship between 
firm size (annual sales) and EDI depth (Williams, Magee, & Suzuki, 1998). Organization size showed 
a significant relationship with the volume and diversity of EDI use but not with the depth and breadth. 
The most important reason for Singaporean SMEs to adopt EDI was pressure from their EDI-capable 
trading partners, treating pressure from their competitors as the least important.

Introduct Ion

Electronic Data Interchange (EDI) can be defined 
as the transmission of standard business docu-
ments in a standard format between industrial 

trading partners (Walton & Marucheck, 1997). 
Tingle (2000) points out that electronic commerce 
applications are moving toward EDI by using 
standards from Extensible Markup Language 
(XML) applications while EDI is moving toward 
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e-commerce (EC) by becoming Web-enabled. 
The Internet platform makes the facilitation of 
cross-border trade documents commercially more 
feasible. With the problem of security and interop-
erability being solved, traders have confidence in 
Internet-based EDI (Tan, Thio, & Wei, 2003).

 In addition, many firms that are pursuing 
electronic commerce with business partners on 
the World Wide Web are maintaining existing 
EDI relationships and using the Web to investi-
gate alternative suppliers or buyers. Others have 
begun to move away from the traditional Value 
Added Network (VAN)-mediated, proprietary 
EDI framework to use Web-based EDI. Many 
believe they will use both VAN-based EDI and 
Internet-based EDI as e-commerce tools (Jones 
& Beatty, 2001). Therefore, EDI still has a place 
in the e-commerce arena, even after more than 
20 years of research and use (ASC X12 Group, 
2002). 

However, Chong, Lim, and Wong (1998) re-
ported that Singaporean small to medium sized 
businesses (SMEs) were still in the infant stage 
of EC but they do not explain why SMEs were 
still at this stage. Most research on EC inhibitors 
explored EC’s usage for all sizes and types of 
organizations, or investigated issues at a macro 
multicountry level (OECD, 1998). Furthermore, 
these researchers have focused on general EC 
adoption; they have not identified factors that 
influenced EDI adoption in particular. There ap-
pears to be very little research investigating EDI 
adoption by SMEs and particularly in Singapore. 
This study, focusing on EDI adoption by SMEs, 
is a preliminary attempt to quantify this area.

o ver vIeW of It  And 
e-c ommerce

Information Technology (IT) has been funda-
mentally changing the way organizations conduct 
their businesses and compete in the market place. 
Using IT, firms can link up with their suppliers 

and customers located in any part of the world, 
and employees can consult with each other on 
a real time basis. IT can expedite responses to 
customers’ orders and queries, reduce inventory, 
shorten production cycle time, improve quality, 
enhance the efficiency of delivery of products and 
services, and strengthen in-company coordination 
(Takashi, 2001)

Electronic commerce is the use of inter-net-
worked computers to create and transform busi-
ness relationships. E-commerce can be defined 
as including any form of commercial transactions 
of any kind of goods and services, conducted 
over computer networks, whether they are open 
or closed networks (Wong & Lam, 1999). In the 
knowledge-based economy, IT and e-commerce 
play a vital role in world-class organizations 
globally, regionally, and in Singapore.

It  and e-c ommerce g lobally 
and r egionally

The business environment has changed in the 
second half of the 20th Century and IT is a key 
driver. The pace of change continues to acceler-
ate and corporations around the world will seek 
to revitalize and reinvent their business in the 
21st Century. IT has contributed to GDP growth 
in three ways. The first is the rapid growth of 
IT-producing industries; the second is the capital 
deepening of IT facilities to enhance business ef-
ficiency in all industries; the third is GDP growth 
by the creation of new businesses with the use of 
IT. The adoption of IT should not be imagined 
merely as a technology issue, but as the propulsive 
force of a new social revolution or “destructive” 
constructor (Takashi, 2001). 

E-commerce has changed and is changing 
the way business is conducted around the world. 
It was estimated that by the year 2005, the value 
of worldwide electronic commerce will reach 
U.S. $ 8.5 trillion, while the Asia Pacific region 
will have electronic commerce revenue of U.S. 
$ 2.4 trillion (Gartner Group, 2000). Another 
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prediction placed the global e-commerce trade 
at U.S. $ 9.2 trillion by 2005. Global e-business 
B2B (business-to-business) was predicted to be 
U.S. $ 1.41 trillion in 2005 and U.S. $2.4 trillion 
in 2006. Predictions vary due partly to the lack 
of global data and no unanimous definition of 
e-commerce (Yang & Miao, 2005). 

In terms of regional distribution of growth in e-
commerce, the fastest growing region is expected 
to be the Asia-Pacific, including Australia and New 
Zealand. With the exception of Mexico and Israel, 
all of the top 10 fastest growing countries are from 
the Asia-Pacific. This region is expected to account 
for about a quarter of the global e-commerce rev-
enues. Japan is already the second most important 
nation in the global e-commerce map and is the 
country with the highest value of e-commerce 
activities in Asia. South Korea comes next with 
substantial e-commerce activities already afoot 
and stunning future growth projections. Hong 
Kong, Singapore, and Israel form the third rung 
with India, China, Malaysia, The Philippines, 
Indonesia, Turkey, and Vietnam forming the next 
tier (Chakrabarti & Kardile, 2002). Business-to-
consumer (B2C) reached U.S. $59.1 billion in 
five largest1 Asia-Pacific e-commerce regions in 
2006 and is predicted to reach U.S. $168 billion 
by 2011 (E-Marketer, 2008).

Compared with larger enterprises, SMEs have 
generally been found to lag behind in exploiting 
the advantage of IT to improve their productiv-
ity and competitiveness. A lack of knowledge of 
how IT can transform their businesses, nonavail-
ability of expertise and finances, and inadequate 
training of their manpower are some of the major 
contributing factors to the slower pace of IT ap-
plications among SMEs in comparison with their 
larger counterparts (Takeaki, 2001).

In China, fewer SMEs have introduced e-com-
merce in comparison with larger enterprises. Most 
SMEs in Hong Kong have begun to understand 
the importance of e-commerce, and are applying 
it to enhance their competitiveness, though the 
overall adoption is still at the development stage. 
Through the newly established Electronic Com-

merce Resource Center, Thailand has formulated 
a national policy framework and an action plan for 
the promotion and development of e-commerce 
in SMEs (Takashi, 2001).

It  and e-c ommerce in singapore 

Singapore is a small country with a population 
of about four million. It has a small market and 
limited natural resources that make it almost 
impossible to depend on these resources for its 
growth. The Singapore Government has rec-
ognized the importance of knowledge assets in 
the new economy and the need to invest in its 
people to remain competitive. As a result, the 
government encourages organizations to make 
use of the available infrastructure to increase 
productivity and efficiency in their operations 
(Chan & Hawamdeh, 2002). 

The Singapore Government has used informa-
tion technology to stimulate economic growth 
and achieve national competitiveness. Launched 
in 1991, “IT 2000” was as a plan to guide Singa-
pore IT development into the 21st Century. This 
plan sought to transform Singapore into an intel-
ligent island (National Computer Board, 1992). 
In September 1998, Singapore’s e-commerce 
master plan was launched, to drive the pervasive 
use of electronic commerce in Singapore, and to 
strengthen Singapore’s position as an international 
e-commerce hub. The target was to have S$4 
billion worth of products and services transacted 
electronically through Singapore, and 50% of 
businesses to use some form of e-commerce by 
the year 2003 (IDA, 1997). 

A survey on Information and Communication 
Technology (ICT) and e-commerce adoption by 
businesses in Singapore found that most busi-
nesses were planning to implement IT for their 
business activities at the end of the 20th Century. 
Over half of the organizations had implemented 
e-commerce in their businesses (Shapiro, 1999). 
The Center for Management Innovation & 
Technopreneurship in the National University of 
Singapore’s (NUS) survey on business-to-busi-
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ness e-commerce in Singapore, found that over 
73% of the companies surveyed had corporate 
access to the Internet, and over one-third of the 
companies have implemented business-to-busi-
ness e-commerce (Chan & Hawamdeh, 2002).

In November 1998, in conjunction with the 
rapid growth of e-commerce in Singapore, the 
government launched the Local Enterprise E-
Commerce Program to build up e-commerce 
applications and encourage local companies to 
implement e-commerce in their business op-
erations with a budget of S$9 million providing 
50% funding of implementation costs incurred 
by companies (Chan & Hawamdeh, 2002). One 
study by PricewaterhouseCoopers found that most 
SMEs identify e-commerce as an important fac-
tor to improve customer services and exchange 
of information. This study also postulated that 
more SMEs will adopt e-commerce applications 
as a result of the Singapore Government’s effort 
to encourage the private sector to adopt e-com-
merce (Shapiro, 1999).

In January 2000, the Singapore Productiv-
ity and Standards Board (PSB) that had been 
spearheading the development and upgrading of 
SMEs, released a 10-year strategic plan called the 
SME 21 Plan to create a community of vibrant 
and resilient SMEs that will enhance Singapore’s 
competitiveness and economic growth. Under the 
SME 21 Plan, PSB aims to promote greater use 
of IT and e-commerce among SMEs. In January 
2000 when PSB first started with the e-commerce 
service providers (ECSPs) there were fewer than 
1,000 SMEs subscribers to e-commerce solutions. 
By 2001, there were approximately 16,000 SMEs 
subscribers (Gwee, 2001).

develo Pment And evolut Ion 
of ed I 

E-commerce includes both business-to-business 
(B2B) and business-to-consumer (B2C) elements. 
These two streams—business-to-business EDI-

centred electronic commerce, and individual use 
of the Internet and the WWW—came together 
in the mid-1990s. A great deal of B2B electronic 
commerce is still conducted over private networks, 
using primarily traditional EDI channels and 
value-added network (VAN) service providers. 
But EDI can be conducted either over private 
networks or over the Internet (Huff, Schneberger, 
& Newson, 2000). It is fair to say that, despite the 
visibility of the B2C sector, it is the B2B sector 
that forms the core of the e-commerce revolu-
tion (Rajesh & Vikas, 2002). Hence, EDI plays a 
very important role in this competitive business 
environment.

The information systems (IS) literature pro-
vides examples of the use of IS and IT by organiza-
tions to gain a competitive edge (Mackay & Rosier, 
1996). EDI is one type of Inter-organizational 
Systems (IOS). IOS do more than speed the flow 
of information; they allow closer integration and 
also affect business relationships (Emmelhainz, 
1987). They are often considered to be a prereq-
uisite to doing business in today’s competitive 
environment (Rogers et al., 1992). 

Inter-o rganizational systems (Ios )

IOS technology impacts on inter- and intra-firm 
management and business practices which in turn 
influence such areas as economic value creation 
and strategic competitive advantage. Origins of 
IOS competitive advantage can be traced to two 
factors; first, comparative efficiency (Bakos & 
Tracy, 1986) and second, strengthened structural 
bonding in the relationship which closely ties 
exchange partners together (Han, 1992). Johnston 
and Vitale (1998) also believe that perhaps the most 
significant outcome of IOS adoption is the positive 
change it brings to buyer-seller relationships. 

Definitions of IOSs vary, but all seem to include 
implicitly or explicitly that two or more organiza-
tions use the same system, and that communica-
tion takes place through a computerized system 
(Johnston & Vitale, 1998). Ojala and Suomi (1992) 
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defined an IOS as a system in which two or more 
independently managed organizations communi-
cated in a computer memory-to-memory fashion 
without the transfer of physical media. Within this 
definition, there are three principal uses of these 
systems: (1) electronic data interchange (EDI), that 
is, the transmission of standard business docu-
ments in a standard format between industrial 
trading partners (Walton & Marucheck, 1997); 
(2) electronic mail: transfer of human-initiated 
messages from one computer to another; and (3) 
human usage of external databases with computer 
interfaces (Ojala & Suomi, 1992).

EDI is just one form of IOS. EDI use can ex-
pedite inter-organizational transactions, reduce 
transmission costs, improve the accuracy of the 
information exchanged, reduce paper flow, and 
eliminate labour-intensive tasks. In addition, 
EDI offers the potential for forging new partner-
ships through the implementation of continu-
ous replenishment and quick response systems 
(Bamfield, 1994b; Lambert, Emmelhainz, & 
Gardner, 1996).

Despite dramatic growth in EDI use, there 
is still some disagreement about what EDI is. 
Hence, it is important to define explicitly EDI 
for this study.

EDI Definition

Kimberley (1994) defined EDI as involving the 
electronic transmission from one computer system 
to another of any common business information, 
for example, purchase orders, invoices, payment 
instructions, schedules, and manifests. Mackay 
and Rosier (1996) argued that this definition 
should really be modified to include the terms 
“application-to-application” rather than simply 
“computer-to-computer,” as potentially the sig-
nificant benefits of adopting EDI are to be found 
when both trading partners have fully integrated 
EDI into their internal application systems. There-
fore, Mackay and Rosier (1996) described EDI as 
the paperless transmission of business documents 

between trading partner application systems, via 
a computer and communications network, in a 
standard message format. 

XML-based EDI, sponsored by UN/FACT 
and OASIS, is a modular suite of specifications 
that enables enterprises of any size and in any 
geographical location to conduct business over 
the Internet. Using XML, companies now have a 
standard method to exchange business messages, 
conduct trading relationships, communicate data 
in common terms, and register business processes. 
XML messages are consistent and based upon a 
well-developed business process, work with clear 
business semantics, and allow business to be con-
ducted according to standard or mutually agreed 
upon practices (Lim & Kamarudin, 2002).

Hence, this research defines EDI as the trans-
mission of standard business documents in a stan-
dard format between industry trading partners. It 
includes VAN-based EDI and Internet-based EDI. 
Note that this definition excludes electronic mail 
and fax. An understanding of the operation of 
EDI is essential for effective utilization of modern 
technology in businesses. The brief description 
that follows has been shortened from a more 
detailed one contained in Li (2005).

o peration of ed I

The operation of traditional VAN-based EDI and 
Web-based EDI is different. VAN-based EDI is 
conducted by private network using EDIFACT or 
other standards, but Web-based EDI is conducted 
via Internet using XML.

VAN-Based EDI

EDI involves three basic processes: (1) directing 
data to and gathering data from different applica-
tion programs; (2) converting data from propri-
etary formats (as used by application programs) 
to standard formats (as transmitted by the com-
munication network) and reversing this process at 
the other end; and (3) the actual transmission of 
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data between trading partners over a communica-
tion network (Banerjee & Golhar, 1995).

In order to run EDI, five basic components are 
typically needed: (1) EDI standards such as those 
developed by the American National Standard 
Institute (ANSI); (2) EDI software to generate, 
receive, and interpret transactions with trading 
partners; (3) a capability to send and receive EDI 
transactions, a function often provided by value-
added networks (VAN), third-party networks or 
point-to-point configurations; (4) enhancements 
to applications software to accept or start EDI 
transactions, and changes to traditional business 
procedures for strategic advantage; and (5) hard-
ware, including appropriate peripherals such as 
a printer, modem, and storage device (Colberg, 
1990).

Web-Based EDI/XML-Based EDI

To appreciate the usage of XML-based EDI, Figure 
1 illustrates how all the components fit together 
and dynamically interact. Note that Company A 
and Company B are assumed to be two trading 
partners that conduct their business transactions 
via the Internet.

ed I c ommunication l inks 

For EDI to function smoothly, companies must 
establish the required communication links to 
move information. Previous studies identify 
four types of communication links—point-to-
point configurations, third party networks, value 
added networks, and XML-based (Lankford & 
Riggs, 1996). Furthermore, Zwass (1996) pointed 
out that EDI is moving beyond the VAN-based 
sphere by leveraging into the Internet using Ex-
tensible Markup Language (XML). Point-to-point 
configurations link manufactures’ and suppli-
ers’ computers via a communication network. 
Third party networks serve as electronic data 
interchange service bureaus, in addition to pro-
viding “mailbox” services available from value-

added networks. Value-added networks provide 
“mailbox” services for the JIT manufacturer and 
supplier companies. Value-added networks also 
provide the ability to consolidate EDI transactions, 
allowing the user to send information to multiple 
receivers in a single dial-up session (Lankford & 
Riggs, 1996).

Extensible Markup Language (XML) is open 
and easy to implement. Participation is free and 
open to anyone. XML is complimentary, not 
competitive, with existing standards, such as 
UN/EDIFACT, X12, thus preserving much of the 
existing investment in these applications. Much of 
the focus is on the needs of smaller organizations. 
In Singapore, value added networks are the most 
commonly used of these four methods for the 
communication and transfer of information, but 
XML-based forms have most recently been used 
by organizations (Lim & Kamarudin, 2002). 

As EDI has evolved so has the variety of mes-
sage standards—the mutually agreed format or 
syntax of the “message”—EDI standards (Pfeiffer, 
1992). There are different EDI standards used 
in different industries and different countries at 
different times. 

ed I standards

Business documentation traded between com-
panies is, in effect, a series of “transactions.”. 
In the parlance of EDI, these “transactions” are 
often referred to as “messages.” Overall, different 
industry sectors have tended to agree on particular 
formats of the information to be exchanged elec-
tronically. In his study, Robson (1994) introduced 
the evolution of the EDI Standards in different 
countries. For example, the USA amalgamated 
a number of standards into AQNSI ASC X12 
(American National Standards Institute Accred-
ited Standards Committee X12). The creation of 
EDIFACT (Electronic Data for Administration, 
Commerce and Transportation/Trade) was the 
most important development. It was originated 
by the French who considered commerce and 



2��  

Electronic Data Interchange (EDI) Adoption

trade to be interchangeable terms. This single 
standard has emerged as being the only true multi-
industry/multinational standard to be embraced 
throughout the world. On the international front, 
the United Nations developed a standard known 
as UN/EDIFACT, which is widely used in Europe 
(Tingle, 2000).

The Uniform Code Council (UCC) recently 
published a report on e-commerce emerging 
technology strategies that are designed to lever-
age emerging business-to-business interface 
technologies with traditional UCC supported EDI 
technologies. To make EDI simpler and cheaper 
for everyone, the UCC developed a single uniform 
set of Web Forms or Web-EDI, and a Web-EDI 
flat file XML interface syntax (Tingle, 2000). 

The business processes supported by ebXML2 
are expressed as process models and encoded 
in XML. All ebXML-developed messages are 
encoded in XML as well. However, ebXML may 

transport any type of data such as binary content 
or EDI transactions (Lim & Kamarudin, 2002). 

In Singapore, EDIFACT is adopted as the 
national message standards for EDI (Lim & 
Kamarudin, 2002).

A different EDI standard for different in-
dustries and in different countries is one of the 
problems companies face when considering the 
adoption of EDI. However, the popularity of EDI 
in the world is obvious as evidenced below. 

st Atus of ed I 

EDI is gradually reshaping business practices and 
procedures around the world allowing trading 
partners to exchange information in a standard 
electronic format (Maingot & Quon, 2001). How-
ever, the diffusion of EDI globally, regionally, and 
in Singapore is disproportionate. 

Figure 1. High-level overview of XML-EDI interaction between two companies (Adapted from Lim & 
Kamarudin, 2002, p. 5)
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ed I g lobally and r egionally

By the time of the 1991 EDICA Conference in 
Sydney, it was claimed that there were 1,500 
corporations using EDI in Australia and New 
Zealand. This would have compared favourably 
with the populations variously claimed for the 
U.S. (50,000), but less so with the UK (12,000) 
and Singapore (2,000). The transaction volumes 
in Australia to date were small compared with 
those countries (Clarke, 2001). 

Australia and New Zealand have been active 
in EDI since 1986. Both countries have well 
established EDI infrastructures, with national 
acceptance of ANSI X12 and EDIFACT, multiple 
domestic service providers, active EDI Associa-
tions, and both government and private industry 
support. Australia is a mature, self-contained EDI 
market. There were 4,000 – 5,000 EDI users in 
1994 (Kimberley, 1994).

Value added network applications thrived in 
Japan during the 1980s with around 3,000 users 
of EDI by 1990 all based on private or industry 
standards. South Korea has been actively planning 
for EDI since 1987, and has a range of industry 
VANs offering proprietary EDI solutions where 
there are around 3,000 to 4,000 private format 
users. EDI Malaysia is the first EDI service 
provider for trade facilitation, which began car-
rying traffic at the end of 1993. Thailand, The 
Philippines and Indonesia are all at the pilot stage 
(Kimberley, 1994). 

The majority of the software houses in Japan 
(Hitachi, IBM Japan, and Fujitsu) supported 
the Web services for B2B by leveraging on the 
following technology—Simple Object Access 
Protocol (SOAP), RosettaNet and XML-based 
EDI. Korea has made substantial progress in the 
area of XML- and ebXML-based EDI. Taiwan 
has a Global Logistics Management Project that 
utilizes the ebXML version 1.0 technology. A test 
site was set up for the OASIS ebXML Registry 
version 2.0 reference implementations in Hong 
Kong. Both these two countries are late starters. 

There are merely reporting that their current EDI 
systems are going to be XML-enabled soon (Lim 
& Kamarudin, 2002).

In 2002, the total annual value of EDI trans-
actions ranged from U.S. $1.8 trillion to U.S. 
$3.2 trillion worldwide. Traditional EDI com-
merce has been predicted to continue to have a 
compound annual growth rate (CAGR) of 8.4% 
through 2006, while Internet EDI commerce will 
have a CAGR of 52.1% through the same period 
(Drickhamer, 2003).

A study by Chen and Williams (1998) identified 
three types of SME responses to the use of EDI. 
First, SMEs may see advantages in using EDI. As 
a minimum, they may regard EDI as an essential 
business tool for dealing with large customers as 
well as enhancing their own operational efficiency. 
This would be through the integration of EDI into 
its existing internal information system, making 
use of the early delivery of machine-processable 
information. Second, SMEs may be pessimistic 
and reactive, view EDI as an extra cost for staying 
in business, and do as little as possible to satisfy 
customers’ requests. Third, SMEs may be con-
scious of their strengths and opportunities, and 
develop without yielding to demand from large 
customers and necessarily participating in EDI. 
This may result in the loss of its business with 
these customers. Attention now turns to Singapore 
SMEs’ adoption of EDI.

ed I in singapore

Since 1986, Singapore’s EDI service provider 
has been a monopoly organization. Operated by 
Singapore Network Service (SNS), the service is 
known as TradeNet. All import and export trade 
declarations are processed by TradeNet which 
has over 2,000 EDI users. By the end of 1991, 
processing of paper documents was phased out. 
SNS, a government owned service, then extended 
services into higher value added applications such 
as certificate of assignment presentation for quota 
control (Kimberley, 1994). 
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Besides being a clearinghouse for trade dec-
laration documents, TradeNet is linked to other 
systems that offer trade information services and 
to computer systems of major banks to allow 
electronic payment of processing fees, duties, 
goods and services taxes, and network usage 
charges. TradeNet represents a significant elec-
tronic integration initiative. It took two years to 
develop at an estimated cost of S$50 million (U.S. 
$33 million). By the end of 1992, TradeNet had 
linked the Trade Development Board (TDB) with 
about 30 public-sector organizations and 2,200 
organizations from the trading and banking com-
munities. By the end of 1994, almost 99% of all 
trade declaration documents had been processed 
by TradeNet (Teo, Tan, & Wei, 1997). Goods are 
precleared by U.S. Customs using a dedicated X.25 
link especially installed for textile quota approv-
als. Singapore Airlines, QANTAS, and Air New 
Zealand preclear passengers via a special EDI 
manifest transmission (Kimberley, 1994). 

Other VAN and EDI services include gov-
ernment tendering, retail ordering, Medinet (for 
medical benefits and health care claims), Graphnet 
for CAD/CAM data, Buildnet for the construc-
tion industry, Portnet (the Port of Singapore), 
and Spectrum (an air cargo community system). 
Portnet, TradeNet, and Spectrum systems ulti-
mately lead to the Total Trade and Transportation 
System (TTTS), comprising eight major modules. 
In addition to TradeNet, Medinet and Graphnet, 
SNS offers a range of information services which 
include MAINS for sea cargo information, ELVIS 
for textile visas, Lawnet a legal retrieval sys-
tems, and CurrencyNet. Other services include 
EDIFACT services and a Singapore Post airmail 
end-to-end tracking system. IVANS is active at 
present strictly for international connections, 
include GEIS, Advantis, AT&T, Infonet and 
SITA. Other arrangements include a connection 
with Fujitsu’s FENIC system to link SNS with 
Japanese trading partner, INTIS, the Rotterdam 
port system, ACS, and the U.S. Customs Service 
(Kimberley, 1994).

The Singaporean EDI committee actively 
pursued XML-based EDI and spearheaded the 
transition of VAN-based EDI to XML-based EDI 
in Singapore. The Pan Asia Alliance project is cited 
as the main contributor of the current XML-based 
EDI initiative in the country (Lim & Kamarudin, 
2002). According to the Singapore EDI Commit-
tee Progress Report (SEC, 2001), there were more 
than 35,000 EDI users in Singapore. However, 
it appears that there is no official report on the 
status of EDI in Singapore SMEs. Before looking 
at EDI adoption issues, it is necessary to define 
the term SME in Singapore and determine their 
significance to its economy.

sme s in singapore

In 2003, the Association of Small and Medium-
Sized Enterprise (ASME) of Singapore defined a 
small to medium enterprises (SME) as one which 
is locally registered with at least 30% local equity; 
has less than S$30 million total annual turnover; 
and has a work force of less than 200 workers. For 
the purpose of this research, the SME definition 
used by ASME was adopted. 

Obviously, government, public, and scientific 
attention to SMEs has been increasing over time 
in many countries due to their significant contri-
butions to economies. Local SMEs play a vital 
role in the economic development of Singapore. 
Their role is regarded as a key source of entre-
preneurship and innovation. Although foreign 
multinational corporations (MNCs) contributed 
a greater share to economic development, the 
contribution of local SMEs is no less significant. 
Drawing on their traditional strengths, they helped 
Singapore embark on three decades of export-led 
growth (Lee, 2000).

By 1999, local SMEs formed the base that 
supported the MNCs and larger companies in 
the economy accounting for 92% of establish-
ments and 52% of the Singaporean workforce 
(about 583,000 workers), and contributed 35% 
of the Gross Domestic Product (SICC, 2000). In 
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2003, there were 103,000 SMEs in Singapore, 
which accounted for 92% of businesses and 51% 
of the total workforce. SMEs make a significant 
contribution to the economy in Singapore (AC-
CADEMY, 2003): the manufacturing sector ac-
counts for 15% of GDP; commerce accounts for 
11% of GDP; and the service industry contributes 
17% of GDP.

ed I Adoption 

The business community’s adoption of telecom-
munications applications has been delayed by a 
general lack of understanding of the potential 
strategic benefits that can accrue from their ef-
fective utilization (Dholakia & Kshetri, 2004). 
Indeed, many organizations appear to regard 
such technologies as providing only a faster 
mail service, rather than offering infrastructure 
suitable for strategic initiatives such as business 
re-engineering (Swatman, 1994).

The EDI literature has suggested a variety of 
decision factors that influence the adoption of 
EDI. Among those that have been identified as the 
most cited are perceived benefit, organizational 
readiness, competitive pressure, and pressure from 
trading partners ((Iacovou et al., 1995; Jun, Chai, 
& Peterson, 2000; Premkumar & Ramamurthy, 
1995). Among the most commonly investigated 
EDI characteristics that promote the adoption of 
the technology are: relative advantage (i.e., per-
ceived EDI benefits and impact), compatibility 
(both technical and organizational), and trial-abil-
ity (e.g., pilot tests, prototypes). Perceived relative 
advantage of EDI is the only variable that has been 
consistently identified as one of the most critical 
adoption decision factors in small firms (Cragg 
& King, 1993). Organizational readiness for EDI 
refers to available levels of financial resources, IS 
infrastructure, and organizational compatibility 
for EDI adoption (Iacocou, Benbasat, & Dexter, 
1995). Competitive pressure is related to the level 
of EDI capability of a firm’s industry competitors 
(Iacocou et al., 1995; Premkumar, Ramamurthy, 

& Crum, 1997). As noted by Cunningham and 
Tynan (1993), while establishing electronic link-
ages with trading partners can be an important 
source of competitive advantage, lack of EDI 
systems may turn out to be a serious weakness. 
Small and mid-sized companies’ primary rationale 
to implement EDI is the competitive advantage it 
can provide (Dholakia & Kshetri, 2004).

Pressure from trading partners who are EDI 
initiators plays a critical role in EDI adoption by 
small firms. Although many companies consider 
EDI a more efficient way of handling business 
communication than traditional methods, many 
small businesses resist adopting EDI, primarily 
due to perceived high cost and reliance on their 
paper-based system (Hart & Saunders, 1997). 
Indeed, more than 70% of the respondents in 
surveys identified customer pressure/mandate 
as one of the primary reasons for adopting EDI 
(Iacocou et al., 1995).

EDI adoption is not a one-dimensional con-
struct. EDI adoption can be evaluated in terms of 
the number of transactions supported, the number 
of participating partners, the volume of business 
handled, and the level of integration with internal 
systems (Vijayasarathy & Tyler, 1997). In order to 
measure and analyze the degree of EDI adoption, 
this study identified from the literature four key 
dimensions of EDI usage. The four dimensions 
are EDI volume, diversity, depth, and breadth. 
EDI volume represents the extent to which an 
organization’s document exchanges are handled 
through EDI connections. EDI diversity refers 
to the number of distinct document types that an 
organization handles via EDI. EDI depth refers 
to the degree of electronic consolidation that has 
been established between the business processes 
of two or more trading partners, and EDI breadth 
presents the extent to which an organization has 
established EDI connections with external orga-
nizations such as suppliers, customers, govern-
ment agencies, and financial institutions (Hart & 
Saunder, 1998; Jun et al., 2000; Massetti & Zmud, 
1996; Williams et al., 1998). 
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Size is generally believed to influence a firm’s 
operations and performances. Larger firms are 
likely to have expanded capabilities because of 
their larger resource base. It has been shown that 
larger firms are more likely to have EDI capability 
(Rogers et al., 1992). Iacocou et al. (1995) also 
looked closely at the relationship between size and 
adoption behaviour in terms of sales volume. It 
appears that EDI adopters are on average, larger 
than nonadopters. Number of employees and total 
annual sales are the measures most frequently used 
as a measure of an organisation’s size. Every firm 
knows precisely how many people it employs and 
its annual sales figures at any given time. Added 
value is directly linked to the firm’s economic 
activities, and takes into account the level of in-
ternal activities because of the implementation of 
all production factors. Other measurements such 
as quantities produced, salaries, assets, capital 
and even profits have occasionally been used 
to determine an enterprise’s size (d’Amboise, 
1991). Stage of development could also influence 
the adoption as the longer and more mature the 
firm the more likely they may be to extensively 
adopt EDI. The adoption of EDI may support an 
advancement of a firm’s maturity from one stage 
to another.

t he study  

Although many EDI articles have become avail-
able, there are very few studies on the effect of 
EDI on small firms, and those that do exist are 
contradictory. This research attempts to fill a 
number of gaps in the literature. First, there is 
little research on the relationship between deci-
sion factors to adopt EDI and the degree of EDI 
adoption in a holistic framework (Walton, 1994; 
Hart & Saunders, 1998; Jun et al., 2000). Second, 
there are few empirical research studies on EDI 
in SMEs conducted by survey (lack of quantita-
tive research) (Bamfield, 1994a; Bytheway, 1994; 
Clarke, 2001; Holland, Lockett, & Blackman, 

1992; Joseph & Engle, 1996; Jun et al., 2000; 
Massetti & Zmud, 1996; Mische, 1992; Ojala & 
Suomi, 1992; Ratnasingham, 1997; Ricks, 1997; 
Walton & Gupa, 1999). Finally, there were no 
identified studies of EDI adoption by Singaporean 
SMEs to date of completion of this study. The 
lack of EDI capability of small organizations is 
critical because of the important role they play 
in the economy (Iacovou et al., 1995).

In developing the conceptual model, the study 
explored the relationship between EDI decision 
factors and EDI adoption. It proposed that the 
decision factors to adopt EDI will initiate EDI 
adoption and the degree of EDI adoption. The 
model was developed to answer a number of 
research questions. This chapter reports on the 
following two questions.

Q1: Is firm size associated with the adoption of 
EDI?

Q2: What decision factor is significantly associ-
ated with EDI adoption?

To test part of the study’s model, the following 
hypothesis was formulated with sub hypotheses. 
Hypothesis one (H1) tests the proposition that 
large firms have more of a propensity to adopt 
EDI. However, firm size can be measured in 
many ways—employee size or annual turnover 
are often used to classify firms as SMEs or large 
enterprises. Based on the literature, volume, di-
versity, depth, and breadth were used to examine 
the degree of EDI adoption (Massetti & Zmud, 
1996). This hypothesis tested whether firm size 
is positively associated with EDI adoption and is 
significantly associated with all these four dimen-
sions of EDI adoption.

H1: Firm size is positively associated with the 
degree of EDI adoption.

H1a: Firm size measured by employee numbers 
and turnover are significantly associated 
with EDI volume.
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H1b: Firm size measured by employee numbers 
and turnover are significantly associated 
with EDI diversity.

H1c: Firm size measured by employee numbers 
and turnover are significantly associated 
with EDI depth.

H1d: Firm size measured by employee numbers 
and turnover are significantly associated 
with EDI breadth.

To answer the second research question, a 
proposition was posited that decision factors to 
adopt EDI will initiate EDI adoption. The study 
was concerned with assessing which EDI deci-
sion factors most significantly associated with 
the degree of EDI adoption. The decision factors 
identified from the literature were perceived 
benefit, organizational readiness, competitive 
pressure, and pressure from trading partners 
(Iacocou et al., 1995; Jun et al., 2000; Premkumar 
& Ramamurthy, 1995). Thus, proposition one was 
postulated as follows.

P1: All decision factors are significantly as-
sociated with all four dimensions of EDI 
adoption.

In order to explore the extent to which Singa-
porean SMEs adopted EDI, a survey-based study 
was undertaken and correlation analysis applied 
to investigate the relationships between specific 
variables (i.e., the firm’s size and organization’s 
life cycle) identified in the literature and the degree 
of EDI adoption (i.e., EDI volume, EDI diversity, 
EDI depth, and EDI breadth). An instrument 
was developed drawn from the literature that 
contained the above constructs as well as some 
demographic questions (Chen & Williams 1998; 
Hart & Saunders, 1998; Iacocou et al. 1995; Jun 
et al., 2000; Maingot & Quon 2001; Massetti & 
Zmud, 1996; Rebecca, Nath, & Hendon, 1998; 
Williams et al., 1998).

With the help of the Singapore EDI Committee, 
a sample of 445 SMEs which were currently using 

EDI were chosen from users of an EDI service 
provided in Singapore using nonrandom purpo-
sive sampling. The sample firms were within the 
study’s definition of Singaporean SMEs as defined 
by ASME. During the follow-up phone calls to 
SMEs, 35 companies were found to no longer 
exist or not to be currently using EDI. Hence, 410 
questionnaires were qualified for the survey based 
on the criteria of target organizations. A total of 
94 questionnaires were returned after follow-up 
phone calls. Out of 94 responses, 3 cases were 
deleted because they had too much missing data 
(Tabachnick & Fidell, 2001). As a result, a total 
of 91 responses were used for the data analysis. 
The overall response rate was 22.2% (91/410). As 
indicated above, the United States is the world 
leader in the adoption of EDI (Clarke, 2001). 
Compared to the USA, Singapore is relatively 
immature and unsophisticated in terms of EDI 
usage. However, the response rate of 22.2% for 
this study implies that Singaporean SMEs had a 
fair level of EDI awareness despite its lower-level 
experience and sophistication. 

r esul ts

Profile of Singaporean SMEs

Of 91 usable responses, 89% of respondents were 
private limited companies and only 11% were 
sole proprietorships. Respondents were from 
a broad range of industries and organizations. 
Approximately half of all respondents (42.9%) 
were in distribution, including wholesale, retail, 
and import/export. Respondents were also from 
transportation and communication (25.2%) and 
service (15.4%), as well as manufacturing (14.3%). 
Only 1.1% of respondents were from construction, 
and food and beverage. According to statistics, the 
majority of Singaporean SMEs are in the com-
merce and service sectors, accounting for 49% and 
48% of the totals respectively (Ho, 2000). Hence, 
the majority of EDI users in Singaporean SMEs are 
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in the distribution industry including wholesale, 
retail, and import/export. Thus respondents were 
representative on the SME population.

Over a quarter of the firms (27.5%) had been 
established more than 20 years. Some 24.2% of 
respondents had between 6 to 10 years, 23.1% 
had between 11 to 15 year and 14.2% of them had 
between 16 to 20 years. Employee size is one of 
the defining measures of firm size in this study 
(ASME, 2003). Close to three quarters of firms 
(71.4%) had less than 50 employees. Some 17.6% 
of them had 51–100 employees, 8.8% had 151–200 
employees and only 2.2% had 101–150 employees. 
The annual sales/turnover for the last financial year 
is another measure of SMEs’ size (ASME, 2003). 
Close to half of respondents (46.2%) have annual 
sales of less than S$10 million; on the other hand, 
more than half of respondents (53.8%) have annual 
sales between S$10 million and S$30 million. Thus 
all firms met the definition of a SME.

ed I systems and standards Adopted

Most SMEs (94.5%) are using microcomputers/
PCs to adopt EDI. More than half (65%) of SMEs 
were using EDIFACT as EDI message standard 
and 30.8% of them are using XML. Firms with a 
long EDI history used EDI more intensively than 
firms with a shorter history. A long history pro-
vides more time to establish EDI links with part-
ners and more time to develop skills and standards 
to use EDI widely and deeply. Therefore, firms 
with a longer EDI history tend to use EDI more 
widely and deeply than firms with a shorter EDI 
history, because intensive use of EDI is normally 
found in firms that have a long history using EDI 
(Williams et al., 1998). However, this research 
did not support the Williams et al., (1998) study. 
There is not a significant relationship between 
EDI adoption (EDI volume, EDI diversity, EDI 
depth and EDI breadth) and years of using EDI. 
The reasons may be explained as:

• Over half of respondents (59.3%) had EDI 
links with the government customs depart-
ment to declare import and (or) export per-
mits only. Hence, they did not intend to use 
EDI more widely and deeply even though 
they had used EDI for a long time.

• A resistance to change is one of the major 
inhibitors of adopting EDI by small firms 
(Arunachalam, 1995; Ghobadian, Liu, & 
Stainer, 1994; Healy, 1991; Manus, 1993; 
Jun et al., 2000; Swatman, 1994).

Most responding firms had multiple EDI 
links with government, customers, suppliers, 
transportation, banks, or subcontractors. More 
than half of respondents (59.3%) had EDI links 
with government. Close to half (42.9%) of them 
were linked with their customers and 19.8% were 
linked with their suppliers. They were also linked 
with carrier/transportation (14.3%), banks (11%) 
and subcontractors (3.3%).

From the survey responses it appears that 
65.9% of SMEs used EDIFCT and 1.1% of them 
use ANSI X.12 for VAN communication links 
(67%). Some 31% used XML for Web-based EDI. 
These figures may indicate that most Singaporean 
SMEs are still reliant on VAN-based EDI. 

Summarising the finding from EDI system 
and standards:

• The extent of EDI use by Singaporean SMEs 
was regardless of length of time they had 
been using EDI. This finding did not provide 
support for the Williams et al. (1998) study 
which found that firms with a longer EDI 
history tend to use EDI more widely and 
deeply than firms with a shorter EDI history. 
It seems that most of them just treat EDI as 
a necessity for doing business.

• Singaporean SMEs had EDI links mostly 
with government. The next most important 
trading partners were their customers fol-
lowed by their suppliers.
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• A majority of Singaporean SMEs still relied 
on VAN-based EDI. They mainly used Trad-
eNet service as well as EDIFACT message 
standard. 

ed I Adoption by sme  size

In order to explore further the significance of 
the findings from the SMEs’ profiles, correla-
tion analysis was undertaken to analysis the 
relationship between some specific variables in 
the profile (i.e., the firm’s size and organization’s 
life cycle) and the degree of EDI adoption (i.e., 
EDI volume, EDI diversity, EDI depth, and EDI 
breadth). Some significant relationships between 
the firm’s size and the degree of EDI adoption 
were found (Table 1). 

Size is generally believed to influence a firm’s 
operations and performances. For example, larger 
firms are likely to have expanded capabilities 
simply because of their larger resource base. 
Therefore, it may be hypothesized that larger firms 
are more likely to have EDI capability (Rogers 
et al., 1992). 

Iacocou et al. (1995) also looked closely at 
the relationship between size (in terms of sales 
volume) and adoption behaviour. It appears that 
EDI adopters are on average, larger than non-
adopters. In terms of the number of employees, 
however, Iacocou et al. (1995) found no relation-
ship between a firm’s size and EDI adoption. The 

results of this study support the findings of Iacocou 
et al. It shows that EDI adoption is significantly 
associated with a firm’s annual sales but is not 
significantly associated with employee size. 

Some reasons can be postulated:

• The literature suggests that power and de-
pendence are not the main driving forces 
in some organizations’ decisions to adopt 
EDI. For these organizations, instituting 
electronic partnerships was driven by 
long-standing and trusting relationships to 
achieve mutual benefits (Sohel & Schroeder, 
2001). Therefore, an organization’s success 
with EDI can be independent of employee 
size.

• In the context of power and dependence, 
employee size as a measure of the size of an 
organization may not be the appropriate one. 
For example, Sohel and Schroeder (2001) 
believed that a high-tech organization may 
not have a large workforce yet could have 
captured substantial market share, making 
it powerful. The amount of annual sales is 
probably a better measure in this context.

• Organization size measured as annual sales/
turnover showed a significant relationship 
with the volume and diversity of EDI use 
but not to the depth and breadth. This result 
is somewhat at odds with previous single-
dimension EDI adoption studies indicating 

Table 1. EDI adoption – employee size and organization’s annual sales 

Employee Size Organization’s Annual Sales

EDI Volume -c
 
                  -dos

ns .309**

.003

EDI Diversity -c
 
                   -dos

ns .228*

.030

EDI Depth ns ns

EDI Breadth ns ns

c: coefficient  dos: degree of significance ns: not significant ** at 0.01 level * at 0.05 level
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a significant relationship between firm size 
(annual sales) and EDI depth (Williams et 
al., 1998). The influence of firm size on EDI 
volume and diversity seems logical, since 
large organizations would have a large set 
of business transactions and more distinct 
business transactions. Lack of a significant 
relationship between firm size and EDI 
breadth also seems logical, since having 
a large organization is not necessarily a 
prerequisite to having EDI links with many 
trading partners.

From the comparison of company stage before 
and after adoption of EDI, it would appear that 
firms have changed their position in terms of the 
stage of development after adopting EDI. Most 
respondents (76.9%) were at stable/maturity stage 
of their business life cycle (28.6% before adoption 
of EDI) and no company was at start up stage 
(30.8% before adoption). Some 17.6% of them 
were at the growth stage of their life cycle (39.6% 
before adoption) and 5.5% were at the declining 
stage after adoption of EDI.

Thus it can be concluded that H1 is partly 
supported in that organisation size (measured by 
sales turnover) is positively associated with EDI 
volume (H1a) and diversity (H1b) but not with 
depth (H1c) and breadth (H1d). Further support 
for this is evidenced below. However, only two 
of the dimensions (volume and diversity) were 

significantly related to organisation size measured 
by annual turnover.

r easons Why sme s Adopt ed I

Not surprisingly, the most important reason for 
Singaporean SMEs to adopt EDI was “pressure 
from their trading partners.” This result is consis-
tent with previous studies (Hart & Saunders, 1997; 
Iacocou et al., 1995). Perceived benefit of EDI was 
ranked second and organizational readiness for 
EDI was ranked third. The least important reason 
was “pressure from competitor” (Table 2).

Thus the most important reason for Singapor-
ean SMEs to adopt EDI was pressure from their 
EDI-capable trading partner (e.g., government, 
customer, and suppliers). However, they treated 
the pressure from their competitors as the least 
important reason to adopt EDI. When an analysis 
was undertaken of the degree of adoption of EDI 
the findings can be summarised as follows:

• EDI volume: Over 23% of Singaporean 
SMEs exchanged more than 50% of their 
business documents with their trading 
partners. Many of them used EDI not for 
sales/purchase processing but to declare 
permits with customs. 

• EDI diversity: Only 13.2% of Singaporean 
SMEs processed more than 75% of business 
documents via EDI. 

Table 2. Main reasons SMEs adopted EDI

Rank 1st 
%

2nd 
%

 3rd 

%
4th 
%

None* 
%

Total
%

Perceived benefits 
of EDI

2 37.3 41.8 16.5 2.2 2.2 100

Organizational 
readiness for EDI

3 4.3 35.2 42.9 11.0 6.6 100

Pressure from 
competitor

4 2.2 5.5 11.0 50.5 30.8 100

Pressure from 
trading partner

1 56.0 16.5 19.8 0 7.7 100

* The respondents did not answer the questions
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• EDI depth: A majority of Singaporean SMEs 
(72.5%) adopted application-to-application 
connections (third level of EDI depth) but the 
deepest EDI connection (system-to-system) 
still had very low usage (4.4%).

• EDI breadth: A majority of Singaporean 
SMEs (74%) had established EDI links with 
less than 6 EDI partners and only 6.6% of 
them had more than 20 EDI partners. 

Correlation analysis was used to identify 
relationships between specific variables of EDI 
decision factor and EDI adoption. Correlations 
indicate that there are moderate to strong rela-
tionships between items proposed to measure 
a given construct. This suggests that the items 
exhibit moderate to strong convergent validity 
(Hair, Anderson, Tatham, & Black, 1992).

The results show the significant relationship 
between key variables of EDI decision factor to 
the four dimensions of EDI adoption—volume, 
diversity, depth, and breadth (Table 3). Note, the 
decision factor “pressure from trading partners” 
was represented by four significant variables. EDI 
depth was weakly correlated with the variables 
of decision factor compared to EDI volume, EDI 
diversity, and EDI breadth. Another interesting 
result is that the indicator of pressure from govern-
ment was negatively correlated to EDI volume, 
EDI diversity, and EDI breadth but there was no 
significant relationship to EDI depth. This may 
be explained as (1) a majority of SMEs (59.3%) 
had EDI links with government (e.g., customs) to 
declare import and/or export permits only leading 
to low EDI volume, low EDI diversity, and low 
EDI breadth; but (2) most SMEs (72.5%) adopted 
the third level of EDI communication connection 
(application-to-application connection) regardless 
of the decision factor to adopt EDI. Hence, the 
results from this sample show that higher pressure 
from government leads to lower EDI adoption 
degree in terms of EDI volume, EDI diversity, 
and EDI breadth but not EDI depth.

It would appear that the proposition mainly 
supported is that EDI decision factor has a sig-
nificant positive association on degree of EDI 
adoption in terms of EDI volume, EDI diversity 
,and EDI breadth but not EDI depth. The only 
negative association was with pressure from 
government. However further analysis would 
need to be undertaken to determine if there is 
a causal relationship (this was undertaken by 
factor analysis and regression analysis but is not 
discussed in this chapter).

c onclus Ion 

The results show that the most significant con-
tributor to the degree of EDI adoption is pressure 
from trading partners. In other words, it would 
seem that Singaporean SMEs lack organizational 
readiness and awareness of competition. Three 
dimensions (volume, diversity, and breadth) of 
EDI adoption are significantly related to the 
decision factor. 

The survey results appear to provide some 
insights on decision factor for Singaporean SMEs 
to adopt EDI. The findings indicate that:

• Most Singaporean SMEs (43%) were asked 
by their EDI-capable trading partner to adopt 
EDI to do business; 

• Singaporean SMEs are at a relatively low 
level of EDI adoption—this finding is sup-
ported by the Iacocou et al. (1995) study 
and Williams, Hood, and Chen (1997) study 
that SMEs are still at an immature and un-
sophisticated stage of EDI usage.

As this is a preliminary study to quantify the 
adoption of EDI in Singapore, these results need 
to be treated with caution. Given that the sample 
was obtained from a small nation, the conclusions 
may not be applicable to larger countries. A study 
that includes cross country representation may 
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provide evidence for the generalization of the 
findings to other Asian countries.
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endnotes

1 Australia, China, India, Japan, and South 
Korea

2 ebXML is electronic business using 
eXtensible Markup Language which enables 
business to be conducted electronically 
between business partners in a secure, 
consistent, and interoperable manner.
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Abstr Act

Using geographical information systems (GIS) has been of great interest lately. A lot of GIS applications 
are being introduced to regular and noncomputer-expert people through their everyday used machines 
such as cars (GPS), mobile (location systems), Internet (locating systems and direction guiders), and 
others. ”Google Earth,” a free online application, is one of those online geographical systems that 
provide users with a variety of functionalities towards exploring any place on the earth. The software 
uses Internet to connect to the online world database and travel in seconds between cities. This chap-
ter briefly explores “Google Earth” and presents a possible future view and an extension of this GIS 
application by adding a time feature that gives “Google Earth” the ability to store the history of the 
geographical information that leads towards a new “Google Earth: A History of Earth Geography.” 
For this purpose, the chapter presents storage and indexing approaches to be used for the storage, 
indexing, retrieval, and manipulation of geographical data used by the geographical database of the 
world used by “Google Earth.”

Introduct Ion

This chapter explores “Google Earth” and presents 
a possible future view of this geographical infor-
mation systems (GIS) application by extending 
it with a temporal (from time) feature that gives 
“Google Earth” the ability to store the history of 

the spatial (from space) and geographical infor-
mation that leads towards a new “Google Earth: 
A History of Earth Geography.” 

There are many reasons for ranking “Google 
Earth” as one of the most professional and well 
done works in the field of geographical informa-
tion systems. This section briefly presents the four 
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important reasons for considering “Google Earth” 
as a revolution in the world of Internet GIS:

1. Easy use of the software: The software 
is designed for any Internet user who does 
not know anything about how GIS systems 
behave. Spending 30 minutes to 1 hour ex-
ploring the software makes the user able to 
use most if not all the basic functionalities 
of the software.

2. Availability of the software: The software 
is available for free to be used by any Inter-
net user. It is self-connected to the online 
database that is also available to everybody, 
through “Google Earth” (anyone having an 
Internet connection).

3. Performance of the software: The soft-
ware interacts relatively very quickly with 
the user. If we consider the huge number of 
raster and other kinds of spatial and nonspa-
tial data in the database, we can appreciate 
how fast “Google Earth” process the user 
input. The high performance is the result of 
using efficient spatial indexing structures 
and others. Such structures aim to index 
and categorize spatial data according to 
their position and use when the user asks a 
query. They consider the spatial information 
(location) in the query and go efficiently (in 
a tree structures, such as KD-trees, R-trees, 
or others) to the place asked in the query.

4. Variety of data: “Google Earth” offers 
different kinds of data. Here is a list of the 
most important:
a. Raster data: Images with surfaces, 

elevation, and others.
b. Spatial data: Geometries of spatial 

objects such as shapes, boundaries, 
directions, positions, distances, coor-
dinates, and so forth.

c. Nonspatial data: Information about 
the geography such as city names, 
country names, villages, businesses, 
and so forth.

d. Video: online satellite camera showing 
movement (with delay).

Introducing all these features to non-GIS 
users in a user-friendly layout is a revolution in 
the field of spatial information science. “Google 
Earth” made it so easy to explore the Earth in a 
mouse click. 

It will be useful to introduce the following 
definitions before going on with this section:

• Spatial databases: Database that deal with 
space and this includes geometries of objects, 
location of objects, and others

• Temporal databases or historical data-
base: Databases that deal with the history 
of changes where old, current, and sometime 
future (estimates) data are stored in the da-
tabase. In this case, time is involved in two 
common ways:
1. Time stamp: One attribute is used to 

save the time of the validity
2. Time interval: Two attributes are used 

to indicate the interval of validity (start 
time and end time).

• Spatio-temporal databases: A combination 
of spatial and temporal databases where 
changes occur on databases dealing with 
spatial information. Such databases are 
categorized in three main categories:
1. Discretely changing spatio-temporal 

databases: Like the changes of the 
geometry of land parcels where it could 
occur once every year or more.

2. Continuously changing spatio-tem-
poral databases: Mostly deal with 
moving objects like plane or cars where 
the position of the object is changing 
continuously with time.

3. A third category that is a combination 
of the above two.

The chapter is organized as follows: the next 
section presents the background of “Google 
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Earth,” its functionalities, as well as background 
of spatial, temporal, and spatio-temporal index-
ing approaches and their use in spatio-temporal 
databases. The next section presents the possible 
future view of “Google Earth” by introducing a 
design for storing the history of the geographical 
data as well as a model for storing and indexing 
such huge number of data. We then discuss some 
conclusions of the work done and finally suggest 
some of the ideas that could be implemented in 
the future.

bAckground

This section briefly presents “Google Earth” and 
its main functionalities. This information was 
collected when exploring and executing “Google 
Earth” as well as documentations, articles, and 
literature about the software (Google Earth, 2007). 
Moreover, the section provides some work done in 
the field of spatial, temporal, and spatio-temporal 
indexing. Some of these indexing structures could 
be used in “Google Earth” and give it the ability 
to store a history of the spatial data.

g oogle earth: An o verview

Google Earth is a geographical system that offers 
the user satellite images of the locations along with 
spatial information (coordinates, elevation, etc.). 
It contains about 70.5 TB of Data (Google Earth 
Blog, 2006). As mentioned before, it provides the 
user with three main kinds of data: raster data, 
spatial, nonspatial data, and video.

Moreover, “Google Earth” offers a set of 
functionalities, and here is an important subset 
of them:

• Answer location queries: The user gives a 
location (New York, USA) as an input and 
gets a geographical image as an output. The 
image can explored in details

i. This feature includes: Cities, busi-
nesses, public places (museums, etc.), 
and others.

• Show directions: The user gives a source 
and destination as inputs and gets a map 
(output) showing the directions with driving 
hints written on the map.

• Displays spatial information: Google Earth 
shows spatial information like coordinates, 
elevations, altitude, and others.

• Has learning abilities: Google Earth saves 
recently and regularly visited locations and 
queries so that the user avoids delays the 
next time these locations or queries asked.

• Includes pre-known locations: Google 
Earth offers a list of most used locations like 
government offices, schools, and others.

• Provides user interaction: The user is able 
to put place marks on the maps so can avoid 
delays the next time visits the same place.

• A prepaid online service that provides the 
customer with live video (with restriction 
and delay due to security) of any place in 
the world.

• Other products like Google Earth PRO: 
It is a paid service that makes it very easy 
to research locations and present discover-
ies. In just a few clicks, the user can import 
site plans, property lists, or client sites and 
share the view with clients or colleagues. 
Moreover, the user can export high-quality 
images to documents or the Web.

In this subsection, “Google Earth” will be 
briefly presented from two aspects: (1) User view 
and (2) Google Earth Enterprise.

g oogle earth: user solution

This subsection presents the main layout of 
“Google Earth” and the result of some common 
user queries that present the power of “Google 
Earth.” Figure 1 presents the main layout displayed 
when the user execute “Google Earth.” Figure 1 



  2��

Towards Google Earth

briefly explains some of the main graphical user 
interfaces and their use in the “Google Earth” 
Software.

The rest of this subsection will be a presen-
tation of some sample queries executed using 
“Google Earth.”

example Query 1: jfk  Airport

Figure 2 presents the result of running the “JFK, 
New York” as a query input given to “Google 
Earth.” Figure 2 shows the text area where the 
query is written, the main zoom out map of JFK 
Airport, and the directional coordinates of the 
location. In order to view special places in this 
map, we have to zoom into the map which will 
lead to a close satellite image taken at some time 
lately. For an annual fee, the user will be able to 
see a live video of the movements happening at 
the current moment of the query execution (one 
or two minute delay).

example Query 2: 5th Avenue, new 
york, ny

Figure 3 presents the output of another kind of 
queries where the street, city, and state (in the 
USA) are being given as an input (shown in the 
input text area). The output shown in Figure 3 
presents a zoom out of the query in question with 
a text near the place asked in the query. Again, to 
see specific places, users have to zoom in, which 
is done in the few seconds that the software needs 
to get the zoomed data from the server.

Using the result of the query showing in Fig-
ure 3 and clicking on the icon (⊗) near “5th Ave, 
New York, NY” on the result map will result 
into a snapshot photo taken at that place, which 
is shown in Figure 4.

Figure 1. The main layout of Google Earth with brief description of some fields
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Figure 2. JFK Airport in New York after passing “JFK, New York” and a query key

Figure 3. Manhattan (NY) with 5thAvenue showing in the middle
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Figure 4. A central park picture after clicking on the “5th Ave, New York, NY”

Figure 5. Road and driving directions between New York, NY, and Jersey City, NJ
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example Query 3: directions form 
“new york, ny ” to “j ersey c ity, nj ”

Figure 5 shows the driving direction with a map 
image from New York, NY, to Jersey City, NJ. 
Figure 5 shows the inputs (source and destination) 
and outputs on the map (roads and driving direc-
tion). In such queries, “Google Earth” provides 
the user with some driving hints to be followed 
when driving from the source to the destination 
given in the query in question. The user can be 
more specific by passing a full address (building, 
street, city, state, and zip assuming the USA. is 
the country).

g oogle earth: enterprise solution

This section presents some of the system aspects 
of Google Earth. The section is heavily dependent 
on the documentation provided by Google Earth 
official Web page (earth.google.com).

“Google Earth uses 70.5 TB of data: 70 TB 
for the raw imagery and 500 GB for the index 
data” (Google Earth Blog, 2006). The Google 
Earth Enterprise Solution is composed of three 
main elements: 

• Google Earth Fusion that integrates user’s 
data—raster (imagery), GIS, terrain, point 
data, and others. 

• Google Earth Server streams data to the 
client software (Google Earth EC).

• Google Earth EC (Enterprise Client) used 
for viewing, printing, data authoring, and 
so forth.

Here is a description of these three elements 
(Google Earth, 2007):

Google Earth Fusion integrates the user’s geo-
graphical data into the Google Earth Enterprise 
system. When data is integrated, it is delivered to 
the client software using the Google Earth Server. 
Datasets can be selected and optimized using 
a user friendly GUI. Fusion can be configured 

to update data so that the user’s Google Earth 
Enterprise system is synchronized to the latest 
available datasets. 

The Google Earth Server sends the Google 
Earth database to the client software and includes 
some optional supporting services such as geoc-
oding and others.

It uses Google Earth fusion to send data to the 
Google Earth Enterprise system. Google Earth 
Server can be configured as an overlay server or 
as a stand-alone server.

The overlay mode enables the user to benefit 
from Google’s rich, multi-Terabyte basemap with-
out the expense or hassle of licensing this data 
separately, updating, and hosting it. 

Google Earth Enterprise Client (EC) is the 
part of the Google Earth client software designed 
to work in conjunction with Google Earth Fusion 
and Google Earth Server in stand-alone enterprise 
deployments. Google Earth EC contains all of the 
features of Google Earth PRO and adds support 
for connecting to multiple servers and for con-
necting to enterprise search servers.

spatial, t emporal, and 
spatio-t emporal Indexing

This section presents methods and approaches 
to be used in extending Google Earth to be able 
to historical data. It explores various methods 
for indexing spatial (geographical), temporal 
(historical), and spatiotemporal (history of ge-
ography) data.

Almost all databases use various kinds of 
indexing to maximize the performance of the 
database queries execution. Geographical or 
spatial databases use spatial indexing as the main 
index in the database. The main idea behind 
spatial indexing is that searching in the index 
is done using spatial information that could be 
locations in most cases. Temporal databases, 
databases designed to save a history or changes 
of data, use temporal indexes where the indexing 
structure uses time as the main attribute when 
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searching in the index. In this sense, it will be 
obvious that spatiotemporal databases, which are 
a combination of spatial and temporal databases, 
use spatiotemporal indexes that use a combina-
tion of space and time attributes when searching 
in such index. This subsection, presents some of 
the proposed approaches in spatial, temporal, and 
spatiotemporal indexing. R-tree is presented as 
an example of spatial indexes, CTI is presented 
as an example of temporal indexes, whereas the 
Po-tree and AIRSTD are presented as examples 
of spatiotemporal indexes. The reason for such 
presentations is that a subset of these approaches 
will be proposed as part of the solution to reach 
our main goal proposed in this chapter that is 
“Google Earth: A History of Earth Geography.”

spatial Indexing: r -t ree

An R-tree is a hierarchical, height-balanced exter-
nal memory data structure proposed by Guttman 
(1984). It is a general view of the B-tree for mul-
tidimensional spaces. Multidimensional objects 
are represented by what is called a Minimum 
Bounding Rectangle (MBR), where an MBR of 
an object is the smallest rectangle that encloses 
the object and has its sides parallel to the axes.

Figures 6 shows an example of a spatial object 
enclosed in a rectangle (MBR), section (a) of Fig-
ure 7 shows a group of MBRs, and section (b) of 
Figure 7 shows how these MBRs are indexed in 
an R-tree structure.

The R-tree (Guttman, 1984) consists of direc-
tory and leaf (data) nodes, each one corresponding 
to one disk page (secondary storage). Directory 

nodes contain entries of the form (container, ptr) 
where “ptr” is a pointer to a successor node in 
the next level of the tree, and “container” is the 
MBR of all the entries in the descendant node. 
Leaf nodes contain entries of the form (container, 
oid), where “oid” is an object-identifier used as 
a pointer to the real object, and it is the MBR of 
the corresponding object. Each page can hold up 
to “B” entries and all the nodes except the root 
must have at least “m” records (usually m=B/2). 
Thus the height of the tree is at most logmN where 
N is the total number of objects.

Searching an R-tree is similar to searching a 
B-tree. At each directory node, we test all entries 
against the query, and then we visit all child nodes 
that satisfy the query. However, MBRs in a node 
are allowed to overlap. This is a potential problem 
with the R-tree, since, unlike B-trees, we may have 
to follow multiple paths when answering a query, 
although some of the paths may not contribute to 
the answer at all. In the worst case we may have 
to visit all leaf nodes. 

t emporal Indexing: c hanges 
t emporal Index

Halaoui (2005) presents the idea of “Changes 
Temporal Index” (CTI). The main definition 
used in this index can be declared as follows: “A 
database version at time T is the current version 
with some changes.” The main idea behind this 
simple definition is that we will always use the 
current version (called “Now” version) as our main 
database and apply few changes to get the old 
ones. These changes are stored in minidatabases 
indexed by the temporal index CTI. The reason for 
not doing this the other way, that is the full ver-
sion is the oldest one and all the rest are changes 
with respect to the oldest rather than the current, 
is that the most quires are done on the current and 
we do not want to construct the current version 
every time but have it ready all the time.

The indexing approach can be described as 
follows: Multiple versions are used to store the 

Figure 6. An MBR enclosing geometry
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spatiotemporal database. Only the current ver-
sion of the database contains information about 
all objects (or pointers to them). All old versions 
include objects (or pointers to them) that are valid 
at that version but not in the current version. In 
other words, these objects are the changes of the 
spatial information with respect to the current 
version. Figure 8 explains this idea, where the 
last version (current) includes the whole database 
that is available between some time n and now. 
All previous versions include only the tuples that 
are different at the time of their interval. 

Moreover, Halaoui (2005) introduces some 
rules and algorithms for manipulating and query-
ing the CTI structure. The following is a list of 
all the proposed algorithms:

• Updating tuples in the current database
• Adding a new tuple to the current data-

base
• Deleting a tuple from the current database
• Querying, accessing, or building a snapshot 

of an old version
• Moving to a new version

Also we mention that since the CTI is ordered 
according to time, it is better to use an efficient 

structure like B-trees or Binary Search trees when 
indexing the versions according to time.

spatio-t emporal Indexing: Pot ree

This section presents recent work (Noel, Servi-
gne, & Laurini, 2005) in spatial and temporal 
information structuring for natural (volcano) 
risk monitoring. In these papers, Noel, Servigne, 
and Laurini (2005) and Noel et al. (2004) discuss 
methods and approaches that they designed and 
applied for volcanic activity monitoring of a 
Mexican volcano. The project uses the PoTree 
as the spatiotemporal index used when querying 
the database with data describing the activity of 
the volcano. 

The PoTree (Noel et al., 2005) is a spatiotem-
poral index with two kinds of structures: a Kd-tree 
and a B+ tree. The Kd-tree (a well-known spatial 
index structure for efficient access of spatial ob-
jects) is not a traditional tree. Instead, each leaf 
node in the tree points to a B+ tree. The B+ tree 
(also a well-known structure and considered as an 
extension of the B-tree) uses time to order its nodes, 
where each node is a spatial object associated with 
time. The way queries are done in the Po-Tree is as 
follows: first the kd-tree is searched according to 

Figure 7. (a) A collection of spatial objects in MBRs and (b) R-tree of MBRs
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spatial attributes of the object then the B+ tree is 
also searched according the time attribute. Figure 
9 represents the Po-Tree structure.

It is mentioned (Noel et al., 2005; Noel et al., 
2004) that the Po-tree works the best when real 
time data is applied. Real-time data points to the 
data that changes so frequently, which is the case 
of the Mexican volcano example (Noel et al., 2005) 
each sensor send many data per minute.

spatio-t emporal Indexing: AIrstd  
structure

AIRSTD structure (Halaoui, 2006) is a com-
bination of CTI and R-Tree (Figures 6 and 7). 
All algorithms applied for CTI and R-tree can 
be applied to AIRSTD. Figure 10 illustrates the 
AIRSTD structure that is composed of the CTI 
(Figure 8) and R-tree (Figures 6 and 7). This 
proposal differentiate between the current ver-
sion and the “Now” version. The current version 
is considered as the changes happened during 
the last period of time that last from some past 
time till the current time or what is called “Now.” 
The “Now” version is the full database valid at 

the current time with all information spatially 
indexed by the R-tree spatial index.

As mentioned, only the “Now” version is a 
full version, where others point only to a list of 
changes with respect to the current node. The 
main goal behind this approach is that we want our 
“Now” version to be spatially indexed for better 
querying, especially when spatial information is 
used in the queries.

Halaoui (2006) presents the following algo-
rithms that work of the AIRSTD structure:

• Updating tuples in the “Now” database
• Adding a new tuple to the “Now” data-

base
• Deleting a tuple from the “Now” database
• Searching any version at any time
• Building a snapshot of any version at any 

time

As discussed in (Halaoui, 2006), AIRSTD 
works the best when applied to discretely chang-
ing data. Such data changes slowly (many times 
per year) like land parcels, cities structures as 
buildings, road networks, and others.

Figure 8. A time interval index pointing to the changes and the current databases
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g oogle eArth, A hIst or y of 
eArth g eogr APhy : Issues And 
r ecommend At Ions

This section presents the issues and problems faced 
when extending “Google Earth” towards storing 
the history of Earth geography. As a solution, a 
model using previously discussed approaches is 
presented to be used when developing the future 
design of “Google Earth.” 

Issues, c ontroversies, Problems

The main issue that we raise in this chapter is the 
ability of “Google Earth” to present a history of 
that geographical information. An example of a 
simple query that “Google Earth” cannot answer 
(until the time of writing this chapter) is: what 
did JFK Airport look like on 1/3/1965. If we 
want to translate this English query as “Google 
Earth” query input, it will be summarized into 
two main inputs: (1) JFK, New York and (2) 1/3/ 
1965 (or just 1965 if only the year is considered 

Figure 9. The PoTree

Figure 10. AIRSTD structure
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as the time period). Such a query cannot be done 
without having the old information stored in the 
database. 

The following issues and functionalities are 
still missed by “Google Earth” in order to gain the 
ability of storing historical geographical data:

• The time attribute: To be able to store his-
tory, all databases must introduce time (or 
intervals) in their data structures or database 
relational model as a main attribute which 
most likely will be a part of the primary key 
in any database table.

• The time operations: After introducing the 
time attribute to the database, there must be 
operations and predicates that can be applied 
on data with time and consider time as an 
input of most queries.

• The efficient storage: Having time and 
time operations in the database will require 
changing the storage structure toward a 
better. The reason for such a step is that 
the database will be much bigger and could 
be huge when the database is changing so 
frequently. The storage structure will also 
need an index that considers time (temporal 
index) in addition to the spatial index that 
is already in use.

solutions and r ecommendations

This section proposes the main steps for a possible 
solution that gives “Google Earth” the ability to 
store a history of the world geographical database. 
For this reason, the section also presents some 
recommendations of some approaches to be used 
in such a solution. Note that the proposed solution 
does not include the videos (provided by satellite 
cameras) and their history.

solution: extending “g oogle earth” 
t owards storing and Presenting a 
history of maps 

The main steps towards this goal can be sum-
marized in two steps:

1. Time attribute: Adding a time attribute (or 
interval) to the database.
a. All objects (tables) that change with 

time must have two time attributes 
(start time and end time) representing 
a time interval validity of the object

b. Example: City (ID, Name, Geometry, 
Stime, Etime) where Geometry repre-
sents the geometrical shape of the city, 
Stime and Etime represent the start 
and end times, which act as the time 
interval of validity.

2. Efficient storage of historical and current 
data: Using spatial, temporal, and spatio-
temporal indexing in order to index the old 
and current data and hence be able to access 
them efficiently.
a. We keep the same spatial index being 

used currently by “Google Earth.” 
This index will be used for indexing 
the “Now” version that represent the 
data valid at the current time (now).

b. We use an additional spatiotemporal 
index to index the changes with respect 
to the “Now” database. Such index 
will be used when historical queries 
are asked. 

Moreover, the layout of “Google Earth” has 
to include an optional input area that allows the 
user to input time as an attribute of the query in 
case the user is interested in the history. Figure 
11 simply shows a possible view of such a layout 
where only an additional input area used for dates 
is added under the query input field.
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r ecommendations: A data storage 
model to store historical and 
c urrent data

For the sake of reaching the goals mentioned in 
the “Solutions” section, a storage model is rec-
ommended. The choice of the spatial index in the 
model will be kept open for the software analysts 
to recommend. The reason for such a decision is 
that each kind of spatial indexing has positives 
and negatives that depend on the kind of queries 
that are frequently asked; most which are beyond 
the knowledge of this chapter.

The model is presented in Figure 12, which 
shows two indexing structures used to store the 
world geographical database and its history:

1. The B-tree (on the left) used to store the 
changes that describe the difference between 
the old versions at some past times and the 
current version named the “Now” version. 
This part use the idea of the temporal in-
dex CTI (Figure 8) described earlier in this 
chapter.

2. The spatial index (could be any spatial in-
dex like R-tree (Guttman, 1984), Kd-tree or 
any other used by “Google Earth”) used to 
index the “Now” database that is the latest 
updated data. This is usually the database 
used currently by Google Earth.

The main idea is to have a ready database 
(which is the “Now database”) where most user 
queries are asked and a set of minidatabases. 
These minidatabases are ordered and indexed 
according to their time interval (TI) of validity 
and each include the changes that should be done 
on the “Now database” to get the database at the 
period TI.

It is useful to mention that the model in Figure 
12 is similar some how to the AIRSTD model 
(Figure 10) presented earlier in the “Background” 
section. In that sense, we can take advantage of 
all algorithms offered in that approach with few 
changes due to the choice of the spatial index. 
Again, here is a list of the algorithms proposed 
in the AIRSTD (Halaoui, 2006) approach:

Figure 11. New “Google Earth” with only additional input representing the time
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• Updating tuples in the “Now” database
• Adding a new tuple to the “Now” data-

base
• Deleting a tuple from the “Now” database
• Searching any version at any time
• Building a snapshot of any version at any 

time

 The reason of choosing AIRSTD as an idea 
to be used in “Google Earth” is that AIRSTD 
has been proven to be efficient with discretely 
changing databases, which is the case in “Google 
Earth.” However, it could be the case that others 
like Po-Tree work better or could work together. 
This conclusion can be done after research and 
studies on the kinds of data, rate of change, and 
queries asked.

c onclus Ion

This chapter presents one of the recent popular 
online geographical information systems “Google 
Earth,” its background, its functionalities, and a 
future view towards “Google Earth: A History 

of Geography.” The chapter can be summarized 
in the following points:

• Briefly presents “Google Earth.”
• Presents the execution of some sample que-

ries to give an idea about “Google Earth” 
functionalities.

• Introduces spatial, temporal, and spatiotem-
poral indexing as structures used or could be 
used in future to store data used by “Google 
Earth.”

• Proposes a solution to be used by “Google 
Earth” to be able to store history.

• And finally recommends some structures 
to be used in this solution by presenting a 
model describing the proposed solution.

It is useful to mention again that this could 
be done with just extending the current system 
of “Google Earth.” It can happen by keeping all 
currently used structures in the system and add 
indexed minidatabases to store the history. These 
minidatabases (discussed in the “Solutions” sec-
tion) will be only accessed when time (history) is 
involved. All approaches presented in this chapter 

Figure 12. The mdel towards Google Earth: A history of geography
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have been implemented and tested and hence can 
be used. The only concern is that the work that 
should be done when adding the time attributes 
to the databases.

f uture r ese Arch dIrect Ions

After having a design of “Google Earth” with the 
ability to show the history of world geography, 
a lot of work can be done in the future. The fol-
lowing is a group of ideas that could be done in 
the future:

• Analysis on the kinds of queries asked by 
a user to find the best indexing and storage 
structure, which could be different from the 
ones proposed in this chapter. For example, 
it has been shown in many studies that the 
kd-tree spatial index works the best when 
dynamic systems are involved where data-
bases are updated almost continuously while 
the system is running. This could not be the 
case in most of the geographical information 
of “Google Earth” but could be the case if 
the movements of objects were part of the 
history. In that sense, studies should be done 
in order to choose the best kinds of indexing 
for the different kinds of data.

• Extend “Google Earth” to be able to store a 
history of the movement (coordinates and not 
just videos) of objects over time (planes, cars, 
land, etc.). In this case, “Google Earth” will 
be dealing with another kind of spatiotem-
poral database called continuously changing 
spatiotemporal databases. For this purpose, 
different and more suitable spatiotemporal 
indexing structures and database models 
will be needed.

• Extend “Google Earth” with purely tempo-
ral indexes (like CTI) to store a history of 
the video recordings (by satellite cameras). 
However, such a step is very huge due to the 
huge space it needs to store such data.

• Design of algorithms and data structures 
used to compare and analyze current and 
old versions.

• Design of algorithms and data structures 
used to show the evolution of lands and 
surfaces (Example: split or merging of land 
parcels, movement of water in oceans, etc.) 
over history.

• Design of algorithms and data structures 
used to show the change of the elevation of 
the surfaces over history.

• Design of algorithms and data structures 
used for computing statistical information 
about city population that could be known 
by comparing the increase of buildings in 
the city over history.
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Abstr Act

Web technologies are being even more adopted for the development of public and private applications, 
due to the many intrinsic advantages. Due to this diffusion, estimating the effort required to develop 
Web applications represents an emerging issue in the field of Web engineering since it can deeply affect 
the competitiveness of a software company. To this aim, in the last years, several estimation techniques 
have been proposed. Moreover, many empirical studies have been carried out so far to assess their ef-
fectiveness in predicting Web application development effort. In the chapter, we report on and discuss 
the results of the most significant empirical studies undertaken in this field.

Introduct Ion

The availability of powerful server-side, Web-
oriented component technologies, such as J2EE, 
ASP.NET, and so forth, has led to profound 
changes in the scenario of software systems, al-

lowing developers to create “Web applications,” 
that is, highly-dynamic systems able to deliver a 
complex amount of functionalities, while running 
in a Web browser. The approach provides many 
advantages. In particular, it permits deployment 
of applications without caring of the client plat-
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form, it fully exploits the MVC architecture, and 
it allows different applications to easily interoper-
ate, by using standard communication protocols 
and languages, such as XML. As a result, Web 
applications are becoming an essential support 
for the every-day activities of both public and 
private organizations. For instance, to date, 
most intranet applications, such as document 
management systems, workflow, and business 
organization, and B2B solutions are developed 
with this approach. 

On the other hand, the development of these 
applications has introduced a set of unique features 
and characteristics, quite different from traditional 
software construction (Deshpande, 2002; Ginige 
& Murugesan, 2001). The main issues can be sum-
marized as follows: the requirements are instable, 
their development is usually characterized by 
pressure time and compressed schedule; the em-
ployed technologies rapidly changes (technology 
instability), they are usually developed by a small 
team including young developers, with different 
backgrounds and knowledge, compared to a tra-
ditional software development team. So, a lot of 
research is needed to provide software engineers 
with tools and methodologies able to ensure a cost-
effective development of this kind of systems. In 
particular, the traditional approaches for software 
cost estimation need to be adequately modified 
to take into account the specific characteristics of 
these applications. To this aim, currently, many 
researchers are addressing the crucial problem 
of estimating the effort required to develop Web 
applications. Indeed, development effort, meant 
as the work carried out by software engineers, 
is the dominant project cost, being also the most 
difficult to estimate and control, with significant 
effects on the overall costs. So, effort estimation 
is a critical activity for planning and monitoring 
software project development and for delivering 
the product on time and within budget. Significant 
over or under-estimates can be very expensive and 
deleterious for a company. Thus, it is paramount 
for the competitiveness of a company to be able to 

effectively predict in advance the effort required to 
develop a Web-based project (Baresi, Morasca, & 
Paolini, 2003; Costagliola, Di Martino, Ferrucci, 
Gravino, Tortora, & Vitiello, 2006a; Mendes, 
Counsell, & Mosley, 2003b; Reifer, 2000; Ruhe, 
Jeffery, & Wieczorek, 2003b), and Web effort 
estimation is an important topic in the field of 
Web engineering. In this context, special atten-
tion is devoted to identifying suitable tools and 
approaches and to proving by empirical studies 
that the proposals can be effectively and afford-
ably used in the industrial context.

g oal of the c hapter

The objective of this chapter is to report on the 
most significant empirical studies undertaken 
so far and aimed at assessing the effectiveness 
of measures and techniques for estimating Web 
application development effort. 

bAckground

In the literature, a lot of different methods to 
estimate software development effort have been 
proposed. A widely accepted taxonomy of esti-
mation methods classified them in Non-Model 
Based and Model Methods (Briand & Wieczorek, 
2002). 

While Non-Model Based Methods mainly take 
into account expert judgments (thus with highly 
subjective factors), Model Based Methods involve 
the application of some algorithms to a number of 
inputs to produce an effort estimation. The inputs 
for these algorithms are the factors that heavily 
influence the resulting development effort of a 
software project. Among these, Software Size 
is accepted as a key cost driver, since it deeply 
affects total development effort, and thus total 
project cost (Bohem et al., 2000). Consequently, 
being able to obtain an early size measure for a 
project can provide a significant estimation of the 
overall development cost. 
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In the context of Software Engineering, widely 
employed Model Based estimation methods are 
Linear Regression (LR), Case Based-Reason-
ing (CBR), and Regression Tree (RT) (see, for 
example, Briand, El-Emam, Surmann, Wiek-
zorek, & Maxwell, 1999b; Briand, El-Emam, & 
Wiekzorek, 2000; Shepperd & Schofield, 2000). 
These approaches use data from past projects, 
characterized by attributes that are related to effort 
(e.g., the size), and the actual effort to develop the 
projects, to estimate effort for a new project under 
development. In the last years, many researchers 
and practitioners tried to apply these methods to 
Web applications. In particular, in the literature 
there are several works that address the problem 
of estimating the effort required to develop Web 
applications (Baresi et al., 2003; Costagliola et 
al., 2006a, 2006b; Mendes, Counsell, & Mos-
ley, 2002a, 2003a, 2003b; Mendes, Counsell, 
Mosley, Triggs, & Watson, 2002, 2003; Reifer, 
2000; Ruhe, Jeffery, & Wieczorek, 2003a) by 
identifying measures related to effort and vali-
dating them by empirical studies. Indeed, it is 
largely acknowledged that a software measure 
and/or estimation method or technique can be 
acceptable and effectively usable only if it has 
been validated through several empirical studies 
proving its usefulness (Basili, Briand, & Melo, 
1996; Basili, Shull, & Lanubile, 1999; Briand 
et al., 1999b; Genero & Piattini, 2001; Mendes, 
Counsell, & Mosley, 2003b; Myrtveit, Shepperd, 
& Stensrud, 2005; Schneidewind, 1992). 

A crucial aspect in performing empirical 
studies concerns the availability of a data set of 
past projects. Indeed, in order to build a model to 
estimate the effort of a new project, Model Based 
Methods exploit information of past projects on 
the actual development effort and on the factors 
that can influence the effort (e.g., the software 
size). Recently, some researchers have addressed 
the issue to understand whether a cross-company 
data set (i.e., a data set containing project data 
from several software companies) can provide 
estimates for the new projects comparable to 

the one obtained from single-company data sets 
(i.e., data sets containing project data from a 
single company). Several empirical studies have 
addressed this issue (see, for example, Briand, El-
Eman, Maxwell, Surmann, & Wieczorek, 1999; 
Jeffery, Ruhe, & Wieczorek, 2000, 2001; Lefley 
& Shepperd, 2003; Mendes, Lokan, Harrison, & 
Triggs, 2005; Ruhe & Wieczorek, 2002). 

estimation t echniques

Linear Regression (LR) is a statistical technique 
that explores the relationship between a dependent 
variable and one or more independent variables, 
providing a prediction model described by an 
equation 

y = b1x1 + b2x2 + ... + bnxn + c

where y is the dependent variable, x1, x2, ..., xn 
are the independent variables, for i=1,..,n, bi is 
the coefficient that represents the amount the 
variable y changes when the variables x changes 
1 unit, and c is the intercept (Montgomery, Peck, 
& Vining, 2001). 

In effort estimation, LR is usually exploited 
to obtain linear regression models that use the 
variable representing the effort as dependent 
and the variables denoting the employed size 
measures (e.g., number of Web pages, number 
of Web Objects, number of COSMIC-FFP, etc.) 
as independent. Once the prediction model has 
been constructed (i.e., an instance of the previ-
ous equation), the effort estimation for a new 
project can be obtained by substituting in this 
equation the project size, expressed in terms of 
the employed measure. 

The idea behind the use of the Case-Based 
Reasoning (CBR) technique is to predict the effort 
of a new project by considering data on similar 
projects previously developed. In particular, the 
completed projects are characterized in terms of 
a set of p features, forming the case base. The 
new project is also characterized in terms of the 
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same p attributes and it is referred as the target 
case. Then, the similarity between the target 
case and the other cases in the p-dimensional 
feature space is measured, and the most similar 
cases (or projects) are used, possibly with adap-
tations to obtain a prediction for the target case 
(Aamodt & Plaza, 1994; Myrtveit & Stensrud, 
1999; Shepperd & Schofield, 2000). To apply the 
CBR technique, a Measurer has to select: the rel-
evant project features, the appropriate similarity 
function, the number of analogies to select the 
similar projects to consider for estimation, and 
the analogy adaptation strategy for generating 
the estimation. In the effort estimation, usually 
the size measures have been exploited as the 
set of features characterizing the projects. It is 
worthwhile to point out that the selection of the 
similarity function and the number of analogies is 
a crucial decision. Many researchers suggested use 
of Euclidean distance as similarity measure and 
1, 2, and 3 analogies to identify similar projects 
(Briand et al., 2000; Briand, El-Emam, Surmann, 
et al., 1999; Mendes, Counsell, & Mosley, 2002a; 
Mendes, Counsell, Mosley, Triggs et al., 2003). The 
analogy adaptation step allows for deciding how 
to obtain estimation after the most similar cases 
have been determined. Widely used adaptation 
techniques are the nearest neighbour (Briand, 
El-Emam, Surmann, et al., 1999; Mendes, Coun-
sell, & Mosley, 2002a)  the mean of the closest 
analogies (Mendes, Counsell, & Mosley, 2002a; 
Mendes, Counsell, Mosley, Triggs, et al., 2003; 
Myrtveit & Stensrud, 1999), the inverse distance 
weighted mean, and inverse rank weighted mean 
(Shepperd & Schofield, 2000).

Regression Tree (RT) is a variant of decision 
trees that can be used to approximate real-valued 
functions (Briand et al., 2000; Briand, El-Emam, 
Surmann, et al., 1999b; Mendes, Counsell, Mos-
ley, Triggs et al., 2003). This technique takes as 
input a set of numerical variables (usually the size 
measures) and generates a binary tree predicting 
the value of the target variable (the development 
effort). In particular, the leaves of the binary tree 

suggest the values for the target variable on the 
base of the values of the predicting variables. 
The binary tree is built by recursively splitting 
the input data (i.e., the values of the predicting 
variables) into partitions. At the beginning, all 
data are associated to the root. Then, they are split 
in two parts, minimizing the sum of the squared 
deviations from the mean in the separated parts. 
At each split, the process determines the input 
variable to be used for splitting, and its values 
to associate to the left and right child nodes, 
respectively. Let us observe that each node has 
associated the mean value of the target variable. 
The process ends when, for each node, a minimum 
size, specified for the node by the user, is obtained. 
Subsequently, to determine the predicted value 
for the target variable, we start from the root node 
and then follow the right or left branch, based on 
the value of the splitting variable. We continue 
until a leaf node is reached, which contains the 
predicted value.

validation method and evaluation 
c riteria

Validation is a crucial step in the empirical stud-
ies in order to verify whether or not the predicted 
efforts are useful estimations of the actual de-
velopment efforts. A cross validation is widely 
employed to address it. In particular, this method 
partitions the data set into two randomly selected 
sets: the training set for model building and the 
test set for model evaluation. 

To assess the acceptability of the derived es-
timations, summary measures, like MMRE and 
Pred(0.25) (Conte, Dunsmore, & Shen, 1986), 
together with boxplots of (absolute) residuals 
(Kitchenham, Pickard, MacDonnell, & Shep-
perd, 2001; Mendes, Counsell, & Mosley, 2005b). 
MMRE and Pred(0.25) are widely employed in 
the literature to assess the accuracy of effort 
estimation (see, for example, Briand, El-Emam, 
Surmann, et al., 1999; Briand, El-Emam, & Wiec-
zorek, 1999, 2000; Briand & Wieczorek, 2002; 
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Costagliola et al., 2006a; Costagliola, Martino, 
Ferrucci, Gravino, Tortora, & Vitiello, 2006b; 
Mendes, Counsell, & Mosley, 2003a, 2003b, 
2003c; Mendes, Counsell, Mosley, Triggs, et al., 
2003; Mendes & Kitchenham, 2004a, 2004b; 
Myrtveit. & Stensrud, 1999; Ruhe et al., 2003a, 
2003b). In the following, we will briefly recall the 
main concepts underlying MMRE and Pred(0.25), 
and boxplots.

The Magnitude of Relative Error (Conte et 
al., 1986) is defined as

MRE = |EFHreal — EFHpred | / EFHreal

where EFHreal and EFHpred are the actual and 
the predicted efforts, respectively. MRE has to 
be calculated for each observation in the data 
set. To have a cumulative measure of the error, 
all the MRE values are aggregated across all the 
observations using the mean and the median, thus 
obtaining two measures of the central tendency, 
known as Mean of MRE (MMRE), and Median 
MRE (MdMRE), where the latter is less sensitive 
to extreme values (Mendes, Counsell, Mosley, 
Triggs, et al., 2003). 

The Prediction at level 0.25 (Conte et al., 1986) 
is defined as

Pred (0.25) = k /N

where k is the number of observations whose 
MRE is less than or equal to 0.25, and N is the 
total number of observations. In other words, 
Pred(0.25) is a quantification of the predictions 

whose error is less than 25%. According to Conte 
et al. (1986), a good effort prediction model should 
have a MMRE≤0.25 and Pred(0.25)≥0.75, mean-
ing that at least 75% of the predicted values should 
fall within 25% of their actual values. 

Boxplots are widely employed in exploratory 
data analysis since they provide a quick visual 
representation to summarize the data using five 
numbers: the median, upper and lower quartiles, 
minimum and maximum values, and outliers 
(Kitchenham et al., 2001). The box of the plot is 
a rectangle with an end at each quartile and a line 
is drawn across the box at the sample median (m 
in Figure 1). The lower quartile (l in Figure 1) is 
determined considering the bottom half of the 
data, below the median, for example, by finding 
the median of this bottom data, while the upper 
quartile (u in Figure 1) is the median of the upper 
half of the data, above the median. The length of 
the box d is the interquartile range of the statisti-
cal sample. Lower tail is u+1.5*d while u-1.5*d 
is the Upper tail. Points at a distance from the 
median greater than 1.5 times the interquartile 
range represent potential outliers and are plotted 
individually.

In recent studies (see, for example, Costagliola 
et al., 2006b; Kitchenham et al., 2001; Mendes, 
Counsell, Mosley, Triggs, et al., 2003; Mendes, 
Counsell, & Mosley, 2005a, 2005b; Mendes & 
Kitchenham, 2004b; Ruhe et al., 2003b), the ef-
fectiveness of the obtained estimations of effort 
have been assessed by taking into account first 
the summary statistics and then the boxplots of 
absolute residuals, where residuals are calculated 
as (EFHreal — EFHpred). 
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Figure 1. The boxplot
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In the following, we recall the main concepts 
of LR, CBR, and RT, and the methods widely 
adopted in the literature to validate the obtained 
estimations. Then, we will report on and discuss 
the most important empirical studies dealing with 
the estimation of Web development effort.

emPIr Ic Al  stud Ies

In the context of Web effort estimation, many 
empirical studies have been carried out aiming to 
address one of the following research issues: 

• Verify the usefulness of size measures and 
cost factors for estimating Web application 
development effort.

• Verify the appropriateness of methods and 
techniques to provide effective effort esti-
mations for Web applications.

• Verify the usefulness of cross-company data 
set for estimating Web application develop-
ment effort. 

In the following, we report on and discuss the 
empirical studies provided in the literature, taking 
into account the above research directions.

empirical studies f ocused on size 
measures 

In the last years some measures have been pro-
posed to size Web Applications, such as Web 
Objects defined by Reifer (2000), COSMIC-FFP 
(COSMIC, 2005), the measures defined in the 
Tukutuku database by Mendes, Counsell, and Mos-
ley (2003c), and Length and Functional measures 
investigated by Costagliola et al. (2006b)

Web Objects represent an extension of Function 
Points (FPs) (Albrecht, 1979), which are briefly 
recalled in the following. The current standard 
definition and counting procedure of the FP ap-
proach is reported in the IFPUG Counting Prac-
tices Manual (IFPUG, 2004). The measurement of 

the system size starts with the identification of all 
the functions, which can be of the following types: 
external input, external output, external inquiry, 
internal logical file and external interface file. The 
first three classes are considered transaction func-
tion types while the last two are considered data 
function types. Then, these identified functions 
are weighted in agreement with standard values 
specified in the Counting Practices Manual, by 
using their types and the level of their complex-
ity. The Web Objects approach extends FPs by 
introducing four new Web-related components 
(multimedia files, Web building blocks, scripts 
and links), used as predictors together with the 
five traditional function types of FPs. 

Ruhe et al. (2003a) were the first to investigate 
Web Objects by performing an empirical study 
based on a data set of 12 Web projects from 
industrial world, in order to establish whether 
or not this measure can be used to predict the 
development effort of Web applications in terms 
of person-hours, gathering interesting prediction 
results. In particular, these authors compared Web 
Objects with FPs and the results of the empirical 
analysis revealed that the model based on Web 
Objects presented significantly better prediction 
accuracy. In particular, they used LR as estima-
tion technique and obtained an MMRE=0.24 and 
Pred(0.25)=0.67 for Web Objects, while the FPs 
produced a MMRE=0.33 and Pred(0.25)=0.42. 
These authors exploited 12 Web projects developed 
by a small-sized Australian software development 
company, which were very typical application in 
Web domain, for example, one for analysing and 
managing stock or transactions, several Web-
based content management systems. 

Successively, Web Objects measure has been 
investigated in other two studies (Di Martino, 
Ferrucci, Gravino, & Mendes, 2007; Ruhe et al., 
2003b). In particular, Ruhe et al. (2003b) used 
Web Objects as size measure in the application of 
WebCOBRA, which is an adaptation of the COBRA 
method (Briand, El-Emam, & Bomarius, 1998) for 
the Web. They obtained better results than with 
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LR, in particular MMRE=0.17, MdMRE=0.15, 
and Pred(0.25)=0.75. More details on WebCOBRA 
are reported in the next section. The empirical 
study performed by Di Martino et al. (2007) was 
aimed at comparing several size measures. By 
employing LR technique they obtained good re-
sults with Web Objects, in particular MMRE=0.17, 
MdMRE=0.11, and Pred(0.25)=0.80. 

Common Software Metrics Consortium - Full 
Function Points (COSMIC-FFP) is a widely ad-
opted method for sizing software, approved as an 
International Standard (ISO/IEC 19761:2003). It 
turns out to be particularly suited for real-time 
and/or multilayered software, whose complexity 
is mostly dominated by the need to manage large 
amounts of data (COSMIC, 2005). The basic idea 
underlying this approach is that, for many kinds 
of software, the biggest programming efforts 
are devoted to handle data movements, and thus 
their number can provide a meaningful sight of 
the system size. With the COSMIC-FFP method, 
a set of models, rules, and procedures have to be 
applied to the Functional User requirements (FUR) 
to obtain a numerical value, which represents the 
functional size of the software, expressed in terms 
of Cosmic Functional Size Unit (CFSU) (COS-
MIC, 2005). To apply the method “the COSMIC-
FFP model […] requires FUR to be broken down 
into functional processes, each consisting of data 
movements, where a data movement moves a data 
group containing attributes of a single object of 
interest” (COSMIC, 2005). 

Mendes, Counsell, and Mosley (2002a) ap-
plied the COSMIC-FFP measurement to Web 
hypermedia systems. Using data about 37 Web 
projects developed by academic students, they 
constructed an effort prediction model by ap-
plying LR. However, the derived model did not 
present reasonable prediction accuracy (MMRE 
< 0.50), and replications of the empirical study 
were highly recommended by authors to find 
possible biases in the collection of the data and/or 
in the application of the COSMIC-FFP method. 
Successively, Costagliola et al. (2006a) applied 

COSMIC-FFP taking into account dynamic 
aspects of Web applications. The COSMIC-FFP 
method was evaluated by using 44 Web projects 
(mainly Web portals, e-commerce sites, etc.), 
developed by academic students. The prediction 
models obtained by applying LR provided a good 
level of accuracy (MMRE=0.15, MdMRE=0.10, 
and Pred(0.25)= 0.75).

Tukutuku database is part of the Tukutuku 
project, which aims to collect data about Web 
applications to be used to develop Web effort 
estimation models and to benchmark productiv-
ity across and within Web Companies (Mendes, 
Counsell, & Mosley, 2003c). Each Web project 
is characterized by 25 variables related to the 
application and its development process, such 
as Web pages, Images, Features reused without 
any adaptation, and so forth. The complete list 
can be found in Mendes, Counsell, and Mosley 
(2005a). These size measures have been obtained 
from several empirical investigations performed 
by Mendes, Counsell, and Mosley (2001, 2002a, 
2003a, 2003b, 2003c) and Mendes, Counsell, 
Mosley, Triggs et al. (2002, 2003). These studies 
highlighted that the employed measures can be 
profitably exploited to predict effort since the 
best estimations (obtained with LR and CBR) 
were characterized by MMRE values less than 
0.25 and Pred(0.25) values greater than 0.75. In 
particular, the final set of size measures and cost 
drivers included in the Tukutuku database have 
been defined from the results of a survey inves-
tigation (Mendes, Counsell, & Mosley, 2005a), 
using data from 133 online Web forms aimed at 
giving quotes on Web development projects. In 
addition, these measures and cost drivers have 
also been confirmed by an established Web 
company and a second survey involving 33 Web 
companies in New Zealand. Several empirical 
studies have been carried out to assess the ef-
fectiveness of these size measures (Mendes & 
Kitchenham, 2004a; Mendes, Counsell, & Mosley, 
2005a; Mendes, Di Martino, Ferrucci, & Gravino, 
2007). Mendes Counsell, and Mosley (2005c) also 
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presented a survey literature of hypermedia and 
Web size measures proposed in recent papers 
and classifies the analyzed studies according to 
a proposed taxonomy. The aim was to provide a 
mean for classifying and understanding the body 
of knowledge about Web size measures and their 
employing for effort estimation.

Costagliola et al. (2006b) investigated two 
sets of size measures: Length and Functional 
measures. Length measures were derived from 
both previous research (Mendes, Counsell, & 
Mosley, 2001, 2002a) and interviews with the 
company’s project managers. The set of Length 
measures includes Web Pages, Media, Scripts and 
Application, and so forth (the complete list can 
be found in Costagliola et al., 2006b). As for the 
Functional measures, Costagliola et al. (2006b) 
used the nine components that are part of Web 
Objects. These size measures were compared by 
exploiting data from 15 Web projects provided by 
an Italian small-medium sized company whose 
core business is the development of enterprise 
information systems, mainly for local and central 
government. The company is highly specialized in 
the design, development and management of solu-
tions for Web portals, enterprise intranet/extranet 
applications (such as content-ware, e-commerce, 
work-flow managers, etc.), and Geographical 
Information Systems. The 15 Web applications 
employed in that case study are in several do-
mains, such as e-government, e-banking, Web 
portals, and intranet applications. The results of 
the empirical study revealed that Length measures 
provided better estimates when using CBR (i.e., 
MMRE=0.15 and Pred(0.25)=0.73), while Func-
tional measures provided better estimates when 
using LR (MMRE=0.21 and Pred(0.25)=0.73). 
However, their analysis suggested that there were 
no significant differences in the estimations and 
the residuals obtained with Length measures and 
Functional measures. Successively, Di Martino et 
al. (2007) compared the following size measures: 
Web Objects proposed by Reifer (2000), the Length 

and Functional measures used by Costagliola et 
al. (2006b), the Tukutuku measures proposed by 
Mendes, Counsell, and Mosley (2003c). As a data 
set, they exploited the Web projects employed in 
Costagliola et al. (2006b). The empirical results 
showed that all the measures provided good 
predictions in terms of MMRE, MdMRE, and 
Pred(0.25) and the study largely confirmed the 
results of previous work (Costagliola et al., 2006b). 
Moreover, the analysis of residuals suggested 
that Length measures and Web Objects presented 
significantly superior predictions than Functional 
measures when estimates are obtained using LR; 
however all presented similar predictions to the 
Tukutuku measures. 

Finally, we would recall other two works. 
Abrahão and Pastor (2003) proposed the OOmF-
PWeb method, which maps the FP concepts into 
the primitives used in the conceptual modeling 
phase of OOWS, a method for producing software 
for the Web (Abrahão, Fons, & Pastor, 2001). In 
a recent work (Abrahão, Pastor, & Poels,  2004), 
a preliminary evaluation of the OOmFPWeb has 
been provided. 

Baresi and Morasca (2003) focused their atten-
tion on Web applications automatically generated 
from a design model expressed in terms of W2000. 
They defined several measures on the basis of 
attributes obtained from design artifacts, and 
conducted empirical studies aiming to identify 
the attributes that may be related to the effort 
required for designing Web applications. This em-
pirical study involved the students of an advanced 
university class on modeling Web applications, 
enrolled in engineering curricula, and employed 
Linear Regression. The empirical results sug-
gested that the size of the information model, as 
well as the reuse level and the characteristics of 
the navigation model, influence the total design 
effort. It is worth noting that these studies differ 
from the ones presented above since Baresi and 
Morasca (2003) focused on design effort and not 
on the total effort. 
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empirical studies f ocused on 
estimation t echniques

Several empirical studies have been carried out 
to analyze the effectiveness of LR, CBR, and RT 
in the case of desktop applications. In particular, 
Briand, El-Emam, Surmann, et al. (1999) and 
Briand, El-Emam, and Wieczorek (2000) applied 
LR, RT, and CBR, using 1 and 2 analogies, and 
combinations of these techniques. Their results 
pointed out that LR is better than CBR in pre-
dicting efforts. To date, numerous studies have 
investigated these estimation techniques for Web 
effort estimation (e.g., Costagliola et al., 2006a, 
2006b; Di Martino et al., 2007; Mendes, Counsell, 
& Mosley, 2001, 2002a, 2003a, 2003c, 2005b; 
Mendes, Counsell, Mosley, Triggs et al., 2002, 
2003; Mendes & Kitchenham, 2004a, 2004b, 
Mendes & Mosley, 2002; Ruhe et al., 2003a;). 

In the following, we focus our attention on 
the studies that have employed LR, CBR, and 
RT (Costagliola et al., 2006b; Di Martino et al., 
2007; Mendes, Counsell, Mosley, Triggs et al., 
2002, 2003; Mendes & Mosley, 2002; ). 

Costagliola et al. (2006b) performed an em-
pirical analysis employing LR, CBR, and RT and 
exploiting Length and Functional measures (de-
scribed in the previous section). They found that 
none of the effort estimation techniques used in 
their study was statistically significantly superior 
to others; however, the three accuracy measures 
used (i.e., MMRE, MdMRE, and Pred(0.25)) 
suggested that LR presented overall the best and 
the worst accuracy using elements of Functional 
and Length size measures, respectively. The study 
conducted by Di Martino et al. (2007) largely con-
firmed the above results, revealing that both LR 
and CBR can be profitably exploited to predict Web 
application development effort. Mendes, Counsell, 
Mosley, Triggs et al. (2002, 2003) exploited a data 
set of 37 Web projects developed by academic 
students and highlighted that LR models generally 
gave statistically significant better results than 
CBR. On the contrary, the case study carried out 

by Di Martino et al. (2007) revealed that there 
is no significant difference between estimations 
obtained with CBR and those obtained with the 
LR. As for CBR Mendes, Counsell, Mosley, Triggs 
et al. (2003) considered three choices for number 
of analogies (1, 2, and 3) and three choices for the 
analogy adaptation (mean of k analogies, inverse 
rank weighted mean, and median of k analogies). 
The best result was achieved by using weighted 
distance and 1 analogy. Moreover, in another 
work on the analysis of the CBR, Mendes and 
Mosley (2002) proved that the use of adaptation 
rules presented statistically better prediction ac-
curacy than their counterparts than did not use 
adaptation. Costagliola et al. (2006b) obtained 
the best results with CBR using 2 analogies and 
inverse distance weighted mean as adaptation 
strategy (employing Functional measures), while 
Di Martino et al. (2007) obtained the best results 
with CBR using 2 analogies and the mean of 2 
analogies as adaptation strategy (with Web Objects 
as size measure) and 2 analogies and the inverse 
distance weighted mean as adaptation strategy 
(for COSMIC-FFP as size measure).

Morever, we want to recall two works that 
have proposed cost estimation models specific 
for the Web, namely WebMO (Reifer, 2000) and 
WebCOBRA (Ruhe et al., 2003b).

WebMO is a direct extension of the COCOMO 
II Early Design model (Bohem, 1981). The idea 
underlying the approach is to adapt the existing 
effort estimation methods in order to use them in 
the context of Web applications. As an extension 
of the Early Design of the COCOMO II method, 
WebMO does not require a deep knowledge about 
the influence of cost drivers on the development 
process, and generic cost drivers can be defined in 
order to estimate in the early phase of the develop-
ment process those features which will be more 
influent on the final development effort (Reifer, 
2000). Except the empirical analysis performed 
by Reifer in order to calibrate the WebMO, to the 
best of our knowledge no empirical studies have 
been carried out employing this method.
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WebCOBRA is an adaptation to the Web do-
main of the COBRA (COst estimation, Bench-
marking and Risk Analysis) method (Briand et 
al., 1998). The key issue of this method is to use 
both expert knowledge and few past project data 
to obtain a COBRA instance, named COBRA 
model, which results specifically tailored for the 
intended software development context. In order 
to obtain a COBRA model, information about 
Project Characteristics, such as project type, ap-
plication domain, and so forth, the Size Measure, 
calculated in a consistent way among all projects, 
and some Cost Drivers, specifying the resources 
expected to influence the development effort have 
to be determined. These three factors form the 
causal model, which is intended to describe all 
the cost factors involved in the project develop-
ment. The causal model, together with the past 
project data, define a resulting COBRA model. 
The past project data are used to define the rela-
tionships between cost overhead and cost, for the 
considered software development context. Ruhe 
et al. (2003b) derived the WebCOBRA approach 
by modifying the causal model, and by adopting 
the Web Objects method to measure the size of 
the software. Furthermore, to evaluate the pre-
diction accuracy of the WebCOBRA model, they 
performed an empirical study by exploiting the 12 
Web projects developed by an Australian software 
development company and obtained MMRE=0.17, 
MdMRE=0.15, and Pred(0.25)=0.75. These results 
are better than those they obtained in Ruhe et al. 
(2003a) by employing as estimation technique LR 
(see the previous section). In the future, it could 
be interesting to exploit both COSMIC-FFP and 
Web Objects measures in the application of the 
WebCOBRA method using a larger industrial data 
set and compare the obtained results.

empirical studies f ocused on 
c ross-c ompany data set 

Recently, in the context of the Web, few studies 
have investigated whether a cross-company data 

set (i.e., a data set containing project data from 
several software companies) can provide estimates 
for the new projects comparable to the one obtained 
from single-company data sets (i.e., data sets 
containing project data from a single company), 
which deals with the generalization of the results 
achieved in a given context (Mendes et al., 2007; 
Mendes & Kitchenham, 2004a, 2004b).

The use of a cross-company data set seems 
particularly useful for companies that do not have 
their own data on past projects from which to 
obtain their estimates, or that have data on proj-
ects developed in different application domains 
and/or technologies (Mendes et al., 2007; Mendes 
& Kitchenham, 2004a, 2004b). The goal of these 
studies is to investigate how successful is a cross-
company effort model to estimate effort for Web 
projects that belong to a single company and were 
not used to build the cross-company model, and 
compared to a single-company effort model. The 
data sets employed in these three studies were 
obtained from the Tukutuku database, and the ef-
fort estimates were obtained by means of LR and 
CBR. About the results, these empirical studies 
have revealed that the predictions based on the 
single-company model were significantly more 
accurate than those based on the cross-company 
ones. In particular, in the study presented by 
Mendes et al. (2007), the accuracy of estimates 
obtained using the cross-company model obtained 
with LR shows low prediction accuracy, with a 
quite high MMRE (85.86%), and an extremely 
poor Pred(25) (6.67%), far from the thresholds 
suggested by Conte et al. (1986). The same pattern 
was present for predictions obtained using CBR: 
MMRE is 92.54% and Pred(25) is 0%, both really 
poor. These results corroborate those obtained by 
Mendes and Kitchenham (2004b).

It is worth noting that the majority of the 
empirical studies provided in the literature, and 
reported in the previous sections, exploited data 
coming from a single company. On one hand, this 
can lead to more accurate results, since the data 
collection task can be carried out in a more con-
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trolled fashion than in a cross-company scenario, 
as recognized by Kitchenham, Mendes, Travassos, 
and Guilherme (2007). But, on the other hand, 
the obtained results might not hold in other indus-
trial contexts. In particular, the models obtained 
with data coming from a given company/domain 
might not supply accurate predictions when used 
in different companies/domains, where some 
recalibrations could be necessary as suggested 
by Mendes and Kitchenham (2004b).

c onclus Ion

In this chapter, we have reported on and discussed 
the most significant empirical studies undertaken 
so far and aimed at verifying: 

• The usefulness of size measures and cost 
factors for estimating Web application de-
velopment effort.

• The appropriateness of methods and tech-
niques to provide effective effort estimations 
for Web applications.

• The usefulness of cross-company data set 
for estimating Web application development 
effort. 

The analysis has revealed that several size 
measures have been successfully employed to 
estimate the size and the effort of Web applications. 
However, further empirical investigations are 
needed to achieve widely accepted size measures 
for the Web. Regarding the employed estimation 
techniques, LR and CBR, widely adopted in Soft-
ware Engineering to estimate effort of software 
projects, have also obtained interesting results in 
the context of Web. 

f uture r ese Arch dIrect Ions

It is worth noting that only few empirical studies 
in the field of Web effort estimation exploited 

industrial data sets (Costagliola et al., 2006b; Di 
Martino et al., 2007; Mendes, Counsell, & Mosley, 
2005a, 2005b, 2005c; Mendes & Kitchenham, 
2004a, 2004b; Ruhe et al., 2003a, 2003b). This 
is partly due to the lack of “meaningful” data 
sets publicly available that allow researchers to 
perform investigations. It is worth noting that the 
“quality” of the data set used can deeply influ-
ence the results of the study. Indeed, if data is not 
properly collected, or if it is not representative of 
a wider context, the effectiveness of the empirical 
study is heavily reduced. In the field of software 
engineering, these recommendations are usually 
fitted by using data coming from the industrial 
world, collected in a correct and consistent way 
(see, for example, Briand et al., 2000; Briand, 
El-Emam, & Surmann, et al., 1999; Greves & 
Schreiber, 1996; Jeffery et al., 2000; Mendes, 
Lokan et al., 2005). However, in the Web domain, 
it may be difficult to obtain large and significant 
data sets from the industrial world, since the 
time required to accumulate enough data on past 
projects may be very high, as well as the fact that 
technologies evolve very quickly, making old data 
useless (Mendes & Kitchenham, 2004b). Thus, 
in the future, Web companies should pay more 
attention to cope with the problem of collecting 
data from past projects in order to exploit them 
for effort estimation in several and different 
contexts. 

Moreover, the research in the future should 
also focus on designing and developing tools able 
to automatically obtain information on cost fac-
tors and size measures. In particular, these tools 
should allow researchers to collect past projects 
data from companies developing Web applications 
employing different methods, techniques, and 
technologies with the aim of supporting managers 
in the identification of the most effective measures 
and estimation techniques to be applied in several 
and different contexts. Other techniques should 
also be investigated for effort estimation, such as 
fuzzy strategies, and the achieved results should 
be compared with those obtained by employing 
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LR and CBR. Finally, future work should also 
cover the identification and investigation of size 
measures to be used not only in the early phase 
of development process but also in other phases, 
such as testing and maintenance. 
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Abstr Act

Recently, cellular phones capable of accessing the Internet are prevailing rapidly in Japan. First, their 
functions and features are examined: Classification of services offered at i-mode; Characteristics of cy-
berspace communication tools and their comparisons with mobile instrument; Strengths and weaknesses 
of mobile phones. Then, mobile marketing is discussed on from the following perspectives. (1)Ability 
to use real-time marketing, (2) Ability to use online coupon marketing, (3) Ability to navigate customer 
easily to shop, (4) Ability to make purchase procedures seamless—from the notification of special offers 
(by retailers) to the payment (by customers), (5) Retrieval and utilization of information without time 
and spatial restriction. Third, we analyze the differences in meaning between so-called four Ps in real 
commerce marketing and those in cyberspace marketing. Finally, several cases using cellular phones 
are analyzed: coupon marketing, production/construction status control, and distribution control.

Introduct Ion

NTT DoCoMo’s launching of i-mode service in 
December of 1999 has drastically changed the 
landscape of Web business because it enables 
wireless Internet access. Mobile phone operators 
now offer a wide range of services using wireless 
Internet access technology. As of June 30, 2007, 
there were about 98.1 million mobile phone users, 
including 74.7 million 3G mobile phone users.

Wireless Internet access technology has 
created new, innovative services, such as the 
production status control using mobile handsets. 
This chapter examines potentials of marketing 
techniques using mobile Internet technology.

So far, many researches and writings have 
been made on mobile phone such as the theme of 
technology (Raina & Harsh, 2001), competition in 
mobile market (Steinbock, 2002), communication 
(Garrard, 1997), marketing (Haig, 2002), and so 
forth.
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The abundant applications with wireless 
Internet access are first developed by i-mode. 
But the papers of the analysis of the application 
and its influence of i-mode are few. Some of them 
are executed by Tsukuda, Takeyasu, and Ono 
(2001) and Takeyasu, Ono, and Ueda (2003). In 
this chapter, overall analysis is executed for the 
mobile marketing focused on the application of 
i-mode.

bAckground

 In this chapter, mobile marketing means marketing 
on or with a mobile phone. Marketing on a mobile 
phone has increasingly become popular, especially 
in Japan (Takeyasu, 2006; Takeyasu et al., 2003; 
Tsukuda et al., 2001). After the development 
of i-mode service by NTT DoCoMo, which is 
well known world-wide (Matsunaga, 2000), 
other carriers also developed services similar to 
i-mode. We survey these services and evaluate 
the characteristics of Mobile Technologies and 
then the meaning and the characteristics of 
mobile marketing is investigated. Case studies 
are executed, followed by the conclusion. 

c hAr Acter Ist Ics of mob Ile 
technolog Ies

Mobile communication instruments in a broader 
sense include hand-carry personal computers 
(PCs), personal digital assistants (PDAs), and so 
forth. This chapter, however, focuses primarily 
on cellular phones capable of Web browsing. We 
call this “keitai.” 

While data input on keitai is not as easy as on 
PCs, keitai has several advantages—very light, 
portable, and capable of transmitting voice/sound 
(Table 1, Table 2). 

The characteristics of cyberspace technologies 
are described precisely by Takeyasu in Tsukuda 
et al. (2001).

Because keitai has unique characteristics as 
described in Table 2, it will be effective in the 
following use:

1. Simple and easy retrieval and input of infor-
mation without restriction of location and 
time 
• Search train timetables, cooking reci-

pes, and map information
• Check bank account balance and 

money transfer.

Table 1. Comparing characteristics of cyberspace technologies with those of mobile telephone

Cyberspace technology Mobile telephone (keitai)

Bilateral communication
○

Difficulty in data inputs
Strong in voice/sound system

Borderless—beyond time, space, national 
borders ○

Two separate protocols—European and U.S. 
standard. Both protocols are adopted by Japa-
nese carriers

Dual Phase communication by word of 
mouth and mass media ○

Difficulty in data inputs 

Virtual nature ○

Digital nature ○

Real-time ◎ Compact and easy to carry, anytime, anywhere 

Database involvement ○

 *○…characteristics recognized ◎…keitai is better than cyberspace 
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2. Retrieval and input of ever-changing or 
timely information
• Check prices and place selling or buy-

ing orders of stock
• Look for and make reservations for res-

taurant, air tickets and hotel rooms.
3. New marketing techniques that utilize 

keitai
• “Real-time” marketing
• Online coupon marketing
• Sending information through a trigger 

mail*
• Navigating customers to shops
* Users are informed by e-mail of matters 

prescribed in advance by themselves 
whenever the conditions preset like-
wise are met. 

4. Download software—games, music, and 
Application Service Provider (ASP)

5. User-friendly e-commerce 
 Purchase procedures become more seam-

less—from the notification of offers to the 
payment 

 
These are the summaries of many existing 

cases. In detail, see Takeyasu et al. (2003). I-mode 
is the first development of versatile full service 
of wireless Internet access, which service is 
arranged in Table 3.

mob Ile mArket Ing

The basic characteristics of keitai are similar to 
those of other cyberspace technologies. However, 
because of its portability and ability to transmit 
sound and voice, the following marketing tech-
niques are considered particularly useful in mobile 
marketing (Takeyasu, 2006).

• Real-time marketing
• Online coupon marketing
• Navigate customers easily to shops/stores
• Make purchase procedures seamless—from 

the notification of special offers to the pay-
ment

• Retrieval of information, irrespective of 
time and location

Next these are explained in specific.

“r eal-t ime” marketing

Real-time marketing is effective on keitai. For 
instance, bar owner can send e-mail on special 
evening offers—a glass of beer free for each cus-
tomer of a group of four or more. During lunch 
hour or in the evening, information on new video 
can be sent to customers’ handsets so that they 
can drop by the store on their way home. General 

Table 2. Strength and weakness of mobile telephone

Strength Weakness

-Light in weight
-Compact
-Inexpensive (initial cost and access charges)
-Easy to send voice message
-Access to the Internet
 i-mode uses “Packet” switched system, so relatively low fees
 -i-mode uses c-HTML,* which makes it easy for developers to 

develop Web content.
-Easy to connect keitai with PCs
-Capable of using GPS(Global Positioning System) and IC Card 

technologies.
-Easy to download software

- Unsuitable for complicated data input
- Unsuitable for sending a large volume of data
- Absence of standardized operation protocol

* cHTML stands for “compact HTML” and is the content description language used in i-mode. cHTML is a 
subset of HTML, plus some additional tags, characters, and features.
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Merchandise Store (GMSs) can send e-mail ad to 
housewives for limited-hour special sales.

o nline c oupon marketing

Culture Convenience Club Co. Ltd. operates 
video/CD rental chains called “Tsutaya.” It started 
online services for i-mode users in August of 
1999. Customers can purchase videos and CDs 
online with mobile phones. The firm distributes 
electronic code coupons onto the customers’ 
handsets. They present such coupons to a store 
clerk to enjoy special offers/discounts. This is 
an epoch-making marketing technique, with a 
substantial impact on sales promotion (Table 4). 

navigate c ustomers easily to shops 

With mobile Internet access, for example, one can 
receiver directions  to a shop while driving. Route 
guidance by keitai in a crowded urban district is 
especially effective. 

make Purchase Procedures 
Seamless—From the Notification 
of o ffers to the Payment

When a customer makes an online purchase, the 
customer can select from the following payment 
methods. 

　　　　　　　　　　　

Classification Service contents

Transaction-related Web banking, online stock trading, air tickets reservation/pur-
chase 

Lifestyle-related News, weather forecast, and sports results

Database-related Train transit information, restaurant information, cooking recipe, 
dictionary 

Entertainment-related Load ringing melodies into handsets, download cartoon charac-
ters, play Web games, watch TV program

Table 3. Classification of the i-mode service

Table 4. Examples of keitai coupon marketing

Items Contents Notes

i-size discount gourmet Presenting online coupon on i-mode 
would enable users to get a 10% discount.
Monthly membership fee of 300 yen
Free trial use for 30 days

Gournavi Digital discount/special offer coupons 
offer from 4,000 stores on i-mode

E-fuel Auto-Backs discount coupon Customers purchasing goods worth 3,000 
yen or more at Auto Backs car accessories 
outlets could enjoy a 500-yen discount if 
they show a discount digital coupon on 
i-mode.

Culture Convenience Club Online coupon is shown in the shop (i-
mode and other carriers’ services)

First, a 50-yen discount for each 
CD or video rental. 
From next time and on, a 50% dis-
count for each CD or video rental.
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1. Purchase order → payment at bank or post 
office → product delivery upon confirma-
tion of money transactions                 

2. Purchase order → parcel delivery service 
→payment to the parcel delivery service at 
the time of receiving products

3. Purchase order → make payment and receive 
products at convenience store

4. Purchase order → parcel delivery → re-
ceive products → payment at bank or post 
office

With keitai, one can process online all the 
procedures from order to payment. This is easy 
and convenient. In addition, the shortest lead 
time—time required from the placement of an 
order to the receipt of products—will be attained. 
Purchase procedures would become seamless, 
irrespective of time and location as described in 
Figure 1. No other Web marketing tools can offer 
convenience of this magnitude.

r etrieval and use of Information, 
Irrespective of t ime and l ocation

The advent of the Internet has made it dramati-
cally easy to communicate with each other without 
physical constraints. However, if people access 
the Internet on PCs, it is indeed difficult to com-
municate at anytime, anywhere. Although PCs 
are available, they are not compact enough to 
carry everywhere. Moreover, a technical setup 
of PCs for Internet is also not easy. Many people 
use keitai while not knowing that their handsets 
are connected to the Internet. Carrying keitai 
is the same as carrying an enormous database 
with little weight. As the mobile Internet enables 
communication at anytime, anywhere, Keitai is 
becoming a “wearable” computer with an easy 
access to a huge database. 

“Opt-in mail,” one of the e-mail marketing 
systems, is prevailing at a high speed. It sends by 
e-mail such information as shopping, products, 
and services that the receivers of “opt-in mails” 
have selected as their favorite in advance. It is 
permission marketing. For example, people at 

Figure 1. Seamless purchase procedures from the notification to the payment on cellular phone

notification by push mail  

<Online shopping>              < Shops>     

      notification by push        detailed information 
        mail information 

   promotion by coupon offer               promotion by coupon offer 

     purchase          shop visit 

                payment                   purchase at the shop 
        (mobile banking) 
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the office get an e-mail message on their keitai 
from a pub or a CD shop in the evening. They 
may visit there after work. If there are only a few 
customers in the shop, the shop manager can take 
quick action by sending e-mail discount coupon to 
potential customers’ keitai. Thanks to portability, 
customers are able to receive information even 
if they are not sitting in front of PC desk. Keitai 
“opt-in mail” provides smooth and quick visits of 
customers to the shop.

Keitai users can collect e-brochures from 
several shops to compare the prices of products 
before they make purchases. A trigger mail service 
is also possible, for example, in order to inform 
keitai users of the fact that the price has gone 
down into the range preset by themselves.

r esearch r results of usage status 
of mobile Phone

Now, we confirm the research results of usage 
status of mobile phone. Figure 2 shows i-mode 
users’ share by the cluster of ages. It is prevailing 
for nearly every cluster of ages.

Figure 3 shows the frequently used Internet site 
by genre for mobile phone. The number of e-mails 

received for i-mode users is 5.6 on average for one 
day. The number of Internet access sites is 9.5 page 
views on average for one day. Information site for 
daily confirmation such as weather forecasting 
and general news are often used.

From the research results, we can see that 
many people often view the i-mode site at the time 
before going to bed, after coming home, during 
lunch, and so forth (Figure 4).

f our Ps In mArket Ing
 

In real commerce, four Ps—product, price, place, 
and promotion—are critical factors to develop 
marketing strategies. In a cyberspace marketplace, 
these four Ps have somewhat different mean-
ings (Table 5). These are precisely described by 
Takeyasu in Tsukuda et al. (2001).  
                       
1. Product—products with the following fea-

tures are suitable in cyberspace marketing
2. Precious products, products produced in 

only specific area or district, products with    
established brand name, or heavy and bulky 
products 

Figure 2. I-mode users’ share by the cluster of ages (NTT DoCoMo’s Home Page, 2002, February)
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3. Price—In cyberspace, product prices of the 
similar products can be listed and put on   
databases. One can easily find the cheapest 
price by using “Bargain Finder” software.

4. One can easily create a portal site that at-
tracts more visitors, no matter where he or   
she lives.         

5. Promotion—One-to-one marketing is easier 
to be adopted in cyberspace. Enhanced  
interactive communications is possible in 
mobile marketing.

cA se stud Ies

Here, we introduce four case studies in three 
themes. Some cases are restricted in opening the 
detailed data.

 

c oupon marketing

A Tokyo-based business systems developer, 
Ryoyu Keisan Co., Ltd., launched a new mobile 
Web coupon service at a local bakery shop in 
May of 2001 (Figure 5). The service, called “b-
BOX,” uses a coupon codes system. It works as 
follows:

1. A customer browses the bakery’s Web site 
on handset, which flashes advertisements for 
“members-only” special campaigns/deals 
from the shop. The user registers his/her 
name, address, age, phone number, e-mail 
address, and so forth to enjoy special of-
fers.

2. An electronic “membership” code coupon 
is automatically distributed on the Web site, 

Figure 3. Frequently used Internet site by genre for mobile phone (Video Research, “Actual Usage 
Condition of Mobile Phone” (2001, February 16-February 26)

Figure 4. Viewing time of i-mode site (Research Result by Info-Plant, “Beneficial Menu”, 2002 
March)
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from which the customer can download it 
to keep it in his/her handsets. 

3. The customer presents to the retailer a mem-
bership coupon on the handset to receive 
special offers, for example, a “buy-one, 
get-one-free” deal or discount. A bakery 
clerk scans the online code by using a bar 
code reader.

The system enables the bakery to collect such 
customer information as the user age, the visit 
frequency, and the amount of purchase, which 
can be used for developing marketing and sales 

promotion strategies. It also automatically awards 
customers redeemable points for purchase. The 
customer can easily view the updated total points 
on his/her cellular phone screen. It also flashes 
“members-only” banner ads notifying the time 
for selling fresh-baked bread. The firm trumpets 
this mobile Web coupon marketing system as a 
tool for retailers to be “with customers anytime, 
anywhere.” Ryoyu Keisan hopes to enhance the 
service in the near future by exploiting GPS 
technology, the ability to discern the geographi-
cal location of mobile Web users. It should make 
the coupon offering more attractive, by letting 

Features of cyberspace
as they relate to characteristics of

mobile marketing

Border-less nature

Virtual nature (not real)
Virtual nature (not real)

delivery--outsourcing

Border-less, 2way communication
Border-less, 2way communication
Border-less, 2way communication
Database involvement

Virtual nature

Virtual nature
Virtual nature
Virtual nature, 2way communication

Real-timeliness
2way communication
2way communication、Real-timeli-
ness，
2way communication、Real-timeli-
ness，

Database involvement

Mobile marketing
sales at Web network

(cyberspace)

Goods with low availability
Precious, in-ubiquitous & remote
No anxiety—brandname; standardized
Against self-purchase
Weight, bulk and 
 Psychological factor

Possible pricing --- selectable
①Fixed price (by seller)
②Auction　(by buyer)
③Reverse auction (by seller)
④Bidding (by buyer)

Prices widely comparable
With low cost

Websites
 partly visible, untouchable
 trials impossible
Single-stage distribution channel

  Direct sales

Real time marketing 
Coupon
Route guidance
Seamless processing
- from notice to payment

One to one marketing

Traditional marketing
Ex. sales at shops

(real world)

All kinds of goods and services
Ex. sales at stores

 < no limitation >

Possible pricing---
①Fixed price (by seller)
②Auction　(by buyer)

Less comparable
With some costs

Real fixed place—Stores 
 fully visible, touchable
 trials possible
Multi-stage distribution channel
manufacturer- wholesaler- retailer

- consumer

Advertisement
Mass communication
Wave & Printed matters

Mass marketing with segmenta-
tion

Product

Price

Place

Promo-
tion

Table 5. Characteristics of mobile marketing vs. traditional marketing in terms of 4Ps as they relate to 
features of cyberspace 
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the bakery distribute special discounts, for in-
stance, only when the registered members are 
near the shops. 

Production/c onstruction status 
c ontrol

The Case of Sumitomo Forestry

Sumitomo Forestry developed Construction Pro-
cess Management System for Detached House 
Using Browser Phones (Toyoda, 2006). The 
background of this is as follows.

Today'’ house building consists by the opera-
tion to assemble nearly 30,000 components served 
by the various traders who take charge of founda-
tion work, construction, electrical work, plumbing, 
and others allotting each process. In addition, 
as the construction site is located in the town, 
building operations are influenced easily by the 
position with vicinity to houses, road conditions, 
the weather, and other environments. Therefore, in 
order to make the construction advance smoothly, 
the information of its progress is important, and it 

is a severe issue for each building company to get 
the accurate information from the site timely.

In Sumitomo Forestry Co., about 3,500 houses 
are usually being constructed in Japan. Every 20 
to 30 of these sites are managed by one construc-
tion person in charge of the branch office and each 
site is managed daily by the cooperating small 
builder. Usually, the full-time person in charge of 
management does not reside in the construction 
spot, but one of the on-site workers is acting as 
the person in charge for each process. They are 
not necessarily familiar with office procedure; 
therefore various troubles occur in the site such 
as neglecting a regular contact and/or mishearing 
in a report. Such problems are common to each 
housing company, though there may be some 
differences.

In order to solve the above subjects, Sumitomo 
Forestry Co., Ltd. Developed “Construction 
Progress Management System (CPMS),” and 
established the production management system 
by incorporating CPMS. Figure 6 shows the 
outline of the production management system 
including CPMS. 

Figure 5. Coupon marketing system of bakery shop
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W ebpage
for progress

report

P rogress
reporting
function

①
②

③

①Send inquiry mail

②Reply to the mail

③Display webpage for report

  

(schedule and result)

④Report progress information

④

P rocess data
(schedule/result)
P erson in charge

D atabase

Figure 7 shows the outline of the progress 
reporting process.

Figure 8 shows the screen motion of the Web 
page for report.

In Sumitomo Forestry Co., Ltd., the produc-
tion management system including CPMS has 
started in April, 2001, at some of branches and 
the cooperation small builders, and toward the 
end of that year, the system was expanded to all 

branches and the cooperation companies such as 
small builders, electrical work companies, and 
plumbing companies.

 At present, approximately 10,000 users of 
2,000 cooperative construction companies and the 
material makers have registered to the system, and 
the progress information is received from nearly 
3,000 on-site workers using browser phones every 
day. Although the “support center” was organized 

Figure 6. Outline of the production management system including “Construction Progress Management 
System”

Figure 7. Outline of the progress reporting process
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in preparation for many inquiries from various 
users, there is almost no inquiry now and the 
system is working smoothly.

By using this production management system, 
Sumitomo Forestry reduced the cost by about 15 

billion yen in 3 years in 2002 to 2004, and short-
ened the construction period by 10%.

The Case of Tokyu Home

A Tokyo-based housing manufacturer, Tokyu 
Home Co Ltd., introduced a system that can 
manage the construction process of a house by 
using keitai (Figure 9). A person responsible for 
the construction process inputs—by using cellular 
phones—such data as the date of the foundation 
work and the timing of materials delivery. Such 
information is stored at a host computer at its 
headquarters so that all employees can share the 
same information. By browsing data downloaded 
on their handsets, sales personnel could promptly 
answer queries from customers. The firm plans 
to enhance the service by allowing customers to 
have direct keitai access to its database in the 
near future.

distribution c ontrol

A Tokyo-based delivery company, DAT Japan 
Ltd., started a distribution control system using 
i-mode keitai (Figure 10). It works as follows: 

Figure 8. Screen motion of the Web page for 
report

Figure 9. Production status control system of Tokyu Home
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An operator inputs delivery/pickup orders into 
host computers, from which dispatchers retrieve 
such information to refer them to a delivery 
rider, located nearest to the destination. The rider 
checks the information on his handset to judge if 
he should deliver/pick up the package. The rider 
then contacts the dispatchers by keitai to confirm 
the delivery/pickup. 

Because i-mode uses the Packet-switched 
system with fees charged not on usage time but 
the volume of information accessed, the firm, by 
adopting the new system, could reduce commu-
nication expense as much as by 85%. Previously, 
a delivery rider had to write down delivery infor-
mation he received from an operator. However, 
under the new system, they can now confirm 
such data on their handsets. It can help prevent 
delivery errors, improve delivery efficiency and 
enrich customer satisfaction. 

c onclus Ion

 As shown in the cases above, the innovative use 
of keitai is beginning to emerge in the industrial 

sector. Such a trend is expected to continue. Take, 
for example, in equipment maintenance/control. 
Equipment control in a large factory is usually 
performed with maintenance workers moving 
around in the facility. However, predetermined 
schedule of equipment maintenance has to be 
changed when a breakdown occurs. In such an 
emergency, keitai can be used to issue instruc-
tions on how to cope with it. Keitai is also useful 
to confirm the inventory status of components 
needed to repair the equipment. Keitai can serve 
as a “liaison” between factory workers and staff 
in the head office. Using keitai, office staff can 
send to factory workers various messages such 
as a request for repairs and inventory manage-
ment. Such data can be confirmed on PCs as well. 
Keitai is becoming a convenient tool to input and 
download data on intranetwork. Previously, handy 
terminals were used to input data on production 
or to check production process. They were in es-
sence a “closed” system. However, because of its 
capability to access to the Internet, keitai can be 
used in an “open” environment. Keitai can be used 
to develop a system which is flexible and easy to 
be constructed and expanded. Mobile innovation 

Figure 10. Distribution control of DAT Japan
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will continue to evolve with potentials unlimited 
for new marketing and other technologies.  

f uture r ese Arch dIrect Ions

 Mobile Marketing via Bluetooth may spread in 
the near future. Mobile tools are said to be a kind 
of ubiquitous computing tool. Users can handle 
them at any time and at any place and can com-
municate. Mobile tools would make much more 
development in the sense of ubiquitous comput-
ing tool.
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Abstr Act

Online auctions are an increasingly popular avenue for completing electronic transactions. Many online 
auction sites use some type of reputation (feedback) system—where parties to a transaction can rate each 
other. However, retaliatory feedback threatens to undermine these systems. Retaliatory feedback occurs 
when one party in a transaction believes that the other party will leave them a negative feedback if they 
do the same. This chapter examines data gathered from E-Bay in order to show that retaliatory feedback 
exists and to categorize the problem. A simple solution to the retaliatory feedback problem—feedback 
escrow—is described.

Introduct Ion

The past few years have seen the explosive growth 
of online auction transactions. In 2005, E-Bay 
listed 1.9 billion items for auction, representing a 
33% increase over the previous year. Those listing 
were responsible for $44 billion in transactions (a 
29.6%) increase over 2004 (E-Bay, 2006). While 
E-Bay is the major player in this area, it is not 
the only one. Many other companies, such as 

Amazon, Yahoo, and Overstock, offer consumer-
to-consumer (C2C) online auctions. 

While online auction sites are an increasingly 
popular avenue for completing electronic transac-
tions, they are characterized by a high degree of 
uncertainty. They face what Akerlof (1970) calls a 
“Lemons” market; that is, they have a high amount 
of uncertainty about the quality of the information 
and/or goods. Uncertainty primarily derives from 
the fact that buyers and sellers typically know little 
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about each other, are involved in one-time trans-
actions, and pictures and descriptions of goods 
provide the only means for assessing the quality 
of goods available for bidding (Montano, Porter, 
Malaga, & Ord, 2005). This lack of information 
available to auction bidders, termed information 
asymmetry, leads to a higher level of uncertainty 
about potential outcomes from an auction trans-
action than if a bidder were able to learn more 
about the auction seller and his product prior to 
bidding (Liang & Huang, 1998). 

In order to reduce information asymmetry 
and increase the level of trust between auction 
participants, reputation systems have been devel-
oped. Wilson (1985, pp. 27-28) states, “in common 
usage, reputation is a characteristic or attribute 
ascribed to one person, industry, and so forth, by 
another (e.g., A has a reputation for courtesy).” 
This is typically represented as a prediction about 
likely future behavior (e.g., “A is likely to be 
courteous”). It is, however, primarily an empiri-
cal statement (e.g., “A has been observed in the 
past to be courteous”). The predictive power of 
reputation depends on the supposition that past 
behavior is indicative of future behavior. Reputa-
tion systems (sometimes called feedback systems) 
allow the participants in a transaction to rate each 
other. Individuals’ ratings are aggregated and 
are available for everyone to see. These systems 
promote trust between buyers and sellers because 
they serve as a benchmark for seller reliability. 
Trust has been shown to serve as a key factor 
in the success of online transactions, including 
electronic auctions (Brynjolfsson & Smith, 2000; 
Resnick, Zeckhauser, Friedman, & Kuwabara, 
2000; Hoffman & Novak, 1999).

This chapter proceeds as follows. The next 
section discusses the existing literature on trust 
and reputations systems. Following that, the re-
taliatory feedback problem is further defined. The 
research methodology is then discussed. Finally, 
future trends and conclusions are detailed.

bAckground 

t rust and r eputation systems

A large body of research has shown that trust 
plays an important role in a consumer’s decision 
to purchase a product in an electronic market (e.g., 
Jarvenpaa, Tractinsky, & Vitale, 2000; Lim, Sia, 
Lee, & Benbasat, 2006; McKnight, Choudhury, & 
Kacmar, 2002). In many contexts such as off-line 
auctions and stores, buyers have multiple clues 
that help them determine their level of trust in a 
seller (e.g., branding, location, past experience, 
visual observation). However, in online auctions 
there is no such context, and there is no guarantee 
that any pictures or descriptions provided are ac-
curate. Thus, performance on past transactions 
(reputation) is typically the only factor that can 
contribute to the development of trust. 

An important aspect of reputation is the dis-
semination of reputation information. Landon 
and Smith (1997, p. 313) concluded, “results 
suggest that consumers place considerable value 
on mechanisms that disseminate information on 
the past quality performance of firms.” One way 
in which reputation information can be generated 
and disseminated in electronic markets and online 
communities is through the use of a reputation 
system (Nielsen, 1998). These systems allow 
participants in a transaction to rate each other, 
and the ratings are aggregated in order to provide 
an overall score. The overall score is provided to 
potential participants in future transactions. 

As E-Bay is the dominant online auction site, 
we focus on its reputation system as an exemplar. 
In the E-Bay reputation system (which E-Bay 
calls feedback), any completed transaction may 
be rated by the winning bidder of an item and 
the seller of that item. The feedback scores are 
+1, representing a positive experience; 0, repre-
senting “neutral” feedback; and -1, meaning the 
purchasing experience was negative for some 
reason. These ratings are then used to calculate 
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an overall reputation score (feedback score) as 
well as a percent positive feedback rating.

A number of researchers (Houser & Wooders, 
2001; Lucking-Reiley, Bryan, Prasad, & Reeves, 
2005; Resnick & Zeckhauser, 2002) have shown a 
correlation between higher reputation (feedback) 
scores on E-Bay and higher prices. Therefore, sell-
ers have a strong incentive to achieve and maintain 
a high reputation score. Some sellers will go to 
great lengths to ensure a high score. For example, 
individuals with a negative reputation can easily 
open a new account (although E-Bay has taken 
measures to curtail this behavior). In addition, 
some sellers enter into agreements to purchase 
each other’s goods and provide positive feedback 
(Gormley, 2004). However, mechanisms can be put 
in place to prevent this. On E-Bay, for example, a 
seller’s reputation score only uses feedback from 
unique buyers. Therefore, multiple feedback from 
the same buyer is not counted.

It should be noted that sellers have a much 
greater incentive to attain positive feedback than 
buyers. This is due to the fact that it is buyers who 
chose whom to transact with. Sellers merely post 
their items and wait for buyers to bid on them. 

Problem Definition

According to Bunnell (2000, p. 55) the E-Bay 
system, was founded on the belief that most 
people are trustworthy and committed to honor-
able dealings with each other. We are encouraging 
our community to think that basically 99% of the 
people out there are doing the right thing. 

In fact, Resnick and Zeckhauser (2002) found 
that 99.1% of feedback left on E-Bay was positive, 
only 0.6% negative, and 0.3% neutral. While the 
empirical evidence seems to support the basic 
tenant that most people will behave correctly, we 
must consider the possibility that the underlying 
data is skewed due the problem of retaliation.

A number of researchers (Dellarocas, 2003; 
Resnick & Zeckhauser 2002) have suggested 
that the high level of positive feedback observed 

on E-Bay is the result of retaliatory feedback. 
Retaliatory feedback occurs when one party in a 
transaction believes that the other party will leave 
them a negative feedback if they do the same. In 
order to better understand this phenomenon we 
turn to game theory and anecdotal data gathered 
from E-Bay’s feedback discussion forum.

The problem of retaliatory feedback on E-Bay 
was recently noted by Brian Burke, E-Bay’s Di-
rector of Global Feedback Policy, who stated, “if 
you take this trend to its extreme we’ll have 100% 
universal positive Feedback—which would make 
the Feedback system valueless” (Ninad, 2007).

r etaliatory f eedback and g ame 
t heory

The theoretical basis for reputation systems is 
game theory (Resnick & Zeckhauser, 2000). The 
game theoretical approach views online auction 
transactions as a continuous Prisoner’ Dilemma 
game (Fudenberg & Tirole, 1991; Tullock, 1997). 
In this game, if both players cooperate (provide 
each other with positive feedback) they will both 
receive a payoff of +1. If both players defect 
(provide each other with negative feedback) they 
will both receive a payoff of -1. However, if one 
player defects (provides a negative feedback) 
and the other player does not (provides positive 
feedback) then the payoffs are -1 for the player 
receiving the negative feedback, and +1 for the 
user receiving the positive feedback. These pay-
offs are summarized in Table 1. Neutral scores 
are not considered due to their low incidence 
and for the sake of simplicity. Therefore, if one 
person defects (in this case meaning provides a 
negative feedback) the best option for the other 
transaction participant is to also to defect. This is 
particularly true under E-Bay’s revised feedback 
system, where transaction participants can agree 
to mutually withdraw feedback. Thus, the best 
possible payoff over time for both participants, 
under Nash equilibrium, is to cooperate (provide 
only positive feedback). This is in keeping with 
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the findings of Bolton and Ockenfels (2000), 
who found that the second player in a Prisoner’s 
Dilemma game will only cooperate when the 
first player has done likewise. With this in mind, 
many E-Bay participants have chosen to cooperate 
(never provide negative feedback) even when the 
circumstances dictate that they should not. 

r ese Arch methodology

We would not expect to see many instances of 
actual retaliation, since the fear of retaliation 
drives users to provide positive feedback. This 
tendency toward positive feedback has already 
been discussed above. Therefore, in order to find 
evidence to support the theory that users are con-
cerned about retaliatory feedback, we monitored 
E-Bay’s Feedback Discussion Forum during a 
one week period. 

data Analysis

During the period of observation there were 324 
active threads. An active thread was defined a 

priori as either a new thread or a thread that con-
tained a new reply. Each thread was reviewed to 
determine if the content was related to the retalia-
tory feedback problem. Of the 324 total threads, 
51 or 15.7% concerned retaliatory feedback. 

An example of a typical posting on this is-
sues is I have to say this. I think it totally defeats 
the purpose of the feedback system if you don’t 
leave feedback until the “other” person leaves 
it. In about fifty percent of my recent purchases, 
the sellers have said, “When I see you have left 
positive feedback, I will leave mine.” No!, No!, 
No!. I have held up my end of the bargain by 
paying you within 30 seconds via PayPal, if you 
are happy with that, then the rest of the deal is up 
to you. Honestly, you have nothing else to base 
your feedback on for me. This is not a trade; it is 
FEEDBACK on how the transaction went. What 
if I am unhappy with your end of the deal, now if 
I leave negative feedback I have to worry about 
receiving negative feedback, when I did nothing 
wrong. Something has got to change. Do other 
E-Bayers out there face this same problem?

The 51 threads of interest were further ex-
amined in order to determine the exact nature of 

Player A Provides Feedback

Positive Negative

Pl
ay

er
 B

 P
ro
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s F
ee
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k Positive +1
+1

+1
-1

Negative -1
+1

-1
-1

Table 1. Prisoner’s Dilemma Payoffs
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the users’ concerns. Based on this analysis, the 
retaliatory feedback problem can be broken into 
four main categories. Note, some threads fell into 
multiple categories resulting in the numbers below 
adding to more than 51.

First, 17 threads were primarily concerned 
with specific instances of retaliation. Many of the 
postings in this category discussed the problem 
of nonpaying winner bidders threatening to leave 
negative feedback for sellers who leave them a 
negative for nonpayment.

Second, a large number of threads (28) dis-
cussed the problem of who should leave feedback 
first after a completed transaction. Of course, 
most buyers believe that the seller should leave 
feedback first, and most sellers believe buyers are 
responsible for first feedback. The fact that both 
parties are waiting for the other to leave feedback 
first follows from game theory. If one party al-
ready knows that the other party either defected or 
cooperated then the best move is predefined. The 
impact of this waiting game is that many people 
do not leave feedback at all. This is in line with 
previous research by Resnick and Zeckhauser 
(2002) who found that only 52.1% of buyers leave 
feedback and 60.6% of sellers.

Third, 8 threads sought advice on whether 
and how to leave negative feedback. A number 
of posts recommend maintaining two E-Bay ac-
counts—one only to sell and the other only to 
buy. This allows an individual who is unhappy 
with a purchase to leave negative feedback for a 
seller without fear that it will impact his or her 
own seller account. Since E-Bay allows 90 days 
to leave feedback, the other common advice is to 
wait until the last minute to post negative feed-
back. This would not allow enough time for the 
other party to the transaction to retaliate. How-
ever, a number of posts warn that this approach 
may backfire, as E-Bay does not always lock out 
feedback at exactly 90 days.

Fourth, some threads (5) discussed the prob-
lem of feedback extortion. This occurs when one 
party to a transaction demands something from 

the other party and uses the threat of negative 
feedback as part of the demand. For example, 
in a recent posting a buyer complained that the 
seller had only shipped part of the purchase. After 
waiting 11 weeks for the rest of the purchase, the 
buyer posted negative feedback. At that point the 
seller told the buyer that he would not send the 
remainder of the purchase unless the negative 
feedback was withdrawn. 

r etaliatory f eedback solution

There is a very simple solution to the retaliatory 
feedback problem—feedback escrow. In a system 
with feedback escrow, parties to a transaction 
would be allowed to leave feedback only for a 
specified period of time (a few weeks perhaps). In 
addition, all feedback would be kept secret until 
both parties have left their feedback or until the 
time has expired. Finally, the option to mutually 
withdraw feedback would not exist.

In terms of game theory, feedback escrow 
changes the game from a Prisoner’s Dilemma in 
which one party knows what the other party has 
already chosen, to one in which neither party has 
information about what the other has chosen. In 
this scenario there is essentially no first mover 
and thus no ability to retaliate. The elimination 
of mutual feedback withdrawal is an important 
aspect of this solution. If participants can with-
draw feedback, then the optimal solution becomes 
defection. 

It should be noted that feedback escrow ad-
dresses three of the categories of retaliation 
discussed above. Specific instances of retaliation 
would not occur. In addition, we would expect an 
increase in the amount of feedback and the speed 
with which it is left. Since feedback is kept secret 
until both parties have posted or until the time 
limit is reached, the concern about who should 
leave feedback first is eliminated. 

The one area that feedback escrow cannot ad-
dress is feedback extortion. If the system allows 
users to withdraw previously posted feedback, 
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then some users will likely find ways to abuse 
the process.

f uture r ese Arch dIrect Ions 

While E-Bay is not the only auction site that uses 
a reputation system to provide user feedback, it 
is, by far, the largest. However, E-Bay has tradi-
tionally been reluctant to tinker with its feedback 
system. This is to be expected as millions of us-
ers have invested a considerable amount of time 
(and perhaps money) in building and protecting 
their E-Bay feedback scores. However, in 2007, it 
began pilot testing a revision to its feedback sys-
tem, called Feedback 2.0. Under this new system 
auction, participants are able to leave detailed 
feedback. For example, a buyer will be able to rate 
a seller, using a five point Lickert scale, on certain 
aspects of the transaction, such as accuracy of 
the listing and shipping (E-Bay, 2007). As these 
detailed ratings are delayed, it should prove very 
difficult for participants to determine exactly who 
left feedback. However, E-Bay has simply added 
detailed feedback to its original feedback system. 
As Feedback 2.0 has only recently been rolled out, 
it provides a rich resource for future research in 
this area. For instance, how prevalent is the use 
of detailed feedback? Does the implementation of 
detailed feedback and the time delay increase the 
amount of negative feedback left on E-Bay?

c onclus Ion

The purpose of an online reputation system, such 
as E-Bay feedback, is to provide a level of trust 
between buyers and sellers. Game theory predicts, 
and comments from the E-Bay discussion board 
confirm, that retaliatory feedback likely occurs. 
In this situation, few users are likely to provide 
true feedback—guarding their own reputation 
against retaliation. Thus, less than one percent of 

all feedback left on E-Bay is negative (Resnick & 
Zeckhauser, 2002). If, as appears to be the case, 
almost everybody receives positive feedback, then 
the feedback system is ineffective in helping users 
determine with whom they should transact.

A simple solution to the retaliatory feedback 
problem, feedback escrow, has been proposed in 
this chapter. Feedback escrow alone would solve 
three of the four retaliation problems outlined 
above. Combined with the inability to retract 
previous feedback, the escrow system would also 
resolve the feedback extortion problem. 
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