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Preface

Research Division and Responsibilities

The research reported in this dissertation is a joint effort of both authors of this dis-
sertation. To make research division and responsibilities explicitly clear, this disser-
tation is divided in parts. For each part, the author (or authors) is (are) clearly
indicated.  The responsibilities conform to:

The actual research division and responsibilities are as follows:

Conventions
Glossary of Terms: The first occurrence of a specific term in body text of this doc-
ument, if italic underlined, indicates that the term is included in the Glossary of
Terms. If in the body text of this document such a term is in the plural form, it is

Author The stated ‘Author’ is fully responsible for the contents 
and was the sole writer.

Author & Co-author The stated ‘Author’ and ‘Co-author’ are fully responsible 
for the contents, though ‘Author’ was the main writer.

Part 1 Introduction to the Research Jef Jacobs & Jan van Moll

Part 2 Exploring Effects of Virtual Product  Devel-
opment on Product Quality

Jan van Moll

Part 3 Assessment of Influencing Factors Jef Jacobs

Part 4 The Influencing Factors in Virtual Develop-
ment Environments

Jan van Moll & Jef Jacobs

Part 5 Conclusions and Recommendations Jef Jacobs & Jan van Moll
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given in the singular form in the Glossary of Terms. A term underlined in the Glos-
sary of Terms indicates that the term is also included in the Glossary of Terms.

Chapter numbering: Chapters are consecutively numbered; they do not reflect
part numbering. 

Table, figure and appendix numbering: Tables, figures and appendixes are num-
bered in the format N-M, where N corresponds to the part number and M is a
sequence number. For each part, the sequence number starts with 1. The sequence
numbers for tables, figures and appendixes are independent of each other.

Confidentiality of Field Information
The field information, for example reported in the case studies in this dissertation,
was acquired from several companies. Nearly always, it concerned sensitive infor-
mation, to be treated with confidentiality. Therefore, the names of the involved
companies have been withheld, but are known by the authors.
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Summary

Effects of Virtual Product Development on Product Quality and their
Influencing Factors

Since the early 1990s, in worldwide industries, an increasing trend towards Virtual
Product Development is observed. Virtual Product Development is the develop-
ment of a product by a virtual team consisting of sub-teams distributed across
space, time, and organization boundaries, working interdependently with a shared
goal and shared responsibilities, collaborating by webs of interactive technology.
Contemporary research is primarily directed towards the collaboration and manage-
rial aspects of projects. Despite indications of adverse effects of virtual develop-
ment on product quality, and despite the high economic impact of product quality,
study of the relationship between virtual development and product quality is still in
its infancy. 

The purpose of the research reported in this dissertation is to understand the
effects of virtual development upon product quality and the assessment of factors
influencing product quality in virtual development environments. As such, the
research lays the groundwork for future research regarding solution directions for
ensuring the quality of products developed by virtual teams.

In Part 1 of this dissertation, the background of the research is described and a
concise overview of the literature is given, leading to the identification of the
research problem and main research questions: (M1) What are the effects of Virtual
Product Development on product quality? (M2) What are the factors that influence
product quality? (M3) Which of the influencing factors are particularly affected by
Virtual Product Development? 

 Our base view on product quality is ‘conformance to specification’, measured
by the number of defects in intermediate work products and eventually, in the deliv-
ered product. To reduce the number of defects, defect introduction during develop-
ment must be minimized and defect detection (and subsequent removal) must be
maximized.

Part 2 addresses the first research question, by three studies. In the first study a
multiple case study (22 cases from 18 companies) was performed to identify typical
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product quality problems occurring as a result of the practice of Virtual Product
Development. It was found that 60% of all product quality problems was related to
the practice of virtual product development. The percentage of 60% is an indica-
tion that Virtual Product Development has substantial effects on product quality.
Five problem areas in the practice of virtual product development emerged from
the analysis of product quality problems: Configuration Management, Require-
ments Management, System Integration, Test Strategy, Test Environment. In total,
these problem areas contained 23 distinct product quality problems. 

The findings indicate that Virtual Product Development creates a project context
in which product quality problems occur that originate exclusively due to the
project's virtual nature. Transitions between lifecycles of related (sub)projects were
found to be particularly defect-sensitive. 

The second study of Part 2 comprised a focus group approach to identify typical
causes for defect introduction and non- or late defect detection in Virtual Product
Development. Causes for defect introduction were primarily found at the Technical
Requirements Specification phases around the transitions from one project to
another, while causes for non- or late detection of defects were primarily found at
the Integration Test and System Test phases situated at the transitions from one
project to another. The relatively high numbers of potential causes present in the
phases mentioned, suggest that these phases are particularly defect-sensitive.

The third study described in Part 2 comprised a critical-instance case study
assessing a development project on the increase of defects in the developed prod-
uct, due to negligence of the project's virtual character. After post-hoc remodeling
the lifecycle of a real-life project the number of preventable defects was assessed.
In the remodeled situation a significant number of defects could have been pre-
vented (52%). This indicates that explicit modeling of a project’s lifecycle has the
potential to reduce the number of product quality problems.

Part 3 addresses the second main research question M2, by means of four stud-
ies. In the first study, a wide-ranging literature search was performed to identify
defect introduction and defect detection influencing factors. Eventually, 117 fac-
tors influencing defect introduction and 113 factors influencing defect detection
were identified. In the second study, the many influencing factors were reduced to
sets of manageable size, using cluster analysis and expert judgement for interpreta-
tion of the cluster analysis outcomes. Eventually 16 factor groupings for defect
introduction and 17 for defect detection were obtained. In the third study of Part 3
the factor groupings were given operational descriptions. A content analysis was
used to find the key concepts to be included in the descriptions. The resulting oper-
ational descriptions were validated by expert judgement. By attaching operational
descriptions to factor groupings, the groupings can be considered as individual fac-
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tors again. In the fourth and final study of Part 3, factors - previously thus the factor
groupings - that influence defect introduction and defect detection were rated for
importance, using a survey approach. Eventually, factor rankings were determined,
based upon normalized ratings.

In Part 4 the third research question M3 was addressed. A method known as
LOA (Lines-Of-Argument) was applied to synthesize the research findings from
the previous parts to recognize the influencing factors particularly affected by Vir-
tual Product Development. To further augment the ground works for research
regarding solution strategies for ensuring the quality of products developed by vir-
tual teams, the themes of Virtual Distance and factor flexibility were developed.

In Part 5, finally, it is concluded that our research has made a substantial contri-
bution to solutions to the research problem: the effects of virtual development upon
product quality have been identified, factors influencing product quality have been
assessed, and which of them are particularly affected by virtual product develop-
ment. An overall strength of the research is the depth and broadness, which could
have been achieved thanks to the joint research approach.

The outcomes of our research lay the groundwork for future research regarding
solution strategies for improving the quality of products developed by virtual
teams. Recommendations for further research are given.
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Samenvatting

Effects of Virtual Product Development on Product Quality and their
Influencing Factors

Vanaf de vroege jaren van de negentiger jaren is er in de industrie, wereldwijd, een
toenemende trend tot Virtuele Product Ontwikkeling waarneembaar. Virtuele
Product Ontwikkeling is de ontwikkeling van een product door een virtueel team,
bestaande uit subteams verspreid over ruimte, tijd, en organisatorische grenzen, die
wederzijds afhankelijk zijn, met gemeenschappelijke doelen en verantwoor-
delijkheden en die samenwerken middels netwerken van interactieve techno-
logieën. Hedendaags onderzoek is voornamelijk gericht op de samenwerkings- en
beheersaspecten van projecten.  Ondanks aanwijzingen voor negatieve invloeden
van Virtuele Product Ontwikkeling op productkwaliteit, en ondanks het grote
economische belang van productkwaliteit, staat onderzoek naar de relatie tussen
Virtuele Product Ontwikkeling en productkwaliteit nog in de kinderschoenen. Het
doel van het onderzoek beschreven in dit proefschrift is het begrijpen van de
invloeden van virtuele ontwikkeling op de productkwaliteit en het identificeren van
factoren die productkwaliteit in virtuele ontwikkelomgevingen beïnvloeden. Als
zodanig legt het onderzoek het grondwerk voor toekomstig onderzoek naar
oplossingsrichtingen voor het waarborgen van de kwaliteit van producten die
ontwikkeld worden door virtuele teams.

In Deel 1 van dit proefschrift worden de achtergronden van het onderzoek be-
schreven en wordt een bondig overzicht van de literatuur gegeven. Dit leidt tot
identificatie van het onderzoeksprobleem en de daarvan afgeleide onderzoeks-
vragen: (M1) Wat zijn de invloeden van Virtuele Product Ontwikkeling op
productkwaliteit? (M2) Wat zijn de factoren die productkwaliteit beïnvloeden?
(M3) Welke van de beïnvloedende factoren zijn in het bijzonder gevoelig voor Vir-
tuele Product Development?  

Wij beschouwen productkwaliteit vanuit het oogpunt van ‘conformeren aan de
specificatie’, uitgedrukt  in het aantal defecten in tussentijdse werkproducten en uit-
eindelijk in het eindproduct. Om het aantal defecten te reduceren dient het aantal
defecten dat geïntroduceerd wordt gedurende ontwikkeling geminimaliseerd te
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worden, en het aantal defecten dat gedetecteerd (en vervolgens verwijderd) wordt
gemaximaliseerd.

Deel 2 richt zich op de eerste onderzoeksvraag en omvat drie studies. In de eer-
ste studie werd een multiple case study (22 cases uit 18 bedrijven) uitgevoerd
teneinde typische  product-kwaliteitsproblemen te identificeren welke optreden als
gevolg van het praktiseren van Virtuele Product Ontwikkeling. Er werd gevonden
dat 60% van alle product-kwaliteitsproblemen gerelateerd was aan Virtuele Prod-
uct Ontwikkeling. Dit hoge percentage is een indicatie dat Virtuele Product
Ontwikkeling substantiële effecten heeft op productkwaliteit. De analyse van pro-
ductkwaliteitsproblemen onthulde vijf probleemgebieden in de praktijk van Vir-
tuele Product Ontwikkeling, namelijk Configuratie management, requirements
management, systeem integratie, test strategie, en test omgeving. Tezamen werden
23 productkwaliteitsproblemen gevonden in deze probleemgebieden.

De bevindingen geven aan dat door Virtuele Product Ontwikkeling een project-
context ontstaat waarin productkwaliteitsproblemen optreden die exclusief  afkom-
stig zijn van de virtuele aard van het project. Overgangen van lifecycles van gerela-
teerde (sub)projecten werden bijzonder gevoelig voor defecten bevonden. 

In de tweede studie van Deel 2 werd een focus groep benadering toegepast voor
het identificeren van typische oorzaken van defectintroductie en het niet of te laat
detecteren van defecten in Virtuele Product Ontwikkeling. Oorzaken van defect-
introductie werden voornamelijk geconstateerd in de technische specificatie fasen
rond de overgangen van projecten, terwijl oorzaken van het niet of te laat detec-
teren van defecten voornamelijk werden geconstateerd in de integratietest- en sys-
teemtest fasen rond de overgangen van projecten. Het relatief hoge aantal poten-
tiële oorzaken in de genoemde fasen suggereert dat die fasen bijzonder defectge-
voelig zijn. De derde studie van Deel 2 bestaat uit een critical-instance case study,
waarin in een ontwikkelproject werd gekeken naar de toename van defecten ten-
gevolge van het negeren van de virtuele aard van het project. Post-hoc werd de life-
cycle van een actueel project gehermodeleerd, en werd er gekeken naar het aantal
defecten dat voorkomen had kunnen worden. Een significant aantal defecten had
voorkomen kunnen worden (52%) als de project lifecycle gemodeleerd was voor
zijn virtuele karakter. Dit is een aanwijzing dat het expliciet modeleren van de
project lifecycle in potentie het aantal productkwaliteitsproblemen kan reduceren.

Deel 3 behandelt de tweede onderzoeksvraag M2 en omvat vier studies. In de
eerste studie van Deel 3 werd uitgebreid in de  literatuur gezocht naar factoren die
defectintroductie en defectdetectie beïnvloeden. Er werden 117 factoren geïden-
tificeerd die defectintroductie beïnvloeden en 113 die defectdetectie beïnvloeden.
In de tweede studie van Deel 3 werd het grote aantal factoren gereduceerd tot een
beheersbaar aantal middels een clusteranalyse. De uiteindelijke factorgroeperingen
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werden bepaald door interpretatie van de uitkomsten van de clusteranalyse door
middel van beoordeling door een aantal experts. Dit resulteerde in 16 factor-
groeperingen voor defectintroductie en 17 voor defectdetectie. In de derde studie
van Deel 3 werden alle factorgroeperingen voorzien van een operationele
beschrijving. Middels een content analysis werden de hoofdconcepten bepaald die
in de operationele beschrijving opgenomen dienden te worden. De resulterende
beschrijvingen werden gevalideerd door experts. Door de factorgroeperingen te
voorzien van operationele beschrijvingen, kunnen de groeperingen weer be-
schouwd worden als individuele factoren. In de vierde en laatste studie van Deel 3
werd de importantie van de factoren - voorheen dus de factorgroeperingen - bepaald
door middel van een enquête. Uiteindelijk werden rangordes van factorimportantie
bepaald op basis van genormaliseerde enquêteresultaten.

In Deel 4 wordt de derde onderzoeksvraag M3 behandeld. Een methode bekend
als LOA (Lines-Of-Argument) werd gebruikt om een synthese tot stand te brengen
van de resultaten van de voorgaande delen van het gehele onderzoek, met als doel
te bepalen welke van de beïnvloedende factoren in het bijzonder gevoelig zijn voor
Virtuele Product Ontwikkeling.

Als verdere verrijking van het grondwerk voor onderzoek aangaande oplos-
singsrichtingen voor het waarborgen van de kwaliteit van producten ontwikkeld
door virtuele teams, zijn de thema's van Virtual Distance en flexibiliteit van
factoren ontwikkeld.

In Deel 5 wordt uiteindelijk de conclusie getrokken dat ons onderzoek sub-
stantieel bijdraagt aan oplossingsrichtingen voor het onderzoeksprobleem: de ef-
fecten van Virtuele Product Ontwikkeling op productkwaliteit zijn in kaart ge-
bracht,  factoren die productkwaliteit beïnvloeden zijn vastgesteld, en welke daar-
van in het bijzonder gevoelig zijn voor Virtuele Product Ontwikkeling. Een sterkte
van het onderzoek is de diepte en breedheid ervan, welke haalbaar was door de ge-
zamenlijke onderzoeksaanpak.

De uitkomsten van ons onderzoek leggen het grondwerk voor toekomstig on-
derzoek naar uitwerking van oplossingsrichtingen voor het verbeteren van product-
kwaliteit van producten ontwikkeld door virtual teams. Aanbevelingen voor verder
onderzoek worden gegeven.
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PART 1 Introduction to the Research

Jef Jacobs & Jan van Moll

This part  describes the background of the research problem that led to this disser-

tation and subsequently briefly reviews the literature. The research problem is

identified and the main research questions are derived. A justification for the

research is given by considering the relevance, novel features, feasibility, and

interestingness of the research.  The choice for a joint research is discussed, the

focus of the research is indicated, and, finally, the structure of this dissertation is

presented.
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CHAPTER 1 Background to the Research

1.1  Historical Perspective

This dissertation is an account of a research project aimed at understanding the
effects of distributed development upon product quality and the assessment of fac-
tors influencing product quality. Distributed software development can be regarded
as the latest stage in the evolution of the discipline of software development
[Vohringer02]. 

Software development is a relatively young engineering discipline that evolved
in half a century from an exotic and rather esoteric pioneering endeavour into a cor-
nerstone of modern society. Unprecedented methodological advances have been
made over such a short period of time that the software evolution colloquially is
refered to as the ‘software revolution’, for example [Fertig85]. 

Just a few decades ago, hardware solutions dominated products from the elec-
tronics industry. Then, the first software evolution stage occurred: the introduction
of software as a cheaper and more flexible way to implement hardware control
functions.  Soon, the possibilities and opportunities of software were recognized,
leading to the second evolutionary stage, the software-driven product feature
expansion. By means of software, many new features could be introduced, giving a
company's products a competitive edge. However, software development more and
more caused project problems like schedule overruns, cost overruns, and product
quality issues. As a consequence, management awareness was increased, giving
rise to the third evolutionary stage: mastering of software-intensive product com-
plexity. The explosive growth of size and technical complexity of software and
associated managerial complexity caused desperate attempts for improvements of
the software development process; to get projects and product quality under con-
trol; process improvement models like CMM [Paulk93], its successor CMMI
[CMMI02], or SPICE [Dorling93] are often used as guidance. Many companies are
still struggling with this stage, while the next evolutionary stage is emerging: the
stage of distributed development [Vohringer02]. Since the early 1990s, a progres-
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sively increasing trend toward distributed work can be observed, for example
[Karolak98; Carmel99; Lipnack00; Herbsleb01; Bierema02; Kotlarsky02;
Watson02; Lojeski06]. However, distributed work has a much longer history; there
are many examples of distributed work in earlier times, see for example [Sor99;
King02; O'Leary02]. Distributed work is characterized by people working physi-
cally and/or temporally dispersed [Lipnack97; Karolak98; Carmel99; Watson02;
Hertel05]. Advanced information and communication technologies since, say the
early 1990s, have enabled new options allowing distributed work to become easier
and more efficient [Davidow92; Desanctis98]. The word ‘virtual’ has become the
catchword to describe distributed work relying upon advanced information and
communication technologies [Watson02; Hertel05]. The focus of the work
reported in this dissertation concerns the development of (software intensive) prod-
ucts by distributed teams relying upon advanced information and communication

technologies. We have adopted the term Virtual Product Development1   (abbrevi-
ated as VPD) for this. 
In the next sections of this chapter, the literature relating to Virtual Product Devel-
opment will be briefly reviewed. 
Section 1.2 examines the various forms of virtual work with the aim to define the
term ‘Virtual Product Development’ more precisely. 
Subsequently, Section 1.3 discusses the benefits of Virtual Product Development,
explaining why a progressively increasing trend towards it is observed while Sec-
tion 1.4 briefly reviews the enabling technologies, explaining why this trend
emerged in the 1990s.
Section 1.5 discusses the specific challenges of Virtual Product Development,
while Section 1.6 provides a concise overview of research efforts addressing these
challenges to find solutions. 
Finally, Section 1.7 addresses product quality and the relation with Virtual Product
Development.

1.2  Defining Virtual Product Development

In attempting to define ‘Virtual Product Development’, it has been noted that the
term ‘virtual’ is overused; it is freely applied to many situations, with many conno-
tations. As a result, it is in danger of meaning nothing [Watson02].  Overuse of the
term ‘virtual’ creates two problems [Watson02]. First, since the term is non-sys-

1. This is the term as used in literature. We are aware of its ambiguity: ‘development of a vir-
tual product’ versus ‘virtual development of a product’.  The latter interpretation is the cor-
rect one.



Introduction to the Research 

Defining Virtual Product Development 37

tematically used and is used to describe many different work environments, it is not
clear if and when results from different studies should or could be compared. For
example, should telework (telecommuting), which is done partially or completely
outside of the main company workplace using advanced information and communi-
cation technologies, be considered as virtual development?  Second, emphasis on
the term ‘virtual’ to describe many different situations, may lead to overlooking
potentially relevant research using a different terminology. For example, the dis-
tributed development of products, enabled by advanced information and communi-
cation technologies, is also referred to as Global (Software) Development
[Carmel99; Herbsleb01; Karolak98], as ‘Deverticalized Development’
[Vohringer02] or as ‘Complex Development’ [Moll04].

A typology of virtual work forms may facilitate the definition of ‘virtual devel-
opment’.  Palmer & Speier surveyed 55 organizations to develop a typology of vir-
tual organizations based upon four dimensions: range of involvement, membership,
mission, and projected length of the work. Eventually, four virtual work forms were
recognized: virtual teams, virtual projects, temporary virtual organizations, and per-
manent virtual organizations [Palmer97]. A very similar typology was developed
by Bultje & van Wijk who distinguished (1) a stable organization, (2) an internal
virtual organization, (3) a dynamic virtual organization, and (4) a Web company
[Bultje98].

Reviewing literature, Hertel et al distinguished virtual work forms on the basis of
two dimensions: the number of persons involved and the degree of interaction
between them [Hertel05], where their ‘number of persons involved’ coincides with
Palmer & Speier's ‘membership’ and their ‘degree of interaction’ with Palmer &
Speier's ‘range of involvement’. Hertel et al recognized telework, virtual groups,
virtual teams, and virtual communities. Table 1-1 compares the virtual work forms
on multiple dimensions as recognized by Palmer & Speier [Palmer97] and Hertel et
al [Hertel05].

The research reported in this dissertation is oriented toward projects to develop
products, where the development team is chararacterized as virtual; as such, the
projects can be characterized as virtual projects, irrespective of the type of virtual
organization (that is, temporary or permanent). Apart from the general characteris-
tics of a virtual team, for people working physically and/or temporally dispersed
using advanced information and communication technologies, a more precise defi-
nition is still controversial [Lipnack97; Haywood98; Duarte99; Maznevski00;
Griffith01; Bel02]. However, a more precise definition is necessary to understand
the concept and the associated problems and opportunities.
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Table 1-1.   Multi-dimensional comparison of virtual work  forms.

As a minimal consensus, virtual teams consist of (1) two or more persons who
(2) collaborate interactively to achieve common goals, while (3) at least one of the
team members works at a different location, organization, or at a different time so
that (4) communication and coordination is predominantly based on electronic
communication media [Lipnack97; Karolak98; Carmel99; Lipnack00;
Lonchamp02; Gibson03; Hertel05]. The latter two aspects are to be considered as

Virtual work 
form

Involvement 
Range

Membership Mission Projected 
length

Telework Outside main 
organization’s 
workplace

Individuals Specific tasks Temporary

Virtual Groups Outside main 
organization’s 
workplace

Combination of 
individual tele-
workers

Specific, related 
tasks, not neces-
sarily a common 
goal

Membership 
varies, form is 
temporary

Virtual Teams Internal to an 
organizational 
function or unit

Small, local Specific ongo-
ing tasks, with a 
common goal

Membership 
varies, but 
form is perma-
nent

Virtual 
Projects

Across func-
tions and orga-
nizations

Indeterminate Multiple organi-
zational repre-
sentatives 
working on a 
specific project 
with a common 
goal

Temporary

Virtual Com-
munities

Individuals 
guided by roles 
and norms, 
rather than by 
organizational 
structures

Typically large To accomplish a 
common goal

Membership 
varies, form is 
temporary

Temporary 
Virtual Organi-
zations

Across organi-
zations

Typically large Multiple func-
tions responding 
to a market 
opportunity

Temporary

Permanent Vir-
tual Organiza-
tions

Across organi-
zations

Typically 
smaller, but 
scaleable

All functions 
and full func-
tionality as a 
working organi-
zation

Permanent
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dimensions rather than as dichotomous criteria that distinguish virtual teams from
co-located teams. Virtual teams may have face-to-face communications (which is
more characteristic for co-located teams) and may have members working at the
same location.  Co-located teams also use advanced electronic communication
media and may have members working at other locations, for example teleworkers.
A clear demarcation line between virtual and co-located teams cannot be drawn
[Arnison02; Pauleen03; Hertel05]. It might be more sensible to consider the rela-
tive ‘virtuality’ of a team and the associated consequences for management
[Griffith01; Bell 02; Axtell04].

Lojeski et al recognized the relative ‘virtuality’ of a team and developed a con-
struct called Virtual Distance as a measure for the degree of ‘virtualness’
[Lojeski06]. This Virtual Distance construct includes temporal, spatial, and rela-
tional aspects. These researchers performed a survey, on 115 project teams, to
gather information on the role of Virtual Distance in product innovation and project
success. They found a positive correlation: the larger the Virtual Distance, the
larger the effects of virtualness on innovation and project success.

For the purpose of our research, Virtual Product Development is operationally
defined as: ‘Virtual Product Development is the development of a product by a vir-
tual team.’ A virtual team is a team consisting of sub-teams distributed across
space, time, and organization boundaries, working interdependently with a shared
goal and shared responsibilities, collaborating by webs of interactive technology.

1.3  Benefits of Virtual Product Development

Companies gradually switch from co-located to virtual development, almost as a
natural process, reflecting the ‘Zeitgeist’. It just happens, without formal decision
based on an extensive risk-analysis, without a master plan. Carmel distinguishes
four categories of benefit factors that appear to drive the tendency toward virtual
development: (1) catalyst factors, (2) sustainment factors, (3) size factors, and (4)
vision factors [Carmel99].

1.3.1  Catalyst factors

Catalyst benefits are reasons that business executives cite as driving them to virtual
development. The catalyst benefits cited are:

Product complexity. Due to the continuously growing possibilities provided by
technology and their wider application, today's products are becoming more and
more complex both from technical and managerial standpoints. Products become so
complex, that single departments, or even single companies, cannot provide the



40 Background to the Research

Introduction to the Research 

total system solution anymore, technically and/or financially [Altmann99;
Moll04].

Usage of specialized or skilled resources. Companies want to deploy the best of
their designers and developers in the world, regardless of their geographical loca-
tion and their affiliation. Especially for software development this is considered as
a major benefit, because of the scarcity of highly-qualified software professionals
[Carmel99; Lipnack00; Herbsleb01].

Acquisitions. In many industries, growth is considered necessary for survival.
Global presence is a benefit to show flexibility to capitalize on merger and acquisi-
tion opportunities wherever they present themselves [Carmel99].

Global presence. Companies with worldwide aspirations would build the image of
the company as a global player by positioning development centers in various sig-
nificant countries [Carmel99].

Cost-reduction of development. Companies in high-wage nations are seeking
reduction of development costs by outsourcing or shifting development to low-
wage countries, especially, but not limited to, the less interesting tasks such as
maintenance, porting, testing, and re-engineering [Carmel99; Lipnack00;
Herbsleb01].

Reduction in time-to-market. By dispersing development around the globe, com-
panies can benefit from time zone differences: follow-the-sun, or round-the-clock
development as it is also known, has the potential to reduce the time-to-market
[Carmel99]. Shifting work to low-wage countries appear to have the additional
advantage of allocating more development engineers, speeding up the work, with-
out major investments.

Proximity to the market. Dispersed development may offer business advantages
of proximity to the market, including knowledge of customers and local condi-
tions, as well as the goodwill engendered by local investment [Carmel99].

1.3.2  Sustainment factors

Once companies turned to virtual development, driven by one or more of catalyst
factors, sustainment factors offer benefits to continue with virtual development. 

Development rigor. Dispersed development stimulates formal mechanisms and
methodologies. This is considered a benefit over informal mechanisms and meth-
odologies on which co-located development teams often rely [Carmel99].

Innovation increase. Virtual development implies more diverse participation,
stimulating process and product creativity, and encouraging new business develop-
ment synergies [Carmel99; Lipnack00].
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Distance from distractions. Distant development units are far from the numerous
distractions of the company's headquarters [Carmel99].

Experience. In many cases, remote sites have gained a lot of experience and are
performing well. The parent organization invested in training; the remote sites
developed genuine competencies not available at the company's headquarter. The
working relationships with the remote sites have become effective. The company's
headquarter wants to continue to benefit from the investments [Carmel99].

Learning leverage. Dispersed development allows capturing knowledge in the nat-
ural course of doing the work, gaining wider access to expertise, and sharing best
practices [Carmel99; Lipnack00].

1.3.3  Size factors

The size of the company is recognized as a factor impelling companies to globalize,
giving additional benefits.

Scale. At some point, co-located development centers become too large and too dif-
ficult to manage. By expanding development centers around the world, smaller and
more manageable units result, while maintaining size [Carmel99].

Evolving synergies of size. Scale for global collaborating companies may lead to
unexpected opportunities, such as complementary products [Carmel99].

Vision factors. Industry in general, but the software industry in particular, is both
shaping and being shaped by visions of society and its future. Industry decision
makers are experimenting with organizational concepts [Carmel99]. 

Location transparency. In this vision, the perception of distance is eliminated
through technology. Location transparency is the capability to collaborate on dis-
tance like being co-located [Carmel99].

Virtual organization and the virtual team. In this structural vision, organizations
in a virtual form can be more flexible, agile, responsive, and inexpensive. Quick
formation of virtual corporations and virtual teams allows exploitment of market
opportunities outside the reach of non-virtual forms of organization [Carmel99].

1.4  Enablers of Virtual Product Development

An increasing trend towards the development of products by virtual teams is
observed industry wide since the early 1990s, see for example  [Karolak98;
Carmel99; Lipnack00; Herbsleb01; Bierema02; Kotlarsky02; Watson02;
Lojeski06]. The rapid rise is generally attributed to technological advancements in
electronic communication, like broadband channels and the coupling of local area



42 Background to the Research

Introduction to the Research 

networks (LAN's) known as VPN (Virtual Private Networks). These advancements
led to phone and video conferencing, Internet applications, and e-mail
[Davidow92; Lipnack97; Karolak98; Carmel99; DeSanctis99; Stough00]. 

These synchronous and asynchronous communication technologies provide the
means to build virtual development teams. The foundations of these electronic
communications date back to 1967 when a computer network, ARPANET, was
proposed.  After many technological and political struggles, the World Wide Web,
the Internet as it is know today, was born in 1990, became practical in the early
1990s, and grewed exponentially thereafter [Griffiths02].  The Internet enabled
new collaborative technologies, known as groupware, like e-chat, application and
document sharing. Useful as they are already, recent discussions about technical
support for distributed groups center around issues of appropriateness of tools and
technologies for global collaboration.  The wide knowledge and availability of
Internet-based technology has triggered research and the development of more spe-
cific tools for global collaboration [Damian02a] like a Web-based tool to support
enactment of process instances [Maidantchik02] and tool-based support for distrib-
uted inspection [Lanubile02].

1.5  Challenges of Virtual Product Development

Virtual Product Development offer companies benefits, but creates its own chal-
lenges, as it is in a number of aspects different from co-located development.

Carmel performed a case study, the Globally Dispersed Software Development
(GDSD) study, to find the aspects in which global development, that is, Virtual
Product Development, differs from traditional co-located development
[Carmel99]. The GDSD study concerned 17 software companies engaged in vir-
tual development of products. Eventually, Carmel recognized the following three
unique aspects: 

Distance between development sites has a direct impact on project control, coordi-
nation, and communication.

Time zone differences between development sites make it even harder to commu-
nicate, impacting project control and coordination;

Cultural differences between development sites may lead to mistrust, mis-com-
munication, and lack of cohesion.

On the basis of these findings, Carmel identified five problem areas that act as
‘centrifugal forces, driving the global development team apart’. Carmel's statement
of problem areas that are ‘driving the global development team apart’ is interpreted
as: problem areas that potentially threaten the delivery of the product in time,
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within budget, and with the specified or implicitly expected product quality. The
problem areas that Carmel recognized are: (1) geographic dispersion, (2) control
and coordination breakdown, (3) loss of communication richness, (4) loss of ‘team-
ness’, and (5) cultural differences. 

Geographic dispersion implies distance between virtual team members. Distance
has adverse effects on communication. In 1977 already, Allen showed a relation-
ship between distance and communication; communication drops fast when dis-
tance between individuals increases [Allen77]. Co-location has shorter
communication lines, the ability to give feedback quickly, increased trust, and
reduced miscommunication compared to dispersion.

Control and coordination breakdown are considered inseparable by Carmel.
Control is the process of adhering to goals or policies or standards. Coordination is
the act of integrating each task and organizational unit so that it contributes to the
overall objective. Control and coordination knows formal and informal mecha-
nisms. Perry has shown the importance of informal mechanisms, like brief meetings
in the hallway or social chats [Perry94]. Developers use these informal interactions
for problem solving, informal code reviews, and other objectives. Because of dis-
tance, distributed teams have problems within control and coordination mecha-
nisms, primarily within the informal ones, leading to miscommunications and
mistrust. Since many of the informal mechanisms are absent in dispersed teams, the
formal mechanisms become more important in virtual product development.

Loss of communication richness is considered a threat to communication, collab-
oration, and trust.  Face-to-face is the richest communication medium [Trevino90].
Carmel defines rich communication as two-way interaction involving more than
one sensory channel. Carmel argues that a substantial portion, about 80%, of the
messages we transmit when we are communicating face-to-face is non-verbal and
implicit. When intensive problem solving, design or conceptual collaboration needs
to take place, the virtual team members need to communicate via rich media. The
problem is that Virtual Product Development implies communication channels with
less rich media, like telephone, teleconference, and e-mail.

Loss of ‘teamness’ is a consequence of distance between team members, cultural
differences, and loss of communication richness.  A real team is characterized by
high cohesion. The team members help each other, they complement each other,
they know each other's strengths and weaknesses. Cohesiveness leads to enhanced
motivation, enhanced moral, greater productivity, harder work, more open commu-
nication, and higher job-satisfaction than non-cohesive groups [Carmel99]. Cohe-
sion is more difficult for distributed teams due to a multitude of reasons [Adler97],
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leading to mistrust, misperceptions of decision authorities, responsibilities, tasks,
and project structure, impacting project control, coordination, and team behavior.

Cultural differences may be sensitive to discuss, as the description of it deals
often with stereotypes. Carmel uses a definition of culture by Van Maanen & Lau-
rent  [Maanen93]: 

“Culture provides members with images of their basic concerns,
principles, ethics, and bodies of manners, rituals, ideologies, strate-
gies, and tactics of self-survival including certain notions of good
deeds and bad, various forms of folklore and legends…. The way we
give logic to the world begins at birth with the gestures, words, tone
of voice, noises, colors, smells, and body contact we experience….
Our culture is what is familiar, recognizable, and habitual. It is what
goes without saying.” 

Team members of a virtual team may be part of multiple cultures, like national
cultures, corporate cultures, functional cultures, team cultures, professional cul-
tures, and so on. The quintessence is expressed in the phrase “It is what goes with-
out saying”. What is familiar, normal or acceptable in one culture may not be
familiar, normal or acceptable in an other culture. Unawareness of cultural differ-
ences may lead to mistrust, misinterpretations, and inadequate communications.
However, it should not automatically be assumed that cultural differences are the
primary driving forces in multicultural interaction; most multicultural teams are
driven first by personal factors and issues of team development such as roles,
responsibilities, power, and conflict [Rhinesmith93].

Karolak's work [Karolak98] and Carmel's work [Carmel99] show many com-
monalities. Karolak uses the word ‘risk’ where Carmel uses the word ‘problem’ (or
problem area). Karolak distinguished three risk categories that apply to both virtual
and co-located projects. By considering the aspects in which virtual development
differs from co-located development, he reasons that the likelihood of these risks
occurring in virtual development projects is greater. Karolak's risk categories are:
(1) Organizational risks, concerning decision authorities, responsibilities, tasks,
and project structure, impacting project control, coordination, and team behavior,
(2) Technical risks, concerning methods and tools used to solve technical prob-
lems, impacting development methodology, architectural choices, and eventually
product quality, and (3) Communication risks, that may lead to mistrust, misinter-
pretation, and inadequate communication.

Karolak's category ‘organizational risks’ is the closest equivalent to Carmel's
control and coordination breakdown. Communication risks can be compared to
loss of communication richness. The category ‘technical risks’ has nothing corre-
sponding to it in Carmel's problem areas. Where Karolak considers technical
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aspects as a potential risk, Carmel seems to consider them as a solution. A possible
explanation for these seemingly opposed views is suggested by Maidantchik & da
Rocha [Maidantchik02]. They report the experiences of managing a global devel-
opment project, in which advanced technology was used to minimize, or even elim-
inate, some of the risks. The collaborating groups that together formed the virtual
development team differed in process maturity levels. They realized that for low
maturity organizations it might be difficult or even impossible to introduce
advanced methods and technology. For organizations with a higher level of process
maturity, advanced methods and technology can be a solution, while for low matu-
rity organizations the same methods and technology can be a problem. The study by
Maidantchik & da Rocha identifies the differences between software processes
used by collaborating groups and associated process maturities as a risk category
for virtual development projects. Earlier, McMahon already warned of the potential
danger of differences in processes and process maturities of collaborating parties in
distributed development [McMahon01]. 

Although Karolak and Carmel view virtual development from a different per-
spective, they both arrive at more or less the same risks or problem areas. Likewise,
both suggest solution directions that have much in common. Carmel refers to these
solution directions as centripetal forces [Carmel99]. These are: (1) telecommunica-
tions infrastructure, (2) collaborative technology, (3) managerial techniques, (4)
development methodology, (5) team building, and (6) product architecture. Carmel
and Karolak are focused on the managerial and collaboration aspects of the organi-
zation and execution of virtual development projects. The emphasis is on timely
delivery of the product within budget. The works of Carmel [Carmel99], Karolak
[Karolak98] and Lipnack [Lipnack97; Lipnack00], have been influential in the field
of Virtual Product Development, triggering many research efforts and empirical
work.

1.6  Research Trends in Virtual Product Development

Virtual Product Development has many benefits, which explains why many compa-
nies are engaged in it. The benefits are seductive, but cannot be exploited without
solutions to the many challenges, as extensively discussed by Carmel [Carmel99]
and Karolak [ Karolak98]. The struggle for solutions in the practise of virtual devel-
opment has led to a variety of experience reports and empirical work, covering a
wide range of investigation topics. A substantial part focuses on specific develop-
ment processes and/or associated tools, like configuration management and change
control [Perry98; Niere01], the review and inspection process [Caivano01;
Hazeyama01; Hedberg02; Lanubile02], requirements engineering [Damian02b,
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Zowghi02, Damian03; Lanubile03; Prikladnicki03], project management
[Oppenheimer02], and verification & validation [Ebert01; Bianchi03;
Sengupta04].  Overall, these studies found that development processes, as con-
ducted in co-located environments, need adaptations for virtual development envi-
ronments and that the associated tools were not always adequate for virtual
development. In many studies, suggestions for improvement were given.

Heuristically, these studies are of great value and confirm that virtual develop-
ment is much more complex than co-located development. Their specific contexts,
however, raise the question of generalizability of findings.

Further empirical work and experience reports concern organizational issues
related to the transition from co-located to virtual development [Kiel03; Boland04;
Nissen04], collaboration [Carmel01; Oppenheimer01], and communication
[Aversano03; Paasivaara03; Cherry04]. These studies look at detail issues and
practices, and suggest solutions.

Research to propose technical or methodological solutions to the challenges of
Virtual Product Development is less common than empirical work or experience
reports. Kobylinsky et al proposed a technological based solution for an awareness
system that enables participants to monitor the activities of others over a wide
range of artifacts [Kobylinski02]. Relationships among the system, organizational,
and rational models are used to provide observers a context to interpret the activi-
ties of others. By providing context in terms of issues, it is hoped to disseminate
richer and more targeted awareness information, hence creating more opportunities
for informal information exchanges and for distributed collaboration. The aware-
ness system, however, is still awaiting empirical validation.

Marttiin et al introduced a framework for analyzing and developing work activ-
ities in multi-site projects [Marttiin02]. Four areas of work are distinguished: per-
sonal work, work with people, project/team work, and knowledge work. The
framework is used for studying the interaction between an individual and his/her
work environment and is aimed at helping multi-site projects successfully collabo-
rate in distributed development.

Kotlarsky et al describe a research effort toward a methodological solution
using a qualitative case study methodology [Kotlarsky02]. Their first objective
was the elicitation of coordination and collaboration patterns for distributed teams
developing component-based/object-oriented software, and a second objective to
develop a meta-model of coordination and collaboration for distributed teams. This
meta-model provides an overall framework for the socio-technical support for glo-
bally distributed software teams. Based on the conducted case studies, several fac-
tors that influence ways distributed teams collaborate were identified. These
factors could be distinguished as flexible factors (those that could be changed, like
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people factors, development methodology, governance differences) and fixed fac-
tors (those that cannot or hardly change), like distance, time zone differences, cul-
tural differences. Successful collaboration requires that the collaborating parties
trust each other. Pyysiäinen investigated the problems for trust building in global
inter-organizational software development networks [Pyysiäinen03]. The special
problems on trust building in networks were analyzed on the basis of a theoretical
framework, and empirical data was collected in an interview study embracing nine
distributed software development networks. It was found that the major problems in
networked projects are related to communication and the arrangement of coopera-
tion between companies.  The interviewed companies had managed to establish
practices that proved to be successful in building trust; these practices are catego-
rized on basis of the theoretical framework. However, it was observed that the prac-
tices were rather unsystematically implemented and not optimal.

Espinosa & Carmel formulated a preliminary collaboration model to understand
the consequences of time separation [Espinosa03]. They evaluated the model by
simulating thousands of observations and running regression models to inspect the
effect of different variables on coordination costs. The evaluation showed that the
consequences of time separation are complex and that they must be well understood
before making claims about coordination outcomes in larger software teams that are
separated by time zones.

Experience reports and research efforts are primarily directed towards pragmatic
solutions to practical problems associated with Virtual Product Development. What
they have in common is that project success seems to be determined by on-time and
on-budget delivery of the product to be developed. Though Lojeski et al recognized
‘customer satisfaction’ as a further determinant of project success [Lojeski06],
none of the reviewed articles explicitly addressed customer satisfaction. 

1.7  Virtual Product Development and Product Quality

Customer satisfaction is the ultimate validation of product quality [Kan94]. Unfor-
tunately, it is difficult, if not impossible, to find one definition of product quality
which everyone will agree with. There is an important reason for this; one can look
at product quality from a variety of different viewpoints, with different viewpoints
being relevant to different stakeholders, as pointed out by Garvin [Garvin84].
Garvin carried out a wide-ranging study of quality, taking inputs from the domains
of philosophy, economics, marketing, and operations management. He identified
five different views of quality: the transcendental view, the manufacturing view, the
product view, the user's view, and the value-for-money view. 
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Not surprisingly, the transcendental view is the least discussed in the quality lit-
erature as it is the most nebulous viewpoint. It is not really possible to quantify this
viewpoint, and its only tangible expression may be in terms of a ‘feel good’ reac-
tion from developers and users.  

The user's view of quality is the one that is the primary concern of quality stan-
dards, like ISO 9126 [ISO96c], and is encapsulated in Juran's ‘fitness for purpose’
[Juran70].  

The manufacturing view is the view that is implicit in the various process stan-
dards such as CMMI [CMMI02]. This view, expressed by Crosby as ‘conformance
to specification’ [Crosby79], is important to the business goals of an organization,
as here the focus is on getting the product right first time. That is, the costs due to
rework during development and after delivery are minimized by conforming to a
well-defined process. There are indications that conformance to a good process
will lead to improvements in product quality [Heineman94]. Reliability- and per-
formance modeling are relevant to this viewpoint. 

The product view is the view that is implicit in metrics tools such as static code
analyzers. The assumption is that by measuring and controlling internal product
properties (such as function size and complexity), the external product behavior
will also be improved. However, no hard evidence exists that these measures con-
tribute to achieving higher product quality [Jacobs99]. 

The value for money view considers quality to be conditional on the amount the
customer is willing to pay. In this view, quality becomes particularly important
when changes to the requirements specification are requested. Here the cost of
rework needs to be balanced against possible benefit through implementing the
change [Jacobs99]. 

In many industries, like the automotive industry, computer industry (both soft-
ware and hardware), and the consumer electronics industry, the de facto view on
product quality is ‘conformance to requirements’ [Kan94].  In this view, require-
ments are on two levels: customer requirements (to achieve customer satisfaction)
and technical requirements (to achieve a reliable product). Product quality is of
high economical importance because lack of product quality will keep burdening
the organization far beyond the termination of the development project, for exam-
ple, with high and prolonged maintenance costs, loss of market share, lawsuits, and
costly product recalls [Kaner96]. An investigation report by the American National
Institute of Standards and Technology (NIST) estimates that the damage to the
USA economy due to (software) product quality problems amounts up to $59.5
billion a year [Tassy02]. Apparently, product quality is difficult to achieve. 

Due to the complexity of virtual development, it might be expected that product
quality in virtual development environments is even more difficult to achieve than
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in co-located development. Research on product quality in relation to virtual prod-
uct development is in its infancy and few studies address it.

The studies that do address the subject analyse past projects to discover the
adverse influences of virtual development on product quality with the purpose to
find solution directions.

Rooijmans et al report an investigation on software quality in consumer electron-
ics products [Rooijmans96]. They investigated three projects with some virtual
development characteristics and found that most defects originated from lack of
oversight and insufficient communication, coinciding with Carmel's problem areas
[Carmel99].

Herbsleb & Grinter report a case study in which they investigated the presumed
most difficult part of a geographically distributed development project, i.e. integra-
tion, to assemble the product from its components [Herbsleb99]. They could con-
firm that integration was the most difficult part, especially due to coordination
breakdown, loss of communication richness, and cultural differences.

Ebert et al performed a case study on the impact of virtual development on vali-
dation activities to test hypotheses to reduce cost of non-quality [Ebert01;
Ebert01b]. An analysis of over 60 virtual development projects showed that the
number of defects could be considerably reduced by taking appropriate measures to
improve the adverse effects of virtual development.  

Leszak et al also focused on defects by their analyses of a large project with vir-
tual development characteristics [Leszak02]. They observed a significant effect of
human factors on defect introduction and large differences in the number of
detected defects between parts of the project that could not explained.

These studies indicate that: (1) virtual development has adverse effects on prod-
uct quality, (2) it is feasible to improve the quality of products developed by virtual
teams, and (3) more research is needed to understand the relation between virtual
development and product quality to eventually find solution directions.
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CHAPTER 2 Research Problem and Research 
Questions

2.1  Research Problem

Since the early 1990s, in worldwide industries, an increasing trend towards Virtual
Product Development is observed. For a variety of technical, economic, and busi-
ness reasons, Virtual Product Development has become a necessity for global oper-
ating companies. Virtual Product Development projects, though, are much more
complex than even the most complex co-located project (that is, a project managed
and executed entirely in house). Contemporary research is primarily directed
towards the collaboration and managerial aspects of the project: the emphasis is on
timely delivery of the product within budget. Despite indications of adverse effects
of product quality, and the high economical impact of product quality, study of the
relation between virtual development and product quality is still in its infancy.

A recent case illustrates the adverse effects of virtual development on product
quality:

Loss of the Mars Climate Orbiter. The spacecraft, inserted into Mars orbit after a
more than 9 months long interplanetary cruise, was intended to become the first
interplanetary weather satellite. However, it was soon found that the spacecraft was
very probably destroyed, because of erroneous navigation. An extensive investiga-
tion revealed that the error was caused by a confusion of metric and imperial units
between different collaborating teams. Some of the additional contributing factors
also concerned inadequacies in collaboration between the teams [NASA99].

Lacking in the current state of knowledge about the relation between virtual
development and product quality are insights in the effects of virtual development
on the quality of the delivered product and knowledge of factors that influence that
quality. Knowledge of these effects and their influencing factors is a prerequisite to
formulate solution strategies for ensuring the quality of products developed by vir-
tual teams. Without solution strategies, the benefits of virtual development cannot
be exploited. 
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2.2  Research Questions

To focus the research, specific research questions are to be derived from the general
research problem. Hulley et al described criteria to derive research questions from a
research problem statement [Hulley01]. Research questions must be (1) relevant,
for example to scientific knowledge, practice, economics or future research direc-
tions, (2) novel, for example to confirm or refute previous research findings or to
provide new findings, (3) feasible, for example in terms of available expertise,
research methodologies, time, money, technology, and research scope, and (4)
interesting, for the researchers as well as for the target audience of the research.

Given the research problem stated and observing the [Hulley01] criteria for
deriving research questions from the research problem, the following main research
questions are stated: 

M1. What are the effects of Virtual Product Development on product quality?

M2. What are the factors that influence product quality?

M3. Which of the influencing factors are particularly affected by Virtual Product 
Development? 

In the research reported in this dissertation, Garvin's manufacturing view is taken as
the base view on product quality [Garvin84]. Non-conformances to specifications
will typically have a negative impact on product quality, whatever the point of
view, and shall be referred to as defects. This view implies that by reduction of the
number of defects product quality is perceived as higher. 
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CHAPTER 3 Justification for the Research

3.1  Relevance of the Research

Our research aims at understanding the effects of virtual development on product
quality and the assessment of factors that structurally influence product quality in
virtual development environments. As such, it is expected that our research effort
contributes to the body of knowledge concerning virtual development - laying the
ground work, for example, for defect prediction models or process improvement
and maturity models that take the idiosyncrasies of virtual development into
account.  Even without such models, it is expected that practitioners involved in
virtual development could directly benefit from the outcomes of our research. For
example, the outcomes could lead to strategies for lowering defects in products.
Policy and decision makers, usually senior management from organizations
engaged in virtual development, could be triggered by the results of our research to
reconsider policies regarding virtual development and verification & validation of
work products. For example, policies could recognize that virtual development dif-
fers from co-located development, stipulating how Virtual Product Development
projects should be approached.

Virtual Product Development is primarily applied in globally operating compa-
nies. Therefore, our research is of direct relevance for such companies. The rele-
vance is, above all, of an economic nature. Virtual development causes severe risks,
threatening delivery of products on time and within budget. Usually such risks lead
to higher development costs, which depending on the situation or organization, may
or may not be acceptable. The real adversity, however, unfolds after termination of
the development project, when the product is released to the market. Lack of qual-
ity of the delivered product may lead to exorbitant high costs for maintenance, loss
of market share, lawsuits, and costly product recalls [Kaner96]. Also, the image of
the company may be badly damaged, leading to losses for other products of the
company as well.  A recent example illustrates this: March 18, 2006, Philips Elec-
tronics announced a recall of 12,000 TV-sets in the United States because of fire
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risk2 . It concerned plasma TV's from the high-end Ambilight series, with a price
range of $3000-5000. This product recall was painful and embarrassing for the
company because, after years of disappointing sales in the USA, sales figures
increased due to these Ambilight TV's. Fears for the brand image were expressed
[ED06]. 

In addition to globally operating companies, our research is also relevant for
locally operating companies that are involved in virtual development as a subcon-
tractor. Though they are normally not in the lead, their participation in virtual prod-
uct development projects confronts them with the complexity and problems
associated with it. The relevance is also of an economic nature; their reputation of a
reliable subcontractor could be at stake.

3.2  Novel Features of the Research

The effects of virtual development on the quality of the delivered product has not
been addressed in the literature, and as such this is a novelty of our research. To
study these effects, a Defect Causal Analysis (DCA) was applied in various
approaches, with the aim to analyze product quality problems and underlying
defects typical for virtual development. Particularly, the use of focus groups for the
identifiction of causes for defect introduction and non- or late detection is consid-
ered a novel feature of this research effort. As far as we are aware, focus groups
have rarely been used in scientific studies on product and software engineering.  

The exploration of the effects of virtual development on the quality of the deliv-
ered product led to causes of defect introduction and causes of non- or late detec-
tion of defects. These causes are driven by factors that influence defect detection or
the ability to detect defects. The usage of influencing factors, also referred to as
drivers, has a long history in the software engineering discipline. For example, in
the design of the COCOMO software project cost model, earlier works on drivers
were cited [Boehm81]. In our research we have performed a systematic identifica-
tion of factors influencing defect introduction and the ability to detect defects. We
know of no other study in which such influencing factors have been identified in
such a way; as such, we consider this as a novel feature of our research.

2. It is unknown whether this problem was caused by virtual development; it is known, how-
ever, that virtual teams develop this type of TV-set.
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3.3  Feasibility and Interestingness of the Research

Relevance and novelty of research are prerequisites. However, to be justified,
research should also be feasible and interesting. The research seeks to understand
the effects of virtual development upon product quality and the assessment of fac-
tors that influence product quality in virtual development environments. Feasibil-
ity, therefore, depends on the accessibility of one or more organizations engaged in
Virtual Product Development. Accessibility implies the organization's willingness
to cooperate and to invest time. Experts, like senior engineers, software architects,
project leaders and managers are, as a rule, heavily involved in development
projects. Therefore, feasibility of the research also depends on the research design
and strategies: finding a delicate balance between maintaining scientific standards
and minimizing the burdening of organizations.

Both authors of this dissertation are professionally engaged in a large and glo-
bally operating company, with virtual development being the rule rather than the
exception. Without doubt, this is a favourable condition for the feasibility of the
research. Moreover, they maintain large professional networks, extending to other
companies, ranging from globally operating companies to local subcontractors.

Though access to a network of virtual development organizations is a necessity
for the feasibility of the research, it is not sufficient in itself. The organization's
cooperation, and that of the organizations' experts, is required. This can only be
expected if development organizations are really interested in the research and in
its outcomes. 

Interestingness arises when the research problem is recognized as a serious
problem in actual practice of product development. Interestingness is the grand
sum of the objectives of the research, its relevance, and its novelty. In Section 1.7,
literature was discussed indicating adverse effects of virtual development on prod-
uct quality. Our intimacy with virtual development projects confirms these adverse
effects, and confirms that they are recognized as a serious problem in actual prac-
tice of Virtual Product Development.
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CHAPTER 4 Justification of the Joint Research 
Effort

4.1  Two Lines of Research

 The first two main research questions give rise to two different lines of research,
each with its own perspective, research strategies, and approach to the shared con-
cepts of virtual product development and product quality. A synthesis of the two
lines of research is to answer the third main research question.

The two lines of research (1) share concepts causing commonality, (2) are com-
plementary in addressing the research problem, (3) are major research efforts in
themselves. These considerations have led to a joint research project by two
researchers, bringing the two lines of research together. Though separate reporting
for the two lines of research was considered, the commonality of concepts would
inevitably cause significant duplications of information and would lack the synergy
of the complementing lines of research. Therefore, joint reporting was decided (that
is, this joint dissertation) in which the two lines of research are clearly recogniz-
able, including the individual responsibilities of the researchers. Some duplication
of information is unavoidable, but is kept to a minimum, while the synergy of the
complementing lines of research is preserved.

4.2  Benefits of Joint Research

The joint research approach benefits from the correspondences of and differ-
ences between the researchers' backgrounds and knowledge areas. Both researchers
have a background in engineering and (software) development, have operational
knowledge of product quality issues, and have been working in virtual development

organizations3. As such, both have experienced the difficulties of virtual develop-

3. Jacobs has a background in electrical engineering, software engineering & management, 
and statistics. Van Moll has a background in technical physics and software engineering.
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ment from the inside, including the problems with product quality. Jacobs was
involved as software designer as well as project manager in Virtual Product Devel-
opment projects, mainly in the domain of consumer electronics of a multinational
company. Van Moll worked as test architect and test manager in Virtual Product
Development projects, mainly in the domain of industrial electronics within sev-
eral companies. As such, their work backgrounds are different but complementary,
enabling mutual profiting from knowledge and experiences. The correspondences
and differences in backgrounds are considered as an advantage for a joint research:
the research problem could be investigated more in-depth, coherent, and complete.

A further benefit of the joint research is that the researchers each have their own
professional network. The joint research may, and will profit from these combined
networks, as case studies and expert consultation are important research strategies,
requiring data collection from development organizations all around the globe.
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CHAPTER 5 Focus of the Research

The research presented in this dissertation has been carried out in the software
intensive technical industry (also refered to as Technical Information Systems),
electronics in particular. Though validity considerations for the individual research
steps suggest that the findings also hold for other types of software intensive indus-
tries and industrial domains, the conclusions are delimited to the domain of the soft-
ware intensive technical industry, electronics in particular.

Further, from the various virtual work forms that can be distinguished (as sum-
marized in Table 1-1), the research is delimited to virtual projects, performed by
virtual teams, either in temporary or permanent virtual organizations. Telework,
virtual groups, and virtual communities are outside the scope of the research,
although findings from the research may be relevant for these areas as well.

The central topic of research, Virtual Product Development, shares a number of
characteristics with the more general industrial trend of offshoring, also called off-
shore outsourcing. Bhagwati et al found that there is a variety of definitions for off-
shoring [Bhagwati04]. Synthesizing the literature, Bhagwati et al defined offshore
outsourcing as “the purchase of services abroad with the supplier and buyer remain-
ing in their respective locations” [Bhagwati04]. Offshoring is made possible by the
same enablers as Virtual Product Development and has the same challenges like
distance, time zones differences, and cultural differences [Carmel05]. The driver
for offshoring, though, is cost reduction, while for virtual development a plethora of
drivers exists. Offshoring may be considered as a form of virtual development.  But
there is at least one significant difference: offshoring is outsourcing of a product
development rather than product development by a virtual team. Differences
between offshoring and virtual development are such that the findings of the
research reported in this dissertation should not (or only with great caution) be gen-
eralized to offshoring.
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CHAPTER 6 Structure of this Dissertation

6.1  Overall Structure

The overall structure of this dissertation is given in Figure 1-1. It shows how the
general introduction to the research is narrowed down to the research problem and
the main research questions (Part 1). Subsequently, the two lines of research can be
distinguished to find an answer to respectively the main research questions M1 (in
Part 2) and M2 (in Part 3). Eventually, these lines of research come together and a
synthesis is made to find an answer to main research question M3 (in Part 4).
Finally, a wider perspective is presented: conclusions and implication with respect
to research questions and the research problem (in Part 5). 

Figure 1-1.    The structure of this dissertation.
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6.2  Constituent Parts

To be more specific about the contents of the constituent parts:
In this Part 1, the backgrounds of the research problem have been described and a
concise overview of the literature has been given. Backgrounds and literature over-
view regarding virtual development and the relation between virtual development
and product quality identify the research problem. Subsequently, main research
questions are derived from the research problem. The research is justified by con-
sidering the relevance of the research, its novel features, its feasibility, and its inter-
estingness. Also, the joint research approach is motivated. The next and final
chapter of this Part 1 describes the focus of the research.

Part 2 is dedicated to the exploration of the effects of Virtual Product Develop-
ment on the quality of the delivered product. Chapter 8 looks in-depth to the litera-
ture relating to Virtual Product Development and product quality, to narrow down
the research problem and to formulate research questions specific for this Part 2.
Subsequently, in Chapter 9, the general methodological approach for Part 2 is
addressed.  For this exploratory Part, a staged research design is used, comprising a
series of individual studies. In Chapter 10, a multiple case study is described that
examines product quality problems occurring in actual virtual development
projects. In Chapter 11, a focus group method is used to collect information on the
causes of defects and the causes of non- or late detection of defects, specifically for
virtual product development projects. These causes may eventually lead to the
product quality problems examined in the previous chapter. Subsequently, the
knowledge gained in these studies is synthesized in Chapter 12, where a critical
case study is conducted to assess whether product quality problems can be pre-
vented from occurring. The critical case study constitutes an in-depth post-mortem
investigation on problem reports from an actual virtual development project. Part 2
is concluded with Chapter 13, which summarizes the research, evaluates it, and
draws conclusions. 

Part 3 is entirely focused to factors influencing defect introduction (DI) and
defect detection (DD). Chapter 14 introduces Part 3. It reviews the literature relat-
ing to influencing factors, in general, and to those for defect introduction and defect
detection, in particular, with the aim to narrow down the research problem and to
formulate research questions specific for this Part 3. In addition the general meth-
odological approach to expert consultation is addressed, as this is the major
research strategy used in Part 3. The research questions specific to Part 3 are formu-
lated and the research outline for Part 3 is given. In Chapter 15, an extensive litera-
ture search is described, to identify DI- and DD-influencing factors. In addition,
processing steps are described that are performed to clean up the raw factors result-
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ing from the literature search into consistently formulated and full sets of DI and
DD factors, respectively. Chapter 16 describes how the large number of influenc-
ing factors were grouped into sets of manageable size, while Chapter 17 addresses
how these groupings are given an operational description. Factor groupings and
their associated operational description were used in Chapter 18 to determine the
importance of the DI- and DD-influencing factors. Finally, Chapter 19 summarizes
the research, evaluates it, and draws conclusions. 

Part 4 is aiming at a synthesis of the findings from Part 2, the exploration of
effects of Virtual Product Development on product quality, and Part 3, the assess-
ment of factors influencing defect introduction and defect detection. The synthesis
of Part 2 and Part 3 is to deduce statements on the sensitivity of the influencing
factors to Virtual Product Development. Chapter 20 introduces the synthesis.
Chapter 21 explains how approach to the synthesis. It describes and elaborates on
the identification of synthesis themes according to the selected sysnthesis
approach. Chapter 22 describes factor usage considerations and addresses themes
identified in the synthesis. Finally, Chapter 23 concludes Part 4 by summarising
the synthesis results and listing the end conclusions. 

Part 5 overviews the research and draws the final conclusions on the contribu-
tion to a solution for the research problem. Also the applicability of the research
findings are considered. Recommendations for further research are given. Finally,
it reflects on the joint research approach. 
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CHAPTER 7 Summary and Conclusions

In this Part 1, backgrounds of the research are described that led to this dissertation.
It is observed that Virtual Product Development: (1) shows an increasing trend
since the 1990s,  (2) is enabled by the availability of advanced communication tech-
nologies, (3) has become a necessity for globally operating companies, (4) is much
more complex than co-located development, (5) related research literature prima-
rily addresses on-time and on-budget delivery, (6) affects product quality, and (7)
related research on product quality is still in its infancy.

These observations led to the research problem with the conclusion that the
effects of virtual development on product quality and influencing factors need
investigation to eventually find solution strategies. Three main research questions
were derived: 

M1. What are the effects of Virtual Product Development on product quality?

M2. What are the factors that influence product quality?

M3. Which of the influencing factors are particularly affected by Virtual Product 
Development?

A justification of the research is given by considering the relevance of the research,
its novel features, feasibility and interestingness. 

The research problem and derived research questions give rise to two lines of
research: one for finding an answer to the first research question, and the other for
finding an answer to the second research question. Answers to the third research
question should come from a synthesis of the outcomes of the two lines of research.

Because the two lines of research (1) share concepts causing commonality, (2)
are complementary in addressing the research problem, and (3) are major research
efforts in themselves, a joint research approach by two researchers was chosen. The
advantages of the joint research effort are discussed, the structure of this disserta-
tion is presented, and focus of the research is indicated.
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PART 2 Exploring Effects of Virtual Product 
Development on Product Quality

Jan van Moll

This Part 2 describes the research that has been conducted to explore the effects of

Virtual Product Development on product quality. A multiple case study was per-

formed to identify typical problems affecting product quality in virtual development

projects. Subsequently, typical causes for the product quality problems were identi-

fied via structured causal analysis using focus groups. Finally, based on the insight

gained in these studies, a critical instance case study was performed to assess

whether product quality problems in virtual product development could be pre-

vented. 
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CHAPTER 8 Introduction to the Exploration of 
Effects of VPD on Product Quality

8.1  Introduction

The first main research question in Part 1 was formulated as M1 “What are the
effects of Virtual Product Development on product quality?”. To find an answer to
this question, the investigation of all problems with product quality caused by
defects should be considered, including the root causes of these defects. This chap-
ter will start by reviewing the literature to find out what has been investigated so far
in this area. The literature review takes two perspectives: 
1. reviewing the body of knowledge concerning product quality problems from the
primary perspective of Virtual Product Development,
2. reviewing the body of knowledge concerning product quality problems from the
primary perspective of the product and general methods and processes for analyz-
ing product quality problems.

The first perspective is addressed in Section 8.2 and reviews how product quality
issues are addressed in literature on virtual product development. The second per-
spective is addressed in Section 8.3 where literature about product quality analysis
is reviewed. Local conclusions are drawn based on the outcome of the literature
review. Section 8.4 introduces the notion of a product quality problem and explains
why defects are not equivalent to product quality problems. Section 8.5 explains the
role and importance of having a well-defined lifecycle to the causal analysis of
defects and addresses the importance of lifecycles to project management. Finally,
Section 8.6 defines the research questions of Part 2 including their rationales, based
on the overall findings of the literature review and the central problem statement of
Part 1. 

8.2  Product Quality from a VPD Perspective

Few studies have systematically discussed and highlighted issues that relate to the
effects of virtual product development on product quality. As noted in Part 1, the
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majority of existing studies only casually report on, or indirectly suggest effects of
virtual product development on product quality. 
The studies mentioned below have been selected for inclusion in this discussion
because they belong to the small category of research that reports in a reasonably
concrete manner on product quality investigations in virtual development environ-
ments.

Ebert et al presented a study that focused on impacts of global development
towards validation activities [Ebert01]. They considered impacts from a business
perspective, meaning the impacts on ‘quality’ and ‘cost of non-quality’. They eval-
uated experiences with validation activities in a global setting within Alcatel's
Switching and Routing business, a developer of complex software systems, show-
ing the various dimensions of global development. Their study incorporated
switching projects as they are typically developed across at least two to three sites
and often in several continents. The projects varied in size between a few person
years and several hundred person years. Their study assessed the effects of collo-
cating the performance of peer reviews, better coaching of the process of inspec-
tion and the introduction of a continuous build process. With an emphasis on
collocating peer reviews, embarking on better process coaching, and introducing
incremental build principle into the projects, they found that they could reduce cost
of non-quality by a factor of over 50%. Furthermore, they note that although the
direct impact was visible on defects and quality level, they could achieve both cost
and cycle time improvements as well. 

Leszak et al performed a study of a project in a virtual development context that
among others incorporated a retrospective analysis of defects to determine the
underlying root causes (triggers) [Leszak00; Leszak02]. In the defect analysis, they
distinguished between three dimensions of root causes: human, project, and life-
cycle phase. Unique root cause selection required specification of a root cause
value in each of the three directions. This choice reflects the general richness that
underlies most of the faults that occur in the construction and evolution of large
complex software systems. 

Particularly with respect to root causes, it was found that domain and system
knowledge continue to be one of the largest underlying problems in software
development [Perry93]. Yet, the study by Leszak was not particularly aiming at
investigating the causes of defects in relation to virtual product development. An
overview of the recognized causes is given in Table 2-1. The set of root causes
does not suggest that particular focus has been placed on aspects like team distribu-
tion, differences in cultures, time zones or process maturities. 
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Table 2-1.   Overview of causes (triggers) in the study by Leszak.

Furthermore, Leszak points out in his study that late detection of defects along
the development cycle is a strong argument for looking into the root causes of these
particular defects.

Herbsleb et al presented a case study on the integration phase of a geographically
distributed telecommunications development effort involving multiple sites in
Europe and the United States [Herbsleb99]. They stated that integration “indeed
turned out to be the most difficult part of a geographically distributed software
project”. They found that coordination problems were greatly exaggerated across
sites, largely because of the breakdown of informal communication channels. Their
results imply that multi-site development can benefit to some extent from stable
plans, processes, and specifications. However, the inherently unpredictable aspects
of any projects require communication channels that can be invoked spontaneously
by developers, as needed. Their study shows that multiple site development works
against informal communication channels by creating geographic boundaries
among developers who need to work together. Although their results shed light on
the problems and mechanisms underlying the coordination needs of development
projects generally, they provide examples of events that are strong indications of
adverse effects of VPD on product quality. 

A consortium of research and industrial partners conducted an industrial survey
in the context of the MERLIN project on the subject of collaborative software
development. They defined collaboration as “product development activities that
involve two or more companies, departments or customers that combine their com-

Group Name Causes (Triggers)

Phase The phase triggers are the standard development phases or docu-
ments: requirements, architecture, high level design, component 
spec/design, component implementation and load building. The 
phase related root causes could be qualified by the nature of the 
trigger: incorrect, incomplete, ambiguous, changed/revised/
evolved, not aligned with customer needs, and not applicable.

Human-related The human related triggers are: change coordination, lack of 
domain knowledge, lack of system knowledge, lack of tools 
knowledge, lack of process knowledge, individual mistake, intro-
duced with other repair, communications problem, missing aware-
ness of need for documentation, not applicable. The ‘individual 
mistake’ trigger reflects the fact that sometimes one just makes 
mistakes.

Project The project triggers are time pressure, management mistake, 
caused by other product, and not applicable.
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petencies and technologies to create new shared value” [Hyysalo04]. The indus-
trial survey was aimed at gaining a view of the most problematic or critical issues
relating to collaborative work. The integration phase and integration testing were
seen as one of the most complex points, which is in line with the findings by Herb-
sleb. Furthermore, one of the risks identified from the survey was the quality of the
acquired product from a customer's point of view; a clear indication of a relation
between collaborative work and product quality. 

What the studies above have in common is that they were conducted in single
projects, showing single instances, single domains, single companies and/or single
settings. In addition, focus is mostly on improvement and sharing experiences
about corrective measures for problems that have been identified in the area of
communication, collaboration, product architectural design and distribution of
work over various parties in the project. These studies contain valuable informa-
tion that point out relevant aspects of virtual product development with respect to
product quality. However, as useful as these studies are, they do not structurally
nor systematically address the question of how virtual product development affects
product quality from a wider perspective. With ‘wider perspective’ is meant a
structured assessment of problems with product quality where the scope is across
multiple organizations, multiple domains and multiple projects, and with the pur-
pose to recognize commonalities in problems.

8.3  Product Quality from a Product Perspective

8.3.1  Analysis of Product Quality Problems

A structured assessment of product quality problems asks for an analysis of quality
problems as experienced in real life projects. Two distinct types of analysis of
product quality problems are described in literature that differ from a temporal
point of view. The first type concerns identifying and analyzing potential problems
before they occur (a priori), the second type concerns analyzing problems after
they have occurred (a posteriori). The following sections discuss some well-known
processes and methods that have been reasonably documented in experience
reports industry-wide. The purpose of this literature review is twofold. First, the
intention is to identify analysis processes or methods that can be used in this study
for the analysis of product quality problems in VPD environments. A second inten-
tion is to assess whether literature has reported on the application of these pro-
cesses or methods in VPD environments. Existing reports could then possibly be
mined for information about product quality problems. The discussion reviews the
most known and most widely applied analysis processes and methods.
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8.3.2  A Priori Analysis

Traditionally, quality and reliability have been achieved through extensive testing
and use of techniques in the late stages of development, such as probabilistic reli-
ability modeling. The challenge is to design-in quality and reliability early in the
development lifecycle. Known methodologies to achieve this are Software Fault
Tree Analysis (SFTA), Failure Modes and Effects Analysis (FMEA), and Failure
Modes Effects & Criticality Analysis (FMECA). 

8.3.2.1  Software Fault Tree Analysis

The goal of Software Fault Tree Analysis (SFTA) is to verify that there are no
defects that could lead to a safety hazard [Leveson86]. In addition, it identifies soft-
ware parts that need special attention during development and testing to avoid haz-
ardous conditions. SFTA is especially applied in domains where safety-critical
applications are developed. The SFTA approach is analytical as it aims at tracing
system hazards back through program logic to identify software conditions that
could cause or avoid the hazards. A generic procedure incorporating SFTA typi-
cally consists of the following steps:

- Identify system hazards to be prevented;

- For each system hazard, determine software hazards that potentially lead to the 
system hazard;

- For each software hazard, use SFTA to work backwards through the program 
logic to determine the set of possible causes of that hazard. Alternatively, dem-
onstrate that they cannot be caused by the software logic.

- Use the SFTA results to guide subsequent design and verification & validation 
activities and decisions.

8.3.2.2  Failure Mode Effect (and Criticality) Analysis

Failure Mode Effect Analysis (FMEA) and Failure Mode Effect and Criticality
Analysis (FMECA) are used to identify potential failure modes, determine their
effect on the operation of the product, and identify actions to mitigate the failures.
Their main purpose is to enhance quality and reliability through design. FMEA and
FMECA are described in various standards and guidelines. Some common FMEA/
FMECA guidelines/standards include the U.S. Department of Defense's MIL-STD-
1629A [DoD80], SAE International's J1739 [Sae02] and ARP5580 documents (for
automotive and non-automotive applications, respectively) [Sae01] and the Auto-
motive Industry Action Group's FMEA-3 [Aiag01]. Industry-wide, various types of
FMEA/FMECA analysis are distinguished based on subject of analysis, the stage in



70 Introduction to the Exploration of Effects of VPD on Product Quality

Exploring Effects of Virtual Product Development on Product Quality 

the development process when the analysis is performed and/or whether the analy-
sis is performed on the hardware or the functions that the item is expected to per-
form. Some commonly acknowledged FMEA types include, but are not limited to,
Design FMEA (DFMEA), Process FMEA (PFMEA), Functional FMEA, and Sys-
tem FMEA. Although FMEA was originally focused on hardware, an extension to
FMEA particularly for software is now recognized and known as SFMEA (Soft-
ware Failure Modes and Effects Analysis). The use of SFMEA dates back to the
early seventies [Fragola73; Reifer79] and its use in the next two decades was lim-
ited to the assessment of safety critical, real-time control systems embedded in mil-
itary and automotive products. Refinements to SFMEA are described in
[Goddard00] and a use of a technique similar to SFMEA, called Software Error
Effect Analysis (SEEA), was reported for the development of critical software
[Wunram90]. 

Despite the many types and standards, FMEA and FMECA essentially consist
of a generic set of procedures conducted by a cross-functional team at various
stages of the development or manufacturing process. A crucial step is anticipating
what might go wrong with a product. While anticipating every failure mode is
impossible; the cross-functional team should formulate as extensive a list of poten-
tial failure modes as possible. A brief description of the generic steps of FMEA is
given in Appendix 2-1.

The a priori methods and techniques have in common that they are applied early
in the design and development process, allowing the analysis to identify potential
design weaknesses and allowing design improvements to be recommended. Early
analysis allows assessment of the software design at a time when changes to the
design can be made cost effectively. The a priori techniques are based on the
assumption of a failure occurrence and therefore aim at the analysis of potential
failures. As the level of root cause analysis is concerned, the analysis typically
traces back to the level of program or application logic. It is therefore concluded
that current research on the application of a priori techniques does not provide use-
ful information on causes of product quality problems in the context of this study. 

A priori techniques are considered unsuitable for assessing whether or not prod-
uct quality problems are caused by VPD because they analyze potential defects by
assuming the occurrence of certain defects. As the effects of VPD on product qual-
ity are unknown (this is exactly the subject of this study), it is impossible to assume
beforehand what types of defects would occur in products developed in VPD envi-
ronments. Furthermore, it is irrelevant in this study to know what types of defects
are caused by VPD. Rather, the study is concentrated on root cause in order to
determine relationships of root causes with VPD.
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8.3.3  A Posteriori Analysis

8.3.3.1  Post Mortem Analysis

Post-mortem analysis (PMA) can be defined as a series of steps aimed at examining
the lessons to be learned from products, processes and resources to benefit on-going
and future projects. Post-mortems enable individual learning to be converted into
team and organizational learning. PMA is known under many terms such as: blame
and flames, debriefing, lessons learned, post implementation review, post project
review, postpartum, project audit, project review, retrospective, team retrospective.
Collier states that project reviews on software projects are most often referred to as
post-mortems [Collier96]. The aim of any post-mortem is to provide the project
answers to the following four key questions [Kerth00]:

- What did we do well that does not have to be further discussed (the positive 
aspects)?

- What did we learn (the negative aspects)?

- What should we do differently the next time (the negative aspects which require 
improvements)?

- What still puzzles us (share the things that are confusing or do not make sense)?

Even though post-mortems are highly recommended [PMI01], post-mortems hap-
pen rarely and are mostly not considered standard practice. A survey of research
and development projects conducted by Zedtwitz between 1997 and 2001 revealed
that only 1 out of 5 projects had conducted a post-project review [Zedtwitz02].
Another survey by Congdon of software industry professionals found the follow-
ing: “52% of the respondents (from a total of 106) said that they had participated in
one post-mortem at some time of their career and the others had not” [Congdon99].
Time constraints are often mentioned as the main reasons for skipping over the
whole post-mortem analysis. Zedtwitz stated that “people are unlikely to devote
time and effort to yesterday's problems since natural incentives favour moving
ahead to the next problem instead of spending valuable time reviewing a recently
completed project”. Moreover, he mentioned that studies with big international
companies (Hewlett-Packard, Daimler-Chrysler and Roche, for example) have
identified, among other reasons, that some organizations had so many projects com-
ing in that potential project managers were immediately reassigned to the new
projects when they finished the previous ones. This leaves no time for performing
an adequate post-mortem analysis. 

Post mortems, in principle, are suited for analyzing product quality problems that
occurred during the execution of development projects. Yet, the application of post-
mortem is aimed at general overviews of what happened in the project and its key
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questions provide no particular structure for product quality issues. It is therefore
concluded that post mortems are insufficiently suitable for assessing whether or
not product quality problems are caused by VPD. In addition, given the limited
application of post mortems in the software industry literature research did not
reveal documented accounts of post mortem analyses identifying root causes for
product quality problems that could be mined for information. 

8.3.3.2  Defect Prevention Process

Defect prevention is the process of improving quality and productivity by prevent-
ing the introduction of defects into a product [Jones85; Phillips86]. Mays summa-
rized the process and experiences with it in [Mays90a; Mays90b]. Defect
Prevention consists of four elements integrated into the development process: (1)
causal analysis meetings to identify the root cause of defects and suggest preven-
tive actions; (2) an action team to implement selected preventive actions; (3) kick-
off meetings to increase awareness of quality issues specific to each development
stage; and (4) data collection and tracking of associated data (refer to Figure 2-1). 

Figure 2-1.    Overview of the Defect Prevention Process (taken from [Mays90b]).
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The Defect Prevention Process uses causal analysis to determine the specific
cause or causes of a defect. Causal analysis is performed in moderated causal anal-
ysis meetings where project team members review the defects detected, determine
their root causes and propose actions to prevent such defects in the future. Causal
analysis meetings are conducted at the end of each development phase.

8.3.3.3  Defect Causal Analysis

A team-based technique called Defect Causal Analysis (DCA) was described by
Card [Card98]. DCA is based on samples of problem reports, rather than an exhaus-
tive analysis of all defects detected throughout all development phases. The pur-
pose of the analysis is to initiate process changes to help prevent defects and ensure
their early detection. Card states 3 key principles that drive the DCA approach: 

- Reduce defects to improve quality: whichever view on product quality is taken, a 
product with many defects is considered to lack quality. Therefore, product qual-
ity can be improved by focusing on the prevention and early detection of defects.

- Apply local expertise: developers are the people who were present when the 
defects were inserted. They are therefore the best to judge what went wrong and 
should be the first to perform the causal analysis. In principle, causal analysis 
can be performed by outside groups such as quality assurance, researchers, or a 
software engineering process group. However those people generally don't know 
the detailed circumstances that led to the mistake.

- Focus on systematic errors: as most projects have too many defects to even con-
sider conducting a causal analysis of them all, focus on those mistakes that tend 
to be repeated, is the most efficient. These so-called ‘systematic errors’ account 
for a large portion of the defects found in the typical software project. 

Card identifies some prerequisites for the implementation of DCA. Defects must be
present and must have been documented through problem reports. Next, the organi-
zation must have the desire to avoid mistakes. Also, a basic software process must
be in place to provide a framework for effective actions. Card particularly noted
that “without at least a basic process framework it becomes difficult to understand
where and how defects enter the software and which actions are most likely to pre-
vent or find them earlier”. 

Figure 2-2 shows an overview of the DCA process. Without going into details,
the main intention of the DCA process is to analyze defect data in order to find a
systematic error. In this context, a systematic error is an error that is committed
repeatedly and therefore causes many faults and failures. Once the systematic error
is identified its underlying cause can be identified and appropriate process changes
can be performed to prevent further occurrence of the systematic error and resulting
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faults and failures. The overall objective of the process is to prevent defects or at
least to enable an earlier detection.

Figure 2-2.    Overview of the Defect Causal Analysis process (taken from [Card98]).
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tried to categorize errors in order to determine what areas to address to improve
quality. A number of different error taxonomies have been proposed [Endres75;
Boehm75; Weiss79; Beizer90; Ostrand84; Collofello85]. More recently, more for-
malized schemes have been defined like Orthogonal Defect Classification (ODC)
[Chillarege92], HP Defect Classification Scheme (HPDCS) [Grady92] and IEEE's
Std 1044-1993 Standard Classification for Software Anomalies [IEEE93]. Still,
classifying defects can be a difficult task. As Ostrand & Weyuker paraphrased a
report by Thibodeau, defect classification schemes of that time period often had
serious problems, including “ambiguous, overlapping and incomplete categories,
too many categories, confusion of error causes, fault symptoms, and actual faults”
[Ostrand84].

Mays also criticized the rigid application of classification schemes stating that
“defect classification schemes may be helpful to identify broad error-prone areas
and activities, but they do not address the variety of specific causes for errors”.
Defect classification schemes obscure the details of the defect and its cause and, as
a result, these schemes generally do not lead to thorough preventive measures. It
may be misleading to try to identify preventive actions by considering the percent-
age of errors caused by the quality of specifications, misunderstandings of the
design, or data definition faults. Preventive actions derived solely from error classi-
fications will not be specific enough. Thorough analysis of each error during causal
analysis provides a much better understanding of specifically why an error occurred
and how to prevent its recurrence [Mays90a]. Grady expressed a similar view by
stating that “software defect data is the most important available management infor-
mation source for software process improvement decision”, and that “ignoring
defect data can lead to serious consequences for an organization's business”
[Grady96].

In this light, defect classification schemes are considered as enablers for proper
root cause analysis. Defect classification data collected through an appropriate clas-
sification scheme, can be mined to spot patterns of recurring defects and numerous
efforts in the area of defect classification have been reported in the recent decades.
Many of them focus on the development of classification schemes or experiences
with their application, for example [Sreenivasan99; Bleck99; Mullen00; Huber00;
Hirsh00]. The use of defect classification is diverse and depends on the goals of the
organization that uses it.

8.3.3.4  Defect Classification: State-of-the-Practice 

A well-designed classification scheme is not a guarantee for proper application, as
is illustrated by Leszak et al [Leszak02]. They experimented with a proprietary ver-
sion of an analysis scheme incorporating details from IBM's ODC model. Even
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though project team members were trained to classify each defect they failed to
have significant analysis results, partly because they fully relied on correct data
input from the engineers. However, about 30% of the analysis entries turned out to
be inconsistent. The probable cause of inconsistency was an overly complex analy-
sis scheme that was not fully mastered by casual users who had to provide the
required data. In addition, the project team felt that the complex scheme caused a
high amount of measurement reports to be studied and had lost track of these due
to project pressure.

Despite the recognized potential of defect classification for improvement of
product and process quality, the potential is not always fully utilized. In a study on
defect classification practices, Fredericks & Basili concluded: “companies that
track defect data fall into three camps” [Fredericks98]. The first group collects
defect information strictly for day-to-day management. Their defect tracking sys-
tems give the managers a way to assign defects to certain developers to be fixed.
Some simple analysis can be done such as tracking how many new defect reports
were filed in a given time period. In some cases, defects are logged with a priority
and/or severity, which indicates the tester's (or manager's) input on how to priori-
tize the repair of defects. However, defect analysis is time-consuming and often
suffers on resource-constrained projects.

The second group of companies use the data in a reactive fashion [Grady96].
Projects in these companies use the defect data locally within their project and
often do not share data among projects. The primary use of the defect data in reac-
tive organizations is to improve local situations. While the data gathered may iden-
tify ‘hot spots’ in the current artefact or process, the emphasis is placed on fixing
the problems at hand rather than trying to prevent similar problems in the future.

The third group of companies act in a proactive fashion, trying to analyze the
defects encountered for the purpose of preventing those types of defects from
occurring in the future [Grady96]. The key to becoming a proactive organization is
focus on the root cause of the defect. In a proactive organization, defect data must
be shared among projects so that company-wide trends can be identified. Knowl-
edge gained from the analysis of errors, faults, and failures must be used to
improve processes and identify what types of training are necessary for employees.
Finally, there must be some form of continuous feedback loop so the organization
can continually improve their development processes. 

In this respect, the three groups would show an increasing process maturity
[Paulk00; CMMI02]. In the same study, Fredericks & Basili reported on a small-
scale survey in 1998 that was conducted to better characterize defect classification
efforts in industry. The survey showed minimal use of data for anything other than
problem tracking or crude identification of problem areas of the current project that
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were turning up a proportionally greater number of defects than other areas.
Although the small sample size of the survey precludes statistical significance and
gross generalization, this finding indicates these companies belong to the first or, at
best, the second group of usage. 

A quick scan by the researcher in seven companies involved in VPD learned that
defect causal analysis stops when tracing the root cause of a defect crosses any
project or organizational boundary. This means that when the actual root cause for a
defect is thought to be located in another project the defect cause is quickly classi-
fied as ‘project external’, ‘caused by other product’ or a similar attribute value
[Leszak02]. 

Organizations are not very keen on sharing concrete data about their defects
making concrete project data on defects and product quality levels from literature
extremely difficult to acquire. Fenton & Pfleeger already noted that “companies are
extremely reluctant to provide or publish data on defects” [Fenton96]. A similar
observation was made by Chulani, who found that “organizations are even more
reluctant to provide quality data than to provide effort data” [Chulani99b]. Reluc-
tance of organizations to provide failure data was also reported by Dapena by stat-
ing that “release of software failure data has been equated to embarrassment”
[Dapena02].

Defect causal analysis in combination with defect classification is considered a
suitable method for assessing whether or not product quality problems are caused
by VPD. The method specifically focuses on the analysis of defects and an identifi-
cation of why the defects occurred. An important strength of the method is the use
of expertise of the people actually involved for judging defect causes. Given these
characteristics, DCA is considered the most feasible way for analyzing product
quality problems in this study.

Summarizing the review of the class of a posteriori processes and methods for
the analysis of product quality problems, the following is concluded:

- Acquiring concrete project data on defects and product quality levels from indus-
try is extremely difficult because of companies' restraints. Consequently, deter-
mining root causes for product quality problems caused by VPD by mining 
published industry defect data, is unfeasible. Although there is some knowledge 
about root causes, documented research on root causes (1) at this study's level of 
interest and (2) particularly aiming at virtual development environments, was not 
found. This strengthens the justification to start an exploratory study particularly 
on the effects of VPD on product quality. At this study's level of interest the first 
argument concerns the cause categories of existing defect classification schemes. 
Despite the suggestive name these categories often do not capture the level of 
root cause this research is aiming at. An example is that a specification error can 
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be classified as the cause for a defect. However, this does not indicate why the 
error was introduced in the specification. To get to this level of root cause a 
focused defect causal analysis process is needed.

- Combination of defect classification and defect causal analysis will be used in 
this study as the default method for the analysis of product quality problems. 
This implies that defect causal analysis and defect classification will have a cen-
tral role in answering the research questions. Depending on the research ques-
tion(s) to be answered, specific application of defect causal analysis and defect 
classification should be tailored and regardless of tailoring, the application 
should adhere to basic principles of DCA.

8.4  Notion of a Product Quality Problem

This section examines the notion of a ‘product quality problem’, as the term is used
in industry in a variety of contexts. Therefore, the term ‘product quality problem’
has neither a uniform perception nor an exact meaning. This ambiguity can partly
be explained by the multiple interpretations of the term ‘quality’ itself, as was
explained by Garvin [Garvin84]. Understanding the exact meaning of the term
‘product quality problem’, however, is crucial for understanding the rationale
behind the research design described in Chapter 9: the notion of product quality
problem is needed before the difference between ‘product quality problems’ and
‘defects’ can be recognized.

8.4.1  Defect Key Elements

It is widely recognized that defects carry a lot of information that can be analyzed
to characterize the quality of processes and products, track the progress of a project
and control it, and improve the process [Freimut01]. Therefore, defect measure-
ment plays a crucial role in many (software) measurement programs and, conse-
quently, defect data are collected in many measurement programs. Generally, there
are several pieces of information that can be collected about defects with the most
popular relating to the quantity of defects (i.e. their number) and their type. For the
latter one, defect classification schemes are used by organizations of low and high
maturity to quickly characterize the nature of defects. For example, Paulk et al
report that many high maturity organizations, i.e. CMM level 4 and 5, use defect
classification for their quantitative management [Paulk00]. But in companies with
lower CMM-levels, defect classification is also frequently used when implement-
ing measurement programs, for example [Briand98]. 
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There are many aspects of a defect that might be subject to analysis. Defects are
introduced due to a particular reason into a particular piece of software at a particu-
lar point in time. The defects are then detected at a specific time and occasion by
noting some sort of symptom and they are corrected in specific way. Each of these
aspects might be relevant for a specific measurement and analysis purpose. Mellor
[Mellor92] and Fenton & Pfleeger [Fenton96] recognize the concept of defect key
elements, and provide a generic high-level framework to capture different aspects
of a defect. The defect key elements have been chosen to be mutually independent.

The idea behind the framework is that each defect key element can be refined
leading to many attributes of a defect that can be captured by means of measure-
ment in the form of defect classification.Table 2-2 provides an overview of the
defect key elements and their meaning. Fenton & Pfleeger distinguish between an
instantiation of the framework for faults and failures, while adhering to IEEE Std
729 for the definition of these terms [IEEE83]. A fault is a human error resulting in
a mistake in a software product, while a failure is defined as the termination of the
ability of a functional unit to perform its required function. The distinction between
fault and failure may be important depending on the way questions pertaining to the
defect key elements need to be answered.

8.4.2  ‘Defect’ versus ‘Product Quality Problem’

In Part 1, five views on product quality were identified, of which the manufacturing
view was chosen as the base view in this research. As such, the perspective taken
influences the definition of quality. When trying to measure product quality, that
same perspective influences the choice of measures as well. For instance, measur-
ing product quality from a user's view could involve measuring usability or reliabil-
ity which are clearly different from measurements used for the manufacturing view.
For the manufacturer's view, two characteristics to measure product quality have
been suggested [Kitchenham96]: ‘defect count’ and ‘defect rework cost’. Although
the names suggest single measures, both characteristics embrace more than ‘num-
ber’ and ‘cost’ alone. Defect count also embraces capturing the phases or activities
where defects were introduced and detected. 
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Table 2-2.   Defect key elements and their instantiations for failures and faults.

Key 
element

Related question Failure view Fault view

Location Where did the problem 
occur?

Usually an identi-
fier for the product 
in which the failure 
was observed

A within-product 
identifier, such as 
module or document 
name

Timing When did it occur? Real time of occur-
rence
Execution time up 
to the occurrence

Describes when the 
fault was created
Describes when the 
fault was detected
Describes when the 
fault was corrected

Symptom What was observed? Explains what is 
observed

Desribes what was 
observed during diag-
nosis or inspection

End Result Which consequences 
resulted?

A measure of the 
consequence of the 
failure depending 
on the type of prod-
uct

The actual failure 
caused by the fault

Mechanism How did it occur? Description of how 
the failure came 
about
Characterization of 
what the product 
was doing when 
failure occurred

Describes how the 
fault was created, 
detected and corrected

Cause Why did it occur? The type of trigger
The type of source 
(i.e. the fault that 
caused the problem)

Explains the human 
error that led to the 
fault

Severity How much was the user 
affected?

Describes serious-
ness of the failure’s 
end result for the 
product operation 
required

Assesses the potential 
impact of the fault on 
the user

Cost How much did it cost? How much effort 
and resources were 
needed to diagnose 
and respond to the 
problem

Explains the total cost 
of the fault to the 
product development 
organization
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Table 2-2.   Defect key elements and their instantiations for failures and faults (cont.).

Rework cost is multi-faceted as well and is and defined as any additional effort
required to find and fix defects after documents and code are formally signed-off as
part of configuration management [Kitchenham96]. Defects differ in their effect on
the product: some take more time to find and correct and some are more cata-
strophic to the product. Rework effort as cost of non-conformance supports the
manufacturing view. 

Measurement of product quality is a prerequisite for making statements on prob-
lems with the quality of products developed. However, care should be taken not to
treat ‘defects’ as being ‘product quality problems’ by definition as defects and
product quality problems are not identical. The occurrence of a few defects will not
necessarily cause the producing organization to perceive a product quality problem.
The main question here is: what is it that makes an organization perceive defects as
being product quality problems? 

Figure 2-3 shows primary contributors to issues becoming perceived as problems
from the perspective of the development organization and the severity of those
product quality problems. The aspects have been based on measurement character-
istics of product quality from a manufacturing perspective, as described by Kitch-
enham and Pfleeger [Kitchenham96]. The aspects were discussed with
development, product and quality management staff in 12 organizations who were
asked to indicate the aspects that influenced how they perceived issues involving
defects as being real quality problems. The aspects are discussed below.

Defect occurrence. Defects are the central artefacts that potentially cause product
quality problems from the manufacturing perspective. Without defects, there are no
quality problems from the manufacturing perspective. The more defects occur, the
higher the perceived severity of product quality problems.

Affected Product Part. Defects may show up in different parts of the product.
Product parts might have been developed in the own organization, bought from a
third-party vendor, or subcontracted. One thing the origin determines is authority

Key 
element

Related question Failure view Fault view

Count How many failures have 
occurred in a stated 
interval?

Captures the rate of 
occurrence 

Optional: to report 
number of faults in a 
given product
Optional: to report the 
number of faults 
found during a given 
period of time
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over corrective changes to be made. In turn, the degree of authority influences
rework response time, rework lead time, rework cross-verification, and/or the
overall development schedule. Moreover, defects add to the perceived severity of
quality problems when they reside in product parts that (1) are more critical to
product operation and performance, (2) have a higher exposure in operation, or (3)
are used more frequently. 

Impact on Development Activities. Once defects have been detected a significant
amount of effort may be required to analyze and solve the defects. Corrective
actions may go back through the design or even to the requirements level. The
effort required may exceed planned contingency efforts by far, thereby endanger-
ing the overall project schedule. The higher the impact of this effort, the higher the
perceived severity of product quality problems.

Impact on Testing Activities. A significant amount of effort may be required to
reproduce or isolate defects, verify solving actions or perform renewed regression
testing on the product after rework. It might be that parts of the testing effort are to
be performed outside the own organization, requiring additional test specification,
planning and coordination. The higher the impact of this effort, the higher the per-
ceived severity of product quality problems.

Impact of Defect on Product Operation. Failures might arise that endanger safe
operation of the product or otherwise make the product incapable of performing
according to its intended use. Associated risks could include physical injuries,
death, damage to market profile, drop in turnover, or increased product down-time.
The higher the impact, the higher the perceived severity of product quality prob-
lems.

With discussion of aspects contributing to the perception of product quality
problems, the notion of a product quality problem has been gradually introduced.
There is a relation between defects and product quality problems but they are cer-
tainly not identical. The relation becomes clear when the defect key elements of
Table 2-2 are related to the aspects in Figure 2-3, yielding Figure 2-4. 
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Figure 2-3.    Aspects influencing the perception of product quality problems.

In Section 8.4.1, it was explained that organizations can refine the defect key ele-
ments leading to many attributes of a defect that can be captured by measurement.
This implies that in practice every defect can be characterized by expressing it in
terms of actual values of the defect key elements. As an example: the values for
classifying the moment of detecting a defect might include ‘integration test phase’,
‘system test phase’ and ‘acceptance test phase’ as possible values for defect key
element ‘timing’. 

DEFECT 
OCCURRENCE

AFFECTED
PRODUCT PART

PERCEPTION OF
PRODUCT QUALITY

PROBLEM

IMPACT OF DEFECT 
ON 

DEVELOPMENT 
ACTIVITIES 

IMPACT OF DEFECT 
ON

TESTING 
ACTIVITIES

IMPACT OF DEFECT 
ON

PRODUCT 
OPERATION 

C
on

tri
bu

te
s 

toC
ontributes to

Contributes to

C
on

tr
ib

ut
es

 to

Con
tri

bu
te

s t
o



84 Introduction to the Exploration of Effects of VPD on Product Quality

Exploring Effects of Virtual Product Development on Product Quality 

Figure 2-4.    Defect key elements linked to the aspects influencing the perception of 
product quality problems.

The set of values per key element is dependent on how the organization has
institutionalized its defect classification scheme. Regardless of how an organiza-
tion has institutionalized the ranges of values in its defect classification scheme (if
institutionalized at all), some defects are perceived as product quality problems
before others. This is best illustrated by an example: a project detected a defect
during acceptance testing (‘timing’ = ‘acceptance test phase’) that involved signif-
icant rework (‘cost’ = 4 person weeks). The project perceived this as a product
quality problem, because in their opinion the defect was detected unacceptably late
and was costly to solve and verify. In their context, (1) the value ‘acceptance test
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phase’ for ‘timing’ was interpreted as too late given the type of defect and (2) the
value ‘4 person weeks’ for ‘cost’ was interpreted as a significant amount of effort
jeopardizing the project schedule. However, a similar but same type of defect
detected during integration testing and requiring only 1 personweek to solve was
not perceived as a product quality problem: there was still sufficient time to solve
the defect and the cost involved was considered acceptable. This example illus-
trated that the actual values of defect key elements determine whether or not a prod-
uct quality problem is perceived. 

The example above instigates an operational definition of a product quality prob-
lem: any situation in which a defect causes a state of difficulty for the organization
according to their own judgement. When the defect is expressed in terms of values
for the defect key elements, the organization regards specific values, or combina-
tion of values, as determinative to the state of difficulty. This implies that poten-
tially any defect (or group of defects) can be perceived as a product quality problem
in a given project context, regardless of the defect's actual value for the key
attribute ‘severity’ as indicated by the person who submitted the defect. 

Explicitly note the difference between ‘severity’ from the perspective of ‘product
quality perception’ and the perspective of ‘impact on product operation’ while con-
sidering that severity is one of the defect key elements in Table 2-2. A few state-
ments heard in the earlier mentioned discussions with development, product and
quality management staff, clearly emphasize this distinction. 

The first statement illustrates that a product quality problem was perceived
because solving the defect was outside the project's control (key element ‘loca-
tion’): 

“We detected a bug in the driver software that we bought from X
(made anonymous on purpose) as a commercial package. It was not a
major bug, actually, but in some cases was annoying to the user as it
required some undesired work-around actions should the failure
occur. We had embedded the driver entirely in our system and had no
alternative for it at that point in development. Unfortunately, it took us
weeks to convince X that we had this problem with the package. More-
over, we were forced to rely on them for corrective actions because we
did not have the source code. Our delivery date rapidly came under
pressure and this quality issue became very troublesome”. 

The second statement illustrates that a product quality problem was perceived
primarily because of the high number of defects detected and the resulting rework
(key elements ‘count’ and ‘cost’):

 “During system testing we found many bugs in component Y. Individ-
ually, they were not that severe as far as proper functioning of the



86 Introduction to the Exploration of Effects of VPD on Product Quality

Exploring Effects of Virtual Product Development on Product Quality 

product was concerned. However, their number was such that prod-
uct management wanted to get them solved. According to the product
manager, we couldn't afford to saddle the primary customer with
these defects at this moment. Because of the high number, a lot of
rework was needed, however. The first delivery to the customer had to
be postponed two weeks, much to the customer's dissatisfaction.”

A severe defect in terms of impact on product operation or the user will gener-
ally result in the organization perceiving a severe product quality problem. Yet, a
severe product quality problem is not necessarily caused by a severe defect with
the aforementioned impact. The meaning of ‘product quality problem’ as exam-
ined here, is a key concept in the research design described in the next chapter.

8.5  Importance of Lifecycles

8.5.1  The Life Cycle as a Prerequisite for Causal Analysis

In Section 8.3.3.3 Card’s three defect classification dimensions were mentioned,
(1) When the defect that caused the problem was inserted into the software?, (2)
When the problem was detected, and (3) What type of mistake was made or defect
introduced? The first two defect classification dimensions correspond to activities
or phases in the software process [Card98]. Where Card refers to ‘phases in the
software process’, the current study refers to a ‘lifecycle’. A lifecycle is defined as
the project-specific definition of the applicable phases, activities, milestones and
project deliverables. Both (1) the DCA-prerequisite of having a basic software pro-
cess in place as well as (2) the classification dimensions requiring such a software
process, demonstrate the necessity of having a defined lifecycle for a project to
perform proper defect causal analysis. 

Moreover, the definition of an appropriate lifecycle for a project is of utmost
importance to project coordination and management. The process of defining a
suitable lifecycle should therefore be performed in the early stages of project initi-
ation. The next sections elaborate on the general importance of lifecycles to the
management of projects and will address why a defined lifecycle is even more cru-
cial in virtual development environments. 

8.5.2  Importance of Lifecycles to Project Management

For a long time, researchers have paid attention to the coordination of software
development activities. Conway pointed out that the structure of a system mirrors
the structure of the organization that designed it [Conway68]. Parnas went on to
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define a module as “a responsibility assignment rather than a subprogram” showing
that dividing a software system is also a division of labour [Parnas72]. Both Parnas
and Conway focused on the structure of a product as an important foundation for
coordination of work. A project must determine how the product is to be developed
in terms of the development process. This includes determination of responsibilities
and the transfer of intermediate work products between various development and
test parties throughout all stages of development, verification & validation. Assign-
ment of activities to development parties requires well-defined boundaries between
process steps and establishment of milestones, including clear, predefined require-
ments for passing them.

The importance of a well-defined lifecycle was once more emphasized by Herb-
sleb et al [Herbsleb99]. They stated that a project must determine how the product
is to be developed, i.e. the development process. Processes can determine work
assignments and when an intermediate product is transferred between two groups as
the product moves through the stages of design, coding, or testing. They further add
that:

 “Well-defined boundaries, in this case between process steps, are
critical in breaking up work so that it can be assigned to different
groups. In addition to what is developed, and how the work is done,
when various project milestones are to be achieved, and who will do
the work are also critical to project coordination. Projects can strug-
gle badly or fail altogether if these other critical dimensions of project
coordination are not attended to”.

Furthermore, they conclude that:

 “when intermediate work products are handed off between groups, it
is necessary for both to have a clear idea of what steps have and have
not been carried out at that point. This generally requires a common
understanding of a defined development process”.

A similar account of the importance of lifecycles was presented by Battin et al
[Battin01]. In their study, they reported on complete subsystems being separately
developed by development centres. In their case, each team could run in loose syn-
chrony with other teams, meeting them at predefined integration points. 

Grinter et al discussed four models for coordinating research and development
work across multiple sites: (1) functional areas of expertise, (2) product structure,
(3) process steps, and (4) customization [Grinter99]. Choosing the right model of
distributing R&D work across multiple sites is difficult and no model completely
resolves all the coordination work needed on a project. Later, Mockus et al referred
to this difficulty of distributing development among several sites as the ‘globaliza-



88 Introduction to the Exploration of Effects of VPD on Product Quality

Exploring Effects of Virtual Product Development on Product Quality 

tion problem’ [Mockus01]. The globalization problem is multi-faceted, involving
trade-offs in training needs, utilization of available expertise, risk assessments as
well as a number of social and organizational factors. Regardless of the choice,
Grinter et al concluded by emphasizing that coordination mechanisms such as
development processes and reliable plans, identifying and defining hand offs
between parties, can be used to reduce cross-site dependencies.

Dagnino, from an industry practice point of view, augmented the view on lifecy-
cle importance by adding the notion of coordination between lifecycles
[Dagnino01]. He stated that in the area of integrated systems development involv-
ing multiple engineering disciplines, “software development and hardware produc-
tion processes need to be coordinated into one coherent lifecycle model to optimize
development”.

Although these accounts discuss the lifecycle from different perspectives, their
conclusions all converge to illustrate the importance of lifecycles to project defini-
tion, structuring and management. The next section discusses the various appear-
ances of lifecycles and illustrates why simple lifecycles need enhancements to
accommodate the complexity of virtual development environments. It identifies a
basis for use in the current study to model and represent virtual development
projects in terms of a lifecycle. 

8.5.3  Modeling of Lifecycles for VPD Projects

The availability of a well-defined lifecycle becomes a particularly critical issue in
the development of complex products in a virtual product development setting
involving a multi-disciplinary and/or multi-site environment. Multiple engineering
domains confront each other with their different ways of working. Despite the
existence of detailed lifecycle descriptions from several sources, for example
[Bröhl95; ISO95], and associated guides or standards on how to use them in prac-
tice, for example [IEEE97], lifecycle modeling as such is often not given the atten-
tion it deserves. Literature research did not reveal accounts of structured research
in the area of lifecycle definition specifically related to virtual product develop-
ment and defect classification. Nesi points to a possible reason why industry is not
investigating this: 

“Many software projects are either part of a larger software develop-
ment effort, or are required to interface with another effort in
progress. This creates a set of external interface constraints that can
significantly affect project schedule. The software development lifecy-
cle model can directly affect how a software team deals with project
challenges, but unfortunately, many developers are concerned with
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product development to the exclusion of the process by which develop-
ment occurs” [Nesi98].

Since the 1950s, many descriptions of software development lifecycles have
appeared. A good overview is provided by Scacchi [Scacchi01]. By far, the tradi-
tional waterfall model is the best known [Royce70], and many descriptions of this
lifecycle have appeared, e.g. [Boehm76; Distaso80; Scacchi84; Sommerville99].
The waterfall model took the shape of a linear and progressive sequence, from the
definition and refinement of the requirements to construction and testing a proto-
type. This linear sequence has been quite natural for very large projects, as it pro-
vides the basic principle for application of managerial control over development
processes.   

In the 1990s the V-lifecycle model became popular [Bröhl95]. In the current
research, modeling a lifecycle for a VPD project on the basis of the V-model was
considered appropriate for the purpose. Hence, other models will not be discussed
further and only the V-model is elaborated here. The V-model shown in Figure 2-5
has characteristics that account for its wide acceptance in the field of testing. The
model explicitly recognizes testing activities throughout all phases of development
by the identification of test levels (unit test, integration test, system test, acceptance
test). 

Figure 2-5.    Phases of the simple V-lifecycle.

The distinct test levels are based on different types of product information (cus-
tomer requirements, technical requirements and designs), resulting in detection of
different types of defects at each level. Test activities are executed concurrently

Customer
Requirements

Technical
Requirements

High Level
Design

Detailed
Design

Implementation

Unit Test

Integration 
Test

System 
Test

Acceptance 
Test

Test 
Specification

Test 
Specification

Test 
Specification



90 Introduction to the Exploration of Effects of VPD on Product Quality

Exploring Effects of Virtual Product Development on Product Quality 

with development activities with the intention of detecting defects as early as pos-
sible and of preventing propagation of defects to later stages of development.

For development of large complex systems consisting of multiple subcompo-
nents, a simple lifecycle is no longer appropriate. Simple lifecycles apply to single
projects and generally do not account for distributed sub-development efforts by
multiple sub-projects. Enhancements to the simple lifecycle are necessary to cope
with the complexity of system development [Blanchard98]. These enhancements
distinguish between multiple levels of definition, implementation, integration and
verification activities. The enhancements are clearly explained by Kotonya &
Sommerville [Kotonya98] and Stevens et al [Stevens98], and shown in Figure 2-6
(adapted from [Stevens98] and [Kotonya98]). 

Figure 2-6.    Enhancements to the simple V-lifecycle.

They stated that after system level requirements specification, architectural
design divides and assigns system level requirements into sub-system level entities
that are further specified and divided into smaller entities. The specification takes
place on various levels during system decomposition in co-operation with architec-
tural design until a practical implementation level has been reached. Requirements
traceability between these levels is required to ensure that all requirements are
flowed from the top and through all the refinement levels [Hooks01].
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An important suggestion is made by Stevens et al about the interaction between
the levels implying that a customer-supplier relationship applies at each level. This
could mean the system level process agrees the specification for a sub-system level
and asks for a set of components from the sub-system level. Thus, the system level
(acting as a customer) negotiates with the sub-system level (acting as a supplier). In
turn, sub-system levels negotiate further with their suppliers. In this view, the archi-
tecture defines the components that must be supplied from lower level and, there-
fore, actually shapes the managerial structure of product development. It is
important for system engineers to keep a holistic viewpoint of the overall system
development, as the total number of interactions between teams and processes may
be significant. 

The software engineering discipline increasingly recognizes the importance of
lifecycles in relation to project definition and planning, as evidenced by such things
as the increasing adoption of the Capability Maturity Model for Software
[Herbsleb97, Paulk93] and increasing attention to software processes [Boehm96].
With the maturation of testing as an engineering discipline of its own, the notion of
a test lifecycle existing next to a development lifecycle, was recognized. Hetzel
noted in [Hetzel84] that: 

“We have gradually come to recognize that the proper viewpoint is
one that emphasizes a complete testing lifecycle embedded within the
overall development lifecycle” and that “testing is an activity to be
performed in parallel with the software effort and one that consists of
its own phases”. 

Kit expressed a similar viewpoint by pointing out that: 

“Testing has a lifecycle of its own, and there is useful and constructive
testing to be done throughout the entire life cycle of develop-
ment”.[Kit95]. 

In addition, he remarked that “testing has a lifecycle that parallels the develop-
ment cycle” and that “testing processes, as far as possible, should be integrated at
the most effective points in the development lifecycle”. Kit also provides an exam-
ple of how a test lifecycle is integrated into a development lifecycle in [Kit95].
More recently, the notion of testing lifecycles has been incorporated in dedicated
key areas of test process maturity models, like the Test Process Improvement model
[Koomen99] and the Test Maturity Model [Burnstein03]. 
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8.6  Research Questions

Given Part 1's research problem statement and the main research question M1:
“What are the effects of Virtual Product Development on product quality?” litera-
ture was reviewed to determine the state-of-the-practice concerning the analysis of
product quality problems. One the one hand, it was found that the VPD body of
knowledge does not structurally pay attention to the investigation of the effects of
VPD on product quality. On the other hand, it was found that research on the anal-
ysis of product quality problems does not structurally address root causes resulting
from virtual product development. Defect classification combined with defect
causal analysis is considered the most suitable approach to analyze defects and
assess whether their root causes relate to virtual product development. The pres-
ence of a defined lifecycle was recognized as a prerequisite for causal analysis. 

Based on the findings and local conclusions of the literature review, main
research question M1 translates to the following specific research questions for
Part 2:
1. What product quality problems are typically experienced in VPD environments?

Rationale for Research Question 1: It was concluded from the literature research
that no structured research has been reported on the specific effects of VPD on
product quality in terms of defect occurrence. Still, studies were found that show
virtual product development is actually having adverse effects on product quality.
An answer to this question would provide insight into the product quality problems
that are particularly occurring in VPD environments. Knowledge about these prob-
lems and the mechanisms that cause them is required for taking measures to coun-
teract adverse effects of VPD on product quality.

2. Are there phases in the VPD development lifecycle that are specifically defect-
sensitive?

Rationale for Research Question 2: Indications were found in literature suggest-
ing that product quality problems exist because of defects occurring in specific
lifecycle phases such as integration phases, where related projects are interfaced
[Herbsleb99]. The answer to this question is required to get insight into the
involvement of development lifecycle phases in the perception of product quality
problems. Should lifecycle phases exist that are particularly sensitive to either
defect introduction or non-detection it would enable focusing of measures in these
phases to maximize defect detection and minimize defect introduction.

3. Why specifically in VPD environments are defects introduced in (work) prod-
ucts and why are these defects either not detected or only detected late?

Rationale for Research Question 3: Every defect in a product has been intro-
duced at some point and (preferably) sooner or later every defect is to be detected.
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Eventually, it is the defects that are the causes of perceived product quality prob-
lems. An answer to this research question would provide insight into the mecha-
nisms of defect introduction and non- or late detection. The latter is explicitly
included in the research question as literature research indicates that late detection
of defects is a problem in virtual development environments, for example
[Leszak02]. The answer to the question would provide an explanation about why
product quality problems exist particularly in VPD. 

Answers to the research questions above provide information about product
quality problems particular to VPD, their causes and the involvement of lifecycle
phases in their occurrence. Knowledge contained in the answers can be useful in the
elimination of product quality problems in VPD and, therefore, a fourth research
question can be formulated.

4. Can product quality problems in VPD be prevented? 

Rationale for Research Question 4: Research Question 4, however, is only a ten-
tative research question to be substituted by one or more specific research questions
based on the findings of studies conducted to answer the first 3 research questions.
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CHAPTER 9 Research Methodology

9.1  Introduction

This chapter presents a discussion of the research design and the research methods
that have been chosen. The research design is a plan, structure and strategy of
investigation constructed such that answers to the research questions are obtained
[Kerlinger86]. A justification for the research design is provided in Section 9.2 and
the individual research stages are explained. The research design builds upon the
notion of a ‘product quality problem’, as explained in Section 8.4. This notion is
needed to recognize the difference between ‘product quality problems’ and
‘defects’, a difference crucial to understanding the rationale behind the research
design. Section 9.3 provides the outline of the research plan and explains which of
the research questions of Part 2 are answered per research stage. Finally, because of
the predominant reliance upon certain types of research methods, these methods are
discussed from a more general perspective to justify and clarify their use in the con-
text of this research design. 

9.2  Research Meta-Design

9.2.1  Staged Research Design and Research Methods

Part 2's main research question M1 seeks to explore how virtual product develop-
ment affects product quality. On basis of a literature review, it was concluded ear-
lier that little is now known about the effects of virtual development on product
quality and that this subject has not been structurally investigated. To answer the
main research question M1, an exploratory qualitative research design was consid-
ered most suitable. Cherry recommends the use of an exploratory research design
when “little is known about a phenomenon” [Cherry00]. The design is qualitative
rather than quantitative as the researcher has “little control over the events and the
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study requires a contemporary focus with real life contexts” [McMillan93]. Appro-
priateness of qualitative methods was also claimed by Straus & Corbin for under-
standing phenomena about which little is yet known [Strauss90].

Exploratory research has to deal with uncertainties in research direction. Typi-
cally, for this type of research, detailed research plans covering the entire study are
difficult to make beforehand. Patton even claimed that as qualitative research seeks
to observe and interpret meanings in context, it is neither possible nor appropriate
to finalize research designs before data collection has begun [Patton90]. Therefore,
a staged research design was preferred for the work reported in this Part 2. The
rationale behind the staged approach is to have the research questions formulated in
Section 8.6 answered by conducting separate studies, designed as individual
research steps being consistent in themselves. The common basis for all individual
research steps is the notion of product quality problems and the associated defect
key elements. 

The main method in all research steps is defect classification in combination
with Defect Causal Analysis (DCA) based on the defect key elements in Figure 2-4.
DCA is used as a metaphor in the research of Part 2: multiple approaches to causal
analysis are taken, analogous to Card's Defect Causal Analysis, while adhering to
the principles of defect classification and causal analysis. In traditional DCA, a
sample of problem reports is typically taken from a product's problem database.
The main difference between the approaches used in the current study and tradi-
tional DCA is the way in which defects are selected for analysis in each of the
research steps. 

The individual research steps each contain a local research design to detail and
justify the design decisions pertaining to that step. Because of the exploratory
nature of this study, local designs are determined over time as the overall study pro-
ceeds and more information is gained. 

9.2.1.1  Use of Case Study Research

Case studies are frequently suggested by literature as the appropriate research strat-
egy for discovery or exploration. Benbasat indicated that by using case studies, the
researcher can study the phenomenon in a natural setting, learn the state of the art
and generate theories from practice [Benbasat87]. Furthermore, the researcher can
answer questions that lead to an understanding of the nature and complexity of the
processes taking place. Moreover, case studies are considered an appropriate way to
research a previously little studied area. Others have similarly discussed the appli-
cation of case studies. Yin defines a case study as an empirical enquiry that investi-
gates a contemporary phenomenon within its real life context, when the boundaries
between phenomenon and context are not clearly evident [Yin94]. Walsham stated
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that the appropriate research strategy for studying objectives in a practical context
is case studies [Walsham91]. Bell describes case studies as an umbrella of research
strategies having, in common, the decision to focus on an enquiry around a specific
instance or event [Bell93]. Given this study's exploratory nature, the above ration-
ales of case study application strongly indicate that use of case studies is appropri-
ate in the current study. The literature review of the previous chapter has been used
to formulate specific research questions for the case studies.

9.2.1.2  Use of Expert Consultation

In Chapter 8.3.3.3 it was found among others that concrete project data on defects
is missing because of companies' restraints. This prevents an approach of structur-
ally analyzing defect databases in real-life projects. Therefore, an alternative form
of DCA is needed in which data on defects is gained based on accumulated expert
knowledge instead of actual project data. Mining data from individuals belongs to
the class of inquiry known in research as expert consultation, if the individuals are
experts in the domain of the inquired information [Gustafsson03]. Expert consulta-
tion is often employed to fill data gaps or to supplement insufficient empirical data
[Forrester05], where experts provide judgments based on their experience and
knowledge [Booker96]. There is no unique definition of an ‘expert’ but they are
generally described as individuals who carry out a specified set of tasks expertly or
who possess superior knowledge or skill in a particular subject or field [Weiss03].
In other cases they are referred to as experienced predictors in a domain who have
appropriate social or professional credentials [Camerer97]. Experts have also been
referred to as high-speed recognizers of abnormalities and diagnostic classifiers
who use a personal, organized, perceptual library linked into case-based knowl-
edge [Lesgold88; Cox02]. 

9.3  Research Plan

9.3.1  Outline of the Research

Figure 2-7 provides an outline of the research and indicates where the research
questions of Part 2 are answered. The local research designs of the individual
research steps (for example, case studies, expert consultation) were made as the
entire study progressed. Due to the exploratory nature of the current research, the
local research designs could be influenced by the results from previous research
steps. Local research designs are described in more detail in each of the individual
chapters of this part.
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Research Question 1 is to be answered by a multiple case study. The case study is
to provide insight into the effects of VPD on product quality by exploring product
quality problems experienced by real world development projects in a number of
industries. As it would be infeasible to analyze large numbers of defects, the focus
is on those defects underlying the most severe problems with product quality. The
analysis of the underlying defects should reveal (1) why the defects were consid-
ered to cause quality problems in terms of the defect key elements in Figure 2-4 and
(2) whether their occurrence can be attributed to virtual product development. The
actual types of defects that occurred are irrelevant. Rather, the aim is to formulate
the product quality problems related to VPD in more general terms, thereby gener-
alizing the results of the analysis of individual defects. 

Research question 2 is to be answered in the same case study. Conducting the
analysis of product quality problems, determination of the lifecycle phases involved
can be included. The analysis should reveal whether certain lifecycle phases are
more frequently involved than others.

Research Question 3 is to be answered by expert consultation, involving groups
of experts from industry. The goal is to identify typical causes for defect introduc-
tion and non- or late detection of defects in VPD environments. Occurring defects
may eventually lead to product quality problems. The multiple case study and
expert consultation study constitute a line of research aimed at gathering knowledge
and insights about product quality problems and their causes.

The approach to answering Research Question 4 depends on the synthesis of the
findings of previous research steps and the formulation of specific research ques-
tions for this step. The synthesis instigates another line of research aimed at using
the knowledge and insights gained in the previous studies to prevent product qual-
ity problems.

All research steps include an internal evaluation to view the results from the indi-
vidual research steps from an overall perspective. Finally, an overall evaluation
interrelates the findings and conclusions from the individual studies.



98 Research Methodology

Exploring Effects of Virtual Product Development on Product Quality 

Figure 2-7.    Outline of the research plan including the individual research steps.
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large-scale studies, exploratory research in software engineering is all too often
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titioners. Such a body of research is sometimes referred to as ‘toy’ projects in ‘toy’
situations. It is considered a strength of the research effort in this study that the sub-
jects of analysis are real-life projects in industrial settings with actual practitioners
performing the activities. Because of his professional occupation, the researcher
had direct access to raw industry data from a variety of contexts and product
domains. Consequently, the associated representativeness is considered to
strengthen trustworthiness (reliability and validity) of the findings as compared to
results that would have been found in artificial settings.

As case study and expert consultation are the main research methods used in the
design of this study, the next sections discuss the use of these methods from a
broader perspective and addresses associated concerns.

9.3.2.1  Considerations about Case Study Research

Several theorists have addressed the concerns of reliability and validity in qualita-
tive research [Goetz82; Lincoln85; Merriam98; Delamont92]. In particular, case
studies have been criticized for failing to meet the criteria for scientific, quantita-
tive, research. Case studies are said to lack study reliability, construct validity, inter-
nal validity and external validity [Yin94; Remenyi00].

Most theorists agree that the concerns of reliability and validity can be addressed
in qualitative research, albeit from a different perspective than the approach used in
quantitative studies [Lincoln85; Delamont92; Merriam98]. These theorists argue
that since qualitative research is based on different assumptions about reality, it
should have different conceptualizations of validity and reliability [Merriam98].
From this perspective, Lincoln & Guba even propose naming the concepts them-
selves differently, using the terms truth value for internal validity, transferability for
external validity, and dependability or consistency for reliability [Lincoln85]. 

In the current study, Merriam's view is adopted by focusing on the trustworthi-
ness of a study. Results of a study are trustworthy to the extent that there has been
accounting for their validity and reliability. The nature of qualitative research
means that this accounting takes different forms than in more positivist, quantita-
tive research: “the trustworthiness of a research report lies at the heart of issues
conventionally discussed as validity and reliability”. To claim the trustworthiness
of this study, the approaches suggested by Merriam are followed in addressing reli-
ability and validity by defining research tactics to eliminate, or at least reduce, pos-
sible criticism [Merriam98]. These areas of concern will be addressed separately in
each of the individual parts of this research.
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9.3.2.2  Considerations about Expert Consultation

For consultation of experts, many methods have been employed in research. Exam-
ples of consultation methods include questionnaires, workshops, interviews and
focus groups [Gustafsson03]. An important consideration in expert consultation is
choosing a method that is appropriate to the situation. Choosing the wrong method
will degrade the quality or quantity of the information elicited. Quality and quan-
tity of information typically depend on (1) how much the experts know about the
topic, (2) how efficiently the consultation method is able to elicit information, (3)
how the consultation method assists or impedes experts in making judgements, and
(4) how well the consultation method is suited to the characteristics of the consul-
tation topic [Barki01].

Gustafsson & Ollila have identified characteristics that influence the method
choice: the immediacy of feedback, the type of informational cues and the possibil-
ity for consulted experts to interact and exchange information (expert collabora-
tion) [Gustafsson03]. They also developed a typology for application of various
consultation methods based on the number of experts involved, the ambiguity of
the consultation topic and the number of disciplines involved. In the current
research, the justification for the consultation method(s) used will be given in those
parts in Part 2 where expert consultation is employed.

Another explicit consideration in expert consultation is the selection of experts.
Numerous publications have affirmed the association of specific expert attributes
to the quality of information gathered. Attributes are the characteristics, traits, and
peculiarities relating to an individual. However, the selection of experts with
appropriate attributes or qualifications is subjective [Forrester05]. For the selection
of experts in the current research, carefully established selection criteria were
required to optimize the quantity and quality of the information being elicited.
Wherever applicable, selection criteria used to select experts are given.
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CHAPTER 10 Product Quality Problems in Virtual 
Product Development

A condensed version of this chapter was included in Moll JH van, Jacobs JC, Kusters RJ, 
Trienekens JJM, Brombacher AC, Defect Detection Oriented Lifecycle Modeling in Complex 
Product Development, Information and Software Technology, 2004, 46(10):665-675.

10.1  Introduction

This chapter describes the first of three research stages as has been outlined in the
previous chapter in Figure 2-7. It elaborates on the design and execution of this
research stage that aims to identify product quality problems encountered in VPD
environments. 

10.1.1  Goal and Research Questions

The goal of this study is to gain insight into the effects of Virtual Product Develop-
ment on product quality by exploring product quality problems experienced in
actual development projects in a number of industries. The analysis of actual
defects should reveal why defects were perceived as product quality problems in
terms of defect key elements depicted in Figure 2-4 (Chapter 8), and whether or not
their occurrence can be attributed to virtual product development. To achieve the
research goal, a multiple case study involving 22 projects in various countries and
industries was performed, focusing on the analysis of actual product quality prob-
lems and underlying defects.

The research questions this study sought to answer were: 

1. What product quality problems are typically experienced in VPD environments? 

2. Are there phases in the VPD development lifecycle that are specifically defect-
sensitive?
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10.1.2  Outline of this Chapter

Section 10.2 contains the justification for choosing the multiple case study as a
research strategy in this study. It starts with an outline of the multiple case study,
conveying the rationale of the study. Subsequently, details of the case study design
are provided, covering the selection of cases, the collection of data, and the analy-
sis of data both within and across cases. The results are shown and discussed in
Section 10.3, including observations made throughout the multiple case study.
Strategies that have been applied to guard reliability and validity are described in
detail in Section 10.4. Finally, Section 10.6 draws the final conclusions from the
study.

10.2  Methodology for Identification of Product Quality 
Problems

10.2.1  Choice of the Method

In exploratory types of research like the current study, to understand complex
issues or objects and subsequently extend experience to what is already known
through previous research, case study research is an appropriate research strategy.
Case studies emphasize detailed contextual analysis of a limited number of events
or conditions and their relationships. Yin defines the case study research method as
an empirical inquiry that investigates a contemporary phenomenon within its real-
life context; when the boundaries between phenomenon and context are not clearly
evident; and in which multiple sources of evidence are used [Yin94]. A multiple
case study design was used because it was the intention to investigate product qual-
ity problems typical to VPD in a number of different projects [Yin94]. Though
conducting a multiple case study requires extensive resources and effort, the evi-
dence gathered from multiple cases is often considered more compelling and the
overall study is regarded as being more robust [Herriott83].

10.2.2  Outline of the Multiple Case Study

The outline of the multiple case study is depicted in Figure 2-8. The goal of the
multiple case study was to explore product quality problems typically related to the
practice of virtual product development, by an investigation of the product quality
problems experienced in actual, representative VPD projects. Projects were
selected for participation in the study and subsequently their product quality prob-
lems were investigated. The investigation was to identify those product quality
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problems that could be considered related to the practice of virtual product develop-
ment. The number of distinct product quality problems was expected to grow as
more projects became involved in the study. Sampling of projects continued as long
as saturation criteria for the identification of problems were not satisfied. Eventu-
ally, when sampling was stopped after saturation, an inventory was available of
product quality problems typically related to VPD. Saturation is here to be inter-
preted as relative saturation within the current research’s scope of technical infor-
mation systems. Saturation occurs when further sampling of projects does not yield
new distinct product quality problems, provided that the sampled projects are suffi-
ciently diverse. 

Figure 2-8.    Outline of the multiple case study.

The subsequent sections describe the design of the multiple case study in more
detail; with emphasis on the selection of cases, data collection and data analysis.
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10.2.3  Selection of Cases

Using the wrong basis for selecting an instance is a fatal error in case study design.
Probability sampling, convenience sampling and purposive sampling are com-
monly recognized bases for the selection of instances [Gao90]. A probability sam-
ple is one in which all members of the population have a known and equal chance
of being selected. It is the method of choice for answering questions about how
much or how extensive a problem is in a population. Convenience sampling is the
method of choice when ease of study execution has priority in the selection of cer-
tain instances over others. Purposive sampling is used to maximize information
where the selection is based on informational instead of statistical considerations.
Particularly, purposive sampling is based on the assumption that the researcher
wants to discover, understand, and gain insight and therefore must select a sample
from which the most can be learned [Patton90]. As this assumption is correct in
view of this study's research questions, purposive sampling is considered as most
appropriate in this study.

Different types of purposive sampling have been recognized [Goetz84;
Patton90; Miles94]. Merriam identifies typical, unique, maximum variation, snow-
ball, chain and network sampling as the more common types [Merriam98]. The
‘typical’ sampling variant is considered as most appropriate in this study because
this study aims at learning what product quality problems already occur under non-
exceptional circumstances. In the typical sampling strategy, a project is specifically
selected because it is not in any major way a-typical, extreme, deviant, or intensely
unusual [Patton90].

In research that makes use of purposive sampling, the a priori specification of
the criteria by which samples are selected is crucial. Inadequate criteria threaten
credibility [Merriam98; CDC00]. For this reason, selection criteria are required
that directly reflect the purpose of the study and guide in the identification of infor-
mation-rich cases [LeCompte93]. Firstly, criteria were established that would max-
imize the likelihood that useful information about the research questions would
emerge from the cases. Secondly, a major concern was the establishment of criteria
to assess projects on typicality for virtual product development. Therefore, part of
the criteria was inspired by the construct of Virtual Distance by Lojeski et al as
mentioned in Part 1 [Lojeski06]. Appendix 2-2 shows the criteria, including their
rationale, that projects needed to satisfy before they were considered a candidate
for selection. No criteria were defined to select specific product domains. To
increase generalizability of findings, multiple product domains were aimed at.
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10.2.4  Determination of the Number of Cases

A relevant, yet difficult, consideration is when to stop the sampling of projects. In
qualitative research there are no computations or power analyses that can be done to
determine a priori the minimum number or kinds of sampling units required
[Sandelowski95]. Yet the aim and type of sampling and research method employed
should be considered in deciding whether enough data has been collected. In purpo-
sive sampling, ‘informational redundancy’ is the criterion used to stop sampling
[Lincoln85]. It is unfeasible to determine beforehand how many cases would be
required for informational redundancy to occur. Further, the number of cases to be
used in the study is constrained by practical reasons. Some of these reasons were
already mentioned by Guba and include exhaustion of resources, emergence of reg-
ularities and overextension (going too far beyond the boundaries of the research)
[Guba78]. In the current study, the number of suitable cases is limited and the
projects that are suitable must also be willing to cooperate. Attempts were made to
find a reasonable balance by roughly estimating (on basis of the differences of type
and nature of the product quality problems and the candidate projects) how many
cases are needed before informational redundancy occurs. This implied a continual
check at the closing of each single case whether or not a next case was required:
sampling was to be stopped when after a minimum of 15 cases (projects), five con-
secutive cases did not yield new product quality problems compared to the ones
already identified.

10.2.5  Data Collection

10.2.5.1  Required Information

In the view on quality as taken in Part 1, product quality is influenced by the pres-
ence of defects both during development and after release of the product. Poten-
tially, every defect can adversely affect product quality. For any product, to fully
assess the impact that discovered defects had on product quality, all defects would
have to be analyzed one-by-one. This is unfeasible from a practical point of view as
this would require an unacceptable amount of effort from the project staff. Most
projects are either not able or unwilling to spend such an effort. As this study was
dependent on the co-operation of projects, the scope of information gathering
needed to be narrowed down to a level acceptable to the project staff. Therefore, the
information gathering was limited to only the most ‘severe’ defects. In this context,
the judgement of defect ‘severity’ was left to the project, i.e. the project members
that participated in the case study. This was done because of two reasons. Firstly, it
was expected that not all projects explicitly institutionalize severity as one of the
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defect attributes in their defect tracking systems. Without an institutionalized
defect attribute for severity, selection of severe defects by solely consulting the
defect tracking system is impossible. In these cases, project staff is required to
identify the most severe defects. Secondly, multiple interpretations of severity exist
[UKSMA2000]. It is therefore more appropriate to speak of ‘perceived severity’,
in terms of the defect causing a product quality problem to the development orga-
nization. The notion of a product quality problem was introduced in Section 8.4.
There it was explained that projects can consider defects they encounter as severe
because of multiple reasons. Again, project staff is required to judge severity. 

The defects identified by the project staff did not need to be individual defects.
It could also be that a group of defects was brought in that had something in com-
mon, for example that all pertained to a specific product part. 

Information gathering was aimed at answering to the following questions for
every defect (in the subsequent questions, ‘defect’ may be replaced by ‘group of
defects’): 

- Why was this defect perceived as severe in terms of the defect key elements? 

- To what part of the product did this defect pertain?

- Where in the development lifecycle was this defect detected?

- Where in the development lifecycle was this defect introduced?

- What was the situation that led to the defect? 

- Is there evidence or do strong arguments exist that particular aspects of virtual 
product development have influenced the occurrence of the defect (i.e. separa-
tion by distance, time zones, culture)?

The researcher's professional occupation was a significant advantage in the data
collection of this multiple case study. It enabled access to raw, representative data
taken from real-life industry projects in a variety of contexts and industries.

10.2.5.2  Information Sources

To identify the product quality problems perceived as most severe, multiple infor-
mation sources in projects were consulted. For checking trends and corroboration
of findings, multiple information sources were used [Yin94]. The use of informa-
tion sources was determined by the project context, the type of involvement of the
researcher, and the existence and accessibility of sources. In the context of the cur-
rent study, the following information sources were used:

Documentation that has been studied in each of the projects, whenever available,
is listed in Appendix 2-3. Availability of the documents depended on the project
context.
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Archival records in this study were instantiated by the tools that projects used for
incident management during product development. The databases accompanied by
these tools are considered containers of archival records, and are recognized under
various names, like ‘problem database’, ‘PR/CR system’ (Problem Report/Change
Request), or ‘defect database’. The essence of these databases is that they are used
for storing information about test execution results and test incidents (defects). A
special case is identified for incident management after product release, often rec-
ognized under the term ‘field incident database’ or ‘field call database’. 

Interviews are frequently used for data collection in qualitative research and empir-
ical software engineering research [Berling03; Moløkken04; Hove05]. The purpose
of using interviews in empirical studies is often to collect data about phenomena
that cannot be obtained using quantitative measures [Anda06]. As the research goal
of this study is of a qualitative nature, it is appropriate to rely on qualitative mea-
sures. Interviews provide data on the feelings, judgements and thoughts of the inter-
viewees. 

Choosing the right type of interview is crucial for data collection. A categoriza-
tion of interviews can be made on basis of the interview objectives [Anda06]. In a
‘structured interview’ the interviewer has specific objectives for the type of infor-
mation to be collected, the questions are therefore predetermined and specific, and
each interviewee is offered the same set of possible responses [Lincoln85; Gao91;
Seaman99]. In contrast, in an ‘unstructured interview’ the interviewer has a theme
for the interview but few specific questions in mind [Rubin95]. Moreover, the ques-
tions are open-ended, not posed in a structured way and the set of responses to the
questions posed is not known beforehand [Gao91]. A combination of the types
above is known as a ‘semi-structured interview’, where specific information is elic-
ited via specific, closed questions and unexpected information is elaborated via
additional open-ended questions [Merton90; Rubin95].

In this case study semi-structured interviews have been used, motivated by: (1)
the fact that this study's research questions are of a qualitative nature, (2) the type of
inquiry is exploratory and the interview should therefore be allowed to elicit unex-
pected information, and (3) more specific questions can be anticipated that elicit
information about the answers to the research questions. Moreover, a main advan-
tage of the semi-structured interview is that it provides uniform information, which
ensures comparability of data [Fontana00].

The selection of proper interviewees is crucial for the quantity and quality of the
data collected from the interviews [Creswell03]. Candidate interviewees were
selected based on their role in the project under study, the degree of involvement in
the project and their expected knowledge of the realized product quality. More spe-
cifically, the criteria listed in Appendix 2-4 were applied in the selection of candi-
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date interviewees. The main rationale behind all criteria was to identify candidates
from which rich information could be expected. To ensure the inclusion of multiple
viewpoints in the interviews, multiple project roles were aimed for. Considering
this study's research questions, potential candidates have the role of project man-
ager, test manager, system architect, test architect, test engineer, product manager,
development engineer or service engineer.

Direct observation in a case study occurs when the researcher makes a site visit to
gather data [Yin94; Tellis97]. In this study, instantiations of direct observations are
listed in Appendix 2-5. The opportunities to make direct observations depended on
the actual project stage, authorization, costs involved, openness of the organization
and type of involvement of the researcher in the project. Therefore, the extent to
which direct observations were possible varied over cases. Observations could be
formal or casual, but the reliability of the observation is the main concern
[Tellis97]. Though using multiple observers is one way to increase reliability, a
single researcher approach had to be used. 

Participant observation is a unique mode of observation in which the researcher
may actually participate in the events being studied [Yin94; Tellis97]. A few
instances of cases in this study allowed this mode of data collection. The
researcher was actively involved in these projects because of his professional occu-
pation. The types of involvement are listed in Appendix 2-6. The main concern in
participant observation is the potential bias in data gathering and analysis of the
researcher as an active participant, for example as a result of selectivity in the elic-
itation of data. While the information may not be available in any other way,
“potential bias should be carefully considered by the researcher” [Tellis97].

10.2.5.3  Data Collection Procedure

Case study protocols are a common means to guide researchers in carrying out the
case study [Yin94]. A case study protocol was developed in which a main element
is the preparation for data collection. Figure 2-9 shows an overview of the main
steps in the collection and analysis of data. The steps are outlined in more detail
below.

Step 1:  Initiation of contact: contacts with candidate projects were made via the
researcher's professional networks, symposia or conferences. The contact persons
were typically project managers or development managers. In establishing the con-
tact, the purpose and backgrounds of the study were explained together with
expectations from the candidate project in terms of required information and effort.
The candidate project was checked against the project selection criteria based on
information about the project provided by the contact person. The objective of this
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step was to raise the contact person's interest in the study and probe feasibility of
conducting the case study in his/her organization.

Step 2:  Preparation of case: in case of interest, the next step was requesting permis-
sion for the study that needed to be granted by the organization. Confidentiality was
a major concern in this step as organizations tend to be reluctant in providing infor-
mation about product quality problems to external parties [Fenton96]. Codes of eth-
ics insist on safeguards to protect people's identities and those of research locations
[Christians00]. To ensure confidentiality, full anonymity was promised and main-
tained. When permission was granted, an appointment was made with the project
manager of the project. The purpose of this appointment was to address the topics
required for the preparation of the data collection activities.

Firstly, the interviewees needed to be selected. Candidate interviewees were pro-
posed by the project manager using the selection criteria in Appendix 2-4. Sec-
ondly, the existence and accessibility of the various information sources were
determined. Thirdly, a request was made for perusal of the development project
management plan. Project management plans are a valuable source of information
about project organization, project context and structure. The information contained
herein facilitates the researcher in gaining insight and knowledge about the project.
However, acquisition of copies of project management plans (or other project docu-
mentation) could possibly be prohibited due to the company's non-disclosure pol-
icy.

Finally, the interview schedule was determined. It was explained to the inter-
viewees how they should prepare for the interviews. The preparation consisted in
the identification of the defects perceived as most severe by the project and the situ-
ations that led to them. 

Step 3:  Pre-study of documentation: To prepare for the interviews, the relevant
documents listed in Appendix 2-3 were requested in advance. The available docu-
mentation was investigated on the presence of content that hinted at product quality
problems. Notes were made on basis of the documents studied and were used later
in the interviews. A major concern in documentation study is the validity of content
[Yin94]. In industry practice, some types of documentation are sometimes used to
convey biased, or even filtered, information concerning the project or product for
‘political’ purposes. For example, a progress report intentionally not reporting or
toning down certain problems to a project's customer or supplier. Therefore, the
information found in documents was taken with care and verified with the inter-
viewees later. The extent to which pre-studying was possible depended on the exist-
ence and availability of the various document types in the project or organization.
Documentation pre-study mostly took place on site due to the organizations' non-
disclosure policies.
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Step 4:  Execution of interviews: interviews were intentionally the first informa-
tion source used. They were expected to provide information about the project con-
text, product quality problems experienced and the various viewpoints of
interviewees on defects and the situations that led to them. 

Figure 2-9.    Overview of the stages in data collection and analysis.

The interviews were therefore likely to touch upon what is known in interview
research as ‘sensitive issues’. The topic of dealing with sensitive issues has
received high attention in research on interviewing [Kvale96]. Hove & Anda con-
clude from studies on this topic that questions related to the following areas are
potentially sensitive in software engineering studies [Hove05]: 
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- issues related to the economy;

- opinions about colleagues and customers;

- explanations of why things went wrong;

- questions related to the interviewee's own competence and mistakes.

As (1) interviews were explicitly expected to touch upon notably the last three areas
and (2) consequently the importance of creating an atmosphere of trust and confi-
dentiality was recognized [Kvale96], it was decided to conduct individual inter-
views instead of group interviews. Group interviews are events where one or more
interviewers discuss topics with several interviewees [Morgan97]. However, inter-
viewees might feel uncomfortable in a group setting and hold back information or
might not be honest in the presence of colleagues or their direct managers. 

Hove & Anda in [Hove05] state that: 

“It seems that people involved in software development like talking to
an external party about sensitive topics, provided they believe that
they will not be judged”. 

This is interesting to this study because most interviewees are directly active in this
field. A possible explanation for this openness given by Hove & Anda is that “ques-
tions in software engineering are more impersonal and less emotional than in other
disciplines, such as psychology or sociology”. They note however “it might be that
the ease with which respondents answer potentially sensitive questions is culturally
dependent”.

By design, the first interview was conducted with the project manager. Two rea-
sons have led to this design decision. Firstly, the project manager typically provides
contextual information about the project and its product quality problems. This
might facilitate the placing of information gathered from subsequent interviews into
the right context. Secondly, there is the risk of a project manager being biased
towards providing positive information and concealing less positive facts about the
project he feels responsible for. When having subsequent interviews, statements by
the project manager could be verified with other interviewees. 

To help organizing the interviews, an interview guide was used [Taylor84]. The
guide contained an outline for the interview and the set of specific questions to be
asked at the beginning of the interview. The answers to these questions set the
objectives and topics for the remainder of the interview. Moreover, it served as a
basic checklist during the interview to make sure that all relevant topics were cov-
ered [Patton90].

Interview research has given much attention to the way of recording information
gathered from interviews like videotaping, audio recording and note taking. Of
these methods, audio recording is the most commonly used [Rubin95]. Though
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audio recording has advantages, like accurate recording of what was said, doubts
were raised against using this method in this study because (1) early in the execu-
tion of the first cases relatively many interviewees were hesitant to allow audio
recording, (2) some objections against audio recording were raised in advance by
organizations. Intrusiveness of recording devices was already a reason for Lincoln
and Guba to advise against using audio recording [Lincoln85]. Therefore, the deci-
sion was made to no longer audio record the interviews. No disadvantages of this
decision were expected provided the interview notes are processed immediately
after the interview. The researcher, acting as interviewer, is a trained assessor expe-
rienced in interviews and simultaneous note taking while keeping eye contact and
focus on the conversation. Furthermore, the rate of information and level of detail
to be recorded was expected to be low enough to allow note taking. Another con-
sideration was that the type of information was expected to be rather factual. This
would limit both the amount and necessity for literal recordings, in contrast to
other types of research where literal recording of interviewee statements is
required to capture interviewee feelings, sentiments or opinions.

Literature has reported on methods to facilitate and enrich the elicitation of
information interviews. Johnson & Weller pointed out that using visual stimuli in
interviews can be more appropriate in certain situations for eliciting information
than just verbal elicitation [Johnson02]. They referred to visual stimuli as projec-
tive aids or devices. Hove & Anda reported the observation that visual elicitation
techniques made it easier for interviewees to remember project activities, helped
interviewers to ask good follow-up questions and stimulated interviewees to pro-
vide rich and informative information [Hove05]. In the current study, a drawing of
the project's actual development lifecycle was used as a visual aid in the conversa-
tion with the interviewees. This drawing was created in advance of the interviews
by the project manager in cooperation with the researcher. Viewing the actual
development lifecycle was considered as a means to facilitate the interviewee in
thinking about the course of project events, associated project activities and the
occurrence of product quality problems. Using a drawing of the actual develop-
ment lifecycle was not possible in all cases because not all project managers had
sufficient time to create it. In these cases, the drawing of a default lifecycle shown
in Figure 2-6 of Chapter 8 was used. 

Besides the gathering of information about product quality problems and under-
lying defects, the interviews were also used to identify opportunities to access
other information sources. Interviewees could know about the existence of addi-
tional information sources or could otherwise provide access to sources for sub-
stantiating their statements. 
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Step 5:  Study of documentation: Based on the information gathered from the inter-
views, the documents listed in Appendix 2-3 were studied in more detail whenever
appropriate and available. The purpose was to verify statements from the inter-
viewees or trace written factual information.

Step 6:  Direct observations: Following the interviews and documentation study,
direct observations were made. Opportunities for the observation events mentioned
in Appendix 2-5 were identified in the interviews. These occurred either on indica-
tion of the interviewees or on explicit request by the researcher. 

Step 7:  Studying Archival records: This was the last source in the collection of
information. The use of this information source depended on the researcher's need
to verify information from the interviews. In some cases interviewees could refer to
written information about product quality problems and their underlying defects to
substantiate their statements.

To exercise the case study protocol, a pilot case study was performed. The aim of
the pilot study was to verify the adequacy of the data collection procedure and the
subsequent data analysis. The pilot case led to the following modifications in the
case study protocol:

- An introductory meeting was inserted in Step 2 ‘Preparation of case’ to inform 
the candidate interviewees about the purpose of the study and what was expected 
from them. This step was considered necessary to increase readiness and atten-
tiveness from the people participating in the study. 

- Inviting the interviewees to appear at the location and time according to the inter-
view schedule was left to the project manager instead of the researcher. This was 
decided because of scheduling and logistics and proved to be more effective.

In addition to this method of data gathering, the researcher had the opportunity in
some cases to perform a process maturity assessment on the organization and gather
data on product quality problems in the context of the assessment. In other cases,
the researcher was actively involved in a project because of professional occupa-
tion. This also enabled collecting and analyzing data on product quality problems.

10.2.6  Data Analysis

Literature on qualitative research has given ample attention to the analysis of quali-
tative data, including strategies for cross case analysis, for example [Glaser67;
Eisenhardt89]. The strategies are based on the goal of looking at the data in many
different ways. Examples include attribute-based partitioning of cases in groups to
examine similarities within each group and to identify differences between groups.
Another example compares pairs of cases to determine variations and similarities
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and a third example of a strategy is to divide the data based on data source (inter-
views, observations, etc.). In this multiple case study, data analysis was continually
performed on two levels: analysis on single cases (within-case) and analysis across
cases (cross-case). Moreover, as two research questions were formulated for the
current study the analysis consequently followed two lines of analysis.

In finding an answer to research question 1, the current study intended to iden-
tify and make an inventory of typical product quality problems related to VPD.
The cross-case analysis was therefore focused on finding similarities between
cases with these particular product quality problems. Each newly studied case was
compared with the previously studied cases. In finding an answer to research ques-
tion 2, the cross-case analysis additionally focused on assessing whether the prod-
uct quality problems were occurring in certain phases of the VPD lifecycle.

10.2.6.1  Single Case Analysis

Eisenhardt recommends starting data analysis with an in-depth study of each indi-
vidual case [Eisenhardt89]. This step is depicted as ‘single case analysis’ in
Figure 2-9. Single case analysis implies that all data is reviewed, discarding any-
thing irrelevant and bringing together the most important data. Interviews were the
main information source to obtain answers to the interview questions listed in Sec-
tion 10.2.4.1. Immediately after an interview, the interview notes were reviewed.
Defects highlighted by the interviewees as most severe and situations that led to
them were categorized. By expressing the situation in more general terms, each
category in essence identified a distinct product quality problem. New categories
emerged as more data about defects became available. This process of identifying,
tentatively naming and modifying categories is sometimes referred to as ‘open
coding’ [Strauss90]. The categories were used in subsequent interviews in the
same project to facilitate comparisons of data obtained from individual inter-
viewees. Use of categories provided instant identification of defects and situations
that had already been brought forward in earlier interviews. 

Once all interviews had been conducted, the information about defects and situ-
ations that led to them was summarized. Triangulation was applied to corroborate
information about defects identified in the interviews. Four types of triangulation
can be identified [Patton87]: data triangulation (among data sources), investigator
triangulation (among different investigators), theory triangulation (different per-
spectives on the same data set) and methodological triangulation (different meth-
ods). In this study, data triangulation was applied by gathering data about defects
multiple times, from various sources (documents, interviews, observations, etc.) to
ensure the information independently led to identification of the same product
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quality problems. The extent to which data triangulation was possible was depen-
dent on the availability of information sources. 

An overview of the identified product quality problems was eventually presented
to the interviewees. The presentation was given either on an individual basis or in a
group meeting, depending on the interviewees' availability. The objectives of this
feedback session were to:

- give the interviewees the opportunity to comment on the analysis

- allow the interviewees to identify possible flaws in the researcher's preliminary 
interpretations of data

- confirm consensus about product quality problems being related to VPD

- express gratitude to the interviewees for their cooperation and effort.

Miles suggested general caution when reporting information, as some informa-
tion might be sensitive to the interviewees [Miles94]. Therefore, care was taken to
avoid mentioning details that could enable tracing of what was said to a specific
person. Once the interviewees supported the researcher's interpretations, the prod-
uct quality problems were entered into an aggregate overview. This was done only
for the product quality problems related to VPD and not considered duplicates of
product quality problems identified in previous cases (see cross-case analysis). The
aggregate overview was a document for storing data from all cases about the project
characteristics, information sources used, product quality problems experienced,
etc. As full anonymity was required to protect confidentiality of the cooperating
organizations, characteristics that could enable tracing to an organization, were
excluded from logging. These characteristics include project names, product types,
site locations, interviewee names and application areas. Findings of the cases were
recorded in such a way that neither organizations nor individual participants could
be identified by name.

10.2.6.2  Cross-Case Analysis

Being common to multiple case studies, cross-case analysis was continually per-
formed throughout the entire study and in parallel with conducting the individual
cases. Cross-case analysis used generalization to identify re-occurrence of identical
product quality problems across individual cases. The idea behind the comparison
of individual cases was to identify identical situations that caused identical product
quality problems, regardless of the project context. The aggregate overview was
used for this because it holds all identified product quality problems from each
case. The list of distinct problems was gradually extended as new problems were
identified. To ensure that a new product quality problem was really new (i.e. it
could not be considered similar to any of the existing problems) the existing prob-
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lems were discussed with members of the project in which the new problem was
identified. If the project members agreed that it was dissimilar to the existing prob-
lems it was added to the aggregate overview. By applying full anonymity through-
out the study people participating in the discussion about problem similarity could
not learn about the problems in other (often competing) organizations. As the num-
ber of distinct product quality problems in the aggregate overview increased, prob-
lems were grouped to identify problem areas. A problem area is a collection of
product quality problems relating to a common theme, established by open coding
[Strauss90]. 

Use of cross-case analysis had objectives beyond identification of product qual-
ity problems to determine (1) phases of the VPD lifecycle involved in the product
quality problems and (2) whether the phases involved are recurring over product
quality problems. In discussing the product quality problems, project members
indicated the involvement of lifecycle phases. A phase was considered involved
either when (1) defects leading to the perception of the product quality problem
were detected in that phase, or (2) defects that eventually led to the perception of
the problem were inserted in that phase. 

10.3  Results and  Discussion of  the Product Quality Problem 
Identification

Data gathering on product quality problems experienced in VPD environments
resulted in a vast amount of raw data. Multiple analyses were performed to find
answers to the research questions for this study. Therefore, this section on the
results has been split in subsections, each discussing a single line of analysis. First,
Section 10.3.1 provides general data resulting from the multiple case study. Next,
Section 10.3.2 presents and discusses the results of the analyses performed to
answer research question 1. It was observed that reused components and third-
party components were regularly involved in the reported product quality prob-
lems. In these cases, the ‘affected product part’ of Figure 2-4 in Chapter 8 causing
severe product quality problems would be a reused or third-party component. Prac-
tices of component reuse and use of third-party components often co-exist when
creating complex technical products within a distributed development. Therefore,
product quality problems related to reuse and third-party components are discussed
separately in Section 10.3.3. 

Section 10.3.4 presents and discusses the results of the analyses performed to
answer research question 2. Finally, Section 10.3.5 provides observations made
during the performance of the multiple case study. Though these observations do
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not directly relate to the research findings, they contain relevant information about
the research process.

10.3.1  General Case Study Data

In total, 25 candidate projects were contacted. Two projects did not satisfy the
selection criteria listed in Appendix 2-2. One case study was aborted due to unex-
pected changes in the project organization and resulting lack of time of the partici-
pants. Figure 2-10 shows the cumulative number of distinct product quality
problems related to VPD that were identified as the study progressed. Saturation in
the identification of product quality problems occurred at the fifteenth project.
Sampling continued and another seven projects were included but no new product
quality problems were identified, while the sampled projects were sufficiently
diverse. Sampling was eventually stopped after 22 projects originating from 18
companies. All projects were system projects in western Europe having remote sub-
projects. The entire multiple case study was conducted over a period of well over
two years. 

Figure 2-10.   Saturation curve used in the sampling of projects.

The 22 participating projects originated from various product domains from techni-
cal industry as shown in Figure 2-11. 
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Figure 2-11.   Number of projects per product domain.

An overview of the projects' characteristics is provided in Appendix 2-7.
Appendix 2-8 provides an overview of the information sources that have been used
in the cases, including data about the interviewees. In total 102 interviews were
held with project staff members in various roles, yielding a valuable amount of
real-life industry data. Throughout the analysis, projects are identified by a
sequence number (1 to 22) in texts and tables for confidentiality and ease of refer-
encing. Figure 2-12 shows the practices or combinations of practices being applied
in the projects. 

Figure 2-12.   Practices as used by the projects (indicated by sequence number).
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Across the 22 projects, a total of 122 occurrences of severe product quality prob-
lems were reported. Here, it must be noted that a distinct product quality problem
can occur multiple times in a project and multiple times across projects. Figure 2-13
shows the total number of occurrences of product quality problems per practice.
Also, note that numbers for reuse and use of third party components are relatively
low compared to the practice of VPD indicating that not all projects employed these
practices.

10.3.2  Product Quality Problems related to Virtual Product Development     

This section addresses the identified product quality problems that analysis deter-
mined were related to virtual product development and a consequence of the distri-
bution of development and test activities. Activity distribution is the result of a
system being developed by separate development teams within an organization and/
or external organizations (subcontractors). The cross-case analysis has resulted in 5
problem areas, containing a total of 23 distinct product quality problems: Configu-
ration Management (2 problems), Requirements Management (3 problems), System
Integration (8 problems), Test Strategy (7 problems), Test Environment (3 prob-
lems). These product quality problems are described in Table 2-3. The problem
labels used here are used to reference the product quality problems in the subse-
quent figures and texts. 

Figure 2-13.   Occurrence of product quality problems over practices. 
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Table 2-3.   Overview of product quality problems related to VPD.

Product Quality 
Problem

Problem Description

SYSTEM INTEGRATION

Delays in compo-
nent deliveries

System integration is confronted with delays in the delivery of 
components. This slows down the integration phase, or even 
prevents the integration activities from being executed in case 
the component is critical and therefore absolutely required. 
System integration suffers from time pressure and integration is 
hastened. Integration tests are skipped to relieve time pressure 
at the cost of test coverage. Defects are found in later phases 
that could and should have been detected in the integration test.

Wrong component 
functionality deliv-
ered

System integration is confronted with components that deliver 
wrong functionality or miss functionality expected for a certain 
increment by system integration. This prevents integration 
activities from being executed as scheduled and prevents test-
ing of the expected functionality. Time pressure resulting from 
delays in system integration causes later integration tasks to be 
rushed. In later increments, previously expected functionality is 
not tested (forgotten) or tested less adequately due to increased 
test workload. In later phases, defects are found that could and 
should have been detected in the integration test.

Unawareness of 
component changes

System integration is unaware of changes made to the compo-
nents they receive. These changes may include functional 
changes, interface changes or changes in compatibility. Com-
ponent development did not report these changes to the system 
level, not realizing the effects their changes might have on 
other parts of the system. System integration is confronted with 
unexpected component behavior or with problems when inte-
grating them. System integration is delayed and time pressure 
increases. Since integration testing is not prepared for the 
changes that were made, testing is less adequate in the integra-
tion test. In later phases, defects are found that could and 
should have been detected in the integration test.



Exploring Effects of Virtual Product Development on Product Quality 

Results and Discussion of the Product Quality Problem Identification 121

Table 2-3.   Overview of product quality problems related to VPD (cont.).

Product Quality 
Problem

Problem Description

Defect solver absent System integration is confronted with integration difficulties or 
defects in the components while the people responsible for 
solving the defects or difficulties are not present at the location 
of integration. Typically, the solvers are in the staff of compo-
nent development. Certainly, when the solvers are in a remote 
location with a large time difference, solving activities are 
time-consuming, error-prone and troublesome. Integration is 
delayed, time pressure increases, tests are skipped resulting in 
lower test coverage. In later phases, defects are found that 
could and should have been detected in the integration test.

Responsibilities are 
unclear

System integration is confronted with loose components or 
unfinished pre-integration tasks. Some parts of the system have 
not been integrated as subsystems because responsibilities in 
the overall integration tree are not clear. Parties falsely assume 
that other parties will do pre-integration. Pre-integration is still 
to be done, having its own difficulties and requiring its time to 
complete. System integration is temporarily stopped and signif-
icantly delayed. When resumed, integration is rushed and tests 
are skipped. In later phases, defects are found that could and 
should have been detected in the integration test.

Duplicate solving of 
defects

System integration is confronted with new defects resulting 
from multiple parties trying to solve the same defect found in 
earlier increments (duplicate solving). Each party is unaware 
that other parties are working to solve the same defects. Defects 
caused by duplicate solving are typically very difficult to ana-
lyze and trace to a cause. Integration is delayed, time pressure 
increases, tests are skipped resulting in lower test coverage. In 
later phases, defects are found that could and should have been 
detected in the integration test.

Integrator unfamiliar 
with components

System integration is confronted with components they have 
little or no technical knowledge about. This causes difficulties 
integrating these components and test adequacy is reduced 
because these components get significantly less attention from 
testing or are even neglected. In later phases, defects are found 
that could and should have been detected in the integration test.

No integration strat-
egy defined

System integration in its entirety is problematic and takes sig-
nificant time and effort due to a missing or ill considered inte-
gration strategy. There has been no deliberation about what 
components are integrated when, where and by whom. System 
integration is confronted with unexpected difficulties, ques-
tions arise concerning the order of integration and associated 
sequence of testing. Test coverage is extremely compromised 
and defects propagate to later stages.
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Table 2-3.   Overview of product quality problems related to VPD (cont.).

Product Quality 
Problem

Problem Description

TEST STRATEGY

Blind spots in test 
coverage

A part of the system has not been addressed by testing and con-
sequently has no test coverage (blind spots). Parties incorrectly 
assume that another party will be testing or has already tested 
the part. The false assumption typically occurs between compo-
nent level testing and system testing level. Blind spots are rec-
ognized as a major cause of finding defects after product 
release.

Incorrect test focus A product-wide agreement on how the test effort and test focus 
is distributed has not been made between the parties involved. 
Defects are detected at the system level that should have been 
found at the component level. Significant rework and retesting 
effort is required and leads to project pressure in the late stages 
of the system project. Test coverage is compromised due to 
skipped tests.

Overtesting of prod-
ucts

Parts of the system are tested multiple times by multiple parties 
at the cost of other parts. Misalignment of test focus between 
parties leads to system parts getting uneven test focus at several 
test levels (overtesting). The total available test effort is not 
optimally used and overall test coverage decreases. Defects are 
found at late project stages in parts that received insufficient 
test attention. Overtesting typically occurs along with the exist-
ence of blind spots.

Overreliance on 
component develop-
ment

System level testing maintains an unjustified reliance on a com-
prehensive and adequate testing effort from component devel-
opment. Component development parties may have a good 
track record in testing and therefore their components get less 
attention at the system level. However, due to component inter-
actions or other reasons (e.g. timing aspects) some types of 
defects only occur when the component is integrated at the sys-
tem level. These defects are not detected at the system level as 
no test cases are executed because the component is assumed to 
be already of high quality.

Inadequate test speci-
fications

System level testing uses test specifications that are inadequate 
for the system to be tested. Test specifications provided by 
component development are used while system level testing 
has no knowledge of their applicability or does not understand 
all aspects. The quality of test specifications is too poor to 
allow reuse. Consequently, test cases are skipped or incorrectly 
executed resulting in defects not being detected.
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Table 2-3.   Overview of product quality problems related to VPD (cont.).

Product Quality 
Problem

Problem Description

Missing cross verifi-
cation

System level testing does not cross-verify defect solutions 
implemented by component development. Component devel-
opment has verified their solution of defects in their own envi-
ronment, while trusting system level testing to verify the 
solution when the component is in the system. If cross-verifica-
tion is absent at the system level however, effects on other parts 
of the system are not noticed. Defects propagate to later stages 
of the project.

Misinterpretation of 
test results

System level testing is unable to interpret test results obtained 
from testing parts of the system they are not familiar with. This 
prevents proper determination of whether tests have failed. Test 
results are incorrectly assumed to be correct or are so complex 
that the determination is done on the tester's 'gut-feeling', and 
thus often incorrect. There is no opportunity to check results 
with the original developers. Defects are allowed to propagate 
unnoticed to later stages of the project.

TEST ENVIRONMENT
Test environment 
missing

Component testing doesn’t have a representative test environ-
ment to perform their tests. The test environment at the location 
of component development is incomplete, based on older 
equipment, based on previous versions or even completely 
missing. A major reason for not having a full test environment 
is the high cost of buying and/or maintaining the environment. 
Component development relies upon testing of the component 
at system level. However, the test types employed at the system 
level do not detect some types of defects. Defects are allowed 
to propagate unnoticed to later project stages.

Bad regression test-
ing

Regression testing at the system level is incorrectly or only 
partly performed. The original test conditions under which 
components were tested are unknown to system level testing. 
Tests are skipped when the test conditions are not understood 
or tests are incorrectly performed when conditions are misinter-
preted. Defects are not detected and allowed to propagate to 
later stages of the project.

Different test envi-
ronments

Parties are unaware of differences in their test environments. 
Test environments are located at several locations and are 
assumed to be identical. However, test environments consist of 
complex assemblies of hardware, software and/or mechanics so 
that subtle differences go unnoticed. Consequently, defects 
detected and reported in one environment by party A, are not 
detected in another environment by party B. Defects are either 
not detected, or cannot be reproduced by the assigned solvers, 
leading to unjustified closing of the defect's administration 
(‘could not reproduce’).
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Table 2-3.   Overview of product quality problems related to VPD (cont.).

Product Quality 
Problem

Problem Description

CONFIGURATION MANAGEMENT
Incompatibility of 
versions

Software versions are used that are falsely assumed to be com-
patible with versions of other system parts. This may lead to 
functionality not being supported by the specific combination 
of versions and consequent masking of defects in that function-
ality. Alternatively, versions are wrongly considered temporary 
substitutes when the correct version is not available. Defects 
are allowed to propagate to later stages of the project.

Wrong versions used System level testing used incorrect versions of the components. 
Component versions may have been revised and new versions 
are available, or existing components may have been revoked 
while system level testing is not aware of it. System level test-
ing is falsely assuming they are testing certain aspect although 
these aspects are absent or behaving differently. Defects are not 
detected in these cases and allowed to propagate to later stages 
of the project.

REQUIREMENTS MANAGEMENT

Implementation 
duplicates

System level testing is confronted with defects because of 
duplicates in the implementation of product requirements at the 
component level. It has not been made clear enough beforehand 
which product requirements are to be implemented by which 
party or discipline (e.g. hardware or software). Consequently, 
multiple parties or disciplines have implemented the same 
product requirements. Removing superfluous implementation 
requires significant rework, retesting at component level and 
increases time pressure. Test coverage is compromised due to 
skipped tests to relieve time pressure.

Unawareness of 
product changes

Component level development is unaware of intermediate 
changes in product requirements or architecture at the system 
level. Decisions made at system level are not shared to relevant 
parties at component level. The consequences of changes and 
decisions are not taken into account by component develop-
ment. They continue developing on the basis of old knowledge. 
Resulting defects are not detected until system integration 
because component level testing will not recognize the compo-
nent’s behavior as defective. Rework and retesting in the late 
stages of the project increases time pressure and compromises 
test coverage due to skipped tests.
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Table 2-3.   Overview of product quality problems related to VPD (cont.).

Appendix 2-9 provides an overview of the occurrence of product quality prob-
lems per project. Figure 2-14 shows a per-project overview of the occurrences of
product quality problems related to VPD compared to the total number of severe
product quality problems. Some of the projects (projects 7, 10, 16, 18, 22) experi-
enced no product quality problem related to VPD indicating that VPD does not nec-
essarily cause product quality problems. Of all occurrences of severe product
quality problems across all projects (122 occurrences in total), 60% are related to
VPD. In the current study only product quality problems perceived as severe by the
projects members were considered. The percentage of 60% indicates a considerable
influence of VPD on product quality. It is therefore concluded that the effects of
VPD on product quality are substantial.

Figure 2-15 shows how many projects encountered the product quality problems
listed in Table 2-3. This indicates that product quality problems recurred in multiple
projects with some product quality problems recurring more often than others. The
product quality problems are listed per problem area resulting from the cross-case
analysis.

As was shown in Figure 2-13, 73 occurrences of product quality problems
related to VPD and perceived as severe were identified in the multiple case study.
Table 2-4 shows which defect key elements were considered the main contributor to
the perception in each of the occurrences, and how often. 

From the descriptions of the product quality problems in Table 2-3 it is observed
that, without exception, all problems directly involve defects detected late or
missed (non-detection). Table 2-4 shows that in a substantial number of occur-
rences (41 out of 73), timing was the main contributor to the perception of product
quality problems: defects occur in late stages of the project.

Product Quality 
Problem

Problem Description

Bad requirements 
deduction

System level testing is confronted with defects in the imple-
mentation of components that can be traced back to defects in 
the component's requirements specification. Component 
requirement specifications have been defined by component 
development on the basis of system requirements and architec-
tural design. Typically, the system requirements have been mis-
interpreted or implicit system requirements were assumed 
differently by component development, or were not recognized 
at all. Rework and retesting in the late stages of the project 
increases time pressure and compromises test coverage due to 
skipped tests.
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Late stages in a project are typically the phases of integration testing and system
testing at the system level. In these phases defects are detected that could and
should have been detected earlier during the lifecycle. Increased defect solving and
retesting effort is so significant that time pressure increases in these phases. Conse-
quently, the project is forced to reduce planned testing by conducting less test
cycles which decreases test coverage. In turn, due to the decreasing test effort,
defects that would otherwise have been detected during integration and system
testing are not detected. Undetected defects then propagate to acceptance testing or
even into the field. 

Figure 2-14.   Number of severe product quality problems related to VPD. 

Five projects reported defects found in pre-releases or prototypes that had
escaped detection at all test levels and were detected only after the pre-release. In
all five projects, there was strong consensus that these defects should have been
detected earlier but escaped detection because of a lacking overall test strategy
across the development parties.
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Figure 2-15.   Number of projects that experienced product quality problems.

Table 2-4.   Defect key elements influencing perception of product quality problems

Defect key element
Number of times the defect key element 
was the main contributor to a perception 
of product quality problems

Timing 41

Count 6

Severity 15

Cost 11

Total number of occurrences of prod-
uct quality problems related to VPD

73
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10.3.3  Product Quality Problems related to Reused and Third-Party 
Components

This section addresses the identified product quality problems that were related
to reused and third-party components. Reuse is a way to reduce total development
effort or to minimize product quality risk by using an existing and tested compo-
nent developed by the organization. Third-party components are existing compo-
nents supplied by organizations commercially exploiting them. Such components
are typically generic and parameterized to enable the provider to sell the compo-
nent to different customers. In fact, using third-party components is a form of reuse
with the main difference being that the provider’s location is outside the own com-
pany. 

Table 2-5 provides a description of the product quality problems identified in the
projects and related to the reuse of components. 

Table 2-5.   Overview of product quality problems related to reuse.

Product Quality 
Problem

Problem Description

Component used as is System integration is confronted with defects when trying to 
integrate reused components into the system. The reused 
component was falsely assumed to be usable “as-is”. No 
development effort was spent on making modifications to 
the component to ensure operation in the target environment 
of its current application. Rework and retesting during the 
integration phase increases time pressure and compromises 
test coverage due to skipping of tests.

Component not pre-
tested

System integration is confronted with defects when trying to 
integrate reused components into the system. Development 
effort was spent on making modifications to the component 
to ensure operation in the target environment of its current 
application. However, no effort was planned for determining 
whether the test conditions originally used during testing of 
the component are still valid in the target environment of the 
current application. No tests are performed on the compo-
nent that take these possibly different test conditions into 
account. Rework and retesting during the integration phase 
increases time pressure and compromises test coverage due 
to skipping of tests.
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Table 2-5.   Overview of product quality problems related to reuse (cont.).

Appendix 2-10 provides an overview of the occurrence of these problems over
the projects. In total, 7 projects applied reuse.

Figure 2-16 shows a per-project overview of the occurrences of product quality
problems related to reuse as compared to the total number of severe product quality
problems. Of the 39 severe product quality problems in projects applying reuse,
31% were related to reuse. 

Figure 2-17 shows how many projects encountered the product quality problems
listed in Table 2-5.

Table 2-6 provides a description of the product quality problems identified in the
projects found to be related to use of third-party components. 

Product Quality 
Problem

Problem Description

Missing component 
knowledge

System integration is confronted with integration difficulties 
or detects defects in the reused component, while the people 
who should solve the defects or difficulties are no longer 
available. The reused component has been developed in pre-
vious projects and the original developers are no longer in 
the organization. Defect solving activities are performed by 
staff without detailed knowledge of the reused component. 
These activities are therefore time-consuming and trouble-
some. Integration is delayed, time pressure increases at the 
cost of lower test coverage due to skipping of tests. In later 
phases, defects are found that could and should have been 
detected in the integration test.
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Figure 2-16.   Number of severe product quality problems related to reuse.

Figure 2-17.   Number of projects with product quality problems related to reuse.
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Table 2-6.   Overview of product quality problems related to third-party components

Appendix 2-11 provides an overview of the occurrence of these problems over
the projects. 

Figure 2-18 shows a per-project overview of the occurrences of product quality
problems related to the use of third-party components compared to the total number
of severe product quality problems.

Of the projects investigated, application of third party components was practiced
by 6 projects. Of the 35 severe product quality problems in projects using third-
party components, 29% were related to the use of third-party components. 

Product quality 
Problem

Problem Description

Component used as is System integration is confronted with defects when trying to 
integrate third-party components into the system. The third-
party component was falsely assumed to be usable “as-is”. No 
development effort was spent on making modifications to the 
component to customize it for operation in the application. 
Rework and retesting during the integration phase increases 
time pressure and compromises test coverage due to skipping 
of tests.

Bad customization System integration is confronted with defects when trying to 
integrate third-party components into the system. Develop-
ment effort was spent on making modifications to the compo-
nent to customize it for operation in the application. However, 
the component contained more functionality than required, 
making it difficult to decide what and how exactly to custom-
ize, eventually resulting in defects. Rework and retesting dur-
ing the integration phase increase time pressure and 
compromise test coverage due to skipping of tests.

Missing component 
knowledge

System integration is confronted with integration difficulties 
or detects defects in the third-party component. Detailed 
knowledge of the component internals is required to solve the 
defects. However, information on functional and behavioral 
characteristics of the component, like detailed test reports, are 
not handed over from the original provider. Defect solving 
activities are therefore troublesome. Integration is delayed; 
time pressure increases at the cost of lower test coverage due 
to skipping of tests. In later phases, defects are found that 
could and should have been detected in the integration test.
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Figure 2-18.   Number of severe product quality problems related to use of third-party 
components.

Figure 2-19 shows how many projects encountered the product quality problems
listed in Table 2-6.

 

Figure 2-19.   Number of projects experiencing product quality problems related to 
third-party components.
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As was shown in Figure 2-13, the multiple case study identified 22 occurrences
of product quality problems perceived as severe related to reused (12) or third party
components (10). Table 2-7 shows defect key elements considered to be main con-
tributors to the perception in each of the occurrences, and how often. 

Table 2-7.   Defect key elements influencing the perception of product quality problems 
related to reused or third-party components.

From Tables 2-5 and 2-6 it is observed that product quality problems with reused
and third-party component were perceived because of defects being detected only
during system integration. This was considered too late during development, and
Table 2-7 shows that in 5 occurrences, ‘timing’ was the main contributor to the per-
ception of product quality problems. However, in 13 occurrences of defects resid-
ing in a reused or third-party component, location was the main contributor to the
perception of problems. 

Problems with reused components and third-party components stem from two
sources. First, a lack of sufficient knowledge about the component internals as dis-
cussed under "Missing component knowledge" for reused components and "Bad
customization" and "Missing component knowledge" for third-party components.
Second, problems stem from carelessness about a proper component application as
discussed under "Component used as-is" for both reused and third-party compo-
nents.

The development practices of reusing components and using third-party compo-
nents are not directly connected with the practice of applying a virtual product
development approach. Yet, both practices typically co-exist with the practice of
VPD in projects where large, complex technical systems are developed. It was
observed that in the cases of reuse and usage of third-party components, associated

Defect key element

Number of times the defect key 
element was a main contributor to the 
perception of product quality 
problems

Location 13

Timing 5

Severity 2

Cost 2

Total number of occurrences of product 
quality problems related to reused or 
third-party components

22
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problems show a high resemblance with certain problems related to VPD. High
similarity was observed between problems related to ‘Missing component knowl-
edge’ and VPD-related problems ‘Integrator unfamiliar with component’ and
‘Defect solver absent’ (refer to Table 2-3). 

This observation was discussed with the projects practising reuse or third-party
components. The conclusion was drawn that reused and third-party components
share characteristics with components developed in a VPD context. In both cases
there is separation by "distance" or "time" between the party developing the com-
ponent and the project using the component by integrating it in a system as a sepa-
rate entity. The main difference with components developed by remote teams in a
VPD context is that reused and third-party components were not developed in the
course of the actual project.

10.3.4  Involvement of Life Cycle Phases

10.3.4.1  Recurrence of Lifecycle Phases in Product Quality Problems

Every defect in a product is introduced during a certain lifecycle phase and propa-
gated until a certain phase where it was detected. These phases in the lifecycle are
captured by defect key element ‘timing’. In Section 8.4.2 it was explained that
‘timing’, like other defect key elements, could determine whether or not a product
quality problem is perceived. Table 2-8 provides an overview of the lifecycles
phases involved in each of the product quality problems related to VPD, either
with respect to the phase in which defects were introduced or the phase in which
they were detected.

From Table 2-8 it is observed that defects lead to the perception of product qual-
ity problems particularly when they are detected during integration testing at the
system level. The integration test at system level proved to be the phase where
defects were uncovered that should have been detected earlier. It is also a phase
where defects were not detected, although they should have been. A similar obser-
vation applies to system testing at the system level although integration testing
detects different types of defects than system testing. 
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Table 2-8.   Lifecycle phases involved in the product quality problems.

Problem Area Product Quality Problem Lifecycle phase (INTroduction / 
DETection)

System Integra-
tion 

Delays in component deliver-
ies

Integration Test 
(system level)

DET

Wrong component function-
ality delivered

Integration Test 
(system level)

DET

Unawareness of component 
changes

Integration Test 
(system level)

INT / DET

Defect solver absent Integration Test 
(system level)

INT / DET

Responsibilities are unclear Integration Test 
(system level)

DET

Duplicate solving of defects Integration Test 
(system level)

INT

Integrator unfamiliar with 
components

Integration Test 
(system level)

DET

No integration strategy 
defined

Integration Test 
(system level)

DET

Test Strategy Blind spots in test coverage System Test 
(system level)

DET

Incorrect test focus System Test 
(system level)

DET

Overtesting of products System Test 
(system level)

DET

Overreliance on component 
development

System Test 
(system level)

DET

Inadequate test specifications System Test 
(system level)

DET

Missing cross verification System Test 
(system level)

DET

Misinterpretation of test 
results

System Test 
(system level)

DET

Test Environ-
ment

Test environment missing System Test 
(system level)

DET
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Table 2-8.   Lifecycle phases involved in the product quality problems (cont).

Furthermore, it is observed that product quality problems were perceived when
defects have their origin in the requirements specification of components. These
defects were introduced in the specifications and escaped detection until late stages
of the project. 

In terms of an overall development lifecycle, the Integration Test phase (at sys-
tem level), System Test phase (at system level) and components' Technical
Requirements Specification phases are all situated at a lifecycle transition. This is
depicted in Figure 2-20, showing a generic lifecycle for a VPD project based on
enhancements to the simple V-model explained in Section 8.5.3. 

A lifecycle transition is the moment in time where work products are transferred
from system to component level or vice versa. At lifecycle transitions, work prod-
ucts go from one development context to another. The transfer implies work prod-
ucts crossing organizational, project, engineering discipline and/or distance
boundaries.

Problem Area Product Quality Problem Lifecycle phase (INTroduction / 
DETection)

Bad regression testing System Test 
(system level)

DET

Different test environments System Test 
(system level)

DET

Configuration 
Management

Incompatibility of versions System Test 
(system level)

DET

Wrong versions used System Test 
(system level)

DET

Requirements 
Management

Implementation duplicates Technical 
Requirements 
Specification

INT

Unawareness of product 
changes

Integration Test 
(system level)

INT

Bad requirements deduction Technical 
Requirements 
Specification 

INT
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Figure 2-20.   Phases in a generic lifecycle of a VPD project.

Given the above observations, it is concluded that lifecycle transitions are defect-
sensitive. In this respect, ‘defect-sensitive’ has a double meaning: (1) an increased
risk of defect introduction, or (2) an increased risk of defects being detected too late
or not at all. According to the project staffs, the effort required to solve defects
detected in late stages of a project is significant. Consequently, projects make a
forced choice to gain effort at the cost of planned testing activities. Eventually this
results in a decrease of test coverage for the product allowing other defects go
undetected.

The finding of defect-sensitive lifecycle transitions is supported by findings of a
related study by Moolenaar et al [Moolenaar02]. In their study the importance of
reviewing quality is emphasized not only of the products but also of the underlying
(business) processes [Brombacher99]. They focus on the analysis of information
flows in development processes for analysis and improvement of the quality and
reliability of the product. Research by Lu showed that the majority of the problems
in product development processes is often caused by lack of information deploy-
ment [Lu02]. This implies that the sole availability of information in one part of a
process is not a guarantee that the same information indeed becomes available to
the right people, at the right time and with the right level of detail [Lu99].
Moolenaar et al analyzed the information flows in an after-sales process of an
industrial case to investigate how quality-related information propagates through
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the process and where and why communication problems led to disruptions in the
flow of information [Moolenaar02]. One of their findings was that loss of informa-
tion and strong delays in information transfer occur especially at organisational
interfaces. In the VPD environments of the current study, organizational interfaces
typically coincide with lifecycle transitions. Indeed, disruptions in information
flows are recognized in product quality problems (refer to Table 2-3). A clear
example is ‘Unawareness of component changes’ in the problem area of System
Integration, where component development teams did not report changes in com-
ponents to the system level team. Another example is ‘Duplicate solving of
defects’ where information about defect solving activities is not shared between
teams. A third example is ‘Unawareness of product changes’ in the problem area
of Requirements Management, where decisions made at system level are not
shared with relevant component development teams.

10.3.4.2  Neglect of Lifecycle Transitions

Most of the projects (18 out of 22) explicitly divided their total effort over multiple
sub-projects, reflecting the products' architecture as a basis for division. A minority
of the projects (4 out 22) employed a distributed development approach but did not
run the separate component development efforts as projects. Rather, the separate
development efforts were embedded in a single scope of project management.
However, projects were hardly aware or totally unaware that the project's overall
lifecycle was, in fact, split into a number of related sub-lifecycles. The cause of
their product quality problems is embedded in the fact that projects did not recog-
nize the associated lifecycle transitions or were unaware of the transitions' defect-
sensitivity. No explicit measures were taken at the lifecycle transitions to account
for the defect-sensitivity.

An illustrative example of paying no attention to lifecycle transitions, recurred
in five projects and was ironically referred to as ‘boomerang’ construction by some
of the interviewees in one project. They referred to situations where the overall
system project had planned a moment in time where it provided another project
with input such as requirements specifications (interviewee citation: “throwing the
boomerang”). Likewise, there was a moment where the overall system project had
planned to accept the result of the other project's effort (interviewee citation:
“catching the boomerang”). The period between providing the input and receiving
the output was only assigned a certain duration in the project schedule. Without
intermediate verification included in the overall project planning, it remained
unclear what was happening with the boomerang in its flight. Any problems
related to the component appeared only at the time of, or just before, acceptance of
the component by the system project. It was extremely difficult for the system
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project to anticipate the quality of the component (interviewee citation “to catch the
boomerang, can we hold our position or should we take a few steps to the left or to
the right?”). 

The problem with boomerangs proved to be that, in their purest form, they do not
take the component's development lifecycle into account. After having handed over
the system's requirements specifications, it subsequently remained uncertain
whether the component development team was interpreting the requirements cor-
rectly because correct interpretation was not verified. 

In some cases, system project management was aware of the adverse effects
caused by reduced visibility of a component's quality. To overcome this, system
project management required a test report to be included in the component's deliv-
ery and in many cases there was even an acceptance test of the component. Requir-
ing such a test report was considered a good practice in itself. It helped determine
the component's quality but test results delivered at the moment of delivery does
not help system project management effectively anticipate and resolve issues.
Moreover, it made no sense to learn what the component team had tested and how,
only at the moment when the component was delivered. Neither deliberation about
nor adaptation of a test strategy had taken place as the project proceeded. 

10.3.4.3  Observations related to the Modeling of a Development Lifecycle

It was observed from project management plans that nine projects (out of 22) had a
planned development lifecycle apparently constructed by adapting a default lifecy-
cle to fit the project-specific context. This observation only concerns the existence
of evidence that a lifecycle had been modeled, not implying whether the resulting
lifecycle was accurate or representative of the actual project execution. Project
managers of the other 13 projects, not having modeled a lifecycle, were invited to
model a posteriori their project's actual development lifecycle. The invitation was
accepted by nine projects while the other four projects did not have sufficient time.
Modeling the lifecycle was done in close co-operation with the researcher. The
resulting drawing of the overall lifecycle, including related lifecycles, was subse-
quently used during the interviews as a visual aid in eliciting information. In the
design of this study, this lifecycle was originally intended to support interviewees in
reconstructing the chain of events leading to the perception of product quality prob-
lems. But besides this, project managers generally regarded the modeling exercise
as a useful activity. Even experienced project managers remarked on the usefulness
of having a clear notion of the entire lifecycle before starting a project. The main
benefit of modeling the lifecycle was recognized as making relationships to other
parties explicit in terms of information and work product flow within and between
sub-projects (for example, requirements specifications, intermediate deliverables,
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test objects). Project managers realized that constructing and thinking over of the
lifecycle would have enabled them to model the appropriate development and test
phases into the overall development lifecycle. Conscious modeling would have
allowed a timely application of appropriate defect detection measures (for exam-
ple, reviews, intake inspections of specifications and test object, dynamic testing)
at the right moment and by the right parties during the entire development process.

Consequently, it was hypothesized that the projects that modeled a lifecycle
inherently addressed the handling of information flows more consciously than
projects that did not model a lifecycle. This instigated an ad-hoc analysis to assess
whether projects that did not model a lifecycle were experiencing more product
quality problems than the projects that did model a lifecycle. Table 2-9 shows the
number of product quality problems related to VPD that were experienced by
projects, distinguishing between projects with and without a modeled lifecycle. 

Table 2-9.   Number of product quality problems related to VPD per project.

Using the data sets in Table 2-9, a Mann-Whitney U test for unpaired data pro-
vides reasons to assume that projects not having a modeled lifecycle experienced
more product quality problems than projects that did have a modeled lifecycle
(U=23.5; P =.01). Causal research conducted to further investigate the relation
between lifecycle modeling and the occurrence of product quality problems is
reported in Chapter 12.

Besides recognition of the usefulness of modeling a lifecycle, there was also the
general remark that modeling the lifecycle at project start-up can be very difficult
when not all project details are known at that time. Conversely, project managers
considered this difficulty an indication for potential project risks that need address-
ing. 

Another observation was that an overall lifecycle can become very complex
when it involves multiple sub-projects at multiple levels (nesting). In such cases,
the limits of graphically visualizing the lifecycle come close, as lifecycle drawings
become very crowded with details.

Project no.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Modeled LC - - - - 1 - 0 5 - - 3 4 - - 3 0 - 0 - - - 0

No modeled 
LC

8 3 4 4 - 3 - - 5 0 - - 5 9 - - 4 - 3 4 5 -
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10.3.5  Observations from Conducting the Multiple Case Study

This section discusses observations made with respect to the execution of the multi-
ple case study. Though not directly part of the analysis, they provide relevant infor-
mation about the research process. Therefore, these process observations are
discussed separately from the analysis.

10.3.5.1  Observations from the Interviews

In the interviews, the focus was on the project the interviewees were involved in at
that time. In quite a few cases, the interviewees tended to refer to other projects
they had been involved in that suffered from product quality problems identical to
those they brought in for their current project. Though identical problems experi-
enced in previous projects were outside the scope of the single cases, their inclusion
reinforces the typicality of the problems for VPD by providing insight into the per-
sistency and extent of their occurrence.

In some cases, there was a strong attitude of ‘us’ versus ‘them’ when the discus-
sion touched upon problems related to other parties. In these cases, the interviewer
took extra care to judge the statements of the interviewees and to verify them with
other interviewees. If considered feasible and appropriate from a moral sense, addi-
tional interviews were planned with staff of the other parties. Actually, five addi-
tional interviews were conducted for this reason. 

Though outside the scope of this study, hardware engineering was often said to
experience problems similar to those identified for the software discipline. Mostly,
interviewees referred to lack of clarity about whether functionality was to be imple-
mented in hardware or software. However, they also indicated a lack of clarity in
implementation responsibilities between different hardware development teams. 

In the case study design, no attempt was made to quantify ‘severity’ but it was
observed that interviewees interpreted severity in two ways. The first interpretation
uses severity to indicate the effect of a failure caused by the defect on the opera-
tional capabilities of the product (for example, a defect that renders a product com-
pletely inoperable). The second interpretation uses severity to judge the impact of
the defect on development and test activities. With this interpretation, severity is
dependent on the moment of defect detection (for example, a defect that blocks all
further integration or test activities). Either expression of severity as perceived by
the project links to the quality of the product. This complies with the notion of a
product quality problem as explained in Section 8.4.

Occasionally, information-hiding by the interviewees was observed. Project
managers or system architects were sometimes rather ‘protective’ and seemed to
trivialize product quality problems. Information-hiding is difficult to detect at the
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time of interviewing. However, hiding-behavior was detected when test engineers
in separate interviews raised product quality issues substantiated by evidence from
documentation sources. It is difficult to determine whether or not information was
hidden deliberately. A possible explanation for project managers or system archi-
tects not mentioning certain information might be that they only had a high-level
overview of the project and product. They might have been unaware of all product
details and status, unlike a test engineer who typically has detailed product infor-
mation because of his role. But even if information was deliberately hidden, the
actual reasons for doing so are difficult to uncover. A possible explanation could
be that project managers and architects have an interest in showing the project and
product they are responsible for from its best side. 

In the case study design it was decided not to record audio during the interviews
and rely instead on note taking. From a verification perspective, the fact that literal
recordings are not available can be considered a weakness. Yet from the inter-
viewer perspective, no negative side effects of this decision were detected. It
turned out that, as expected, note taking was possible and workable at the level of
information detail required. It was very effective for the interviewer to keep up
with the conversation while simultaneously taking notes. 

10.3.5.2  Observations from the Feedback Sessions

At the end of each individual case a feedback session was held with the inter-
viewees. If less than 75% of interviewees could attend, the feedback session was
postponed. In 4 cases, no alternative date could be set so the feedback was given on
an individual basis rather than in a group meeting. In another 4 cases, it turned out
to be impossible to find suitable dates for individual feedback, so feedback was
given only to project management.

In 3 cases (projects 4, 6, 14), adjustments were made to the results as tentatively
presented. In these cases the group discussion led the researcher to reconsider the
situation that led to a presented product quality problem. The description of the
product quality problem was changed accordingly. 

The interviewees generally were very positive about the subject of the current
study. They felt that too little attention and time was spent finding constructive
solutions to product quality problems in their daily practice. They expressed hope
that this study would help trigger the discussion on product quality in the organiza-
tion or would at least increase general awareness about product quality problems.

In 4 cases (projects 1, 14, 15, 21) there was a vivid discussion about ‘Blind spots
in test coverage’ in the problem area of Test Strategy (refer to Table 2-3). Some
interviewees on second thought challenged the perspective that blind spots are typ-
ically related to virtual product development. They reasoned that blind spots are by
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definition always present in the form of product parts not covered by any form of
testing and not specific to virtual product development.  The reasoning was sub-
stantiated by wide acceptance in the verification & validation discipline that testing
everything is impossible. It was concluded that this holds true. However, the notion
of blind spots should be such that it includes parts of the product that were recog-
nized in test objectives (for example after a risk analysis), but were not covered by
testing. The latter notion of blind spots specifically excludes those parts of the prod-
uct that were intentionally excluded in test objectives (for example, a risk analysis
might explicitly exclude some parts from testing). Eventually, there was general
consensus about this notion of blind spots.

In two cases (projects 3, 14) a discussion evolved about defects reported by sys-
tem testing that were later discovered not to be defects after all. Interviewees
referred to these defects as ‘false positives’. One reason false positive defects
occurred was the use of incorrect test specifications. Further, rework actions were
performed to solve the false positive defects that consequently introduced real
defects. 

10.3.5.3  Observations about DCA in Projects

Accounts of defect causal analysis activities in projects were one of the information
sources consulted throughout the multiple case study. Consequently, several obser-
vations could be made concerning the state-of-the-practice in defect causal analysis
across projects. Table 2-10 provides a summary of the defect causal analysis (DCA)
activities in the projects. Of all 22 projects, 4 projects were not aware of the pur-
pose of DCA or the possible benefits structured DCA could have to their project. 

Of the 18 projects that were aware, 7 projects actually performed DCA albeit
informally. With informal use, DCA results are not structurally used to improve
processes and no mechanisms are in place in the organization to enable this. In all
cases except one, lack of time was mentioned as main reason for not elevating the
DCA practice to a more formal level. The remaining 11 projects that were aware
but did not perform DCA, identified (1) lack of time or (2) lack of knowledge about
how to implement structured DCA, as main reasons for not doing it. Summarizing
the DCA practices, it was concluded that performance of DCA in the investigated
projects is at a poor to modest level. Consequently, for the purpose of the current
study usability of the accounts of defect causal analysis proved to be low. Though
accounts of DCA would typically hold valuable data for the current study, their low
usability forced the researcher to rely upon the other information sources.
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Table 2-10. Summary of DCA practices.

The observations about DCA are in line with findings of the study by Fredericks
& Basili as already mentioned in Section 8.3.3.4. These researchers reported on a
small-scale survey in 1998 showing minimal use of defect data for anything other
than problem tracking or crude identification of problem areas of the current
project [Fredericks98].

10.4  Reliability Considerations on the Identification of 
Product Quality Problems

The following sections address the strategies applied to enhance reliability of the
study and its results. 

10.4.1  Reliability (Dependability / Consistency)

Merriam described three techniques to ensure that results are dependable:
researcher's position, triangulation and audit trail  [Merriam98].  Each of these
techniques were used.

10.4.1.1  The Researcher's Position

Explanation of the researcher's position is a commonly applied and widely
accepted technique in the area of qualitative research. This technique implies that

DCA State-of-the-practice Project id.
No. of 

projects

Not aware of DCA benefits, consequently DCA not 
performed

9, 17, 18, 22 4

Aware of DCA benefits, but
only informally performed due to lack of time

4, 8, 10, 13, 
16, 21

6

Aware of DCA benefits, but
only informally performed due to lack of knowledge

20 1

Aware of DCA benefits, but
not performed due to lack of time

1, 5, 6, 7, 11, 
12, 14, 15, 19

9

Aware of DCA benefits, but
not performed due to lack of time and knowledge

2, 3 2
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the investigator can explain the “assumptions and theory behind the study, his or
her position vis-à-vis the group being studied, the basis for selecting informants, a
description of the informants, and the social context from which data were col-
lected” [LeCompte93]. In the context of this study, the candidate interviewees were
selected on basis of predefined criteria including rationales for the selection criteria.
Rationales for the use of other information sources were also formulated. For each
case, the role of the researcher in relation to the project was indicated (refer to
Appendix 2-8 column ‘participant observation’). 

10.4.1.2  Triangulation

Triangulation strengthens internal validity as well as reliability. While multiple
forms of triangulation exist (explained in Section 10.2.6.1) this study applied only
data triangulation. Investigator triangulation was not possible because a single-
researcher approach was used for practical reasons. This can be considered a weak-
ness as a single researcher prepared and co-ordinated the case studies and per-
formed the analysis. This might raise the concern whether intercoder agreement is
necessary to prevent the introduction of subjective bias in the coding and analysis
of the data [Palys97]. Intercoder agreement is the degree to which two or more
researchers using the same materials and observing the same people produce essen-
tially the same results. Subjective bias could lead to inappropriate interpretations
and conclusions. It was decided that for this study, interpretive authenticity was best
achieved by reviewing tentative interpretations with the study participants and pos-
sibly some independent reviewers. The applied strategies of member checks, peer
examination and data triangulation were considered appropriate to assure the qual-
ity of the interpretations made.

Besides the above, a process maturity assessment conforming to ISO/IEC 15504
was performed on the organization [ISO96a; ISO96b] in three projects. In these
cases, multiple assessors (the researcher being one of them) independently per-
formed interviews and interpreted the data, including information about product
quality problems. The results were then jointly discussed among the assessors.
Though structural investigator triangulation could not be applied, these assessments
can be considered an informal type of investigator triangulation.

10.4.1.3  Audit Trail

This technique implies that the researcher leaves an audit trail describing how data
were collected, how categories were derived and how decisions were made in suffi-
cient detail so that other researchers can "authenticate the findings" by following
the trail of the original researcher. In this study, a case study protocol was devel-
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oped that describes the steps of data collection and analysis. The protocol was first
exercised in a pilot case before actual application. The pilot has led to the modifi-
cations of the protocol mentioned in Section 10.2.5.3.

10.5  Validity Considerations on the Identification of Product 
Quality Problems

The following sections address the strategies applied to enhance validity of the
study and its results.

10.5.1  Internal Validity (Truth Value / Credibility)

Merriam identified six basic strategies for enhancing internal validity
[Merriam98]. In this study five have been used: member checks, peer examination,
addressing researcher's bias, triangulation and long-term observation. The sixth
strategy of choosing a participatory or collaborative mode of research was not used
because of practical reasons.

10.5.1.1  Member Checks

The first strategy was member checks. This strategy implies that the researcher
takes data and interpretations back to the people from whom they were derived and
asks them if the results are plausible. In this study, a feedback session with the
original interviewees was organized where tentative results (i.e. identified product
quality problems in the project) were presented and discussed. The interviewees
commented on the results and expressed their agreement or disagreement. In 3
projects, the feedback session actually led to adaptation of tentative results.

10.5.1.2  Peer Examination

The second strategy involved peer examination. This strategy implies that the
researcher asks colleagues to comment on findings as they emerge. In many occa-
sions the identified problems were discussed with a second researcher to assess
whether the problems could indeed be considered ‘typical’ to virtual product
development. These discussions did not lead to adaptations of the initial findings.

10.5.1.3  Researcher's Biases

The third strategy dealt with researcher bias. This strategy is multi-faceted and
implies that all forms of bias originating from the researcher's assumptions, per-
sonal orientation, personal background and/or views are addressed. In this study,
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researcher bias is one of the more important threats to internal validity, especially
where it concerns the relationship between the researcher's knowledge level and
interviewing. 

In research on interviewing, opposing views exist on the required knowledge
level of the interviewer. Kvale claims that a good interviewer is an expert on the
topic of the interview [Kvale96]. Extensive knowledge of the interview theme facil-
itates an informed conversation by asking follow up questions and steering of the
interview so that useful information is obtained. Contrary to this view, Johnson &
Weller point out that it is easier for researchers to study areas in which they have lit-
tle experience because familiarity with a topic might cause them to overlook details
about which they assume they are already informed [Johnson02]. In the current
study the researcher has a professional background in the disciplines of software
engineering and verification & validation making him significantly knowledgeable
about the interview theme. It was observed that this knowledge was indispensable
for adequately conducting the interviews. This is in line with observations by Hove
& Anda who state that:

 “In the area of software engineering it is very important for the inter-
viewer to have extensive knowledge of the theme of the interview.
Armed with such knowledge, the interviewer will be able to under-
stand the information that the interviewees give, ask the relevant fol-
low up questions, and be able to clarify ambiguities and to control the
interview. It can be difficult for an interviewer with limited knowledge
to understand what is important and to follow up interesting and rele-
vant topics further. If the interviewer does not have appropriate
knowledge, the quality of the interview depends to an overwhelming
extent on the interviewee” [Hove05]. 

In addition, the researcher has a strong background in performing audits and
assessments, and consequently experience in searching for reliable sources of evi-
dence. Finding adequate substitutes of the same experience level was considered
too difficult, and therefore it was concluded that the benefits of letting a single
researcher perform the interviews and collect the data outweighed any negative
aspects.

10.5.1.4  Triangulation

The fourth strategy involved data triangulation. Data about defects leading to prod-
uct quality problems was gathered from various sources when multiple sources
were available. The main information source in this study was interviews. To cor-
roborate findings from interviews, other sources were accessed to find supporting
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evidence. In addition, two general threats to the validity of the information sources
were recognized:

First, interviewees were selected on proposal of the project managers. It might
be that, for whatever reason, the project managers only proposed those project
members who were overly positive about the project. This threat is not negligible
as protective behavior and information-hiding have been observed in some cases.
If interviewees were indeed too positive or withheld information, the result could
be failure to identify some problems in a project. Alternatively, situations that led
to problems could have been misrepresented. To detect possible information-hid-
ing, other information sources were reviewed and explanation was sought in cases
where information derived from various sources did not converge.

Secondly, care was taken in the interpretation of document contents. From expe-
rience it is known that some document types are susceptible to information-bias
and wrong or misleading information [Jones06] (for example conveying purposely
altered information to disinform receivers of the document). A typical reason for
information-bias to occur is when project staff trivializes or omits product quality
problems in reporting the progress of business critical projects. Based on the over-
all experience from the feedback sessions and the observed constructiveness and
openness of the projects participating in this study, there are no reasons to assume
that information-hiding or low document validity have had a significant influence
on the findings. 

10.5.1.5   Long-term Observation

The fifth strategy involves long-term observation. This strategy implies that data is
gathered over a substantial period of time in order to increase the validity of find-
ings. 

Throughout the study, the researcher was professionally involved in 4 projects
and consequently was in a position to use participant observation as an information
source. The researcher resided a significant period of time (up to 2 years) in these
projects in the discipline of verification & validation. His role directly involved
identification and analysis of product quality problems which allowed repeated
observations and analyses of product quality problems. The analyses were con-
ducted in close co-operation with other project members. 
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10.5.2   External Validity (Transferability)

Merriam suggested three strategies to improve the generalizability or transferability
of findings [Merriam98]: rich description, typicality of cases and multi-site design.
All were used in this study to various degrees.

10.5.2.1  Rich, Thick Description

This strategy implies that enough description is provided so that readers are able to
determine how closely their situation matches the research situation and whether
findings can be transferred to their situation.

Projects included as single cases in this multiple case study were described as
much as possible by capturing a set of characteristics. However, virtual develop-
ment projects are complex constructs of effort where many parameters can be con-
sidered in the process of characterizing the project and its environment. There are
numerous possible dimensions of describing a project. Examples include informa-
tion about the project's development process, verification & validation process, the
actual way-of-working, and the staff level or governing business policies. Aggre-
gate measures exist that capture some of these dimensions at a higher level like a
statement on the level of process capability maturity according to the Capability
Maturity Model [CMMI02] or Test Maturity Model [Burnstein96a; Burnstein96b;
Burnstein96c; Burnstein03]). Measures like these were considered to be at an
abstraction level too high to be useful. This makes it difficult, though not impossi-
ble, to decide on a set of characteristics beforehand. The set of project characteris-
tics given in Appendix 2-7 is judged as sufficiently wide and diverse for the
purpose of this study. However, this judgment is rather subjective and can only be
substantiated by the participants' ease in comparing their own project with the other
projects in the multiple case study during the feedback sessions. 

The strategy of rich, thick description was also applied to the description of prod-
uct quality problems. Also with this application, the adequacy of the strategy is
considered sufficient because participants did not have difficulty comparing their
actual product quality problems with the ones found in previous cases during feed-
back sessions.

10.5.2.2  Typicality of Cases

This strategy implies that it is described how typical the projects are compared with
others in the same category to allow readers to make comparisons with their own
situation [LeCompte93]. Typicality is difficult to assess as it deals with the central
question of what, exactly, makes a project ‘typical’ for virtual product develop-
ment. Moreover, there are many parameters by which a project can be character-
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ized. Criteria used for the selection of projects were carefully established and
based on a profile of a virtual development project. Projects that matched the crite-
ria and were subsequently selected were assumed to be representative of a typical
virtual development project. The values in Appendix 2-7 containing the projects'
characteristics (like project size, number of increments, domain or number of
development entities involved) allow comparison of the selected projects with the
own situation. 

10.5.2.3  Multi-site Design

This strategy implies that several sites, situations, and cases are investigated on the
phenomenon of interest to allow the results to be applied by readers to a greater
range of other situations. In this study, a multiple case study design was used to
include multiple projects originating from various product domains, organizations,
application areas and sizes. This diversity in projects is considered to increase
external validity. Bias introduced by purposive selection of the projects can influ-
ence generalizability to other situations. Care was taken to specify selection crite-
ria for projects prior to identifying and selecting any project for data collection.
Though many projects met the selection criteria, practical reasons like geographi-
cal location of the projects and associated travel distances sometimes forced the
researcher to exclude projects from being selected. Yet, any bias introduced
because of this is considered negligible. 

10.6  Summary and Conclusions

This chapter described the exploration of product quality problems in virtual devel-
opment environments. A multiple case study was conducted, involving 22 virtual
development projects across multiple product domains, in which product quality
problems typical to VPD were identified. Multiple sources of information have
been used throughout the study to identify and confirm the occurrence of the prod-
uct quality problems. The following conclusions were drawn from the study
results:

Virtual product development creates a project context in which product quality
problems are perceived and occur due to the project's distributed nature. In the cur-
rent case study, a significant part of the total number of product quality problems
reported across all projects, 60%, was related to the practice of virtual product
development. The percentage of 60% is considered an indication that VPD has
substantial effects on product quality. 

Five problem areas in the practice of virtual product development emerged from
the analysis of product quality problems: Configuration Management, Require-
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ments Management, System Integration, Test Strategy, and Test Environment. In
total, these problem areas contained 23 distinct product quality problems, all of
which were identified and described (see Table 2-3). Identification of these quality
problems provides an answer to research question 1, “What product quality prob-
lems are typically experienced in VPD environments?”.

The phases ‘System Integration’ (at system level), ‘System Testing’ (at system
level) and ‘Technical Requirements Specification’ (at component level) were found
to be defect-sensitive. In these phases there is an increased risk that defects are
detected unacceptably late or that defects are introduced. This positively answers
research question 2, “Are there phases in the VPD development lifecycle that are
specifically defect-sensitive?”. 

Besides the practice of virtual product development, component reuse and use of
third-party components both appear to result in product quality problems similar to
those appearing in virtual product development. 

Product quality problems occur because projects fail to sufficiently recognize
lifecycles and lifecycle transitions with related projects. No measures were taken in
defect-sensitive phases. A majority of the projects participating in the study (13 out
of 22) did not pay attention to lifecycle modeling. Yet, project managers who were
invited to a posteriori model a lifecycle for their project, generally regarded the
modeling exercise as a useful activity. They recognized the benefit of lifecycle
modeling explicitly describe relationships to other parties in terms of information
and work product flow within and between sub-projects. It is concluded that model-
ing of the lifecycle is a prerequisite for enabling the inclusion of the appropriate
development and test phases into the overall development lifecycle. The current
study suggests that adequate modeling of a lifecycle during initiation of a project
could prevent product quality problems from occurring.
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CHAPTER 11 Exploration of Causes of Product 
Quality Problems in VPD

A condensed version of this chapter was published in Jacobs JC, Moll JH van, Krause P, 
Kusters RJ, Trienekens JJM, Brombacher AC, Exploring Defect Causes in Products Devel-
oped by Virtual Teams, Information and Software Technology, 2005, 47(6):399-410.

11.1  Introduction

11.1.1  Relation to the Previous Chapter

In the multiple case study described in the previous chapter, product quality prob-
lems as perceived in actual development projects were explored. It was found that
product quality problems exist that are typical of virtual product development envi-
ronments. It was also found that transitions between lifecycles of related projects in
a VPD context are particularly defect sensitive. Though in the analysis of product
quality problems and the underlying defects, defect introduction and detection were
addressed, emphasis was on defect occurrence as such. In particular, focus was on
defects leading to product quality problems perceived as most severe. 

In Section 8.4.2 it was explained that defect occurrence is one of the aspects
influencing the perception of product quality problems. Potentially, each single
defect can lead to the perception of a product quality problem. As product quality
problems typical to VPD were found, the findings from the multiple case study sug-
gest that there are in turn defect causes specifically pertaining to VPD. It could thus
be investigated (1) why particularly in VPD environments defects are introduced
and (2) why particularly in VPD environments defects are not detected, or only late
in the development lifecycle; these defects can eventually lead to product quality
problems. Consequently, the study described in this chapter was initiated to explore
defect causes particularly occurring in VPD projects.
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11.1.2  Goal and Research Questions

The goal of this study was to assess whether in virtual product development envi-
ronments (1) defects are introduced in work products because of reasons specifi-
cally pertaining to VPD and (2) defects are not detected because of reasons
specifically pertaining to VPD. Non-detection of defects refers to defects that are
not detected during the development and verification & validation phases of a
project, but that are discovered after release in the field. Late detection of defects
refers to defects that were detected during the development and verification & vali-
dation phases, but that should have been detected in earlier phases. An example of
this is a defect that could and should have been found during unit testing, but was
actually found during system testing. The current study distinguished between
‘non-detection’ and ‘late detection’, as Leszak pointed out that late detection of
defects along the development cycle is a strong argument for looking into the root
causes of these particular defects [Leszak02]. Moreover, the multiple case study
indicated that late detection is a problem in VPD projects. 

Therefore, in addition to defect introduction and non-detection, the current study
also assessed whether there are causes for late detection, specifically pertaining to
VPD. Knowledge about causes is required for defining focused, corrective mea-
sures to maximize defect detection and to minimize defect introduction throughout
all phases of development and testing. The current study sought to answer research
question 3: Why specifically in VPD environments are defects introduced in (work)
products and why are these defects either not detected or only detected late?

This research question was decomposed into derived research questions:

3.1 Why specifically in VPD environments are defects introduced in (work) 
products? 

3.2 Why specifically in VPD environments are defects in (work) products 
detected late, or not at all? 

Answering these research questions implied the performance of some form of
defect causal analysis to identify defect causes. The term defect is used in the cur-
rent study as a generic term for any discrepancy between:

- product information specifying the product's behavior and the behavior requested 
by the product development principal;

- actual product behavior and the specification of its behavior;

- information intended for the verification & validation of the product and its spec-
ified and requested behavior.
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11.1.3  Outline of this Chapter

Section 11.2 justifies the choice for the research method used in this study, eventu-
ally leading to the choice of focus group research as a basis for defect causal anal-
ysis. This section also describes the design of the focus group. Section 11.3 reports
on the results of using the focus group method, in which teams of experts took a
lifecycle-centric view on virtual development to address typical causes of the intro-
duction and non- or late detection of defects. Section 11.4 discusses the appropri-
ateness of the focus group based approach from a reliability and validity
perspective. Finally, Section 11.5 lists the conclusions from the study.

11.2  Methodology for the Exploration of Causes

11.2.1  Choice of the Method

In first instance, it was the intention to investigate in-depth the causes of defects in
a number of virtual development projects. However, early in the preparation stage
of the current study it became apparent that such an approach was unfeasible:
either the necessary defect data for determining defect root causes is unavailable,
or organizations refuse to provide the data. Similar observations about poor avail-
ability of defect data were already reported in Chapter 8. Moreover, a quick scan
by the researcher showed that organizations limit the extent of defect classification
and analysis by only collecting defect data for solving problems at hand. This is
consistent with observations reported by Fredericks et al who found that root cause
analysis to structurally prevent defects from recurring in the future is hardly prac-
ticed [Fredericks98]. In addition, a similar observation concerning the practice of
defect causal analysis was made in the multiple case study described in Chapter 10.
It was observed that organizations did not structurally perform defect causal analy-
sis, and consequently defect data suitable for analysis was missing. 

If applied at all, defect classification schemes such as the Hewlett Packard
Scheme [Grady92], the IEEE 1044 Standard Classification for Software Anoma-
lies [IEEE93] or Orthogonal Defect Classification [Chillarege92] are rarely
employed on such a scale that their scope includes the entire virtual development
context (i.e. the entire set of related projects contributing to the development of the
product). Summarizing what is stated above, the problem in the current study is
that hard data on defects is lacking. 

Lack of hard data was a problem also faced by Briand et al who successfully
investigated the cost-effectiveness of inspections by relying upon expert judgments
[Briand00]. Also Li et al report expert opinion as a valid means to cope with the
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problem of lack of hard data [Li03b]. In line with these approaches, this study's
approach was based upon accumulated expert knowledge concerning defect causes
in virtual development projects. The intention was to mine data about defect causes
from experts' experiences, eventually determining the causes that are considered to
be related to VPD. 

Mining data from experts belongs to an area known as expert consultation. Vari-
ous types of methods exist for consulting experts. Gustafsson & Ollila recognized
Delphi, workshops, questionnaires and interviews [Gustafsson03]. They developed
a typology for the application of these methods based on the number of related dis-
ciplines, the ambiguity of the topic of consultation, and the number of consulted
experts. In the current study, there was only the single discipline of development in
a virtual product development environment. The topic of consultation was consid-
ered ambiguous as it concerned a causal analysis of defects on the basis of expert
opinions and viewpoints. The number of experts that could be consulted was con-
sidered limited. Consequently, applying Gustafsson & Ollilla's typology suggested
interviewing as the most appropriate consultation method. 

In interviewing, two forms of interviews can be distinguished: individual (per-
son-to-person) interviewing and group (collective) interviewing [Merriam98]. As
the topic of consultation was considered ambiguous, expert collaboration was con-
sidered to be required by having experts discuss and challenge their viewpoints.
Individual interviewing was therefore considered unsuitable for application in the
current study, as expert collaboration is not possible in an individual setting. A type
of group interview in which expert collaboration is strong, is a focus group
[Stewart90; Morgan97; Krueger00]. A focus group can be defined as a group of
interacting individuals having some common interest or characteristics, brought
together by a moderator, who uses the group and its interaction as a way to gain
information about a specific or focused issue. According to Kitzinger “focus groups
are group discussions organized to explore a people's views and experiences on a
specific set of issue” [Kitzinger94]. It is exactly this strong collaboration that distin-
guishes the technique from the wider range of group interviews. Morgan empha-
sized the distinction as “the explicit use of the group interaction to produce data and
insights that would be less accessible without the interaction found in a group”
[Morgan97]. A similar emphasis was put by Barbour & Kitzinger who stated that
focus groups are unique in their explicit use of group interaction to produce data
[Barbour98]. According to them, focus groups are based on two fundamental
assumptions. The first is that individuals can provide a rich source of information
about a topic. The second is that the collective and individual responses encouraged
by the focus group setting will generate material that differs from other methods
[Glitz98]. 
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Nevertheless, confusion is known to exist about the differences and similarities
between focus groups and group interviewing. However, a focus group is different
from group interviewing in three basic ways. Firstly, the main difference is that it is
focused, which implies that the group has a specific discussion topic. Secondly, the
group has a trained moderator whose task is to keep the group on course. Thirdly,
the group's composition and the group discussion are carefully planned to create a
non-threatening environment, in which people are free to talk openly [Frey91].
Members are actively encouraged to express their own opinions, and also respond
to other members, as well as to questions posed by the moderator. Focus groups are
known to yield a lot of information in a relatively short amount of time, because
they are structured and directed. 

Even though individual interviewing was already considered inappropriate, in
the first place because of the lack of expert collaboration, it was additionally
checked whether in-depth individual interviews would possibly be an alternative to
focus groups. This check was performed because focus groups share many charac-
teristics with in-depth interviews. They should, however, not be used interchange-
ably [Frechtling97]. The check implied a verification of a number of factors that
can be considered when choosing between focus groups and in-depth interviews
[Frechtling97]. The results of the check are listed in Table 2-11 and confirmed the
appropriateness of using focus groups in the current study.

Table 2-11.  Results of the check against criteria for using focus groups.

Factor to 
consider

Criterion for using focus 
groups

Criterion for using in-
depth interviews

Outcome
 

Group 
interaction

interaction of respondents 
may stimulate a richer 
response or new and valuable 
thought.

group interaction is likely to 
be limited or non-produc-
tive.

Focus 
group

Group/peer 
pressure

group/peer pressure will be 
valuable in challenging the 
thinking of respondents and 
illuminating conflicting opin-
ions.

group/peer pressure would 
inhibit responses and cloud 
the meaning of results. 

Focus 
group

Sensitivity 
of subject 
matter

subject matter is not so sensi-
tive that respondents will tem-
per responses or withhold 
information.

subject matter is so sensi-
tive that respondents would 
be unwilling to talk openly 
in a group.

Focus 
group
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Table 2-11.  Results of the check against criteria for using focus groups (cont.).

Given the above considerations, it was decided to gather data about defect causes
based on the concepts of focus groups. Moreover, focus group research has been

Factor to 
consider

Criterion for using focus 
groups

Criterion for using in-
depth interviews

Outcome
 

Depth of 
individual 
responses

the topic is such that most 
respondents can say all that is 
relevant or all that they know 
in less than 10 minutes.

the topic is such that a 
greater depth of response 
per individual is desirable, 
as with complex subject 
matter and very knowledge-
able respondents.

Focus 
group

Data collec-
tor fatigue

it is desirable to have one indi-
vidual conduct the data collec-
tion; a few groups will not 
create fatigue or boredom for 
one person.

it is possible to use numer-
ous individuals on the 
project; one interviewer 
would become fatigued or 
bored conducting all inter-
views.

Focus 
group

Extent of 
issues to be 
covered

the volume of issues to cover 
is not extensive.

a greater volume of issues 
must be covered.

Focus 
group

Continuity 
of informa-
tion 

a single subject area is being 
examined in depth and strings 
of behaviors are less relevant.

it is necessary to understand 
how attitudes and behav-
iors link together on an 
individual basis.

Focus 
group 

Experimen-
tation with 
interview 
guide 

enough is known to establish a 
meaningful topic guide.

it may be necessary to 
develop the interview guide 
by altering it after each of 
the initial interviews.

Focus 
group

Observa-
tion by 
stakehold-
ers

it is desirable for stakeholders 
to hear what participants have 
to say.

stakeholders do not need to 
hear first-hand the opinions 
of participants.

Focus 
group

Logistics 
geographi-
cally

an acceptable number of tar-
get respondents can be assem-
bled in one location.

respondents are dispersed or 
not easily assembled for 
other reasons.

In-depth 
interview

Cost and 
training

quick turnaround is critical, 
and funds are limited.

quick turnaround is not crit-
ical, and budget will permit 
higher cost.

No prefer-
ence

Availabil-
ity of quali-
fied staff

focus group facilitators need 
to be able to control and man-
age groups

interviewers need to be sup-
portive and skilled listeners.

No prefer-
ence
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suggested as a way to gain insight into complicated topics and applicable in pre-
liminary or exploratory studies. The exploratory nature of the current study and the
inherent difficulties of defect causal analysis closely match this suggestion for
application, which strengthens the choice for using focus groups.

11.2.2  Focus Group Design

Krueger identified four design options for conducting focus groups: single-cate-
gory, multiple category, double-layer and broad-involvement design [Krueger00].
Single category design is the traditional design option on which focus groups are
conducted until theoretical saturation is reached; the point when no new insights
are gained. Multiple category design is a design option in which groups are con-
ducted with several audiences (categories), having different characteristics, with
the purpose of comparing and contrasting groups. In double-layer design, focus
groups are conducted with several audiences, with the purpose of comparing and
contrasting the layers in the design. For example: comparing groups with the same
geographical location (as a first layer) and audiences with similar characteristics
(as a second layer). Broad-involvement design is used in studies with widespread
public interest, where people may be concerned if they are left out. In the current
study, a single-category design was considered most appropriate, as it was the
intention to explore defect causes in VPD, eventually arriving at a list of identified
causes. This does not require the compare and contrast perspectives like those
implied by multi-category and multi-layers designs [Krueger00]. Moreover, as the
study aimed at identifying causes for defect introduction and non- or late detection,
comprehensiveness of the final list of causes was considered important. Compre-
hensiveness of results is influenced by theoretical saturation, the determination of
which is part of single-category designs. 

Focus groups typically have five characteristics relating to the ingredients of the
focus groups [Krueger00]: people who possess certain characteristics and provide
qualitative data in a focused discussion to help understand the topic of interest.
When designing the focus group for application in the current study, these charac-
teristics of focus groups translated to the following: Experts (= people) selected on
the basis of various types of experience in VPD (= possess certain characteristics),
provide information about their experiences with defect causes (= qualitative data)
in structured analysis meetings (= focused discussion) to identify causes for defect
introduction and non- or late detection (= the topic of interest). These five charac-
teristics were embedded in the design of the focus group, the outline of which is
depicted in Figure 2-21. 
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Figure 2-21.   Outline of the focus group study design. 

Causes of defect introduction and non- or late detection were to be identified in a
series of structured analysis meetings conducted by different combinations of
experts. The analysis meetings were to be repeated as long as saturation in the iden-
tified causes was not reached. The subsequent sections describe in more detail how
the focus group characteristics were addressed in the focus group design.

11.2.2.1  Selection of Experts

Experts for participating in the current study were volunteers recruited from the
researcher's professional network with regard to organizations active in virtual
development of software-intensive technical products. They were carefully selected
on the basis of their professional background and expertise, using criteria resem-
bling those described in [Li03b] and listed in Table 2-12. 

Focus group conducts 
a structured analysis 

meeting to identify causes 
for defect introduction and 

non/late detection

Selection of experts
for participation in focus 

groups

Saturation in
identification of 
causes reached?

YES

NO

Create new combination
of participants

Determine and discuss the 
distribution of causes over 

lifecycle phases
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Table 2-12.  Criteria used for the selection of experts.

The criteria were established so as to increase the probability of selecting ‘infor-
mation-rich’ persons, in line with Patton's notion of information-richness,
described as “those from which one can learn a great deal about the issues of cen-
tral importance to the purpose of the research” [Patton90].

Group homogeneity or cohesiveness was identified as a critical success factor to
focus group research by Goldman [Goldman62]. Another factor of homogeneity
was stated by Sim who argued that participants must come from similar profes-
sional experience [Sim98]. Therefore, besides information-richness, the criteria
were established such that homogeneous groups could be formed, with sufficient
variation among the individuals to allow for contrasting viewpoints [Krueger00].

Focus group research does not provide strict rules for determining the group
size. Clues to the ideal group size are often yielded by the meeting's anticipated
questioning route and participant characteristics [Krueger00]. Typically, focus
groups are composed of five to ten people [Krueger00]. However, when dealing
with complex topics or knowledgeable participants, this size is considered too
large [Krueger00]. Krueger suggested to compose smaller groups in cases where
the researcher “wants to have in-depth insights and where participants have a great
deal to share about the topic of interest” [Krueger00]. Focus groups with such a
small size are also referred to as mini-focus groups [Edmunds99]. Mini-focus

Criterion Rationale

The participant must have been active in 
the area of virtual development for more 
than three years

The longer the participant has been in the 
area of virtual product development, the 
more insight and experience is expected

The participant must have a wide per-
spective on virtual product development

The wider the participant’s perspective on 
VPD, the higher the ability to value and 
compare experiences from other partici-
pants

The participant must have been directly 
involved in product testing, technical 
product support, or project management 

These types of involvement are expected 
to directly give insight into the percep-
tions of product quality problems, under-
lying defects and their causes

The participant must have extensive 
experience in defect causal analysis in 
virtual development projects

The more experience in defect causal 
analysis, the higher the probability that 
many different causes have been encoun-
tered by the participant

The participant must have been directly 
involved in multiple virtual development 
projects in the last two years

The participant should have recent expe-
riences in virtual development projects
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groups can help the group achieve greater depth of topic, cohesion, and concentra-
tion on a given topic [Edmunds99]. As the participants were expected to perform a
causal analysis process, it was anticipated that a significant exchange of informa-
tion between the participants would take place. As in addition the analysis activities
were expected to be strenuous, the thoroughness of the analysis would suffer from
too many people discussing causes. These considerations suggested using small
groups. Another reason to have small groups was the avoidance of negative group
effects like cognitive inertia, domination and production blocking [Nunamaker93].
Eventually, the maximum number of participants was limited to five. 

11.2.2.2  Structured Analysis Meetings and Causal Analysis Process

Structured analysis meetings, with selected experts as participants, were conducted
to identify causes for defect introduction and non- or late detection. The experts
were informed about the purpose of the meetings one month in advance, to enable
them to prepare. The structured analysis meetings very much resembled the causal
analysis meetings as known from the Defect Causal Analysis (DCA) process
[Card98] and Defect Prevention Process (DPP) [Mays90a]. The major difference
was the way in which defects to be analyzed were gathered, as shown in Figure 2-
22. In conventional DCA (left side in Figure 2-22), systematic errors are identified
based on quantitative data from a project's problem database, while the current
approach (right side in Figure 2-22) aimed at identifying defect types and associ-
ated causes based on qualitative information mined from the participating experts'
experiences.

According to Krueger, the person moderating a focus group must have adequate
background knowledge on the topics of discussion [Krueger00]. The analysis meet-
ings were therefore chaired and guided by the researcher who is a trained moderator
and knowledgeable about the topic. The moderator introduced the participants to
the purpose and set-up of the meeting, and ensured that the meeting and analysis
process were correctly followed. To safeguard the duration of the meetings, he also
intervened in discussions preventing them from getting too extensive. He carefully
avoided taking part in the discussion with respect to content to prevent moderator
influence. As a measure to detect and prevent moderator influence, an independent
observer attended some of the analysis meetings with the purpose of observing the
analysis process and the moderator. He was instructed to intervene in the discus-
sion, if he had the opinion that the moderator was actually exerting influence on the
experts. At the end of each meeting, the moderator evaluated the meeting by asking
the participants to give their opinion about the meeting and how they perceived the
meeting's effectiveness and efficiency.
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Figure 2-22.   Causal analysis outline (conventional vs. current study). 

In the multiple case study described in Chapter 10, it was found that a clear
notion of the development lifecycle was valuable in reconstructing the chain of
events leading to the perception of product quality problems. Virtual development
projects are typically structured as a hierarchy of lifecycles, reflecting the decom-
position of projects into sub-projects. Therefore in each analysis meeting, a lifecy-
cle-centric view on product creation was taken analogous to the view in the
multiple case study. This meant that the individual development and test phases
were considered and discussed separately in the order they appear in the generic V-
lifecycle for an imaginary VPD project (refer to Figure 2-23). ‘Project X’ in Figure
2-23 denotes an overall system development project and ‘Project Y’ and ‘Project
Z’ denote the development of components that are eventually integrated in the
overall system.

Each analysis meeting adhered to the same agenda:

- Introduction of the analysis process to the participants;

Identify typical defects 
occurring in each lifecycle phase

Identify typical causes for
introduction and non/late 
detection related to VPD

VPD-related  
introduction causes 
per lifecycle phase

VPD-related non/late 
detection causes per 

lifecycle phase

Expert Experiences & Opinions:
defect causal analysis, 

virtual product development,
defect introduction,

defect detection,
defect prevention

Causal analysis in 
current study

Identify actual defects 
based on (samples of) problem 

reports

Identify actual causes for
the defects and find ‘systematic 

errors’

Systematic errors

Actual problem report 
database

Causal analysis in 
conventional DCA
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- Per lifecycle phase:

- discussion of typical causes for the introduction of typical defects and identi-
fication of those causes particularly related to VPD;

- discussion of typical causes for the non- or late detection of typical defects 
and identification of those causes particularly related to VPD;

- Review and discussion of causes from previous analysis meetings;

- Meeting evaluation.

For each lifecycle phase, the participants discussed typical defects arising in that
specific phase, adversely affecting product quality. Typical defects were to trigger
the exploration of causes of defects. Examples of typical defects include ambiguous
and missing requirements, non-compliance to standards and interface defects. As a
preparation, the experts were already asked to contemplate on typical defects one
month in advance of the analysis meetings. During the meeting typical defects were
identified and discussed. Next, typical causes were discussed and those causes were
identified of which experts had substantiated opinions that their occurrence is sig-
nificantly influenced by the nature of a VPD project (i.e. by a virtual development
context). These causes were then considered related to VPD.

Figure 2-23.   Generic V-lifecycle as deployed in a typical VPD context.
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Causes related to VPD could either be (1) ‘new’ causes, i.e. additional to causes
already known from co-located development, or (2) causes also present in co-
located development but with a much higher probability of occurrence in a virtual
development context, according to the judgement of the experts. It was particularly
these judgements that formed a topic requiring collaboration from the experts. It
was exactly at this stage at which the strength of focus group research was taken
advantage of most; as Morgan stated, “focus groups are useful when it comes to
investigating what participants think, but they excel at uncovering why participants
think as they do” [Morgan97]. Focus groups can achieve this because participants
not only articulate their views about a particular topic, but also explain to the group
members the reason why they hold these views. Such participation occurs as par-
ticipants question each other, or even challenge views, which might differ from
their own. Participants are requested to expose the reasoning behind their own
opinions allowing the researcher to explore and record such interaction. 

To facilitate the identification of causes related to VPD, Karolak's risk catego-
ries were chosen as a basis to support brainstorming potential causes in the area of
Communication, Organization and Technology. These categories were already rec-
ognized as a scheme to classify threats to the execution of virtual development
projects and to find solution strategies [Karolak98]. By using Karolak's risk cate-
gories to classify defect causes typical for virtual development, the scheme is
merely extended with a defect view. Moreover, existing defect classification
schemes are not elaborate enough to cover virtual development related causes. In
the current study, the risk categories were augmented with the additional category
Process: a study by Maidantchik et al identified the differences between software
processes used by collaborating groups and associated process maturities as a risk
category for virtual development projects [Maidantchik02]. Earlier, McMahon
already warned about the potential danger of differences in processes and process
maturities of collaborating parties in distributed development [McMahon01]. The
observations of these authors are consistent with the researcher's experiences in
virtual development. Consequently, Process was considered an additional risk cate-
gory for virtual development. Eventually, the final cause classification scheme
consisted of the categories Communication, Organization, Technology and Pro-
cess.

An alternative scheme could have been inspired by the problem areas in VPD as
identified by Carmel [Carmel99]. However, Karolak's risk categories were consid-
ered to form a better basis for a defect cause classification scheme than Carmel's
problem areas. They are less interrelated than Carmel's problem areas in the sense
that one problem area can be considered a consequence of another. Moreover,



Exploring Effects of Virtual Product Development on Product Quality 

Methodology for the Exploration of Causes 165

Karolak's risk view were preferred because the term ‘risk’ implies that the issue it
addresses might be a problem, though it is not necessarily a problem. 

In the identification of causes, the experts were asked to concentrate on those
causes that they considered significant. Substantiation of significance was to be
provided by the experts' own experiences with defect causal analyses in virtual
product development projects. By using the cause-effect graphing technique
[Ishikawa71], the experts tried to systematically identify all possible VPD-related
causes of defect introduction and non-detection, and capture them in a cause-effect
diagram. Typical defects were only intended to trigger the exploration of causes.
Regardless of the defect type, any defect can lead to the perception of a product
quality problem. Therefore, all causes of all typical defects were joined in a single
diagram per phase. Consequently, the identification of causes related to VPD
yielded one pair of cause-effect diagrams per lifecycle phase; one diagram for
defect introduction causes and one for defect non/late detection causes. For exam-
ple, the cause-effect diagram containing defect introduction causes for phase X
would contain all typical causes related to VPD for defects, of any type, introduced
in phase X. Each typical cause can potentially occur in an actual VPD project. 

The cause-effect diagrams were spanned by the four risk categories and causes
were assigned to one of the risk categories. The risk categories were intended to be
orthogonal. Therefore, it was allowed to assign the cause to multiple risk categories
only in the case of irresolvable doubts among the experts about which category a
cause was to be assigned to. 

In each analysis meeting, causes for both defect introduction and non- or late
detection over the entire lifecycle were discussed and eventually those causes
related to VPD were identified. To ensure focus and attention from the experts, the
duration of the meetings was limited to a maximum of three hours. 

At the end of each analysis meeting an evaluation was held. During the evalua-
tion the experts were invited to give their opinion about the analysis process and
how they perceived the results. The goal of this evaluation was to ensure that the
experts agreed with the results and to assess the analysis process followed. To
enhance reliability and validity, the results were shown to the participants to verify
that their causes had been accurately recorded [DIIA04].

In traditional focus group research, it is common to audio-record the discussions
in the group. This is done as the information from the groups is usually post-pro-
cessed, i.e. the analysis is done after the focus group was conducted. Typically,
what has been said is analyzed on the basis of transcripts [Krueger00]. For the cur-
rent study, it was decided not to audio-record the meetings, as this study's type of
analysis was different. Here, the analysis was already embedded in the meetings.
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Consequently, post-processing in a form comparable to traditional focus group
research was considered unnecessary. 

The analysis meetings were conducted in a round table setting. Experts were
provided printed copies of the generic lifecycle shown in Figure 2-23. An LCD
projector was used to display the cause-effect diagrams that were instantaneously
updated by the moderator every time a new cause related to VPD was identified. A
whiteboard was available for drafting cause-effect chains during discussions
among the experts. The white board could be used, before adding results of the dis-
cussion to the cause-effect diagram being displayed via the projector. 

11.2.2.3  Aggregation of Expert Knowledge

As with individual interviews, focus groups are designed to obtain information
regarding personal experiences. Thus, what the group members report is accepted
as a valid representation of their experience, particularly if it is not challenged by
other members of the group. Yet, there are approaches to further ensure the accu-
racy of the information [TTAC05; CEISMC04]. Reliability of information
obtained in focus groups can be assessed by (1) returning to a subject later in the
discussion, or (2) by having several focus groups address the same topic. In the
second way, the information obtained in one focus group is tested in subsequent
focus groups by asking about similar events. It was anticipated that the analysis
meetings would be rather loaded and therefore the possibility of returning to previ-
ously discussed causes was considered unlikely. Consequently, the second way of
increasing reliability of information was chosen. This implied that rather than col-
lecting the opinions of the experts individually and aggregating them at the end of
the study, each meeting would build upon the results obtained in previous meetings
held with other combinations of experts. Following this approach, the collection of
causes from previous meetings was reviewed, refined and extended, until satura-
tion was reached (i.e. no additional causes were identified) [Krueger00]. Eventu-
ally, the collection of causes became stable and consensus was reached about
whether or not the causes are related to virtual product development. 

After having conducted the structured analysis meetings, a separate discussion
was planned in which the participating experts and the researcher jointly reflected
on the results obtained. On the basis of the identified causes, the distribution of
causes over lifecycle phases was determined both for defect introduction (DI) and
non- or late detection causes (DD). Distributions were visualized in graphs, show-
ing totals for DI and DD, as well as totals per risk category.

A person not involved in the analysis meetings, yet knowledgeable about the
topic, attended the discussion. This person acted as ‘disinterested peer’, challeng-
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ing the experts to provide evidence for their statements and findings [Lincoln85;
Johnson97].

11.3  Results and Discussion of the Exploration of Causes

11.3.1  General Data from the Exploration of Causes

The selected experts, all at senior level, included two test managers, one test archi-
tect, one software architect, one project manager and one service engineer, all com-
plying with the selection criteria in Table 2-12. They all had wide experience in the
field of virtual development, with their experience acquired in a variety of organi-
zations. Correspondingly their accumulated knowledge about defect causes in vir-
tual development projects covered multiple organizations. 

The combinations of experts in analysis meetings as shown in Table 2-13, were
determined by the availability of experts rather than being planned combinations.
The availability of experts was a main factor severely reducing the number of
opportunities to conduct analysis meetings. It was very difficult to have the experts
meet at the same time and location, because (1) all experts were critical resources in
their organizations, (2) all experts had operational obligations under tight project
schedules, (3) some experts had travel restrictions. 

Table 2-13.  Overview of experts participating in the analysis meetings.

Figure 2-24 shows the cumulative number of defect causes related to VPD iden-
tified throughout the analysis meetings. The curves suggest that saturation occurred
at the fifth meeting, though the number of data points is limited. Eventually, six
analysis meetings were held. Difficulties with the availability of experts rendered it

Participants

A B C D E F

Meeting 1 X X

Meeting 2 X X

Meeting 3 X X

Meeting 4 X X X

Meeting 5 X X X

Meeting 6 X X
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impossible to conduct additional analysis meetings. The analysis meetings were
held over a period of six months. 

Figure 2-24.   Saturation curves for determining the number of analysis meetings.

Figure 2-25 shows an example of the cause-effect graphing performed during
the causal analysis meetings. It shows typical causes related to VPD of non/late
detection of defects at system testing. For illustrative purposes the cause-effect
graph has been simplified.

To obtain an overview of causes identified throughout the lifecycle, all causes
were transferred from the cause-effect graphs to a tabular format. An overview of
causes for the introduction of defects is given in Table 2-14. The rows represent the
various lifecycle phases given in Figure 2-23, while the columns represent the risk
categories. Each table cell contains the causes of the introduction of defects during
the corresponding lifecycle phase, taken from the associated cause-effect graph.
The table given in Table 2-15 has a construction similar to Table 2-14 except the
cells contain the causes of non/late detection of defects during the corresponding
lifecycle phase. Note explicitly that causes that would also appear in co-located
development are not in the tables. Such causes were only included in the cause-
effect graphs, and consequently in the tables, if the experts considered their likeli-
hood of occurrence in a virtual development context higher than in a co-located
development context.

Table 2-16 shows the total number of causes per risk category both for defect
introduction and non/late detection.
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Figure 2-25.   Example of a cause-effect diagram.
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Table 2-14.   Identified causes for defect introduction.

Risk Cat. Introduction at* Cause

   
   

   
   

   
   

   
  C

O
M

M
U

N
IC

A
T

IO
N

Technical Require-
ments Specification 
[Y]

People have different interpretations of 
implicit requirements
Unjustified trust in expertise of other 
project’s staff (e.g. have the experts do the 
work, despite missing specs and trust on 
their expertise)
Expert sheltering (don’t tell us how to do it, 
we are the experts)
Lack of trust in other projects, resulting in 
information hiding
Implicit assumptions not communicated to 
other projects
Changes in requirements not communicated 
to related projects

Global Design [Y] Higher-level (system) design decisions not 
communicated to related projects
Higher-level (system) design decisions not 
clear

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  P

R
O

C
E

SS

System Architectural 
Design [X]

No involvement of stakeholders of related 
projects when creating design

Technical Require-
ments Specification 
[Y]

Unclear responsibilities between projects for 
the implementation of requirements
Bad traceability of requirements over 
projects
Interaction between product parts not clear 
(different assumptions made)

Global Design [Y] Interaction between product parts not clear 
(different assumptions made)

Implementation [Y] Improper base-lining over projects

Integration Test [X] Additional defects as side-effects of 
workarounds needed to bypass integration 
problems
Additional defects as side-effects of hasty 
fixes by integration team because actual 
problem solvers from projects are not avail-
able at the time and location of integration
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Table 2-14.  Identified causes for defect introduction (cont.).

* [X] and [Y] in this column refers to the generic lifecycle given in Figure 2-23.

Risk Cat. Introduction at* Cause

   
   

   
   

   
   

   
 O

R
G

A
N

IZ
A

T
IO

N

System Technical 
Requirements [X]

Change control authority over-concentrated 
in one project. Impact analysis of changes on 
other projects difficult.

Technical Require-
ments Specification 
[Y]

Organizational structure delays communica-
tion of changes in requirements to related 
projects
No change control authority installed

Implementation [Y] Use of different implementation standards 
by other projects
Conventions used by other projects are 
unclear (e.g. error code ranges)

Integration Test [X] Additional defects as side-effects of dupli-
cate solving of problems by multiple 
projects (unclear responsibilities for problem 
solving)

   
   

   
   

   
T

E
C

H
N

O
L

O
G

Y

System Architectural 
Design [X]

No general agreement on error handling 
made

Technical Require-
ments Specification 
[Y]

No support for reviewing in distributed 
projects

Implementation [Y] Incorrect interpretation of test code by other 
projects
No instant access to other projects imple-
mentation information (e.g. code, documen-
tation)
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Table 2-15.  Identified causes for non-detection or late detection of defects.

Risk Cat. Non-detection at * Cause

   
   

   
   

   
   

   
   

   
   

   
   

  C
O

M
M

U
N

IC
A

T
IO

N

System Test [Y] Incorrect assumption that certain aspects 
will be tested by another project

Integration Test [X] Unreported problems by other projects pre-
vent adequate integration testing. (delay-
>forced skipping of tests)
Deliberate deviations from agreed integra-
tion approach not communicated to other 
projects.
Hidden test features in objects not communi-
cated by other projects. Features not used.
Problem solvers not present at time and loca-
tion of integration. Causes delays->skipping 
tests.

System Test [X] Unjustified trust in detection effectiveness of 
other project’s staff
Difficulties in understanding test results pro-
duced when testing objects created in other 
projects
Not-repaired defects not communicated by 
other projects. Test results and test object 
behavior wrongly assumed to be correct.

Acceptance Test [X] Local differences in usage of product. Func-
tionality by infrequent scenarios not cov-
ered.

   
   

   
   

   
   

   
   

   
   

   
   

   
PR

O
C

E
SS

Technical Require-
ments Specification 
[Y]

Overall review strategy not established
No stakeholder involvement of related 
projects in review of specifications

System Test [Y] Relevant stakeholders of other projects not 
involved in reviewing of test specifications

Integration Test [X] Incorrect assumptions regarding integration 
plan (delay->forced skipping of tests)
Integration approach not defined resulting in 
delay or order of delivery conflicts. Forced 
skipping of tests.
Objects to be integrated not available at 
planned time. (delay->forced skipping of 
tests)
Stakeholders of other projects not involved 
in reviewing of test specifications
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Table 2-15.  Identified causes for non-detection or late detection of defects (cont.).

Risk Cat. Non-detection at * Cause

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  P

R
O

C
E

S
S

 (
co

nt
.)

Integration Test [X] 
(cont.)

Solving undocumented last-minute changes 
in test objects interface (delay->forced skip-
ping of tests)
Over-emphasis of testing. Testing only those 
objects experienced as problematic by the 
integrator at the cost of other objects.
Too much focus on 'positive testing' after 
severe integration problems. Negative sce-
narios not executed.
No coupling of earlier review results to inte-
gration test strategy (inadequate testing)

System Test [X] Blind spots in test coverage. No agreement 
on test approach is made with other projects.
Stakeholders of other projects not involved 
in reviewing of test specifications.
Missing cross-verification of solved defects 
by other projects
Inadequate/no regression testing by other 
projects while no regression test done here.
Unjustified reuse of other projects' test spec-
ifications. Specs inadequate.
Residual test code incorrectly assumed as 
real code by other projects.

Acceptance Test [X] Wrong stakeholders involved in execution of 
acceptance test

   
   

   
   

   
   

   
   

   
 O

R
G

A
N

IZ
A

T
IO

N

Technical Require-
ments Specification 
[Y]

Reviewers not trained in reviewing of docu-
ment hierarchies

Integration Test [X] Responsibility for integration testing not 
explicitly defined.
Previously informal resolution of problems 
in objects to be integrated (direct contact 
between developers in different projects)
Unclear responsibility for solving problem 
encountered. Duplicate solving by various 
projects->additional defects (delay->forced 
skipping of tests)
Change control authority over-concentrated 
in one project. Impact analysis of changes on 
other projects difficult.
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Table 2-15.  Identified causes for non-detection or late detection of defects (cont.).

* [X] and [Y] in this column refers to the generic lifecycle given in Figure 2-23.

Risk Cat. Non-detection at * Cause

 

System Test [X] Responsibility for final system testing not 
explicitly defined.
Testers do not have a product focus. Difficult 
to create adequate test specifications for sys-
tem parts they are unfamiliar with.

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
T

E
C

H
N

O
L

O
G

Y

Unit Test [Y] Stubs and drivers to simulate other units 
based on incorrect assumptions

Integration Test [X] Concealed shutdown of functionality by 
other projects’ objects, unknown to integra-
tion tester.
Undocumented (incomplete) self tests by 
other projects’ objects.
Concealed simulators in objects delivered by 
other projects, generating output data incor-
rectly assumed to be all right.
Behavior of simulators created by others 
projects unknown or misinterpreted.
No general agreement by all projects on 
design for testability
No infrastructure present for integration
Integration platform not defined/unclear 
(delay->forced skipping of tests)
Test software not available or unclear.
Other integration platform used.

System Test [X] Automated tests not clear/undocumented
Test automation tool used in other projects 
not available
No adequate test environment available for 
objects produced by other projects (e.g. too 
expensive)
Differences in test environments between 
projects (e.g. in environmental conditions 
such as humidity, temperature)
Test conditions of other projects unclear. No 
regression testing possible.
No possibility to remotely monitor tests 
done in other projects
Test input data used by other projects is 
unclear/unavailable.
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Table 2-16.  Number of causes per risk category.

The number of introduction causes per lifecycle phase is shown in Figure 2-26
by the light-colored bars, and the number of non- or late detection causes by the
dark-colored bars. For acronyms used in Figure 2-26, refer to the lifecycle drawing
in Figure 2-23. 

Figure 2-26.   Distribution of defect causes over the generic lifecycle phases. 

Note that the absence of causes in certain phases does not mean that defect causes
are really absent, but that the experts only identified those causes which they con-
sidered related to a virtual development context. The discussion as presented below
is the outcome of the joint reflection of the results by the participating experts,
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including the researcher. The focus of the discussion was on the distribution of
causes over lifecycle phases.

11.3.2  Introduction of Defects

The distribution depicted in Figure 2-26 shows a concentration of introduction
causes in the Technical Requirements Specification (TRS) phase. As in this phase,
information is being processed that has been transferred from one context to
another (that is, from Project X to Project Y, as shown in Figure 2-23), the phase is
positioned at a transition between lifecycles. A relatively high number of potential
causes increases the likelihood of defects being introduced at such lifecycle transi-
tions: the higher the number of potential causes, the more defects might be intro-
duced in practice. Therefore, the Technical Requirements Specification phase may
be considered more sensitive to defect introduction than others. The presence of a
concentration of causes in the Technical Requirements Specification phase sub-
stantiates the finding from the multiple case study (Chapter 10) that this lifecycle
transition is particularly defect-sensitive.

The experts considered defect introduction in the Technical Requirements Spec-
ification phase severe. In an actual virtual development project, a given require-
ments specification is a source for derived requirements specifications to multiple
sub-projects. In a virtual development context, this means that introduced defects,
when undetected, are likely to disperse.

It was observed that, compared to co-located environments, experts identified
new causes for defects in VPD. This means that there are causes exclusively occur-
ring in a virtual development context. Moreover, it was observed that experts iden-
tified causes already occurring in co-located environments, of which they
considered the likelihood of occurrence greater in a virtual development context.
Consequently, it was concluded that VPD is likely to create situations in which an
increased dispersion of defects combined with an increased likelihood of introduc-
tion, is leading to a higher number of defects in delivered products.

Table 2-14 shows that a multitude of causes is related to the handling of
changes. Proper handling of changes would include the establishment of change
control authority, the execution of impact analysis and the proper communication
of changes [CMMI02]. Examples of identified causes related to the handling of
changes include changes that are not clearly communicated to the appropriate par-
ties involved or that are not unanimously agreed upon. The experts considered
inadequate handling of changes already severe in co-located development. Virtual
development even aggravates the adverse effects on work products, as additional
defect introduction causes exist in the handling of changes in requirements, design
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and implementation. See for example the causes ‘Changes in requirements not
communicated to related projects’, ‘Change control authority over-concentrated in
one project’, ‘Organizational structure delays the communication of changes in
requirements to related projects’ or ‘No change control authority installed’.

To gain more insight into how defect causes were assigned to the risk areas of
virtual development, relevant information was extracted from Table 2-14. Figure 2-
27 shows the number of introduction causes throughout all lifecycle phases for each
of the risk categories. 

Figure 2-27.   Number of defect introduction causes per risk category throughout the 
lifecycle.

It can be seen that Communication is the main risk category for the introduction
of defects in the Technical Requirements Specification phase. Risk categories Pro-
cess, Organization and Technology are individually less influential. The influence
of Communication is plausible: the nature of activities on the work products in this
phase implies intensive information exchange between multiple groups or persons
involved. 
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Figure 2-27 shows a cluster of defect introduction causes in the Integration Test
phase at the system level. Here, all causes were assigned to risk categories Process
and Organization. This is plausible because of the nature of the activities in this
phase. The activities imply the acceptance and processing of information and work
products originating from another project context. Typically, information and work
products have crossed organizational boundaries where lack of overall alignment
in process or organization between projects, hinders effective component integra-
tion and problem solving.

Another cluster of causes is observed in the Implementation phase. The experts
agreed on the statement that the actual implementation of a component by a com-
ponent development team can never be done in complete isolation. For implement-
ing their own component, each development team requires technical knowledge
about other, related components. From Table 2-14 it is observed that all causes
relate to differences between projects with respect to the local way of developing a
component, or unawareness about other projects' implementations. Therefore, it is
plausible that categories Technology and Organization are involved, particularly in
the Implementation phase where products are actually created.

11.3.3  Non-Detection or Late Detection of Defects

Figure 2-26 shows a concentration of causes of non- or late detection in the Inte-
gration Test phase of the system-level project (project X). At this lifecycle transi-
tion, the components developed in the sub-projects are integrated and subsequently
tested. Table 2-15 shows that various integration difficulties and consequent
project delays cause integration testing activities to be skipped. Project delays
threaten the execution of a proper integration test. According to the experts,
projects in practice then rely upon the subsequent system test as a fallback. How-
ever, projects not or insufficiently realize that certain types of integration related
defects cannot be detected at system testing, as system testing aims at detecting
other types of defects. The presence of a concentration of causes in the Integration
Test phase substantiates the finding from the multiple case study (Chapter 10) that
this lifecycle transition is particularly defect-sensitive.

From Table 2-15 it is observed that a multitude of causes is related to lacking or
insufficient test coordination over the entire virtual development project. Proper
test coordination would include distributing test effort over the product by the var-
ious parties involved, assignment of test responsibilities, dissemination and pro-
cessing of test results [Burnstein03]. According to the experts, already in co-
located projects, insufficient attention for test coordination and test strategy by
project management results in problems with product quality. In VPD projects the
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effects of insufficient test coordination on product quality are even aggravated, as
causes of non- or late detection exist, additional to those existing in co-located
development. 

As with defect introduction causes, information was extracted from Table 2-15
about the number of non- or late detection causes throughout all lifecycle phases for
each of the risk categories (see Figure 2-28). Risk categories Technology and Pro-
cess show the highest number of causes in the Integration Test phase. This is plausi-
ble, as activities in this phase typically involve technical aspects such as test
environments and testing tools. Moreover, the processes of test management and
change control are typically performed during this phase. 

Remarkably, the System Test at system level shows a similar cause pattern. This
might be explained by the fact that system testing and integration testing are both
test phases performed at the same project level (system) and in the same project
context. The main difference between the phases is that they aim at detecting differ-
ent types of defects. Yet, being situated in the same project context, the experts con-
sidered it plausible to assume that both phases therefore hold similar causes in
terms of the risk categories. 

Figure 2-28 also shows a cluster of causes of non/late defect detection in the
Technical Requirements Specification phase. It was previously found that this
phase already holds causes of defect introduction (refer to Figure 2-27). The fact
that causes of defect introduction and non/late detection coincide in the Technical
Requirements Specification phase was considered worrying: there are potential
causes that increase the probability that defects are introduced, while simulta-
neously there are potential causes that increase the probability that these defects
remain undetected. In practice, dispersion and propagation of defects into sub-
projects might consequently increase. 



180 Exploration of Causes of Product Quality Problems in VPD

Exploring Effects of Virtual Product Development on Product Quality 

Figure 2-28.   Number of non- or late detection causes per risk category throughout 
the lifecycle.

11.4  Reliability and Validity Considerations on the 
Exploration of Causes

Focus groups have become an increasingly frequent research tool by social scien-
tists in the field of program evaluation, marketing, public policy, and communica-
tions [Evmorfopoul05]. Contrary to these areas, the application of focus groups in
software, reliability and quality engineering is very sparse. Therefore, the focus
group-based approach for identifying defect causes as carried out in the current
study is unique in the area of software engineering. 

Focus groups have been criticized as a form of scientific research, for similar
reasons as toward case study research. Krueger addressed the criticism by stating
that “focus group research is scientific research because it is a process of disci-
plined inquiry that is systematic and verifiable”. He added that “it is not the type of
research that seeks to control and predict, but it is the type that seeks to provide
understanding and insight”. 
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The expert knowledge-based approach yielded tangible information about defect
causes in virtual product development. The evaluations held at the end of each anal-
ysis meeting show that the participating experts considered the results representa-
tive of defect causes in virtual development projects. In later meetings, experts
recognized and confirmed causes that had been identified in previous meetings by
different combinations of experts. This is neither a guarantee that the identified
causes are the most important ones, nor that the set of identified causes is complete.
Therefore, the subsequent sections discuss aspects of the research design from a
reflexivity point of view [Johnson97]. By putting Krueger's viewpoint about focus
groups being processes of disciplined inquiry in the context of reliability and valid-
ity as advocated by Merriam [Merriam98], trustworthiness of the current study can
be evaluated against the criteria credibility, transferability, dependability and con-
firmability. Creswell proposed that in any given study the researcher must address
at least two of these criteria [Creswell98]. As each element of the research design
touches upon multiple criteria, it was decided for this chapter to discuss the criteria
integrally, based on the elements of the research design. This instead of having sep-
arate sections on reliability and validity. 

11.4.1  Selection and Number of Experts

The design decision to have small groups can be justified in hindsight as the expec-
tations that led to the decision proved correct: the analysis meetings indeed proved
to be strenuous to the experts. The experts acknowledged that too large a group
would have negatively influenced the productivity and quality of analysis, given the
high level of attention required during the analysis. Nevertheless, the number of
experts participating in the study is relatively small, and consequently the diversity
in their backgrounds is limited. The number of experts was dictated by availability.
Experts having the expertise required for this study, are scarce. Moreover, due to
the professional role they have, experts are often overburdened, which prevents
them from expending the required effort for a study such as this. Similar problems
with the availability of experts were also reported by Pietersma et al who conducted
a study on fault diagnosis [Pietersma06]. The limited number of experts might raise
a concern about the completeness of the findings. Though not a strong assertion,
experts independently expressed their confidence in the completeness of the results
during the evaluations held at the end of the analysis meetings. They substantiated
their confidence by stating that the spreading of the analysis meetings over a pro-
longed period, allowed for self-reflection and contemplation of experiences. This
made the mining of data from expert experiences less dependent on the sole dura-
tion of the analysis meetings. 
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However, the experts challenged the objective of arriving at a complete list of
causes. They preferred the term ‘comprehensive’ to the term ‘complete’, as it prac-
tically cannot be proven that no additional causes would exist. Comprehensiveness
is in line with Krueger's notion of theoretical saturation, being the point at which
no new insights are gained. 

The approach of continually reviewing the causes found by experts in previous
analysis meetings, is a form of member checking and was taken as a measure to
strengthen credibility of the study. Moreover, as further measures to increase cred-
ibility (1) experts were selected based on carefully established criteria and (2) an
independent person participated in the joint discussion of the results to judge the
experts' reasoning and substantiation of statements. 

11.4.2  Expert Involvement

Overall, the participating experts exhibited great interest in the investigation and
were highly motivated to take part in the analysis meetings. The opportunity to
have an in-depth discussion about the root causes of defects was perceived as a
strong motivator: in actual projects there is rarely a possibility to do so because of
time and effort constraints. Some of the experts also mentioned that discussion
with fellow-experts contributed favorably to their understanding of product quality
problems they encountered in virtual development. These feelings of motivation
brought forward by the experts are in line with suggestions that were made by
other researchers who have used focus groups in their studies. For example Byron
stated that focus group participants are empowered as part of the research process,
and that this sense of empowerment comes from being valued as experts
[Byron95]. Gibbs formulated this as “participants having the opportunity to work
collaboratively with researchers and interact with other participants” [Gibbs97].
Also Panyan et al used similar wording to express the empowerment, by stating
that participants are enjoying the experience of being able to speak in public and
articulate their views [Panyan97]. 

The design decision to have the groups build upon the results of previous meet-
ings can be justified in hindsight: the meetings were so loaded, that returning to
previously discussed causes within the same meeting would have been impossible
in the time available for a meeting. Moderator observations and the diversity of
outcomes suggest that negative group effects did not occur or only to a negligible
degree. None of the experts indicated that he felt uncomfortable with the analysis
process or the group setting in which it took place. 
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11.4.3  Duration of the Analysis Meetings

The duration of the analysis meetings was limited to three hours. It turned out that
this time was indeed needed by the experts to complete their tasks. Although there
are no empirical studies on the optimum length of focus groups [Abdallah05], three
hours is considered rather long for the strenuous kind of activities that the experts
needed to perform. This might be considered a weakness of the current study. As
time proceeded, experts might have been fatigued and possibly have paid less atten-
tion, thereby threatening the adequacy of the analysis. However, the experts unani-
mously agreed that the analysis had to be carried out without interruption. If not,
the time needed to gather again would be too long to remember the details of the
discussion in progress at the time of interrupting the previous meeting. Besides,
stopping the analysis process would have confused the experts' mindset, without
being certain that the same mindset would be reached at the start of a subsequent
meeting. The causes identified in the analysis meetings were carefully recorded in
cause-effect diagrams by the moderator and verified by the experts, as measures to
strengthen the credibility of the study.

11.4.4  Role of the Moderator

A moderator can take a number of roles when moderating a group. Examples of
known roles include seeker of wisdom, enlightened novice, expert consultant, chal-
lenger, referee, discussion leader and writer [HMI04]. Strong moderatorship was
needed to ensure the focus of the experts in the analysis meetings. This actually
implied using a combination of referee and discussion leader role. Experts occa-
sionally tended to continue discussing issues, deviating from the original analysis
goals. A recurrent issue concerned the division of defect-finding responsibilities
between developers and testers. Another issue tending to extensive discussions was
the question of whether certain defect types can be detected at all in a specific life-
cycle phase. In the current study the researcher, who is significantly knowledgeable
about the topic, acted as moderator. Consequently, adopting the role of expert con-
sultant might have been tempting to the researcher. Yet, this was carefully avoided
so as not to interfere with the discussions between the experts. During the evalua-
tions, the experts were asked whether they had experienced moderator influence
during the analysis meetings. None of the experts felt that influence had been
present. The observer who witnessed two, randomly selected analysis meetings,
confirmed that he did not perceive moderator influence. 

Contrary to traditional focus group research, the current study did not have a
post-processing phase on the data gathered from the analysis meetings. In the focus
group design, it was recognized that there was no need for such a phase: the causes
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were to be identified in the analysis meetings themselves, and were to be reviewed
by the experts instantaneously. In fact, the processing of data was embedded in the
analysis meetings and verified by the experts. Because of this, the current study is
considered significantly less susceptible to the threat of researcher bias; a threat to
validity that would normally have been present if the researcher had analyzed data
after conducting the meetings.

11.4.5  Cause-Effect Graphing based on Accumulated Expert Knowledge 

An issue discussed during the evaluations of meetings was whether people can
retrieve information easily and reliably from long-term memory. According to
Schmidt, perceptions of past events may not be accurate or information is forgotten
or distorted [Schmidt97]. The experts' prevailing opinion was that (1) systematic
lifecycle-based brainstorming, (2) extended cause-effect reasoning, (3) usage of
risk categories and (4) interaction of experts with different viewpoints effectively
stimulated retrieval of long-term memory information. 

Especially with respect to the lifecycle-based brainstorming, the experts indi-
cated that a similar notion of the lifecycle is a prerequisite to project management
for the definition of defect prevention measures in actual projects. 

Cause-effect graphing proved to be a useful tool for experience-based root-
cause determination. However, cause-effect graphing turned out to be a laborious
process because of the length and inter-relationship of the cause-effect chains. A
cause can be the effect of another cause (or a combination of other causes). Eventu-
ally, a root cause might be a complex interaction of elements pertaining to one or
more of the risk categories. This sometimes made the assignment of a cause to a
single risk category difficult. In future applications of the approach, it is suggested
to allow cause assignment to multiple risk categories. 

The apparent length of cause-effect chains raises the question of how the identi-
fied causes are to be interpreted. Every effect has a cause (designated as immediate
cause). However, an immediate cause can be considered the effect of another
cause, designated as a remote cause. The steps from remote causes to immediate
causes eventually leading to an outcome of interest are collectively referred to as a
chain of causation. There are many names used for establishing chains of causation
from a variety of science fields. They include rationale explanation, reason analy-
sis, process tracing, historical analysis, objective trees, and logical networks, and
logical network analysis [Bessler04]. Although in a cause-effect chain there is no
single demarcation that separates the immediate causes from the remote causes, the
causes identified in this study can be designated as remote causes. This designation
can be substantiated by the fact that the causal analysis was done on the basis of
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accumulated expert knowledge about typical defects. Had the current study ana-
lyzed a representative number of actual defects as contained in defect databases of
VPD projects, immediate causes would most likely have been identified. This is
because root cause analysis on actual defects typically leads to the identification of
an immediate cause.

A statement can be made on transferability of the findings of the current study.
Krueger already stated that focus groups research is not intended to generalize, but
the goal is to go in-depth into a topic, and therefore “a sizeable amount of time is
spent on conducting research with a small number of people” [Krueger00]. By con-
trast, other research methods offer breadth, and these are the ones used to make
generalizations. As one cannot generalize findings of focus groups in a strict sense,
Krueger suggests adherence to the concept of transferability: when the reader wants
to use the findings, it is left to the reader to decide whether the findings can transfer
into another environment. Krueger therefore suggested conductors of focus group
research to sufficiently elaborate on the methods, procedures and audiences
employed in a focus group study. In the current study, transferability was achieved
by providing descriptions of the research design and presenting descriptive detail
about the study's setting and the participating experts.

11.5  Summary and Conclusions

The study described in this chapter explored defect causes in products developed in
VPD projects. VPD projects can use this information to devise strategies specific to
virtual development environments to minimize defect introduction and maximize
defect detection. The analysis of root causes of defects is a first step toward these
strategies, as it provides insight into defects occurring in virtual development
projects. As such, this study augments the knowledge about the effect of virtual
development on defect introduction and defect detection, and thus the effects on
product quality. Potentially, each cause might result in defects in work products
eventually leading to the perception of product quality problems identified in Chap-
ter 10. 

Because of practical difficulties in obtaining hard project-specific defect data for
analysis, an approach was taken that relied upon accumulated expert knowledge.
This approach, based on the concepts of focus groups, was found to be a practical
alternative to an in-depth defect causal analysis on a per-project basis. 

In structured analysis meetings, experts identified causes of defect introduction
and non- or late detection of defects, thereby considering the individual phases in a
hierarchy of related projects constituting an imaginary virtual project. Causes were
assigned to the risk categories: Communication, Process, Organization and Tech-
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nology. The identified causes for defect introduction answer research question 3.1:
Why specifically in VPD environments are defects introduced in (work) products?
Likewise, the identified causes for non/late detection of defects answer research
question 3.2: Why specifically in VPD environments are defects in (work) prod-
ucts detected late, or not at all? Jointly, these answer research question 3: Why spe-
cifically in VPD environments are defects introduced in (work) products and why
are these defects either not detected or only detected late?

A concentration of causes of defect introduction was found in the Technical
Requirements Specification phase (at component level); a phase situated early in
the lifecycle at lifecycle transitions from system project to component projects.
Clusters of non/late detection causes were found at the Integration Test phase and
System Test phase (both at system level); phases situated late in the lifecycle at
lifecycle transitions from component projects to the system project. The relatively
high numbers of potential causes in the phases mentioned, suggest that these
phases are particularly defect-sensitive. This finding is consistent with the findings
from the multiple case study described in Chapter 10. 

The experts positioned the clear notion of a lifecycle as a prerequisite to project
management for the inclusion of adequate defect prevention measures in actual
projects. This is consistent with findings from the multiple case study, where
project managers already confirmed the usefulness of modeling a lifecycle during
project initiation.

A number of limitations to the study was identified, which makes it sensible to
perform a replication of the study to further increase confidence in the complete-
ness of the causes by using more experts and experts with more diverse back-
grounds. Nevertheless, the outcome of this study already provides sufficient
insight to enable practitioners to devise strategies for lowering residual defects in
products developed by virtual teams.
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CHAPTER 12 Prevention of Product Quality 
Problems in Virtual Product 
Development

A condensed version of this chapter was included in Moll JH van, Jacobs JC, Kusters RJ, 
Trienekens JJM, Brombacher AC, Defect Detection Oriented Lifecycle Modeling in Complex 
Product Development, Information and Software Technology, 2004, 46(10):665-675.

12.1  Introduction

12.1.1  Relation to the Previous Chapters

This chapter is dedicated to the synthesis of findings from the multiple case study
and the focus group study of the previous chapters. The synthesis was based on the
insights gained in these previous studies about the effects of VPD on product qual-
ity. The multiple case study described in Chapter 10 yielded information about
product quality problems, particularly occurring in virtual product development
environments. It was found that product quality problems exist that occur due to the
distributed nature of VPD environments. The study also found that transitions
between lifecycles of related projects are particularly defect-sensitive. This finding
was strengthened by the focus group study described in Chapter 11. There, it was
found that causes for defect introduction and defect non/late detection particularly
exist in phases at transitions between lifecycles of related projects. 

The multiple case study also found that projects were not, or hardly, aware that
the project's overall lifecycle was in fact split up into a number of related sub-life-
cycles. Consequently, projects did not recognize the associated lifecycle transitions,
while these are defect-sensitive. Yet, project managers acknowledged that modeling
a lifecycle at the start of the project would have provided insight into flows of infor-
mation and work products within and between sub-projects. They recognized that
the process of modeling the lifecycle would have made lifecycle transitions
explicit. 
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 Having found in the previous studies that (1) transitions between lifecycles of
related projects are defect-sensitive, and (2) modeling a lifecycle is a means to rec-
ognize these transitions, renders it plausible to assume that adequate a priori mod-
eling a VPD project's lifecycle could prevent defects from occurring. The multiple
case study provided an indication supporting this assumption: projects having
modeled a lifecycle experienced significantly fewer product quality problems than
projects without a modeled lifecycle. 

However, the comparison between projects with and without a modeled lifecy-
cle was solely based on evidence that a lifecycle had been modeled. For projects
that did a modeling, it was not examined how, nor how well, the lifecycle had been
modeled. Likewise, it was not investigated whether the lifecycle had been accurate
or representative for the actual execution of the project. The conclusion was that
projects in the multiple case study having a modeled lifecycle, did at least some
modeling, but to an unknown extent. This instigated the idea for a study to assess
whether defects can be prevented from occurring throughout product development
phases of a VPD project, when explicit attention is paid to the conscious modeling
of a lifecycle. The fewer defects that occur, the lower the probability that product
quality problems will be perceived; as such, preventing defects simultaneously
prevents product quality problems. 

12.1.2  Goal and Research Questions

Though few studies exist that quantitatively address the relationship between life-
cycles and the effectiveness of defect detection, Ebert et al reported on the neces-
sity of adjusting early defect detection measures, such as reviews and inspections,
in complex development projects [Ebert01]. They reported on the beneficial effects
of adequately structuring the development project to improve planning and track-
ing abilities and reduce defect numbers. This directly relates to the use of lifecycles
that support the structuring of the development project. However, the multiple case
study in Chapter 10 indicated that projects neither adequately recognize their vir-
tual character, nor model their development lifecycle accordingly. It can be hypoth-
esized that, had projects done this adequately, some of the defects that actually
occurred could have been avoided. The latter reasoning formed the basis for the
study described in this chapter.

Some of the project managers who participated in the multiple case study, a pos-
teriori modeled the lifecycle for their project. They acknowledged that a clear
notion of the lifecycle before executing the project would have been a significant
contribution towards preventing the occurrence of product quality problems they
experienced. According to the project managers, a clear notion of the lifecycle
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would eventually have resulted in fewer defects in the delivered products. By think-
ing about how the overall and related sub-project lifecycles are to be modeled,
project management is forced to think about the flow of information and work
products within and between sub-projects (for example requirements specifications,
intermediate deliverables, test objects). This thinking would expose defect-sensitive
areas and enable the appropriate development and test phases to be modeled into
the overall project lifecycle. It would allow for a timely application of appropriate
defect detection measures (for example reviews, intake inspections of specifica-
tions and test object, dynamic acceptance testing) at the right moment by the right
parties during the entire development process, particularly at lifecycle transitions.
Virtual product development projects may contain many of these lifecycle transi-
tions. By appropriate modeling of the overall project lifecycle and applying ade-
quate defect detection measures at the transitions of the related lifecycles, the
occurrence of defects can be prevented and fewer defects can be expected. 

Summarizing, it is justified to assume that (1) neglecting a project's virtual char-
acter and (2) consequently the non-adequate modeling of a lifecycle, leads to an
increase of defects. The goal of the current study was to gain insight into the size of
this increase. This was achieved by assessing how many defects can be prevented
and thus whether fewer defects can be expected by appropriate modeling of the
overall project lifecycle and applying adequate defect detection measures at the
transitions of the related lifecycles. In the context of the current study, the term
‘defect’ refers to any deviation of actual product behavior from specified product
behavior. 

Assessing the increase of defects caused by VPD in case of neglecting a project's
virtual character, requires some form of comparison between a project situation
with and a project situation without an explicitly modeled lifecycle. 

An ‘explicitly modeled’ lifecycle is defined as a lifecycle resulting from the pro-
cess of consciously adapting a default development lifecycle to suit a project-spe-
cific context. An explicitly modeled lifecycle defines applicable milestones, phases,
activities and project deliverables, and incorporates measures aimed at defect-sensi-
tive areas caused by the virtual development character of the project. Explicit mod-
eling takes relationships between phases and the flow of work products into
account, thereby aligning the project activities involved.

On the other hand, a ‘non-explicitly modeled’ lifecycle would be the counterpart
at which applicable milestones, phases and activities are defined on the basis of a
project's goals and from a perspective of required achievements and scheduling,
without a particular focus on defect detection, defect prevention or flows of infor-
mation. Non-explicit modeling does not include the conscious alignment of project
activities.
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To enable a comparison-based assessment of the increase of defects caused by
virtual product development, Part 2's tentative research question 4 “Can product
quality problems in VPD be prevented?” was translated into the following specific
research questions: 

Compared to a non-explicitly modeled lifecycle:

4.1. Can defects be prevented from being introduced by an explicitly modeled 
lifecycle? 

4.2. Can defects be detected earlier in the overall lifecycle by an explicitly mod-
eled lifecycle?

12.1.3  Outline of this Chapter

Section 12.2 contains the justification for choosing a critical instance case study as
research strategy in this study. It provides an outline of the case study, conveying
the rationale of the study. It also describes the details of the case study design, cov-
ering the selection of the case, including the collection and analysis of data. The
results are presented and discussed in Section 12.3, including observations made
throughout the case study. Section 12.4 contains a discussion on the reliability and
validity of the study. Finally, Section 12.5 draws the final conclusions from the
study.

12.2  Methodology for the Comparison

12.2.1  Choice of the Method

To find answers to the research questions, a comparison of defect numbers would
be needed between a project having an explicitly modeled lifecycle and a project
having a non-explicitly modeled lifecycle. Stated differently: what would happen
to the number of defects when a project does model its lifecycle adequately to
address the project's virtual character, compared to a situation in which the project
did not? There are strong constraints that make an approach based on direct com-
parison almost impossible. A direct comparison between two different projects is
unfeasible because there are no two identical projects, and consequently there are
too many parameters that would confuse the comparison. An alternative approach
would be to perform a project twice, once without and once with an explicitly
modeled lifecycle. After that, the number of defects detected in the first and second
execution could be compared. However, executing a representative virtual devel-
opment project twice is impossible in practice. Moreover, the second execution
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would be highly susceptible to bias by knowledge gained in the first execution, sig-
nificantly threatening the validity of the study.

Considering the infeasibility of a direct comparison or repeated project execu-
tion, an approach of theoretical evaluation was chosen for making the comparison.
It was decided to perform a critical instance case study encompassing an in-depth
retrospective analysis on an actual virtual development project. The critical
instance approach is used to notably select a project in which the probability of
encountering product quality problems as a result of the project's virtual character,
is expected to be highest. The main rationale behind the selection of a critical
instance is that if problems were occurring because of the virtual character, they
would be highly likely to appear in exactly that project [Gao91; Merriam98]. 

12.2.2  Outline of the Critical Instance Case Study

The outline of the critical instance case study is shown in Figure 2-29. 

Figure 2-29.   Outline of the critical instance case study.
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First, a critical project had to be found for which it was certain that it did not
explicitly model its lifecycle. Once a critical project was found, a reference situa-
tion could be created for the project by explicitly remodeling the project's original
lifecycle and incorporating defect detection and prevention measures. Remodeling
was to be based on the same and original information as was known at the time of
initiating the project. 

The reference situation would then represent a hypothetical ‘best-case’ situation
for the project as far as defect detection and prevention were concerned. Next, the
number of defects that occurred in the actual project situation could be compared
with the number of defects that would have occurred in the reference situation. The
number of defects in the reference situation is determined by hypothetically using
the remodeled lifecycle in the project, and assessing how many actual defects
would then have been prevented. 

The subsequent sections describe the design of the critical instance case study in
more detail, in particular the selection of the case, the data collection and the data
analysis.

12.2.3  Selection of the Case

Table 2-17 shows the criteria, including their rationales, that were established for
the selection of a critical instance project. This set is a superset of the criteria used
for selecting projects in the multiple case study in Chapter 10. To emphasize the
selection of a critical case, criteria C6, C7 and C8 in particular were established. 

Two projects were identified that matched the selection criteria of Table 2-17.
Ultimately, the final project selection was based on the researcher's convenience:
the organization responsible for of one the projects clearly indicated to the
researcher that severe and immediate product quality problems existed in their
project. These problems significantly increased the organization's willingness to
invest effort in the analysis of the actual situation. Consequently, this provided
considerable freedom to the researcher to conduct the current study in this repre-
sentative industrial setting. 

12.2.4  Data Collection

Figure 2-30 shows an overview of the data collection activities in this study. Two
teams were involved in the data collection activities. One team, referred to as the
remodeling team, was to remodel the actual lifecycle of the selected project. This
remodeling team provided input to a second team, referred to as the analysis team,
on the basis of which this analysis team could estimate the probabilities that actual
defects could have been prevented in the remodeled situation. The estimations
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were provided by the analysis team in a series of consensus meetings. As a basis for
the estimations, the actual defects as reported in the project's problem database had
to be analyzed first. Defects were therefore analyzed in a series of analysis meet-
ings. The subsequent sections refer to the numbered blocks in Figure 2-30 and pro-
vide more detail about the activities performed.

Table 2-17.  Criteria used for the selection of a critical instance project.

Criterion Rationale

C1_ProjectType: The project must 
contribute to the development of a 
complex product in the technical 
industry

Scope of the research is limited to complex 
product development in the technical indus-
try, involving concurrent, multi-disciplinary 
developments

C2_Distributedness: The project team 
must exchange product information 
and/or work products with at least two 
other development entities that can be 
considered remote from the project 
team. These development entities can 
be either internal or external to the 
project team’s organization. Remote is 
to be interpreted as separated by time, 
distance or cultural boundaries.

The project must comply with the definition 
of virtual product development

C3_Integration&Verification: The 
project is responsible for integration 
or verification at the system level

The project is expected to deliver information 
about product quality and defects that also 
include defects that are known to typically 
occur at or after system integration and sys-
tem testing

C4_VVPhilosophy: Verification & 
validation activities are considered by 
the project as being activities separate 
from development and debugging 
activities

The organization must show at least a mini-
mum degree of maturity in their notion of 
product verification and testing. Too low a 
maturity is expected to mask data and facts.

C5_ProjectStage: The project must be 
in the final stages of system testing.

The project must at least have performed sys-
tem verification so as to have a sufficiently 
clear view on the number and character of the 
defects detected in the product

C6_ProblemReports: The project’s 
problem report database must contain 
at least 100 valid, non-duplicate prob-
lem reports.

The number of problem reports must be high 
enough to allow an adequate comparison in 
the post-mortem analysis. The minimum 
number was arbitrarily set to 100.
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Table 2-17.  Criteria used for the selection of a critical instance project (cont.).

12.2.4.1  Creation of a Lifecycle Remodeling Team and an Analysis Team

Firstly, a lifecycle remodeling team was formed consisting of independent persons
who were not involved in the execution of the selected project (Figure 2-30 Activ-
ity 1). Independence was required to avoid operational knowledge of the actual
project being able to possibly bias the modeling decisions. Members of the remod-
eling team had to be experienced in virtual development projects, project planning
and lifecycle modeling. The team had to consist of at least two members to allow
for interaction and discussion about modeling decisions. An introductory meeting
was held with the remodeling team to explain the purpose of the study and what
was expected from them.

Criterion Rationale

C7_LifecycleModeling: The project 
did not explicitly model its lifecycle, 
and did not take into account its vir-
tual character. 

The project did not plan defect detection or 
defect prevention measures to specifically 
address defect-sensitive areas in the develop-
ment of the product caused by the fact that 
multiple entities are concurrently developing 
it.

C8_ProductQualityProblems: Evi-
dence exists that the project is perceiv-
ing severe product quality problems

The project is actually dealing with product 
quality problems that are perceived by the 
organization as severe

C9_ProjectMaturity: Project activities 
are planned

The project must show at least a minimum 
degree of maturity in project management.

C10_Requirements: Product require-
ments are documented

The project must adhere to requirements-
based product verification, to allow defect 
data to be collected and conform to the defi-
nition of product quality used in this study.

C11_TestResults: Results of test exe-
cution are documented

The project must document test results, in 
order to allow defect data to be collected.

C12_ProjectSize: The project size is 
at least 30 person years and has a 
duration > 1 year

The project must be representative for a vir-
tual development project, and be reasonably 
considered as “non-small” to expect a mini-
mum degree of interaction between project 
staff, development entities and/or engineering 
disciplines. 

C13_StaffAvailability: The project 
must be willing to invest the effort 
required for the a-posteriori analysis

Project staff are required to participate in the 
study and their cooperation is an absolute 
prerequisite for successfully performing the 
study
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Secondly, an analysis team was formed. This team was to analyze the defects
that had been detected in the product. According to Mays et al the best results in
defect causal analysis are obtained when the analysis is performed by the develop-
ers making the errors, which results in a more accurate determination of the cause
of the defect [Mays90a]. Therefore, members of the analysis team had to have
detailed knowledge about the defects reported during product testing. They had to
have detailed knowledge about the actual way of working and the processes
adhered to by development and test staff in the project. Consequently, the analysis
team members were recruited from the original project staff, who had been directly
involved in the project under analysis. The team had to consist of at least three
members to allow for the inclusion of multiple viewpoints in the analysis of prob-
lem reports. 

An introductory meeting was held with the analysis team to address the follow-
ing topics:

- purpose of the study;

- explanation of what is expected from the team members;

- explanation of the set-up of the analysis and consensus meeting in which they 
were expected to participate;

- time requirements for the meetings;

- explanation of what happens with the results.

12.2.4.2  Remodeling of the Project Lifecycle

The remodeling team's task was to model a development and test lifecycle for the
project selected, assuming the project was still in its initiation phase (Figure 2-30
Activity 2). They had to pretend that the project was still to be planned and that they
were in charge of defining the project's execution flow. The team made use of the
same and original information that was available to the project management at the
time of initiating the actual project. This information included the project assign-
ment, project objectives, project constraints, subcontractor agreements and system
architecture. Remodeling was done according to IEEE standard Std 1074 ‘Standard
for Developing a Software Life Cycle Process’ [IEEE1074]. The standard has been
developed through a consensus development process, by bringing together the var-
ied experiences and viewpoints gained in industry. The standard as such does not
imply that there are no other ways to model a lifecycle. Yet, the standard is con-
trolled, and is subject to change brought about through developments in the state of
the art and comments received from users of the standard. It therefore represents a
reliable knowledge base on lifecycle modeling, and consequently its use was con-
sidered justified in the current study.
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Figure 2-30.   Outline of the data collection procedure.

In modeling the lifecycle, the team was allowed to ignore the impact of their
modeling decisions on the project parameters cost and schedule, as it was assumed
that product quality was the leading parameter. Product quality was assumed to be
the leading parameter as the case study was to assess the effects of proper lifecycle
modeling on defect occurrence, regardless of how defects were to be detected or
prevented from being introduced. This permitted the team, for example, to imple-
ment effective, though costly or time-consuming, defect detection measures that
normally would never be implemented in a situation in which budget or schedule is
restricted. 
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12.2.4.3  Analysis of Problem Reports

Once the analysis team was briefed in the introductory meeting, it started the inves-
tigation of the problem report database in a series of analysis meetings (Figure 2-30
Activity 3). Problem reports were created because of the occurrence of defects dur-
ing system testing, and one single defect could have led to more than one problem
report. Therefore, duplicate problem reports were removed from the total set. 

Next, the nature of the defects reported was determined by extensive defect
causal analysis and defect classification. For each defect reported, the causal analy-
sis was to provide information about the type of error that occurred, and that appar-
ently led to the defect in the product. Knowledge about the type of error was
required as it provided a basis for the defect prevention estimations later on: typi-
cally, a defect would have been prevented from occurring during system testing if
the error that led to it had been noticed on time and corrected. Alternatively, if the
error had not been noticed and already had led to a defect, that defect might still
have been detected earlier than during system testing. 

To categorize defects on the basis of the underlying error type, a classification
scheme was defined consisting of the categories Test Specification Error, Imple-
mentation Error, Interpretation Error and Cause Indeterminate. Definitions of the
categories are given in Table 2-18. Categories Implementation Error and Interpreta-
tion Error were inspired by error types ‘errors of action’ and ‘errors of intention’ as
put forward by Reason [Reason90]. Implementation Error comprised defects as a
result of ‘errors of action’ (good plan; bad execution), where engineers simply
made errors, while the information they needed for their activities was correct.
Defects as a result of implementation errors were referred to as implementation
defects. Interpretation Error comprised defects as a result of ‘errors of intention’
(bad plan; good execution), where engineers made errors, because the information
they needed for their activities was already incorrect. Defects as a result of interpre-
tation errors were referred to as interpretation defects. Category ‘Test Specification
Error’ was defined to separate the problem reports resulting from defects in the test
specifications from those resulting from defects in the product developed. Only the
latter defects actually influence the quality of the product itself. Finally, the ‘Cause
Indeterminate’ category was defined to exclude those defects from estimation, for
which the underlying error type could not be determined. If the error type is
unknown, estimating the probability of preventing the defect becomes impossible. 

The question as to whether defects could have been prevented becomes espe-
cially applicable for defects in components developed by teams remote from the
system project. After all, information is exchanged between teams, implying risks
of misinterpretation during processing or translating the information. Therefore,
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determining the defect location in terms of the component where the defect
resided, was part of the causal analysis.

Causal analysis is a strenuous activity and difficult to perform. Therefore, the
duration of the analysis meetings was limited to two hours to avoid the negative
effects of the meetings being too long [Mays90a]. The number of analysis meet-
ings required depended on the effort it would take to analyze the defects. Though
this was difficult to estimate beforehand, about five meetings were expected.

Table 2-18.  Definitions of defect categories.

The analysis meetings were chaired by a moderator [Mays90a], and conducted
according to the following agenda:

- Introduction

- For each problem report: 

- Read and understand the problem report;

- Ensure that each member understands the problem report;

- Investigate underlying defect and analyze root cause using the cause-effect 
graphing technique [Ishikawa71];

- Document analysis results;

- Decision to suspend or continue the meeting.

Defect 
category Definition

Test Specifi-
cation Error

The problem reported was caused by one or more defects in the 
system test specifications, not in the test object itself. The behav-
ior of the test object was found to be correct.

Implementa-
tion Error

The problem reported was caused by one or more errors made 
during the implementation of the requirements in one of the 
development phases (e.g. design, coding). The related require-
ments turned out to be correct.

Interpretation 
Error

The problem reported was caused by one or more errors made in 
the creation of requirements derived from one or more source 
requirements or source information. Source requirements/infor-
mation were misinterpreted/misunderstood in creating derived 
information. The derived requirements/information turned out to 
be incorrect.

Cause Indeter-
minate

The problem report contained insufficient information, or it was 
otherwise not possible to determine the exact cause of the defect. 
As a consequence, it was not possible to assign the problem 
report to one of the other categories.
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12.2.4.4  Explanation of Remodeled Lifecycle

Once a defect had been classified, the analysis team was to make an estimation of
the probability that it a) would not have been introduced in the first place, or b) if
still introduced, would have been detected earlier, when the remodeled lifecycle
would have been used in combination with defect detection measures at the transi-
tions of the related lifecycles. ‘Detected earlier’ means earlier than at the system
testing phase. However, to enable well-informed estimations, the analysis team first
had to understand the remodeled lifecycle. In a joint meeting, the remodeling team
therefore explained the implications and construction of the remodeled lifecycle to
the analysis team (Figure 2-30 Activity 4). Analysis team members could ask ques-
tions and it was ensured that they understood the implications and set-up of the
remodeled lifecycle. The analysis team also had the opportunity to identify unfeasi-
ble modeling decisions. Modeling decisions are unfeasible when they would result
in situations that would be unrealistic or unachievable given the project or product
context. An example includes the assumption that all sub-projects have a full repre-
sentative test environment at their disposal. Being unaware of all technical test
environment details, such an assumption by the remodeling team, might be com-
pletely misplaced. Unfeasible modeling decisions were corrected by the remodeling
team as indicated by the analysis team members.

12.2.4.5  Estimation of Defect Prevention Probabilities

Performance of defect causal analysis activities required a mental and operational
setting from the analysis team members that was different from the setting required
for defect prevention estimations. These different settings would have conflicted
when combined in a single session. Consequently, this would have posed a threat to
the reliability of both the causal analysis activities and the estimations. It was there-
fore decided to have the estimations performed in meetings separate from the anal-
ysis meetings. These meetings were referred to as consensus meetings (Figure 2-30
Activity 5). Consensus meetings were moderated to guide the estimation process
and safeguard the equal inclusion of team members’ viewpoints. 

In consensus meetings each analysis team member first gave an individual esti-
mate. Estimates were substantiated by considering the remodeled lifecycle in com-
bination with the category to which the defect was assigned. The estimated
probability could lie in one of three categories defined in Table 2-19. Three catego-
ries was considered sufficient to enable discussion among team members and pro-
vide them sufficient freedom to express their opinion. Having more categories was
considered inappropriate in the current study, as a higher granularity of estimates
does not fit the purpose of the estimates. 
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Table 2-19.  Definitions of probability classes.

Subsequently, the individual estimates were compared. Deviations in the esti-
mates were discussed and team members were asked to substantiate their estimate.
If desired, members adapted their estimate. The following rules for determination
of consensus per defect were used:

Rule 1: Consensus was not reached when, in the series of individual estimates per
defect after discussion, differences of more than one category occurred: as there
are three categories (High, Medium, Low), this would imply that ‘High’ and ‘Low’
estimates were occurring simultaneously. A group estimate was not determined
and the defect was transferred to a next consensus meeting for re-estimation.
Transferring continued as long as consensus was not reached. Eventually, the
group estimate for defects remaining without consensus was set to ‘Low’. 

Rule 2: In all other cases, consensus was reached. The group estimate was deter-
mined on the basis of majority vote; (for example, if the series of individual esti-
mates was ‘Low’, ‘Medium’, ‘Medium’, ‘Medium’, the resulting group estimate
was ‘Medium’). In the case of different individual estimates, but equal in number,
the lowest category was taken as the group estimate; (for example, if the series of
individual estimates was ‘Low’, ‘Low’, ‘Medium’, ‘Medium’, the resulting group
estimate was ‘Low’) 

The estimation procedure was to be repeated for ten defects at a time to prevent
any negative influences of the consensus meetings being too long. Assuming
immediate consensus, the expected number of consensus meetings required was
the number of defects to be estimated, divided by ten.

Consensus meetings were chaired by a moderator and had the following agenda: 

- Introduction;

- For a block of ten defects, per defect: 

Probability Description

Low It is almost certain that adequate lifecycle modeling would 
not have prevented the occurrence of the problem report.

Medium It is likely that adequate lifecycle modeling would have pre-
vented the occurrence of the problem report.

High It is almost certain that adequate lifecycle modeling would 
have prevented the occurrence of the problem report.
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- discussion of the defect and the results of the causal analysis to ensure that 
everyone sufficiently understands the defect and its context to make well-
informed estimations;

- individual estimation round;

- discussion of the individual estimates;

- determination of consensus using the consensus rules;

- transfer of defects with no consensus to next meeting.

To increase reliability of the estimates, analysis team members were provided
printed copies in advance of the consensus meetings, of (1) the actual lifecycle, (2)
the remodeled lifecycle, (3) the problem reports and defect analysis and classifica-
tion results, (4) the table showing the probability classes, and (5) an estimation
table.

12.2.4.6  Information Sources

Table 2-20 provides an overview of the main information sources used in this study. 

Table 2-20.  Overview of information sources.

12.2.5  Data Analysis

For each defect, the analysis team produced the following data:

- the defect category to which the defect was assigned;

- the location of the defect (i.e. the component where the defect resided);

Information source Used by

Project problem database Analysis team

Project documentation (assign-
ment, objectives, constraints)

Remodeling team

System Architecture Remodeling team

Test plan Analysis team

Test specifications Analysis team

Requirements specifications Analysis team / Remodeling team

Design documentation Analysis team

Test logs Analysis team

Test reports Analysis team
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- the probability that the defect could have been prevented from occurring during 
system testing had the remodeled lifecycle been used;

- the type of prevention (defect not introduced, or defect detected earlier).

The data was aggregated to quantify the answers to the study's research questions.
Firstly, the defects in each category were summed and expressed as a percentage

of the total number of defects detected during system testing. 
Secondly, defects pertaining to components developed by teams remote from

the system project were summed and expressed as a percentage of the total number
of defects. This provided an indication of the extent to which defects pertaining to
components contributed to the total number of defects. 

Thirdly, defects pertaining to components in categories Implementation Error
and Interpretation Error were summed and expressed as a percentage of the total
number of defects in these categories. This provided an indication of the extent to
which interpretation and implementation defects were caused by component devel-
opments.

Fourthly, defects that could have been prevented from occurring during system
testing were summed per category and expressed as a percentage of the total num-
ber of defects in the category. This was done for categories Implementation Error
and Interpretation Error separately, and provided an indication of the extent to
which usage of the remodeled lifecycle would probably have decreased the number
of defects actually occurring. 

The goal of this case study was to assess the increase of defects occurring in the
actual project under study. As defects with medium probability of prevention were
assumed to be preventable in principle, defects with medium probability of preven-
tion were included in calculating the percentages, together with the defects having
high probabilities. 

Fifthly, the number of preventable defects was determined per defect location,
per type of prevention. The type of prevention indicates that prevention was either
because defects would not have been introduced in the first place, or because
defects would have been detected earlier than during system testing.

Sixthly, problem reports in category ‘Test Specification Error’ (suggesting
defects in the product as a result of incorrect test specifications) that could have
been prevented, were summed and expressed as a percentage of the total number of
problem reports in the category. 
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12.3  Results of the Comparison

12.3.1  Results

12.3.1.1  Selected Project

The selected project was to develop a system intended for the professional/indus-
trial market; it comprised hardware, software and firmware components that were
developed by separate development teams. An overall system project had been
defined that was responsible for the development and testing of the main applica-
tion and system software, and the integration of the sub-components. A system
project manager led the overall system project.

Some of the components were contracted out to companies that specialized in the
development of these types of components. Other components were created by
reusing and extending existing components. Component developments were con-
sidered as separate projects, where each component project had its own project
management plan. Their project managers reported to the overall system project
manager.

For developing the system, an incremental development approach was chosen.
Planning was carried out at the overall system level. Figure 2-31 shows the devel-
opment and test lifecycle that were defined during the planning phase of the

project1.

Figure 2-31.   Actual lifecycle for development and testing as used in the project.
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Phase completions were marked by milestones and for each milestone a list of
necessary input and/or output deliverables was created. System testing was per-
formed by independent test engineers in a test sub-project. Testing was done in
accordance with the test lifecycle running in parallel with the development lifecy-
cle. There was no evidence of deliberation about the test strategy across the devel-
opment teams. The entire project took about 40 person-years and had a total
duration of two years.

At the time of starting this case study, the project was in a critical situation. The
initial date of system delivery to lead customers was amply exceeded (> 7 months),
as severe product quality problems existed. The perception of problems was simi-
lar to the perceptions in the projects that participated in the multiple case study:
though the system was considered ready after integration, system testing was still
regularly blocked by detected defects. Moreover, project management perceived
these defects as being too many given the status of the project. The corrective
actions and retesting needed to eliminate the blocking issues took considerably
more effort than planned. The critical situation was a main reason for the project to
be well-committed to perform the analysis as described in this study.

12.3.1.2  Remodeled Lifecycle

The lifecycle remodeling team consisted of an independent project manager and
test manager, each from a different development organization having no connec-
tions or relationship with the organization involved in the selected project. They
each had over five years experience with lifecycle modeling for comparable virtual
product development projects. Remodeling took about 20 person-hours, and was
performed on the basis of the same and original information available to the
project's original project manager. The information included project assignment,
project objectives, project constraints and system architecture. 

Remodeling was carried out according to IEEE standard Std 1074 ‘Standard for
Developing a Software Life Cycle Process’ [IEEE1074]. Application of the stan-
dard in the current study required the execution of the steps shown in Figure 2-32.
Note that the figure uses the terminology used in the standard (for example, soft-
ware project life cycle). In the context of the current study other terminology is
used (for example, development life cycle), yet indicating the same assets. These
steps are typically performed by a process architect, being the person with the
responsibility and authority to develop and maintain life cycles. In the current
study, these steps were followed by the remodeling team. For the project under
investigation, they selected the generic V-model as software project life cycle

1. Details have been removed for reasons of confidentiality, but are known by the author.
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model to base the remodeling on. Next, a software project life cycle was developed
by mapping the required and optional activities contained in the standard onto the
generic V-model. The standard defines an activity as a defined body of work to be
performed, including its required input and output information.

Figure 2-32.   Steps in remodeling the life cycle according to IEEE Std-1074.

The software project life cycle is then the executable sequence of activities to be
performed during the project, ensuring proper routing of information throughout
the activities. Finally, the software project life cycle process is established by aug-
menting the software project life cycle with organizational process assets selected
for the project, and mapping the information used in the activities to work products
of the project. 

The remodeled lifecycle is shown in Figure 2-332, which has been simplified for
illustrative reasons. The remodeling is discussed below to emphasize modeling
decisions and show the differences with the actual lifecycle used by the project.
Explicitly applied clauses of the standard by the remodeling team, are indicated in
parenthesis with the format A.x.x.x. These clauses describe the activities of which
the execution is required to address defect-sensitive areas of VPD, known from
knowledge gained in the studies described in previous chapters. The activities are to
ensure early detection and prevention of defects. As such, the standard's clauses
constituted the design rules for the remodeling team.

2. Details have been removed for reasons of confidentiality but are known by the author.
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Figure 2-33.   Remodeled lifecycle for development and testing.
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It can be seen that the requirements are created completely in the first increment 
after which their implementation is spread over the next increments (shown as 
incomplete Vs because the requirements phases are not included in the later 
increments). The exact lifecycles for the components are to be covered and fur-
ther detailed in the project management plans of the corresponding component 
development projects (A.2.2.3 Decompose System Requirements). Development 
activities by the overall system project were considered and represented as a 
component as well (A.2.2.3 Decompose System Requirements).

- The remodeled lifecycle explicitly includes the creation of the requirements for 
the subcontracted components (A.2.3.1 Identify Imported Software Require-
ments). Participation of system architects in the reviews is extremely important 
to ensure correct interpretation of the system requirements by the subcontractors 
(A.1.2.1 Plan Evaluations; A.5.1.1 Conduct Reviews; A.5.3.1 Implement Docu-
mentation).

- The remodeled lifecycle clearly distinguishes between a system level responsible 
for system definition, integration and system testing and a component develop-
ment level (A.1.2.1 Plan Evaluations). Before components are delivered for inte-
gration at the system level, they are themselves system-tested against the 
component requirements specifications using appropriate test techniques 
(A.1.2.1 Plan Evaluations; A.5.1.4 Develop Test Procedures; A.5.1.6 Execute 
Tests). Test activities at component level are aligned with system level testing in 
a test strategy (A.1.2.1 Plan Evaluations).

- The remodeled lifecycle only integrates component D, which was to be reused, 
in the third increment. This would leave sufficient time to investigate the reuse 
during the second increment (A.2.3.1 Identify Imported Software Requirements; 
A.2.3.3 Define Software Import Method; A.2.3.4 Import Software) [Ribot94]. 

- The remodeled lifecycle includes intake inspections to determine whether 
requirements specifications are suitable and adequate for creating test specifica-
tions (A.1.2.1 Plan Evaluations; A.5.1.1 Conduct Reviews; A.5.3.2 Produce and 
Distribute Documentation).

- Test specifications are reviewed across components and system level (A.1.2.1 
Plan Evaluations; A.5.1.1 Conduct Reviews; A.5.3.1 Implement Documentation) 
[Kit95; Pol01]

- The remodeled lifecycle includes intakes on the objects delivered for integration 
[Pol01]. The intake of objects delivered by the subcontractors uses additional 
contractual criteria (A.2.3.3 Define Software Import Method; A.2.3.4 Import 
Software).
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12.3.1.3  Defect Classification and Causal Analysis

The analysis team that performed the causal analysis, defect classification, and
estimations was formed by the project's original system architect, test architect,
test manager and application expert/lead developer. The remodeled lifecycle was
presented and explained to them by the remodeling team. In a 4-hour meeting,
modeling decisions and the differences with the actual lifecycle were highlighted.

In the study's original design, consensus meetings were to be held after finishing
all analysis meetings first. At an early stage during execution of the study, it was
decided to conduct analysis meetings and consensus meeting intermittently, as it
was found that the time between analysis and estimation of prevention should not
be too long. If too long, details about the defect analysis tended to fade from the
analyzers' minds, which aggravated their task of estimating the probability of pre-
vention.

In total, the analysis team conducted 12 analysis meetings. This was more than
the anticipated five meetings, as defect causal analysis required significantly more
effort than expected. In total, 18 consensus meetings were held. During the estima-
tions, 15 problem reports needed reconsideration at a subsequent meeting until
eventually consensus was reached. Eventually, consensus was reached for all prob-
lem reports; none of the probabilities was set to ‘low’ because of persistent non-
consensus. Overall 150 person-hours were spent in the analysis meetings, and 140
man-hours in the consensus meetings.

Data analysis yielded the information summarized below. Appendix 2-12 pro-
vides an overview of the problem reports in the project's problem database
reported during system testing (refer to phase ‘system test’ in Figure 2-31). The
overview includes the results of the estimations of the defect prevention probabili-
ties. After removal of duplicates, in total 143 problem reports remained. 

Defect causal analysis yielded the information summarized below. Figure 2-34
shows the distribution of the defects underlying the problem reports over the vari-
ous categories. 

Figure 2-35, left-hand column, shows the number of actual defects in category
‘Interpretation Error’ per defect location, indicating the component where the
defect resided. In remodeling the lifecycle, developments by the overall system
project itself were considered as a component as well, showing up as label ‘main
application’ in Figure 2-35. All other components were developed remote from the
overall system project, either by separate teams in their own organization or sub-
contracted teams. The right-hand column in Figure 2-35 shows the number of
interpretation defects that, according to the estimations, could have been prevented
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from occurring during system testing in the actual project. Prevention was possible
either because (1) introduction of the defect in the product could have been avoided
in the first place, or (2) the defect could have been detected earlier in the overall
lifecycle. These possibilities are referred to as the type of prevention. The type of
prevention and corresponding defect numbers are also indicated in the figure. 

Figure 2-34.   Distribution of defects over categories.
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Error 
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Implementation 
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Figure 2-36 shows similar information to Figure 2-35, but then for the category
‘Implementation Error’. 

Figure 2-35.   Interpretation defects (actual and preventable) per defect location.

Figure 2-36.   Implementation defects (actual and preventable) per defect location.

Table 2-21 shows an overview of the total number of preventable defects for the
categories ‘Implementation Error’ and ‘Interpretation Error’ across all compo-
nents, including the type of prevention. 
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Table 2-21.  Total number of preventable defects listed by type of prevention.

Table 2-22 contains a summary of the information in the figures and the various
percentages calculated. 

12.3.2  Discussion of the Results

The category ‘Cause Indeterminate’ needs to be taken into account when interpret-
ing the percentages shown in Table 2-22. Had the causes of the defects underlying
the problem reports in this category been known, the defects could have been
assigned to one of the other categories. This would have influenced the percentages.
However, it was considered justified to assume that the 36 problem reports in the
category ‘Cause Indeterminate’, would have had the same distribution over the
other categories as the distribution of the problem reports for which the cause was
known. With this assumption, percentages calculated with reference to category
totals, remain unaffected. Also, with this same assumption, the percentages with
respect to the total number of problem reports (bottom row in Table 2-22) raise
from 43% to 58% (PRs originating from components), and from 42% to 56% (PRs
possibly prevented) respectively.

Prevention type Implementation Interpretation Total

Earlier detected 18 10 28

Not introduced 0 17 17

Total 18 27
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Table 2-22.  Summary of the problem report investigations for system testing.

Test specifications at the system level were created on the basis of functional
clusters of requirements. In total 7 test specification documents existed. An intake
inspection of the requirements as the basis for the test specifications, was not per-
formed. According to Table 2-22, an intake inspection could possibly have pre-
vented 15 out of 21 test specification errors in total. In the actual project, all 15
errors were the result of test engineers still trying to create test specifications for
requirements that were unclear, ambiguous or even not testable. Moreover, test
specifications were only partially reviewed so incorrectnesses were never detected.
Using incorrect test specifications leads to alleged defects in the product that actu-
ally do not exist. Consequently, the resulting problem reports are often referred to
as ‘false-positives’. False-positives do not affect product quality, as actually there
is no defect in the product. However, the existence of problem reports associated
with false-positives, adds to the perception of product quality problems.

There was no explicit deliberation about the test strategy between the system
project and the teams that developed the subcontracted components. This caused
both implementation and interpretation defects, not found until system testing.
These should, however, have been detected already during development and test-

Category PRs in category
PRs due to defects 
originating from 

components developed 
remotely from system 

project

PRs possibly 
prevented

no.
(cat. 
total)

%
of 

total no.

% of
category 

total no.

% of
category 

total

Cause Indeter-
minate

36 25% - - - -

Test Specifi-
cation Error

21 15% - - 15 71%

Implementa-
tion Error

34 24% 20 59% 18 53%

Interpretation 
Error

52 36% 42 81% 27 52%

% of total % of total

TOTAL 143 100% 62 43% 60 42%
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ing at the component level. As seen in Table 2-21, across all components 10 inter-
pretation defects could have been detected earlier. Likewise, 18 implementation
defects could have been detected earlier.

Table 2-22 shows that 59% of the Implementation defects was located in compo-
nents. As interpretation defects were concerned, 81% was located in components.
Both percentages indicate a substantial number of defects in the components. Of all
implementation and interpretation defects, 53% and 52% could have been pre-
vented, had the remodeled lifecycle been used. This suggests that taking into
account the virtual nature of a project and modeling a lifecycle accordingly, can
prevent a substantial number of defects from occurring. 

Components A and B were not reviewed with the participation of system archi-
tects. Had this been done, then system architects would probably have noticed the
misinterpretations. Subsequently, the misinterpretations would have been corrected
and would not have led to actual defects in the product. As seen in Figure 2-35, 9
and 5 interpretation defects would not have been introduced. 

In the components' development, the number of Interpretation defects (42) is
more than twice as many as the number of Implementation defects (20). This indi-
cates that misinterpretation by remote teams of information provided to them by the
system project, has led to substantially more defects than remote teams having cor-
rect information, but simply making errors. The analysis team members considered
this worrying. Based on initial estimations by the project's senior test engineers, the
defects caused by interpretation errors took about six times more effort to solve and
verify than those caused by implementation errors. This is plausible as in the case
of misinterpretation, defects tend to disperse and propagate further into derived
requirements, designs and implementation, requiring more effort to solve as more
work products become affected. This is in contrast with implementation errors that
are typically easier to solve by eliminating only the cause at one specific location in
the implementation, without further consequences on other work products or imple-
mentations. 

Assuming the distribution of problem reports in the category ‘Cause Indetermi-
nate’ across the other categories, as previously mentioned, 56% of the total number
of problem reports reported could have been prevented. However, problem reports
assigned to the category ‘Test Specification Error’ did not actually represent defects
in the product developed. These problem reports should therefore be eliminated
when calculating the percentage of preventable defects in the product. Conse-
quently, as far as defects in the product were concerned, 52% of the total number of
actual defects was preventable ( ((18+27)/(34+52))*100% ). 

This percentage of preventable defects is considered substantial. The percentage
suggests that in this critical instance project, neglecting a project's virtual character,
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and consequently not explicitly modeling a lifecycle, has had substantial effects on
product quality. Had a lifecycle been explicitly modeled for the project, a substan-
tial number of defects could have been prevented. As a result, prevented defects
would not have contributed to the perception of product quality problems.

12.4  Reliability Considerations on the Comparison

12.4.1  Reliability (Dependability / Consistency)

A complete and adequate causal analysis is a prerequisite for estimating the proba-
bility of defect prevention. When root causes are unknown, estimates are not reli-
able. It was observed that the accuracy of problem report descriptions was
sometimes insufficient to perform an adequate causal analysis. In these cases, the
problem was reproduced in cooperation with the original submitter. Eventually, the
defects for which a root cause could not be determined were assigned to the cate-
gory ‘Cause Indeterminate’. An example includes defects that were reported but
that could not be reproduced. 

It was tried to maximize the success rate of the analysis, and with that the reli-
ability of estimates, by recruiting experienced analyzers with detailed knowledge
about the project and its defects. Moreover, ample time was taken for performing
the causal analysis, which included reproduction of the problems that were
reported, consulting the original developers and reviewing product requirements
and design documentation whenever needed. Defect causal analysis proved so
strenuous that consequently more analysis meetings were needed than anticipated
(12 actual meetings versus 5 anticipated). Also, by having multiple analyses jointly
perform the causal analysis to include multiple viewpoints, it is reasonable to
assume that no defects have been incorrectly classified because of inadequate
causal analysis. 

A possible threat to reliability is the time between the analysis of a defect and
the estimation of prevention probability. If there is too much time between analysis
and consensus meetings, analysis team members have difficulties in recalling the
details of the defect. Therefore, the time between analysis and estimation was kept
as short as possible by intermittently conducting the analysis and consensus meet-
ings. This decision forced an adaptation of the study's original design, where the
intention was to analyze all problem reports first. 

Having at hand detailed information about the defect is necessary to make a
proper estimation of its prevention. In the consensus meetings, detailed informa-
tion was made available by providing printed copies of the problem reports and
defect analysis and classification results. As part of the consensus meeting proto-
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col, defects were discussed in advance of the estimations to ensure that all analysis
team members again understood what the defect was about. Problems with recall-
ing defect details were not reported.

Another concern is the limited number of analysis team members. Four members
were involved in the estimation of defect prevention probabilities. This number was
dictated by the availability of project team members with sufficient knowledge
about the project and problem reports. A low number of analysis team members
could bias the estimates. Yet, the project roles of the analysis team members were
considered sufficiently diverse, so that multiple viewpoints could be included in the
estimates. Though not a strong assertion, equal inclusion is substantiated by the
extent of discussions during the estimation procedure.

12.5  Validity Considerations on the Comparison

12.5.1  Internal Validity (Truth value / Credibility)

A possible concern about validity is the estimation of defect prevention probabili-
ties on the basis of a comparison between a lifecycle, remodeled a-posteriori, and
the actual lifecycle used in the project. This concerns answering the questions:
“Were the defects really introduced because of virtual product development, and
would they really have been prevented in the situation of the remodeled lifecycle?
Or could it be that defects are prevented in any case because of an expectedly
higher maturity of testing in the remodeled situation?” In other words, analysis
team members might reason in such a manner, “yes, we actually should have
detected this defect”, where the main driver behind their estimates is self-reproach. 

As this reasoning holds a danger of bias in the estimations, measures were taken
to resist the associated threat to validity: 

- Firstly, the remodeling decisions were taken explicitly to address aspects of vir-
tual product development that are known to be defect-sensitive. These measures 
are known to have shown effectiveness in the prevention or early detection of 
defects. Exactly these measures were taken into account when estimating and 
discussing the defect prevention probabilities.

- Secondly, an independent team constructed the remodeled lifecycle. This inde-
pendence was needed to prevent that actual knowledge about the project and 
reported defects would be used in retrospect to take measures that would have 
prevented all defects from occurring in any case. 

In all consensus meetings, the moderator's perception was that the justification of
estimates was indeed on the grounds of the explicit modeling, instead of other
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grounds such as self-reproach. Having applied the above measures and on the basis
of the moderator's perception of the estimation process, it is reasonable to assume
that defects with an estimated medium or high probability of prevention, were
probably related to virtual product development and were caused by the project
neglecting its virtual character.

Another concern about validity is the difficulty and complexity inherent in the
process of reasoning about whether or not a defect could possibly have been pre-
vented by the remodeled lifecycle. In the remodeled lifecycle, it is not immediately
evident which test cases would have been specified and executed. Yet, the remod-
eling team clearly stated to the analysis team, the assumptions they had made while
modeling. For instance, they assumed that for a certain test phase, adequate risk-
based testing was performed on clearly indicated components, guided by a test
strategy. An additional assumption was that test activities are always finished and
would not be prematurely stopped. 

Before starting the consensus meetings, the remodeling team explained the
remodelled lifecycle to the analysis team in a four hour meeting. Four hours is
rather long for such a type of information transfer. Having a single, but longer, ses-
sion was dictated by practical availability of the analysis team members. However,
the attention from the analysis team members might have become less as the meet-
ing progressed. As this was considered a threat, the meeting was interrupted twice,
allowing the participants to distract. 

The analysis of the problem reports concerned only those reported during sys-
tem testing. This implies that defects detected and solved during development (i.e.
in phases before system integration) were excluded. This might raise a concern
about the usage of problem reports from system testing only. Consequently, it
could raise a concern about the validity of the number of defects probably pre-
vented as an indicator for the increase of defects caused by VPD. After all, also
during development, defects caused by virtual product development may have
been detected and may have posed product quality problems to the project. These
would therefore also have added to the severity of product quality problems as per-
ceived by the project. If this is indeed the case, product quality problems as
encountered throughout the project would have been perceived as much more
severe than they would have appeared from the system test only. However, as was
concluded from the multiple case study in Chapter 10, defects detected in late
phases of the project significantly contribute to the perceived severity of product
quality problems. As system testing is a late phase, it is justified to use defects
detected during system testing in this case to base the analysis on. 

Explicit modeling of the lifecycle can reduce the number of defects occurring
thereby positively affecting product quality. However, compared to non-explicit
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modeling there are additional effects that can be regarded as potentially disadvanta-
geous. Because of the inclusion of verification and validation measures, project
lead times and costs may increase. These effects have not been investigated in the
current study. Though not investigated, it is conceivable that in an explicitly mod-
eled project situation certain defects might occur that would not have occurred oth-
erwise.

12.5.2  External Validity (Transferability)

According to the notion of transferability as explained by Lincoln & Guba, transfer-
ability of findings to other situations depends on the degree of similarity between
the original situation and the situation to which they are transferred [Lincoln85].
Consequently, the researcher cannot specify the transferability of findings; he can
only provide sufficient information that can be used by the reader to determine
whether the findings would be applicable to the reader's situation [Lincoln85]. In
the current study, information was given about the project, its context and the life-
cycle that was used for actual project execution. This information can be used to
compare with other virtual development projects. Though demonstration of trans-
ferability is left to the reader, it is justified to assume that the findings of the current
case study hold for comparable virtual development projects as well. The analysis
of problem reports by the analysis team learned that product quality problems were
perceived in the project, which are identical to those perceived by projects in the
multiple case study of Chapter 10. As such, this observation supports the demon-
stration of transferability.

Moreover, Ebert & DeNeve [Ebert01b] reported a case study, involving 68
projects, showing a significant decrease of residual defects in projects consciously
structured for their virtual nature. The magnitude of decrease they found was about
30%, mainly due to early defect detection. Though not a strong assertion, the
decrease found by Ebert & DeNeve is of the same order of magnitude as found in
this case study, which increases confidence in the findings of the current study.

12.6  Summary and Conclusions

As unit of analysis, the critical instance case study described in this chapter used a
project that neglected its virtual development character. Consequently, at the time
of initiating and planning the project, a development lifecycle was defined without
the incorporation of measures to prevent defects caused by the project's distributed
nature, and without measures to detect defects early. Using this approach eventually
resulted in 143 problem reports during system testing. 
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To assess whether these problem reports could have been prevented in case the
project's virtual nature had been taken into account, lifecycle modeling was applied
to a-posteriori construct a project-specific lifecycle. This remodeled lifecycle
explicitly incorporated measures to address the defect-sensitive areas of virtual
product development. Project members analyzed the problem reports and underly-
ing defects in a series of analysis meetings. On the basis of the analysis results they
estimated in a series of consensus meetings, the probability that defects could have
been prevented, if the remodeled lifecycle had been used. By comparing the actual
situation with the remodeled situation, an indication was obtained for the number
of defects that possibly could have been prevented from occurring in the system
test. 

The case study suggests that by focusing the attention of defect detection and
prevention on the transitions between related lifecycles, a significant number of
defects in the product could have been prevented from occurring in system testing.
On the one hand, it was found that part of the preventable defects would not have
been introduced into the product in the first place. This positively answers research
question 4.1 “Compared to a non-explicitly modeled lifecycle, can defects be pre-
vented from occurring by an explicitly modeled lifecycle?”. On the other hand, it
was found that some of the preventable defects could have been detected earlier in
the lifecycle, which positively answers research question 4.2 “Compared to a non-
explicitly modeled lifecycle, can defects be detected earlier in the overall lifecycle
by an explicitly modeled lifecycle?”.

In the investigated project, 52% of the actual number of defects could have been
prevented. However, this figure is to be considered indicative and should be inter-
preted as an order of magnitude. The figure is dependent on how consciously a
project has constructed its development and test lifecycle. It is dependent on how
carefully project management has been in integrating measures in the hierarchy of
related lifecycles and sub-projects to prevent and detect defects early. Stated more
explicitly, how well did project management recognize the virtual character of the
project? Project management of the investigated project did not explicitly model a
lifecycle to suit the project. Therefore, it is plausible to assume the prevention per-
centage to be lower for projects that already modelled their development and test
lifecycle to a better extent. This assumption can be justified by the observation
made in the multiple case study, indicating that projects having a modeled lifecycle
experienced significantly fewer product quality problems than projects not having
a modeled lifecycle.

The number of preventable defects (52% of the number of actual defects) in the
product is an indication of the number of defects caused by VPD when not taking
into account the aspects associated with it. It is a measure for the increase of
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defects resulting from neglecting a project's virtual character, that adds to the per-
ception of product quality problems. The analysis team members unanimously
agreed that the figure of 52% represents a significant influence of VPD on the num-
ber of defects caused. Their reasoning was that “apparently by neglecting the
project's virtual character, we have had this number of defects too much” (cited
from one of the consensus meetings).
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CHAPTER 13 Evaluation of  the Exploration of the  
Effects of Virtual Product 
Development on Product Quality

13.1  Summary of the Research Efforts

Literature research has shown that very few studies addressed the relationship
between Virtual Product Development and product quality. Consequently, the
knowledge base on this subject is limited. Evidence was found that VPD has
adverse effects on the quality of products developed using such a distributed
approach. Part 2 comprised the research effort that was conducted to explore the
effects of Virtual Product Development on product quality, with the purpose of
extending the knowledge base. Increased knowledge is required to enable industry
to resist the adverse effects of VPD on product quality, and to direct or inspire
future research in this area. 

An exploratory research design was chosen, containing a series of individual
studies. A central role in the research design was taken by (1) the notion of a prod-
uct quality problem, (2) defect classification and (3) defect causal analysis. The fol-
lowing research questions were formulated, and answered in the individual studies:

1. What product quality problems are typically experienced in VPD environ-
ments?

2. Are there phases in the VPD development lifecycle that are specifically 
defect-sensitive?

3. Why specifically in VPD environments are defects introduced in (work) prod-
ucts and why are these defects either not detected or only detected late?

4. Can product quality problems in VPD be prevented?

The first study was described in Chapter 10, and addressed research questions 1 and
2. The first research question, “What product quality problems are typically experi-
enced in VPD environments?” was answered by conducting a multiple case study.
The multiple case study comprised a structured assessment of actual product quality
problems encountered by projects. Eventually, the study identified typical product
quality problems occurring as a result of the practice of VPD. In a time frame of
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over two years, twenty-two projects participated in the study, originating from mul-
tiple product domains and multiple organizations. The diversity of projects contrib-
uted to the ability to generalize the findings. Multiple information sources and
modes of observation were employed during the study, including 102 interviews
with key project staff. Eventually, the study resulted in the identification of typical
product quality problems across five problem areas. Moreover, the study yielded
observations about the extent to which projects are aware of their virtual character,
and about how projects model their development lifecycle accordingly. An impor-
tant finding was that transitions between lifecycles of related (sub-)projects are par-
ticularly defect-sensitive. It was found that projects perceived product quality
problems, particularly because of defects that were introduced or not detected in
lifecycle phases around these transitions. This finding positively answered the
research question 2 “Are there phases in the VPD development lifecycle that are
specifically defect-sensitive?”. 

The second study was described in Chapter 11 and addressed research question 3
“Why specifically in VPD environments are defects introduced in (work) products
and why are these defects either not detected or only detected late?”. Eventually, the
cause of product quality problems lies with defects; defects that were introduced
during development and subsequently were either not detected, or detected too late.
The second study comprised a focus group study, in which typical causes for defect
introduction and non- or late defect detection were identified, that particularly
occur in virtual product development. Based on the concepts of focus groups,
experts conducted moderated structured analysis meetings in which they performed
defect causal analysis on typical defects. The accumulated expert knowledge
yielded two sets of typical causes, one for defect introduction and one for non- or
late defect detection. The sets of causes provide an answer to research question 3. 

Based on the findings from these two studies, a third study was conducted. The
third study's purpose was to assess whether product quality problems in VPD can
be prevented by preventing the defects that underlie them. Specific research ques-
tions for the third study could only be formulated, on the basis of the findings from
the previous two studies. Therefore, in the overall research design for Part 2,
research question 4 “Can product quality problems in VPD be prevented?” was ten-
tatively formulated. 

The third study comprised a critical-instance case study assessing a real-life
development project on the increase of defects in the developed product, due to
project management neglecting the project's virtual character. An indication of the
increase of defects was obtained by having project staff estimate the probability that
actual defects could have been prevented. Estimations of prevention probabilities
were based on a comparison between the actual project situation and a reference sit-
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uation in which a lifecycle had been used that was explicitly modeled to incorpo-
rate defect detection and prevention measures at lifecycle transitions. The compar-
ison was instigated by the knowledge gained in the previous studies, where
tentative research question 4 was translated to the following specific research ques-
tions: 

Compared to a non-explicitly modeled lifecycle:

4.1. Can defects be prevented from being introduced by an explicitly modeled 
lifecycle?

4.2. Can defects be detected earlier in the overall lifecycle by an explicitly mod-
eled lifecycle?

After extensive analysis of the causes of actual defects occurring in the project,
estimations for defect prevention probabilities provided positive answers to spe-
cific research questions 4.1 and 4.2. In the project that was the subject of the criti-
cal instance case study, 52% of the actual number of defects could have been
prevented, (1) had the project taken its virtual character into account and (2) had
the project consequently modeled its development and test lifecycle accordingly. It
indicates the increase of defects caused by the project neglecting the consequences
of the practice of virtual product development. The figure is indicative for what a
project can expect in terms of defect numbers when it does not recognize its virtual
character.

13.2  Interrelation of the Individual Studies

The studies described in this Part 2 were designed as individual studies and as such
were to be consistent in themselves. As the studies each employed a different
methodological approach, yet addressed dimensions of the same phenomenon,
methods triangulation becomes theoretically feasible. Various researchers have
suggested methods triangulation as a strategy to promote the validity of qualitative
research, for example [Denzin70; Johnson97; Patton90; Merriam98]. Method tri-
angulating is used to provide confirmation and completeness. It is an attempt to
relate data found via several methods so as to counteract the threats to validity in
each. Method triangulation can capture a more complete, holistic and contextual
view of a given phenomenon. In method triangulation, it is rare that each source of
data will confirm each another. Rather, each source contributes to the research and
complements other sources. Complementarity however does not imply that find-
ings have to be identical [Morse01]. In the studies of this Part 2, the first study
found that transitions between lifecycles of related (sub)projects are particularly
defect-sensitive. This finding is supported by the findings from the second study
on defect introduction and non/late detection causes. To a lesser extent, the third
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study also supports the same finding. There, it was found that measures for prevent-
ing and detecting defects early, and which were focused on lifecycle transitions,
could have led to a significant reduction in the actual number of defects detected.
This suggests that lifecycle transitions are indeed defect-sensitive.

13.3  Overall Conclusions

In concluding the evaluation of the research efforts of Part 2, a distinction is made
between the perspectives of the research approach and the research findings.

13.3.1  Conclusions on Research Approach

The studies in Part 2 paid attention to reliability and validity, adhering to the
notions as proclaimed by Merriam [Merriam98]. In each of the studies, emphasis
was put on strategies and measures to ensure, or at least increase, the trustworthi-
ness of the studies. The applied strategies and measures were carefully selected
from a range of strategies and measures that are widely accepted in the area of qual-
itative research. 

That a systematic exploration was conducted on the effects of virtual product
development, in particular on product quality, is considered an overall strength of
the research efforts reported in Part 2. A systematic exploration was realized by
conducting a series of separate, but related studies that each tapped in on different
dimensions of the subject of research.

It is considered a strength of the multiple case study in Part 2 that a number and
diversity of cases was included, uncommon for the type of research. The cases
involved real life development projects across multiple product domains, in multi-
ple organizations and in multiple countries. This yielded opportunities to mine a
valuable amount of raw data from representative contexts. Consequently, this sig-
nificantly relieved the research design of paying additional attention to representa-
tiveness, which otherwise would have been needed in a research design based on
experiments or simulations.

The use of focus groups for the identification of causes for defect introduction
and non- or late detection in Chapter 11, is considered a novel feature of this
research effort. As far as the researcher is aware, focus groups have rarely been
used in scientific studies on product and software engineering. 

Limitations to the research efforts were addressed in the individual studies, for
their individual scopes. From an overall perspective, limitations originate from
practical issues inherent to the gathering of field data. Above all, the majority of the
research described in this Part 2 was dependent upon the cooperation and willing-
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ness of the organizations and people who participated in the case studies and focus
groups. This implied that effort and resources were limited to the extent that the
required research effort could be fitted into projects' operational activities and obli-
gations. Accessibility of resources in terms of the number of cases and participat-
ing experts, was therefore primarily dictated by practical availability. Mostly,
adding more cases or experts to the studies was unfeasible.

In some studies, the single researcher approach could be considered another lim-
itation, yet awareness of this limitation resulted in the application of multiple mea-
sures to guard against researcher bias throughout these studies. Important measures
included the application of extensive member checking and peer reviews. 

All research questions are considered answered by the individual studies. For
the purposes of the studies, no aspects were identified that have remained unad-
dressed. The strengths of the studies are considered to outweigh the limitations, as
trustworthiness of the studies is considered to have been established to a sufficient
degree. Moreover, the limitations of the studies are comparable to those reported in
other exploratory studies. In some cases, the identified limitations are inherent to
the exploratory type of research, and as such generally accepted in this area of
research.

13.3.2  Conclusions on Research Findings

Part 2 explored typical product quality problems in VPD, the causes of defects
underlying product quality problems, and their probability of prevention. Collec-
tively, the studies composed an answer to the main research question M1 formu-
lated for Part 2 “What are the effects of virtual product development on product
quality”. The results of the individual studies are considered as contributions to the
body of knowledge regarding virtual product development. More specifically, they
extend the knowledge about the relationship between the practice of virtual prod-
uct development and product quality. The overall conclusion is that VPD does
have adverse effects on product quality. Product quality problems result from
projects not recognizing their virtual character, and consequently not modeling
their development lifecycle accordingly. Insufficient measures are included in the
lifecycle, hampering an early detection and prevention of defects. It was made
plausible that explicitly modeling a lifecycle can prevent product quality problems.

The knowledge gathered in Part 2 can be used in various ways. Firstly, it can
make practitioners in industry aware of the effects of virtual product development
on product quality. They can use this knowledge to devise strategies for maximiz-
ing defect detection and minimizing defect introduction, specifically in their envi-
ronment. Secondly, the information can be input to either parameterization, or
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enhancement of quality prediction models by taking the effects of virtual product
development into account. 

Finally, as generalization of the entire research effort is concerned, it has already
been stated that the studies reported relied on the notion of transferability. Through-
out the research, sufficient information about the contexts was provided to enable
the reader to judge whether the findings would hold in another context. Though one
cannot generalize beyond the contexts of the reported studies in a strict sense, the
researcher has no reason to assume that the findings would solely hold for the con-
texts examined. There is no reason to assume that the findings would not hold for
other product domains in the technical industry, where VPD approaches are used to
develop complex, technical products. Examples of other product domains include
the automotive, military defence and aeronautics industry. 
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PART 3 Assessment of Influencing Factors

Jef Jacobs

This Part 3 of the dissertation describes the research eventually leading to a set of

factors that influence Defect Introduction (DI) and another set that influence the

ability of Defect Detection (DD). These influencing factors apply both to co-located

and to virtual development projects. To identify influencing factors, a systematic lit-

erature search is performed. Factors found are processed to remove duplicates, to

formulate them consistently and to eventually arrive at full sets of DI- and DD-

influencing factors. Subsequently, it is described how the many identified factors

are grouped, using a cluster analysis procedure, to obtain sets of manageable size.

As the next step, the DI- and DD-influencing factor groupings are given an opera-

tional description on the basis of definitions found in the literature, enhanced by the

findings of a content analysis of the constituent factors. As a last step, the impor-

tance of the influencing factors is determined using a survey approach. For each

research step, reliability and validity of the results are taken into consideration. 
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CHAPTER 14 Introduction to the Assessment of 
Influencing Factors

14.1  Relation to the Previous Parts

Part 1 introduced the overall research and concluded that Virtual Product Develop-
ment shows an increasing trend since the 1990s, enabled by the availability of
advanced communication technologies, and that it has become a necessity for glo-
bally operating companies. Virtual Product Development is considerably more
complex than co-located development. Related literature primarily addresses on-
time and on-budget delivery, while it was also observed that Virtual Product Devel-
opment adversely affects product quality. It was concluded that research relating to
product quality in Virtual Product Development is still in its infancy.

In Part 2, product quality problems related to Virtual Product Development were
examined. A multiple case study shed light on product quality problems encoun-
tered in real-life virtual product development projects. Product quality problems are
perceived because of defects being introduced in products developed, and which
are subsequently not detected or only late detected.

 To provide further insight into defect introduction and defect detection in virtual
development projects, a causal analysis of defects in Virtual Product Development
was performed, relying upon accumulated expert knowledge. Knowledge about
these causes is required for defining focused, corrective measures to minimize
defect introduction and to maximize defect detection throughout all phases of
development and testing. Causes for defect introduction were primarily found at the
Technical Requirements Specification phases, around the transitions from one
project to another, and early in the product development lifecycle. Causes for non-
or late detection of defects were primarily found at the Integration and System Test
phases situated at the transitions from one project to another late in the lifecycle. 

The causes study reported in Part 2, Chapter 11, used accumulated expert knowl-
edge to identify causes of the introduction of defects during the development stages
of a product and causes of non-detection of defects during the verification & valida-
tion stages in an imaginary virtual product development project. In causation theory



230 Introduction to the Assessment of Influencing Factors

Assessment of Influencing Factors 

a distinction is made between immediate and remote causes [Bessler04]. An imme-
diate cause (or a multitude of immediate causes) can be considered the effect of a
remote cause. When a causal analysis of defects in a defect database of a project is
performed, usually the immediate cause is identified. For example, it is found that
a defect was caused by an implementation of an outdated requirement. The defect
is solved by implementing on basis of an update of the requirement. However, the
outdated requirement is a symptom of the more fundamental issue of improper
change control (the remote cause). The causes study reported in Part 2, Chapter 11,
demonstrates such a situation: ‘Changes in requirements not communicated to
related projects’ (thus addressing the remote cause). A closer look to the causes
study reported in Part 2 shows that the identified causes are to be considered as
remote causes rather than immediate causes of defects. This is not surprising; it
follows from the approach of considering an imaginary virtual development
project instead of a causal analysis of defects from a real project.

The steps from remote causes to immediate causes eventually leading to an out-
come of interest are collectively referred to as a chain of causation. There are many
names used for establishing chains of causation from a variety of scientific fields.
They include rationale explanation, reason analysis, process tracing, historical
analysis, objective trees, logical networks, and logical network analysis, see for
example, [Bessler04]. In engineering sciences the term ‘root cause analysis’ is
commonly used, and the term ‘influencing factors’ is commonly used to designate
remote causes. As this study concerns the field of engineering science, the term
‘influencing factor’ shall be used. The usage of influencing factors for managing
aspects of project performance has a long history in the software engineering disci-
pline. For example, in the early design of the COCOMO software project cost
model, Boehm cited already earlier works on factors affecting project performance
[Boehm81]. Influencing factors can be used, for example, for taking improvement
measures for various aspects of project performance, as input for design of defect
prediction models, for example [Stutzke01], and of project cost and duration mod-
els, for example [Mizuno01].

Finally, a critical case study was performed, reported in Part 2 (Chapter 12),
indicating that by proper modeling of the project life cycle in combination with
extra measures product quality could be improved as 52% of the defects could
have been prevented. The ‘extra measures’ refer to the control of factors influenc-
ing defect introduction and defect detection. 

This Part 3 systematically assesses factors that influence defect introduction and
defect detection, ultimately aiming at a manageable set of factors that can be used
in development projects (not necessarily virtual development projects) to reduce
the number of defects in the delivered product, thus decreasing product quality
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problems. Subsequently, in Part 4, the relevance of the factors particularly for vir-
tual development environments is considered. 

The emphasis of this Part 3 is on completeness of factors that influence defect
introduction (DI-influencing factors) and defect detection (DD-influencing factors).
The causes study in Chapter 11 of Part 2 identified DI and DD causes not as a goal
in itself, but rather as a means to find defect-sensitive areas in the development life
cycle, eventually leading to product quality problems described in Chapter 10. The
limited-sized focus group and concentration on causes exclusively for virtual devel-
opment environments has resulted in, at best, a subset of the entire set of DI- and
DD-influencing factors.

The next section of this chapter, Section 14.2, reviews literature with regard to
factors influencing defect introduction and defect detection, leading, in Section
14.3, to specific research questions and an outline of the research. Section 14.4 con-
tains methodological considerations with respect to expert consultation, as this is a
dominant research strategy in this Part, while Section 14.5 addresses the outline of
the research and the structure of this Part 3.

14.2   Influencing Factors: A Review of the Literature

From elicitation of requirements for the product to the final delivery of the product,
the development process is complex. It involves a series of stages, each with feed-
back paths. In each stage, an intermediate deliverable is produced for an intermedi-
ate user in the next stage. Ergo, every stage receives an intermediate deliverable
from the preceding stage. Each intermediate deliverable has certain quality
attributes that affect the quality of the final product. If each stage of the develop-
ment process meets the requirements of its intermediate user (the next stage), the
final product thus developed and produced will meet the specified requirements.
This statement is an oversimplification of reality because in each stage many influ-
encing factors exist that may and will affect the ability of the stage to satisfy its
requirements completely. Consequently, defects may be introduced in every stage
of development. Hopefully, defects are detected (and subsequently removed) by the
verification & validation process performed during all stages of development. The
net effect would be a reduction of defects, in line with Boehm's Defect Introduction
and Removal Model [Boehm81], which is analogous to the ‘tank and pipe model’
introduced by Capers Jones [Jones75], illustrated in Figure 3-1.
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Figure 3-1.    The Software Defect Introduction and Removal Model.

The defect introduction pipes represent phases and activities of a project's life-
cycle. Defects introduced add to those already introduced in previous phases and
might propagate to subsequent phases. The goal of defect detection is to minimize
the amount of defects that propagate to the subsequent phases; defects are drained
off through various defect removal pipes. In virtual development, defect introduc-
tion as well as defect detection becomes dispersed over multiple parties that
together form the virtual team. The achievement of product quality in virtual
development environments is therefore more difficult and complex than in co-
located environments. 

To minimize the number of defects in a product, (1) the number of defect intro-
duced should be minimized and (2) the number of defects detected should be max-
imized. A defect prediction model that explicitly follows this line by separating
defect introduction and defect detection is given by Rout & Abel [Rout93]. Also,
in her account of the development of the software defect density prediction model
CoQualMo, Chulani explicitly separates defect introduction from defect detection
and removal [Chulani99a; Chulani99b].

Arguments for separating defect introduction and defect detection can be found
by several authors. For example, Beizer emphasizes the difference in work activi-
ties, different focus, and different attitude of developers (who introduce defects)
and testers (who detect defects) [Beizer90]. Spillner recognizes the differences in
work and activities and even proposed to split up the development model known as
the V-model in a separate development and a parallel test trajectory, coining the
term W-model [Spillner01]. Hailpern & Santhanam point out that the different
groups of experts (those involved in software engineering, and those involved in
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verification & validation) have a different background, follow different conferences
and read different journals [Hailpern02].

Given the converging arguments, an explicit distinction between defect introduc-
tion and defect detection will be made; defect introduction and defect detection
influencing factors will be separated.

Influencing factors may cause people to make errors. Two basic types of errors
can be distinguished: errors of action (‘good plan, but bad execution’) and errors of
intention (‘execution as planned, but bad plan’) [Reason90]. A DI-influencing fac-
tor is defined here as a stimulant or circumstance that may cause people to make
errors that may lead to the introduction of faults in work products. If faults are not
detected, these may eventually manifest as a defect. Defect introduction influencing
factors may cause a bad execution of an otherwise sound development process
(‘errors of action’) or may cause a flawed development process in itself (‘error of
intention’). Likewise, a DD-influencing factor is defined as a stimulant or circum-
stance affecting the ability to detect defects during verification & validation of a
product in any of its development stages. DD-influencing factors may cause errors
in the execution of an otherwise sound verification & validation process or may
cause a flawed verification & validation process in itself. In both cases, defects may
and will be prevented from being found.

The influencing factors can be used to take measures to avoid errors of action
and intention, or at least to limit their consequences. DI-influencing factors are to
be used for taking measures to minimize the introduction of defects while DD-
influencing factors are to be used for taking measures to maximize defect detection
(and subsequent defect removal).

Very few studies with respect to identifying factors influencing detect introduc-
tion and the ability to detect defects have been found in the literature. Zhang &
Pham made a similar observation in their study on factors influencing software reli-
ability [Zhang00]. In their study, 23 representatives from 13 companies participat-
ing in software development identified factors that are believed to impact software
reliability [Zhang00], though it is not clear what method was followed for identifi-
cation of factors influencing software reliability. Participants were asked to give a
rating for the degree to which a factor has a significant influence on software reli-
ability. In total, 32 factors were identified, reflecting every stage of development.
No attempt was made to distinguish factors that influence the introduction of
defects from those that influence the detection of defects. The results of the Zhang
& Pham study indicate that factors differ with respect to the degree of influence on
software reliability and that people developing software for different applications
have the same opinion about the degree of influence. 
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Chulani and Boehm use a factor-based approach in their CoQualMo model
[Chulani99a], an extension of the existing COCOMO II model [Boehm95; USC-
CSE97]. A Delphi procedure was used to estimate the degree of influence of iden-
tified factors - referred to as drivers - on defect introduction; factors addressing
defect detection were not incorporated. 

The factors used in the CoQualMo model originate from the earlier software
cost estimation model COCOMO; those factors were identified by a literature
search [Boehm81]. Boehm did not motivate his choice for a literature search, nor
did he describe the methodological details of his literature search.

Studies focusing on specific applications for specific influencing factors are
more frequently found in literature. Sawyer and Guinan investigated effects on
product quality of factors affecting the production methods of software develop-
ment and the social processes of how developers work together [Sawyer98]. Nine
influencing factors, identified by interviewing 56 people, were investigated. The
procedure to identify the factors was not further detailed. Their findings indicate
that production methods, such as the use of software methodologies and automated
development tools, provide no explanation for the variance in either software prod-
uct quality or team performance. Social processes, such as the level of informal
coordination and communication, the ability to resolve intragroup conflicts, and
the degree of supportiveness among the team members, can account for 25 percent
of the variations in software product quality. 

Furuyama et al found 10 factors influencing fault generation in software devel-
opment, by interviewing developers [Furuyama97]. A controlled experiment was
conducted to investigate the effects of physical and mental stress-related factors, in
which two teams developed the same program. One of their main findings was that
physical stress could generate faults at a higher rate than mental stress, even when
it appeared for a short period. No details were described on the interview proce-
dure from which their factors resulted. 

Mizuno et al reported a study to discriminate risky and non-risky software
development projects in terms of cost and duration, on the basis of nine factors
[Mizono01]. The study shows that these nine factors fairly well discriminate; these
nine factors were derived from a previous study using 23 factors [Mizono01]. No
details were given regarding the origin of the factors.

Murugesan discussed 10 factors to improve the attitude towards testing
[Murugesan94]. It was argued that the key to improving effectiveness of testing is
to improve the attitude of the software developers towards testing and the nature
and culture of the organization. The factors that were discussed relate to human
factor and management issues in current software testing. The factors were stated
without further indication of their origin.
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Rosenberg, in an account of the verification & validation implementation at
NASA, considered nine factors that contribute to the probability of software failure
[Rosenberg01]. An important conclusion was that, to be effective, verification &
validation should be independent of development. No details were given on the
identification method of the factors.

A specific usage of influencing factors concerns defect prediction models.
Defect prediction models can be divided in two broad groups, parameterized math-
ematical models (also known as reliability growth models) and causal models
[Li03a]. Fenton & Neil criticized reliability growth models because they do not rep-
resent genuine cause-effect relationships [Fenton99]. Cause-effect relationships
require knowledge about factors that influence the development process. Once fac-
tors and their importance are known, models can be devised to predict defects,
allowing guidance for improvement by adjusting the proper factors within a given
context.

Fenton et al designed a causal defect prediction model using a Bayesian Belief
Network [Fenton02]. A Bayesian Belief Network consists of a computational repre-
sentation of cause-effect trees. Fenton's defect prediction model requires knowl-
edge of factors influencing defect introduction and defect detection. 

Cangussu et al described a formal model for the software test process, with the
purpose to predict effort and quality of testing [Cangussu02]. Five important fac-
tors, taken from the COCOMO II cost prediction model [Boehm00], were utilized
in the model. Two case studies were performed to study the behavior of the model.
In both cases, model predictions were accurate.

Stutzke & Smidts designed a stochastic model that relates the software failure
intensity function to development and debugging error occurrence throughout all
software life-cycle phases [Stutzke01]. A procedure to account for the impact of
influencing factors on the parameters of this stochastic model was suggested. A
team of experienced software developers was asked to identify and rank important
influences. Eventually, 10 influencing factors were used to adapt model parameters.
The factors were identified and ranked for importance by a team of experienced
software developers; however no further details were provided.

Rout & Abel described a model for the prediction of defects based upon parame-
ters estimating the number of defects inserted during development of a software
product and the number of defects detected (and removed) in the verification and
validation phases [Rout93]. A number of factors influencing defect insertion and
defect detection were suggested, without describing details from their origin and
without indication of their role in the model. 

From the studies reviewed here, a pattern emerged; influencing factors can be
fruitfully applied, but the origins of the factors are not always clear or are only mar-



236 Introduction to the Assessment of Influencing Factors

Assessment of Influencing Factors 

ginally described. Data collection methods like literature search, interviews and
surveys are used to capture the experiences from actual development. Especially in
cases where the scope was limited to the own organization or domain, doubts on
generalizability of findings can be raised.

14.3  Research Questions

The objective of the current research is to find and answer to the main research
question M2 (“What are the factors that influence product quality?”) and to assess
factors that influence defect introduction and defect detection aiming at a manage-
able set of factors that can be used in development projects (not necessarily virtual
development projects) to reduce the number of defects in the delivered product.
The observations made in reviewing the literature and the goal of the research, lead
to these Part 3 specific research questions derived from the main research question
M2:

1. What are the factors that influence the introduction of defects? 

2. What are the factors that influence the ability to detect defects?

3. Are all factors influencing defect introduction equally important? 

4. Are all factors influencing defect detection equally important?

To find answers to these research questions, expert consultation is foreseen as an
important strategy; expert consultation methodology therefore deserves a further
elaboration.

14.4  Expert Consultation Methodology

Expert consultation has already a long history, though performing it in a structured
way is of a more recent date. [Roest02]. After World War II a period of rapid
growth occurred in the field of Research and Development, especially in the USA.
The US government spent much money into getting advice (from think-tanks) on a
broad range of subjects: strategic and tactical planning, sociology, international
relations, new technologies, et cetera. The foundation of expert consultation in
those days was laid by a company called RAND Corporation, that, among others,
developed the Delphi method for elicitation of expert opinion [Roest02].

The widespread use of expert consultation stems from the fact that knowledge in
many of the fields involved in probabilistic analysis and decision-making pro-
cesses is generally rare and incomplete. Also, the experimental or statistical infor-
mation on the basis of which predictions or decisions can be made is not easily
available [Li03b].
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In expert consultation, consulters are typically interested in the quality and quan-
tity of expert judgments [Barki01]. These judgments typically depend on (1) how
much the experts know about the topic, (2) how efficiently the consultation method
is able to elicit information, (3) how the consultation method assists or impedes
experts in making judgments, and (4) how well the consultation method is suited to
the characteristics of the consultation topic (e.g. ambiguity and uncertainty). 

An immediate question is: “what is an expert?”. The Merriam-Webster Dictio-
nary defines an expert as a “person having, involving, or displaying special skill or
knowledge derived from training or experience”. In a study on competence in
experts, Shanteau defines an expert as a person who has been recognized within his/
her profession as having the necessary skills and abilities to perform at the highest
level [Shanteau92]. Regarding expert competence, Shanteau proposes four main
characteristics: domain knowledge, psychology traits, cognitive skills and decision-
making strategies [Shanteau92].

If a perfect expert did exist (that is, a person with infinite knowledge and skills
on the subject of study and who never makes errors) the number of experts needed
for an expert judgement process would be one [Li03b]. In practice though, experts
don't have infinite knowledge and unlimited experiences, and they do make mis-
takes. Therefore, expert groups are often used, because group members may com-
plement each other [Franz02]. Overlapping knowledge - also known as functional
redundancy - is useful and even desired because it acts as a common ground among
group members and facilitates learning [Kasvi00].

Expert groups need to be coordinated on aspects like utilization of its members
in task completion, about equal contribution of the members and on aggregation of
individual contributions to the group outcome. Also, an approach for resolution of
internal conflicts may be required, for example when two or more experts present
conflicting viewpoints. Amason & Schweiger distinguish cognitive conflict and
affective conflict [Amason94]. Cognitive conflict refers to disagreement or contro-
versy over the best way to achieve a group goal. Cognitive conflict contributes to
the quality of the group outcome because the synthesis that emerges from compet-
ing perspectives is generally superior to the individual perspectives themselves
[Amason96]. Affective conflict emerges when cognitive disagreement is perceived
as personal criticism or offensive behavior. Affective conflict generally results in
negative perceptions of other group members, and subsequently, negative interper-
sonal behaviors [Amason96].

Coordination of group work is far from an easy task; cases are known where
groups have performed less efficiently than individuals [Barki01]. One reason for
this is that norms of group interaction may cause group members to refrain from
making their own judgments or putting forward their own opinions. For example, a
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study by Milgram provided evidence that people are inclined to obey authorities
and trust their judgements [Milgram74]. Janis observed that group members may
suppress their own judgement in order to please the group leader and to reach con-
sensus [Janis82]. This phenomenon has become known as ‘groupthink’. A prime

example of ‘groupthink’ is the Space Shuttle Challenger disaster1 where an engi-
neer warned that an O-ring would fail; however, he was overruled by his peers,
although they harboured similar concerns [Rogers86].

Group phenomena may follow from evaluation apprehension, that is, people are
unwilling to express their own views in fear of others' negative response
[Henchy68]. 

 Also, working in a group per se poses restraints for group members. Especially
face-to-face groups may suffer from production blocking, which refers to group
members' inability to contribute when others are speaking [Mennecke98]. There-
fore, it is often efficient to divide a large group into subgroups which work concur-
rently on different parts of the task. These parts may also be easier to complete
because they pose fewer informational and cognitive demands than the whole task.

Expert groups are used because there is always the chance that an individual
expert makes mistakes or that his or her knowledge is inadequate. A tendency
exists for seeking as many experts as possible, stemming from the perception of
safety in numbers [Li03b]. However, doubts about the improvements in confidence
about judgments can be raised if the members of the group are dependent
[Clemen85]. There are many sources of dependence among experts. Similarities in
training, education, and experience are some of the more important ones
[Clemen85]. It has been shown that, if the experts are dependent, the use of many
experts is unnecessary [Clemen85].

A wide variety of expert consultation methods exists. Typical consultation
methods are survey questionnaires, face-to-face interviews, focus groups, the Del-
phi method, nominal groups, and workshops. 

All of these methods have their own advantages and disadvantages, depending
on the situation. Gustafsson & Ollila developed a typology facilitating the choice
of consultation method [Gustafsson03]. The typology is based upon the character-
istics of immediacy of feedback, informational cues, and expert collaboration.
Immediacy of feedback refers to how fast the consulter can react to the information
provided by the expert. Informational cues transmit information in communication.
Questionnaires use text, whereas interviews and workshops are face-to-face events

1. The disaster occurred on the morning of Jan. 28, 1986, when the Space Shuttle disinte-
grated 73 seconds into its flight, owing to the failure of an O-ring seal in the right solid 
rocket booster.
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in which communication occurs through voice and visual cues. Expert collabora-
tion refers to the possibility for consulted experts to interact and exchange informa-
tion. Collaborating experts can support each other in terms of what is known, and
therefore individual experts may be able to make more informed judgments than if
they were consulted in isolation of each other.

In this Part 3, The Gustafsson & Ollila typology will serve as a basis for choos-
ing consultation methods, taking aspects of expert consultation, as described in this
section into account. Where applicable and appropriate, measures will be taken to
address the aspects in the methodology.

14.5  Research Outline and Structure of this Part

To address the research questions, four studies are undertaken. The outline of the
research is given in Figure 3-2.

Figure 3-2.    Outline of the research studies to assess influencing factors.

In Study 1, the identification of influencing factors (for DI as well as for DD) is
described in Chapter 15. The methodology for the identification is discussed, the
influencing factors are identified, and the generalizability of the results is
addressed.

In Study 2, addressed in Chapter 16, the grouping of influencing factors (for DI
as well as for DD) was foreseen, as it was anticipated that the identification would
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yield too many factors to be manageable in actual development projects2. The
methodology is described and the grouping results are given, including an evalua-
tion of the groupings.

At that moment, the grouping consists of sets of related factors. To make them
usable in development projects is the objective of Study 3: the set of raw factors
are replaced by an operational description of the grouping that characterizes the
groupings. Alternatively phrased, the groupings should be converted to factors
again. Chapter 17 describes how factor groupings are given descriptions that char-
acterize the groupings.

Intuitively, the influencing factors will differ in importance; some will have
more influence on defect introduction or defect detection than others will. Study 4
of the research, described in Chapter 18, determines the importances of the influ-
encing factors, resulting in DI-influencing factors and DD-influencing factors
rated for importance.

Finally, Chapter 19 summarizes and evaluates the research performed in the
Studies 1, 2, 3, and 4 reported in this Part 3 of the dissertation.

2. This expectation followed from the design of the software cost estimation model 
COCOMO, in which over 150 of influencing factors were identified by a literature search 
[Boehm81].
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A condensed version of this chapter was included in [Jacobs07]: Jacobs JC, Moll JH van,
Kusters RJ, Trienekens JJM, Brombacher AC, Identification of factors that influence defect
injection and detection in development of software intensive products. Information and Soft-
ware Technology, 2007, 49(7), 774-789.

15.1  Introduction to the Identification of Influencing Factors

15.1.1  Goal and Research Questions

The literature overview reported in Chapter 14 indicates that very few studies
directly address DI- and DD-influencing factors. Moreover, the few studies that do
address it do not make an explicit distinction between DI and DD factors. As out-
lined in Chapter14, minimizing the number of defects introduced in the product by
the implementation phases of the development and maximizing the detection of
defects (with an assumed subsequent defect removal) will result in a higher product
quality.

Therefore, this study has been undertaken to identify factors that influence defect
introduction and the ability to detect defects, irrespective of co-located or virtual
development. In Part 4 of this dissertation it will be examined which of DI- and
DD-influencing factors are particularly affected by Virtual Product Development.
The research questions the current study seeks to answer are the Part 3 research
questions:

1. What are the factors that influence the introduction of defects?

2. What are the factors that influence the ability to detect defects?
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15.1.2  Outline of this Chapter

In Section 15.2, the methodology to identify influencing factors is described. The
choice of the method, a literature search, is discussed and the design of the litera-
ture search is described. In addition, a pilot literature search is described, leading to
refinements of the design. Section 15.3 presents the results of the full literature
search, including post-processing of the DI- and DD-influencing factors found
from the literature search, while Section 15.4 discusses the results. 

Section 15.5 is devoted to reliability considerations regarding the method of lit-
erature search, identification of influencing factors and post-processing of these
factors, while Section 15.6 is concerned with validity considerations. Finally, Sec-
tion 15.7 summarizes the findings and draws conclusions.

15.2  Methodology for Identification of Influencing Factors

15.2.1  Choice of the Method

To identify influencing factors, several approaches have been reported in the litera-
ture. In the design of his software cost estimation model COCOMO, Boehm per-
formed a literature search to find cost-influencing factors [Boehm81]. He claimed
to have found over 150 of those factors [Boehm81]. Unfortunately, he did not
motivate his choice for a literature search, nor did he describe the details of his lit-
erature search. Chulani and Boehm used a factor-based approach in their
CoQualMo model [Chulani99a], an extension of the existing COCOMO II model
[Boehm95; USC-CSE97], but they just stated the factors without reference to their
origins.

Zhang & Pham used a survey instrument in which 23 representatives from 13
companies identified 32 factors impacting software reliability [Zhang2000], but
they didn't motivate their choice for the survey method. 

Dyba utilized expert opinion to identify key factors of success in software pro-
cess improvement [Dyba00]. 

Li et al also utilized expert opinion by means of a questionnaire to identify soft-
ware engineering measures that are the best indicators for reliability; in addition,
they utilized a workshop procedure followed by individual interviews to rank the
measures [Li03b]. They motivated their choice by: “Due to the lack of maturity in
this field, it is impossible to identify in the existing software engineering literature
data that could constitute the basis for ranking the set of pre-selected measures.
Similarly, data mining of software engineering databases has proven infeasible in
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practice. Consequently, reliance on expert opinion was the optimal approach to the
problem of collecting ranking data” [Li03b].

In the study reported in this chapter, a literature search was chosen to identify
influencing factors for defect introduction and defect detection. Literature is accu-
mulated expert knowledge. Therefore, literature search can be regarded as expert
consultation, where the experts are not instructed or controlled by the researchers.
The rationale for the reliance upon literature search is the availability of a wide
repository of accumulated knowledge and experience with respect to factors influ-
encing defect introduction and defect detection as learned from a preliminary litera-
ture scan. It is reasonable to assume that the accumulated expert knowledge
contained in literature exceeds the expert knowledge accumulated in a restricted
group of selected experts. In applying a literature search, however, it must be real-
ized that the literature retrieved from the search is merely a sample from the uni-
verse of existing and relevant literature. The design of the literature search should
make it plausible that the sample is representative for the universe; proving that it is
a representative sample is generally not feasible.

15.2.2  Design of the Literature Search for Identification of Influencing 
Factors

The research design is based on a literature search method described in
[Maccaferri00], following steps as described in [Creswell03]. Before applying this
literature search method in a full-scale search, a pilot search is performed to
become familiar with the method and, when needed, to refine it. Figure 3-3 gives an
overview of the research steps. The research steps are detailed in the remainder of
this section.

15.2.2.1  Search Strategy

Step 1 of the research defines the search strategy, which includes the search space,
search terms, evaluation criteria for articles resulting from the search, and search
saturation criteria for stopping the literature search. The search strategy aims at
finding literature articles that together can be considered as a representative sample
from the universe of the relevant literature.

Search Space: The literature search embraces books, journals, conference proceed-
ings, theses and dissertations, research papers, and technical & experience reports
through the World-Wide-Web (WWW), E-libraries and traditional libraries. The
search is limited to literature published in the English language, as the vast majority
of publications is expected to be in the English language. No limitations regarding
publication date were set.
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Figure 3-3.    Overview of the research steps for identification of influencing factors.

Search Terms: The choice of the search terms is crucial to find the literature of
interest. Several papers concerning influencing factors were scanned to find initial
search terms, e.g. [Boehm81; Furuyama97; Sawyer98; Chulani99a; Zhang00;
Li03b]. From this literature scan it was deduced that search terms should be
divided into three categories: (1) general application area, (2) specific application
area, and (3) specific terms. 

The purpose of the ‘General application area’ category is to direct the search to
the domains of study of this dissertation, e.g. software, virtual development, reli-
ability, product quality, engineering, etc. The second category of search terms
serves the purpose of narrowing down the search to areas where factors, whatever
they are influencing, might be found, e.g. defect detection, defection introduction,
defect injection, cost prediction, defect prediction. The third category of search
terms concerns specific terms, intended for further narrowing down the search to
factors of interest. These terms are synonyms, alternative terms or related concepts
for factors influencing defect introduction and for factors influencing the ability to
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defect detection, e.g. drivers, variables, causes, contributors, reasons, critical suc-
cess factors, fail factors.

Search terms are combined by Boolean operators; terms within a search term cat-
egory are combined by the OR operator, and terms of different categories by the
AND operator. Further search chains will be built up on the basis of the literature
references given in the articles found by direct search.

Evaluation Criteria: To evaluate the relevance of items resulting from the search
operations, the first crude criterion concerns the brief information presented by the
search engine, like title, WWW-domain, type of reference (books, journals, confer-
ence proceedings, theses & dissertations, research papers, technical & experience
reports). Next, interesting items are opened, and abstracts, key-words and/or sum-
maries are scanned. If these elements contain direct relevant or suggestive informa-
tion with respect to influencing factors, the item is selected as a candidate for
further review. If these elements are not present, the body text is scanned for rele-
vant tables, figures or text fragments with respect to influencing factors. If in this
quick body text examination relevant information with respect to influencing fac-
tors is found, the item is also selected as a candidate for further review.

Candidates for further review are stored electronically (from WWW or E-library
searches), as a hard copy (from traditional library searches) or as a reference
(books).  

Search Saturation Criteria: The search is performed in chunks of up to 40 candi-
dates. Different combinations of search terms are used for finding a next chunk.
After finding a chunk, the candidate articles are subjected to further review. Subse-
quently, a next search operation is performed. This continues until three search
chunks in a row yield no new factors: the literature search is considered complete.

15.2.2.2  Literature Search 

In Step 2 of the research, the execution of the literature search, two search processes
are performed: one for DI-influencing factors and one for DD- influencing factors.
For searching the World-Wide-Web, several search engines, including meta-search
engines, are used. The purpose of using different search engines is to get results that
are more reliable; possible idiosyncratic behavior of a search engine, caused by its
specific search technique [Sullivan02], is compensated.

15.2.2.3  Review of Candidate Articles

In Step 3 of the research, candidate articles are further reviewed for relevance based
upon aspects like appropriateness and purpose of the study, appropriateness of the
technical domain, thoroughness of the study, usage of references, and occurrence of
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trigger terms for recognition of influencing factors (as elaborated in the next sub-
section). Candidate articles judged as non-relevant are discarded, but can lead to a
refinement of search terms. 

15.2.2.4  Identification of Influencing Factors

In Step 4 of the research, candidate articles judged as relevant are subjected to a
qualitative content analysis, as described by [Mayring00], with the purpose to
identify DI- and DD-influencing factors. Starting from the definitions of influenc-
ing factors, a set of recognition trigger terms was compiled in advance. The basis
for the recognition trigger terms was twofold: (1) theoretical and operational
knowledge of the researcher, for both DI and DD and (2) the literature scan origi-
nally performed to find appropriate search terms, e.g. [Boehm81; Furuyama97;
Sawyer98; Chulani99a; Zhang00; Li03b].

In the literature scan to find appropriate search terms it was observed that influ-
encing factors are directly stated as factors or that they are embedded in textual
descriptions.

It was also observed that they are negatively, positively or neutrally formulated.
A factor influencing defect introduction is formulated negatively when, if true, it
may increase introduction of defects. A negatively formulated factor for defect
detection is formulated such that, if true, it may decrease the ability to detect
defects. Examples of trigger terms for negatively formulated factors are: ‘lack of’,
‘missing’, and ‘unavailability’ (e.g. lack of techniques, missing requirements, and
unavailability of trained resources).

A factor influencing defect introduction is formulated positively when, if true, it
may decrease introduction of defects. A positively formulated factor for defect
detection is formulated such that, if true, it may increase the ability to detect
defects. Examples of trigger terms for positively formulated factors are ‘use of’,
‘availability of’, and ‘mature’ (e.g., use of techniques, availability of stable
requirements, and mature development process).

A neutral factor for defect introduction is formulated such that introduction of
defects is influenced by it, in either a positive or a negative direction. A neutral fac-
tor for defect detection is formulated such that the ability to detect defects is influ-
enced by it, either in a positive or a negative direction. Examples of trigger words
for neutrally formulated factors are: ‘degree to which’, ‘quality of’, and ‘level of’
(e.g., degree to which techniques are used, quality of the requirements, and level of
process maturity).

Factors identified by the qualitative content analysis are recorded in the form as
found, that is, in negative, positive or neutral formulation. In the recording of the
factors, duplicates are to be avoided.
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15.2.3  Interlude: Refinements on Basis of a Pilot Search

A pilot search was carried out before performing the full-scale search for influenc-
ing factors, to become familiar with the literature search method and, when needed,
to refine it.

An arbitrarily limited set of candidate articles was examined. The outcomes of
the pilot search led to refinements of search arguments and extensions of factor rec-
ognition trigger terms. The pilot also suggested that many potential influencing fac-
tors could be expected. This is consistent with Boehm who reported that a literature
search for cost influencing factors resulted in over 150 factors [Boehm81]; though
cost influencing factors are not the same as defect introduction and defect detection
influencing factors, they are related to costs, as defects cause extra repair costs. 

Factors identified during the pilot search were recorded as a linear list. To avoid
duplicate factors, for each factor found the linear list needed to be scanned to exam-
ine whether it was a new factor or a duplicate of a factor already found before. As
the linear list of identified factors grew larger, this examination was found to be
inefficient and prone to error. As an alternative, a dynamic factor map was used.
This factor map is conceptually similar to Creswell's ‘literature map’ to organize
and visualize literature research [Creswell03]. The sole purpose of this factor map-
ping was to facilitate the factor recording process by imposing a first-order catego-
rization of factors. An illustrative example factor map is shown in Figure 3-4. 

At the heart of the factor map, are the same classification categories as used in
the causes study reported in Part 2, Chapter 11, which were derived from
[Karolak98]. Further branches of subcategories were created whenever it was felt
useful. The recording of identified factors using a factor map was found to be bene-
ficial, and it was decided to apply it in the full-scale search.

It was observed that the number of defect introduction influencing factors out-
numbers the number of defect detection factors, probably because defect introduc-
tion simply gets more attention from researchers and practitioners. However, it was
also noted that by a simple substitution of a word, a factor typified as a defect intro-
duction factor could also be considered as a factor for defect detection, and vice
versa ( e.g., ‘Programmer Capability’ versus ‘Tester Capability)’. In the current
study this substitution process shall be referred to as ‘cross-fertilization’. The pilot
search confirmed that, in the literature, influencing factors are negatively, positively
or neutrally formulated.
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Figure 3-4.    Illustration of the factor map.

Despite the usage of a factor map, the occurrence of duplicate or near-duplicate
factors was found difficult to avoid. This was due to (1) the factor map growing
large causing overlooking duplicates, (2) duplicate factors occurred because they
ended up in different branches of the map, and (3) factors were formulated posi-
tively, negatively or neutral, easily leading to overlooking duplicates.

15.2.4  Post-processing of the Identified Factors

Experiences and findings from this pilot search suggested that after the full litera-
ture search as described for research Steps 1 to 4, a 5th step should be introduced, a
post-processing step. This post-processing step is introduced in order to (1) per-
form a cross-fertilization, (2) remove duplicates, and (3) reformulate factors found
in a consistent way. 

For these three stages of post-processing, a second researcher is involved. The
reason for the involvement of a second researcher concerns the reliability of the
research study. The post-processing steps imply that decisions must be taken on the
basis of judgement rather than on the basis of hard criteria. A two-researcher
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approach at least ensures that post-processing decisions are taken on a more objec-
tive basis than on the judgement of a single researcher.

For each of the stages, the researcher and the second researcher perform the post-
processing operations independently of each other, for both the DI and DD sets of
factors as resulting from the literature search. After each stage, the results are
jointly compared, and disagreements are discussed to eventually reach agreement
or to conclude that disagreements are persistent. 

Cross-fertilization: For the cross-fertilization an initial list of substitution terms is
compiled, expanded with additional substitution terms discovered after the full
search. Some examples of substitutions are ‘project team’-‘test team’,  ‘program-
mer’-‘tester’, ‘project management’-‘test management’, etcetera. Working indepen-
dently, the researcher and the second researcher perform cross-fertilization for both
the DI and the DD factors; as basis for substitution, the initial list of substitution
terms is used, independently extended with private substitution terms.

Subsequently, the cross-fertilization results of the researchers are jointly com-
pared for agreements and disagreements. An agreement is reached when both
researchers independently conclude that with a substitution term a specific DI fac-
tor can also considered to be a DD factor or vice versa. If the substitution terms dif-
fer, the best fitting term is determined jointly. When just one of the researchers
indicates that by substitution a specific DI factor could also be considered as a DD
factor or vice versa a discussion is held to convince the other researcher of the justi-
fication for the substitution. If no agreement can be reached, it is said to be a dis-
agreement, and the substitution is not performed.

Removal of Duplicates: After cross-fertilization, duplicate factors can be expected.
By a duplicate factor, not just an exact copy is meant, but also concept equivalence
(closely similar in content and not giving extra information). Therefore, a stage to
remove duplicates from the lists is introduced. Working independently and sepa-
rately for the DI and DD factors, the researcher and the second researcher compare
each factor for concept equivalence with other factors in the list and label factors as
duplicate when factors are considered conceptually equivalent. When done, the
results are jointly compared. An agreement is obtained when both researchers label
the same factors as duplicates. When only one of the researchers has labelled a spe-
cific factor as a duplicate, a discussion is held about the rationale of labelling the
factor as a duplicate. The discussion can result in either an agreement or a persistent
disagreement. If agreements exists about duplicates, the duplicates are removed;
otherwise, the removal is not performed.

Reformulation of Factors: Both DI and DD factor lists, after cross-fertilization
and duplicates removal, contain the factors still in their original formulation. For
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consistency reasons, all factors are carefully reformulated so that later assessments
of the factors could be based on the semantics rather than the syntactics of the fac-
tor descriptions. By choice, it was decided beforehand to formulate the factors in a
neutral form. Working independently, the researcher and the second researcher
reformulate the DI and DD factors, taking great care in preserving the original
meanings. Subsequently, the lists of reformulated factors are compared jointly, and
the best fitting formulation is determined. In cases of doubts, the original formula-
tion as found in the literature will be consulted. An agreement is defined as: both
the researcher and the second researcher found that a specific factor needed a refor-
mulation and how it was to be reformulated. In case of difference of opinion about
the necessity of reformulation or the how of the reformulation, a discussion will
take place. The discussion results in either an agreement or a persistent disagree-
ment. If no agreement can be reached, it is said to be a disagreement; the reformu-
lation is not performed. Because reformulation may result in duplicate factors, the
resulting factors are jointly rechecked for duplicates; duplicates are subsequently
removed. 

15.3  Results of the Identification of Influencing Factors

15.3.1  Literature Search Results

As the literature search progressed, search terms were refined: some search terms
were discarded, others were added on basis of retrieved literature, and variations
on combining search terms by Boolean operators were applied. Table 3-1 summa-
rizes the results of the literature search.

Table 3-1.    Summary of results of the literature search.

*) Candidate articles for DI and DD factors showed an overlap of about 30%.

DI factors DD factors

Number of found references 312 187

Number of candidates articles *) 144 128

Number of relevant candidates articles 26 12

Number of identified factors 167 48
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Appendix 3-1 shows the list of the 167 identified factors for DI, while Appendix
3-2 shows the list of the 48 identified factors for DD. Appendix 3-3 shows the
sources from which the factors were derived.

15.3.2  Post-processing Results

Table 3-2 summarizes the results of the post-processing of factors.

Table 3-2.    Summary of factor post-processing results.

*) Including a further duplicate removal.

During the cross-fertilization stage, two DI factors were found to be DD factors.
Consequently these two factors were moved from the DI factor list to the DD factor
list. As a result of the cross-fertilization, the DI factor list grew by 13 factors, from
167 to 180, while the DD factor list grew from 48 to 164 factors. 

Appendix 3-4 shows the list of DI factors after the post-processing; eventually,
117 resulted after duplicate removals and reformulation. Appendix 3-5 shows the
list of DD factors after the post-processing; eventually, 113 factors resulted after
duplicate removals and reformulation.

15.4  Discussion of the Results

The full-scale literature search confirmed the observation of the pilot search that
factors are formulated in positive, negative or neutral terms, as seen in Appendixes
3-1 and 3-2. And, as expected from the pilot search, some factors are very similar in
concept (e.g., ‘Poor Communication Skills’, ‘Communications problem’, ‘Commu-
nications’). The full search confirmed that the research design decision to introduce
a pilot search was justified, as it led to the additional step of post-processing of fac-
tors found from the literature search.

The full-scale literature search also confirmed the observation of the pilot search
that the number of defect introduction influencing factors outnumbered the number
of defect detection factors (167 versus 48). The conjecture made in discussing the

DI factors DD factors

Number of identified factors 167 48

Number of factors after cross-fertilization 180 164

Number of factors after duplicate removal 127 113

Number of factors after reformulation *) 117 113
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pilot search (in Subsection 15.2.3) was that “probably …. defect introduction sim-
ply gets more attention from researchers and practitioners”. The full-scale search
lends support to that conjecture. However, it was also observed that articles focus-
sing on defect detection were narrower in scope than articles on defect introduc-
tion, with the consequence of less influencing factors being treated. Their scope
tended to be restricted to the more technical nature of defect detection, while for
example social and organizational aspects were underexposed.

An observation from Table 3-1 is that from the number of candidate articles just
a relatively small number of them was relevant (meaning that factors were derived
from them). About 1 in 5 (26 out of 144) of the candidate articles was relevant for
the DI factor search and about 1 in 10 (12 out of 128) for the DD factors. Although
no basis existed for expecting a specific value for the ratio between relevant candi-
date articles and the total of candidate articles (from literature or from the pilot
search), the observed ratio's were experienced as remarkably low. An important
reason for these low ratio's is that frequently the same factors were found in differ-
ent articles. As far the post-processing results are concerned, Table 3-2 shows that
the cross-fertilization had a large effect on the DD factors: an increase from 48 to
164 factors. This large effect can be attributed to the observation that articles
focussing on defect detection were narrower-scoped than articles on defect intro-
duction; social and organizational aspects associated with the environment in
which defect detection takes place are underexposed. 

Finally, it must be emphasized again that in this study a general search for fac-
tors influencing defect introduction and defect detection was performed; the result-
ing factors from this study apply or may apply to co-located as well as virtual
development environments.

15.5  Reliability Considerations on the Identification of 
Influencing Factors

Reliability refers to the extent to which findings can be replicated [Goetz84]. Reli-
ability addresses the question: if the study is repeated, will it yield the same results.
Merriam stated that reliability in research designs is “based on the assumption that
there is a single reality which if studied repeatedly will give the same results”
[Merriam98, p.205]. However, since qualitative research seeks to explain the world
as those in the world see it, there are many interpretations of what is occurring and
thus, no “benchmark by which one can take repeated measures and establish reli-
ability in the traditional sense” [Merriam98, p.205]. Translated to this study of
identifying factors influencing defect introduction and factors influencing the abil-
ity to defect detection, this means that a repeated search using the described
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method, should give results consistent with this study, though not necessarily iden-
tical results.

15.5.1  Reliability of the Search Process

Similar, but not necessarily identical results can be expected when the search pro-
cess is repeated. Similar results can be expected because the underlying assumption
that a wide repository of accumulated knowledge and experience with respect to
factors influencing defect introduction and defect detection is plausible. Given the
importance of product quality, and given that defects are an important determinant
of product quality, it is a justified assumption that many publications address fac-
tors that influence product quality. The large number of potential and viable candi-
date articles resulting from the literature search confirms the correctness of this
assumption. Identical results cannot be expected because of several reasons.

Firstly, the initial search terms were expanded with new search terms as the
search progressed. New search terms were derived from articles that satisfied the
evaluation criteria. As the evaluation criteria were subjective, the expansion of
search terms depended on this subjectivity as well. 

Secondly, the derivation of new search terms itself was governed by subjective
judgement, by considering the context in which possible new search terms were
found, and by comparing them with the existing search terms for added value. 

Thirdly, search terms were combined by Boolean operators. As the search pro-
gressed, it was empirically determined which combinations of Boolean operators
were useful or not (that is, leading to articles not found before). 

Fourthly, the World-Wide-Web (WWW) is uncontrolled by a governance body
whatsoever. Consequently, references can appear or disappear without any notifica-
tion. Using the same search terms and their Boolean combinations may result in dif-
ferent articles being found on every search attempt.

Fifthly, different search engines use different techniques and strategies to index
and categorize information. These techniques and strategies are normally unknown;
they are considered trade confidential. The choice of the search engine therefore
may affect the articles found. 

Merriam stated three techniques for ensuring reliability: the researcher's position,
triangulation, and the audit trail [Merriam98].

The technique of ‘the researcher's position’ implies that the investigator can
explain the assumptions or theory behind the study. In this study the reliance upon
literature search is based on the assumption of availability of a wide repository of
accumulated knowledge and experience with respect to factors influencing defect
introduction and defect detection. Boehm made a similar assumption in the design
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phase of his successful software cost estimation model COCOMO; he performed a
literature search to find cost-influencing factors [Boehm81]. Cost-influencing fac-
tors are related to DI and DD factors, as defects affect project costs. In the current
study, comparable numbers of DI- and DD-influencing factors were found.

As the technique of triangulation is concerned, four types of triangulation can be
distinguished: data triangulation (among data sources), investigator triangulation
(among different investigators), theory triangulation (different perspectives on the
same data set), and methodological triangulation (different methods) [Patton87].

As already indicated in Section 14.2, just a few studies exist that to some extent
are comparable. To address data and investigator triangulation, the most obvious
one is the work of Boehm, who used a literature search to identify factors influenc-
ing software costs in the design phase of his software cost estimation model
COCOMO [Boehm81]. His literature search yielded over 150 cost-influencing fac-
tors, a magnitude comparable to the current study. Chulani's work [Chulani99a] is
also relevant, but it relied upon [Boehm81].

As methodological triangulation concerns, the study reported by van Moll
(Chapter 11 of this dissertation) is comparable; causes of defect introduction and
causes of non- or late defect detection were identified using an expert elicitation
method (a focus group). All of the causes identified in the van Moll study were
also identified as influencing factors resulting from the literature search in the cur-
rent study. In fact, some of the influencing factors resulting from the current study
were derived from the van Moll study. It must be noted, however, that the van Moll
study concentrated on causes of defect introduction and non- or late defect detec-
tion only due to the virtual nature of product development.

Merriam's technique of the ‘audit trail’ for ensuring reliability entails a descrip-
tion of a study, such that it allows a similar study using the same setup, thereby cre-
ating reliability of the construct, process and data. Elements from the current study
contributing to the audit trail are:

- the performance of a pilot to familiarize with the search method and to refine it;

- the broad literature search ranging from experience reports, research papers, and 
journal articles to text books;

- the usage of different search engines and meta-search engines (especially for 
searching the World-Wide-Web);

- the usage of an initial set of search terms and their refinement on the basis of 
retrieved articles;

- the division of search terms into three categories: (1) general application area, 
(2) specific application area, and (3) specific terms;



Assessement of Influencing Factors  

Reliability Considerations on the Identification of Influencing Factors 255

- the usage of Boolean combinations of search terms; terms within a search term 
category are combined by the OR operator, and terms of different categories by 
the AND operator;

- the building up of further search chains on the basis of articles found by direct 
search;

- the usage of a strict search saturation criterion.

15.5.2  Reliability of Factor Identification

A threat to reliability concerns the identification of DI- and DD-influencing factors
in the candidate articles. A characteristic of the qualitative content analysis, suc-
cessfully applied in a great variety of research projects, see for example
[Mayring00], is the continuous adaptation of the coding categories; in the current
study, that is the refinement of factor recognition trigger terms. A number of recog-
nition trigger terms were formulated in advance, with a few adaptations as a result
of the pilot search. The refinements regarding recognition trigger terms from the
full-scale literature search were based on information extracted from viable candi-
date articles. No formal criteria for refinement were formulated. Consequently, the
recognition of influencing factors depends on subjectively defined recognition trig-
ger terms. Although this is potentially a threat to the consistency of the results, only
a few and minor refinements to the factor recognition terms were made. Conse-
quently, there are no reasons to assume that, in attempts to replicate this study, the
recognition trigger terms affects the consistency of factor identification.

15.5.3  Reliability of Post-processing of Factors

In each of the post-processing steps, the researcher and the second researcher inde-
pendently performed the post-processing operations, and compared them jointly
immediately after each post-processing step. Disagreements were discussed to
eventually reach agreements. In a number of cases, no agreement could be reached;
the post-processing step was not performed for the concerned factor. The number of
agreements (initially and after discussion) and the remaining number of disagree-
ments, allow the calculation of a reliability measure proposed by Miles & Huber-
man [Miles94]:
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where:

Re is the reliability measure,

Na is the number of agreements,

Nd is the number of disagreements.

Table 3-3 and Table 3-4 provide the reliability data for respectively DI and DD fac-
tors.

Table 3-3.    Summary of reliability data for DI factors.

*) Re is the Miles & Huberman reliability measure [Miles94].

Table 3-4.    Summary of reliability data for DD factors.

 *) Re is the Miles & Huberman reliability measure [Miles94].
 **) No factors needing reformulation were found.

Miles & Huberman consider reliability measures of 0.8 or above as satisfactory
[Miles94], though no probability density functions were given to determine signif-
icance levels. For all post-processing steps, reliability measures above 0.8 were
obtained, thus indicating sufficient reliability.

15.6  Validity Considerations on the Identification of  
Influencing Factors

In this study, validity considerations are directed toward construct validity and
external validity. Internal validity is not considered because it is only relevant in

Agree Disagree Re *)

Cross-fertilization 15 3 0.83

Duplicate removal 53 7 0.88

Reformulation 10 0 1.00

Agree Disagree Re *)

Cross-fertilization 116 17 0.87

Duplicate removal 51 6 0.89

Reformulation**) - - 1.00
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studies that try to establish a causal relationship [Trochim04]. It is not relevant in
most observational or descriptive studies, like this one.

15.6.1  Construct Validity

A crucial step was the recognition of influencing factors in the candidate articles
resulting from the literature search. For this purpose, a qualitative content analysis
was applied [Mayring00]. Krippendorff identified two types of construct validity in
content analysis: semantical validity and sampling validity [Krippendorff80].
Semantical validity is the “degree to which a method is sensitive to the symbolic
meanings that are relevant within a given context”. It has an internal component
(“internal semantical validity”) and an external component (“external semantical
validity”) [Krippendorff80].

In the current study, internal semantical validity concerns the identification of
DI- and DD-influencing factors from literature and translating them into final factor
formulations. This could introduce the validity concerns of (1) overlooking poten-
tial factors and (2) unjustified identification of text statements as a factor. However,
the risks were considered acceptable because of the next step, the post-processing
of the factors performed in cooperation with a second researcher. Each individual
factor was jointly considered in the cross-fertilization, duplicates removal and
reformulation, and discussed. It is plausible that cross-fertilization could compen-
sate for overlooked factors, as possibly missed factors are supplied by the compli-
mentary set of factors. The joint duplicates removal and reformulation discussions
could detect possible unjustified factors; actually, this happened a few times.

A further validity concern is the reformulation of the raw factors itself. The
inherent risk here is the altering of the original meaning of the concept. The
approach of having the researcher and the second researcher independently refor-
mulate each factor and jointly comparing them, consulting the source in case of any
doubt, was considered adequate to decrease the risk of altering meanings. 

The second type of construct validity, sampling validity, “assesses the degree to
which available data are either an unbiased sample from a universe of interest or
sufficiently similar to another sample from the sample universe so that data can be
taken as statistically representative of that universe” [Krippendorff80]. Regarding
sampling validity, the literature search for influencing factors is considered a criti-
cal step in the study. It cannot be proven that the investigated body of literature was
statistically representative for the total literature body related to factors influencing
defect introduction and defect detection. However, a wide search space was used
and a search saturation criterion was applied leading to the investigation of many
sources as shown in Table 3-1. The investigated body of literature was wide and



258 Identification of Influencing Factors

Assessment of Influencing Factors 

diverse, and the number of identified factors was about the same magnitude as
found by Boehm [Boehm81], rendering sampling validity at least plausible.

15.6.2  External Validity

External validity is the degree to which the findings of a study would hold for other
persons in other places and at other times [Trochim04]. Merriam suggested an
important strategy for external validity, in qualitative research also designated as
‘transferability’: rich, thick description [Merriam98]. Where Trochim's view on
external validity suggests similar findings for replications of a study, Merriam's
strategy only implies that enough description is provided so that readers are able to
determine how closely their situation matches the research situation and whether or
not findings can be transferred to their situation. This means that a repeated identi-
fication of DI- and DD-influencing factors using the method as described in this
study should give consistent, though not necessarily identical, results. In Subsec-
tion 15.4.1 the reasons why only similar results can be expected is discussed. 

Transferability is related to the audit trail [Merriam98]. Other persons, in other
places and at other times, should be able to determine how closely their situation
matches the research situation and whether or not findings can be transferred to
their situation. 

15.7  Summary and Conclusions

This study was undertaken to identify factors that influence defect introduction and
the ability to detect defects, irrespective of co-located or virtual development. To
identify the factors, the method chosen was a literature search. Literature refer-
ences resulting from the literature search were subjected to a qualitative content
analysis to find the influencing factors. The raw factors resulting from the search
were post-processed to achieve consistently-formulated, full sets of DI and DD
factors without duplicates: 117 factors influencing defect introduction and 113
influencing defect detection resulted.

These results provide answers to the first Part 3 specific research question (What
are the factors that influence the introduction of defects?) and the second Part 3
specific research question (What are the factors that influence the ability to detect
defects?). The DI- and DD-influencing factors as identified in this study are in
principle usable for taking measures in development projects to respectively
decrease defect introduction and to increase defect detection. The factors are also
applicable for other purposes; for example using in defect prediction models. How-
ever, the answers to the research questions are not completely satisfactory; by com-
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mon sense, the relatively large numbers of factors (117 for DI and 113 for DD) are
too much to control in development projects or to be embedded in defect prediction
models. A closer inspection of the identified factors suggests that concept-equiva-
lent or concept-similar factors exist; the number of factors can potentially be
reduced by grouping concept-equivalent and concept-similar factors together. How-
ever, concept-equivalence or concept-similarity of factors is prone to subjective
judgement. An objective method doing justice to subjective judgements is required
for grouping DI- and DD-influencing factors to manageable sets. Therefore, it is
concluded that a further study is needed to arrive at manageable sets. 

The reliability of the search process, factor identification, and post-processing of
the DI- and DD-influencing factors were addressed; the conclusion was that no rea-
sons exists to cast doubts on the reliability of the study and its results. The validity
considerations of the study and its results addressed construct validity and external
validity; it is concluded that the study and its results are valid.
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CHAPTER 16 Grouping of Influencing Factors 

A condensed version of this chapter was included in [Jacobs07]: Jacobs JC, Moll JH van,
Kusters RJ, Trienekens JJM, Brombacher AC, Identification of factors that influence defect
injection and detection in development of software intensive products. Information and Soft-
ware Technology, 2007, 49(7), 774-789 .

16.1  Introduction to the Grouping of Influencing Factors

In the previous chapter, defect introduction (DI) and defect detection (DD) influ-
encing factors were identified. These influencing factors must be known to, eventu-
ally, minimize the number of defects introduced in the product by the
implementation phases of the development and maximize the detection of defects
(with an assumed subsequent defect removal). Minimizing the number of defects
introduced in the product by the implementation phases of the development and
maximizing the detection of defects (with an assumed subsequent defect removal)
will result in a higher product quality. A total of 117 factors influencing defect
introduction and 113 factors influencing defect detection were identified. By com-
mon sense it is asserted that there are too many factors to control in development
projects. 

A possibility is that in development projects a selection out of the many DI- and
DD- influencing factors is made, and that only the selected factors are controlled
for in some way. This raises the question on what grounds factors are to be selected. 

An alternative is to reduce the many influencing factors to manageable sets. This
assumes that influencing factors can be grouped based on one or more similarity
aspects. A cursory review of the identified factors suggests that this is a reasonable
assumption. This alternative of grouping on basis of similarity aspects is preferred
because in the groupings, all influencing factors are represented and all factor
groupings can be controlled by grouping-specific measures. Consequently, the
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research reported in this chapter shall concentrate on the grouping of influencing
factors.

16.1.1  Goal and Research Questions

The goal of this study is to reduce 117 factors influencing defect introduction to a
number of groupings that is manageable in development projects for minimizing
defect introduction. Likewise, 113 factors influencing defect detection are to be
reduced to a number of groupings that is manageable in development projects for
maximizing defect detection. 

This study seeks to further answer Part 3 research questions 1 (What are the fac-
tors that influence the introduction of defects?) and 2 (What are the factors that
influence the ability to detect defects?) by deepening these research questions to the
specific research questions for this study:

a. Given the identified DI-influencing factors, to what sensible groupings can 
they be reduced?

b. Given the identified DD-influencing factors, to what sensible groupings can 
they be reduced?

16.1.2  Outline of this Chapter

In the next section, Section 16.2, the methodology to group DI- and DD-influencing
factors is described; the choice of the method is discussed, leading to a hierarchical
cluster analysis, and the research design is described.

Section 16.3 presents the results of the study to group DI- and DD-influencing
factors, split up in intermediate results, while in Section 16.4 the results are dis-
cussed.

Section 16.5 is devoted to the reliability considerations, while Section 16.6 is
devoted to validity considerations of this study. 

Finally, Section 16.7 summarizes the findings and draws conclusions.

16.2  Methodology for the Grouping of Influencing Factors

16.2.1  Choice of the Method

Eventually, the factors are intended to facilitate definition of measures to lower the
number of residual defects in virtual development projects. By common sense, the
many influencing factors found (117 for DI and 113 for DD) need to be reduced to
manageable sets for practical application. Among the factors identified by the liter-
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ature search (see previous chapter), factors can be observed that are highly con-
cept-similar and therefore could be candidates for grouping together. Two
important methods for data reduction are cluster analysis and factor analysis (also
known as ‘reduced space analysis’) [Green89]. 

Cluster analysis is particularly suited for detecting natural groupings in data
[Everitt01, Romesburg04]; it is based upon the placing of objects into more or less
homogeneous groups in a manner such that the relationship between groups is
revealed. It is an individual-directed technique [Johnson98]. It focuses on the rela-
tionships between the individual items; items can only appear in a single place in
the hierarchy. It is best suited for data where a clear hierarchical organization exists
[Everitt01].

Factor analysis is a variable-directed technique [Johnson98]. It allows for over-
lapping clusters; items to be clustered can load on more than one grouping. Factor
analysis is particularly suitable for very large data sets. It is mathematically com-
plicated, entails diverse and numerous considerations in application, and the nature
of its results may easily be incomprehensible [Rummel70]. An example using fac-
tor analysis as an alternative to cluster analysis is a study reported by Capra
[Capra05], with the goal to create a set of guidelines for describing usability prob-
lems.

In the current study, a cluster analysis was chosen because its results are simpler
to interpret than that of a factor analysis and because factor loading on more than
one grouping was not expected. This choice is supported by a study reported by
Ahlstrom & Allendoerfer, in which both cluster analysis and factor analysis were
used as alternative data reduction methods; eventually, both methods gave about
the same groupings [Ahlstrom04].

16.2.2  Outline of  the Design for the Grouping of Influencing Factors

To reduce the DI- and DD-influencing factor lists to manageable sets for practical
application, a clustering procedure is performed along the lines of Trochim's con-
cept mapping method [Trochim89a]. An overview of the research steps is shown in
Figure 3-5.

As a first step, the factors resulting from the literature search are categorized to
determine concept similarity of factors, resulting in a similarity matrix. As a sec-
ond step, the factors are clustered using the similarity matrix of the factor categori-
zation. Subsequently, in Step 3, cluster analysis results are interpreted to obtain
final groupings that are meaningful for the intended usage. Finally, in Step 4, the
groupings are evaluated for meaningfulness [Trochim89a].
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Figure 3-5.    Overview of the research steps for grouping of influencing factors.

16.2.3  Design of the Categorization of the Factors to Determine Concept 
Similarity

16.2.3.1  Determining Concept Similarity

In Step 1 of the study, influencing factors are categorized to determine concept sim-
ilarity. Information about concept similarity of factors is obtained by a card sorting
procedure as outlined by Rosenberg & Kim [Rosenberg75], and Weller & Romney
(who refer to it as ‘pile sorting’) [Weller88]. Card sorting is a participant-based
knowledge elicitation technique for grouping information into categorical domains.
It is defined as “(The) sorting (of) a series of cards, each labeled with a piece of
content or functionality, into groups that make sense to users or participants”
[Maurer04]. Card sorting is a time-tested method of data collection dating as far
back as 1935; Coxon cites a number of studies conducted from 1956 to 1991 that
use card sorting techniques in the fields of psychology, anthropology, sociology,
and mathematics [Coxon99].

Two types of card sorting are distinguished: open card sort and closed card sort.
In an open card sort, participants are asked to organize the cards into groups that
make sense to them. In a closed card sort, participants are asked to sort items into
pre-defined categories. An open card sort is appropriate to categorize items for
which no categorization yet exist, while closed card sort is more appropriate for
extending an existing categorization with new items. In this study the intention is to
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categorize items for which no categorization yet exist, thus the open card sort type
is to be applied.

In open card sorting, each item to be sorted - in this study, a factor influencing
DI or DD - is recorded on an individual file card. Experts in the domain of study
are asked to carefully consider the contents of every card and to form piles of cards
describing similar or related concepts. Weller & Romney pointed out why the pile
sort method is appropriate in this context: 

“The outstanding strength of the pile sort task is the fact that it can
accommodate a large number of items. We know of no other data col-
lection method that will allow the collection of judged similarity data
among over 100 items. This makes it the method of choice when large
numbers are necessary. Other methods that might be used to collect
similarity data, such as triads and paired comparison ratings,
become impractical with a large number of items” [Weller88].

Sorting 30 to 100 cards is a general practice, with the majority of studies or
guidelines using or recommending between 50 and 100 cards [Hannah05]. No dif-
ficulties were reported for card sorting with over 200 cards [Dearholt86;
Maurer04]. In this study, slightly over 100 cards are to be sorted (117 DI factors
and 113 DD factors); therefore card sorting is considered as an applicable method. 

Card sorting by domain experts can be performed on an individual or on a group
basis. Perceptions vary on the value of having participants sort information indi-
vidually or in groups. Individual sorting assures independence of grouping strate-
gies [Kidwell01] and has a scheduling advantage: “Scheduling individuals can be
easier than scheduling groups of people” [Maurer04]. However, individuals can
find it difficult to sort larger numbers of cards, providing less valuable input
[Maurer04]. Group sorting has the advantage of richer data than individual sorts
because of group discussions [Deaton02; Maurer04] and variety of opinions
[Robertson02]. However, individual approaches to the information organization
may be lost [Ahlstrom04] and participants may influence one another's number of
card groups or sorting criteria [Martin99]. Though this may be theoretically true,
there is no substantial data suggesting a negative perception of individual sorting
[Ahlstrom04]. And, as the domain experts are professionally heavily engaged in
actual development projects, the scheduling advantage of individual sorting is a
practicality-driven reason for applying the card sorting on an individual basis. 

The card sort data of individual card-sorters are aggregated into a NxN binary
and symmetric matrix of similarities, Xij. For any two factors, i and j, a ‘1’ is
placed in Xij if the two items are placed in the same pile by the participant; other-
wise, a ‘0’ is entered. The NxN-sized total similarity matrix T is obtained by sum-
ming across the individual Xij matrices. Thus, any cell in the total similarity matrix
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T could take integer values from 0 to the total number of experts who sorted the
factors; the value indicates the number of people who placed the i,j pair in the same
pile regardless of what the pile meant to each person or what other factors were
placed in the pile. 

16.2.3.2  Participants

The card sort method has proven its usefulness in many studies [Trochim89b;
Hannah05]. However, applications of the method do not address how many card
sorters are needed to get reliable results. In a literature review of card sorting meth-
ods and practices, Hannah investigated 14 studies [Hannah05]. Within the studies
that state or recommend a number of participants for the card sorting exercise, the
values range from 2 to 30. None of the studies stated any criteria used to determine
the number of participants to involve [Hannah05]. Weller & Romney stated that “A
careful reading of the literature indicates that the results of pile sort data collection
methods, using medium-size samples between 30 and 40, generally reach reliabili-
ties above 0.90” [Weller88]. 

Just one study was found in literature that investigated how the reliability of card
sorting is related to the number of participants; Tullis & Wood compared correla-
tions of the total similarity matrices of various number of participants to a total sim-
ilarity matrix based on a set of 168 participants [Tullis04]. In an analysis of the
work of Tullis &Wood [Tullis04], Nielsen found that 15 participants are sufficient
to obtain a reliability measure (correlation coefficient) of about 0.90 [Nielsen04].
Following Nielsen's recommendation, it was decided on 15 participants for the sort-
ing tasks (that is, 15 for the sorting of DI factors and another 15 for the DD factors). 

The definition of the target audience for performing the card sorting procedure is
generally considered essential to a successful design of a card sorting procedure
[Hannah05]. Several authors specifically list ‘audience definition’ as the first step
in their card sorting design process [Fuccella97; Fuccella98; Martin99; Hahsler01]. 

In this study, the target audience for categorizing DI factors is to be found among
the expertise areas that are involved in the development of (software) products. The
target audience for categorizing DD factors is to be found among the expertise areas
that are involved in the verification and validation of the products. Table 3-5 shows
intended expertise areas for DI and DD categorization.

Candidate participants are obtained via the professional network of both authors
of this dissertation. A formal procedure is followed for inviting the participants and
determination of their expertise areas. An invitation to participate is issued, includ-
ing a brief description of the backgrounds of the research project, the expected con-
tribution of participants, and an indication of their time investment. A survey
containing questions on expertise areas and years of experience in these areas needs
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to be completed. Participants should at least have 10 years of working experience
and should currently be working in at least one of the fields given in Table 3-5.

 
Table 3-5.    Expertise areas for DI and DD categorization.

The allocation to categorization of either DI or DD factors depended upon the
participant's main expertise areas. If a participant had equivalent expertise for cate-
gorization of both DI and DD factors, he/she is randomly assigned to the categori-
zation of either DI or DD factors.

16.2.3.3  Procedure

An electronic version of card sorting is applied, USort3, as proposed by Dong et al
[Dong01]. This USort program was also used in several other card sorting studies,
e.g. [Martin99; Kidwell01]. This card sorting program was evaluated for correct
behavior on several Windows versions (Windows 98, 2000, and XP) before using
in this study. 

Participants receive the card sorting program, an associated data file containing
the description of the factors to be categorized, and instructions. The instructions
introduce the purposes of the research, the participant's task, installation/de-instal-

Expertise area DI categorization DD categorization

Software architecture X

System architecture X

System engineering X

Software engineering X

Project management X X

Process Quality X X

Product Quality X X

Test engineering X

Test management X

Quality Assurance X

3. USort is a public domain program. Retrieved 12 August 2004, from
    http://www-3.ibm.com/ibm/easy/eou_ext.nsf/publish/410. Withdrawn from the public 

domain in Jan. 2005.
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lation of the card sorting program, performance of the card sorting task with the
program, and the return of the results. The card sorting program allows sorting of
the factors (presented in random order) into piles and a subsequent combining and
naming of piles, by dragging factors from the source pile and dropping them onto a
target pile (see Figure 3-6 for an illustration). 

Figure 3-6.    Example screen capture of USort.

A pilot run was performed in advance (with two participants for DI- and another
two for DD-influencing factors) to test the program, the instructions, and the proce-
dure in a real-life setting. The outcomes of the pilot run resulted in some refine-
ments of the instructions. 

Participants are required to work individually and uninterrupted. The card sort-
ing task was found to be strenuous and time consuming; the pilot run indicated that
the total card sorting task required about 1.5 to 2 hours of mental concentration. 

16.2.4  Design of the Clustering of the Factors

16.2.4.1  Brief overview of Cluster Analysis

In Step 2 of this study, a cluster analysis is performed. Cluster analysis is a method
that is used to arrange a set of items into groupings (clusters). The aim is to estab-
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lish a set of clusters such that items within a cluster are more similar to each other
than they are to items in other clusters. This implies that information must be avail-
able that describes the similarity between the items-to-be-clustered. The similarity
information results from the categorization of factors by means of card sorting,
described in the previous subsection.

Clustering techniques can be divisive or agglomerative. A divisive method
begins with all cases in one cluster. This cluster is gradually broken down into
smaller and smaller clusters. Agglomerative techniques start with single member
clusters. These are gradually fused until one large cluster is formed. Various clus-
tering algorithms exist where a clustering algorithm governs between which points
distances are measured to determine cluster membership. Examples of clustering
algorithms are single linkage (‘nearest-neighbor algorithm’), complete linkage
(‘furthest neighbor’ algorithm), average linkage, and Ward's minimum variance
algorithm [Ward63]. 

The results of a cluster analysis are usually given as a tree diagram, known as
dendrogram, showing graphically which items are gradually fused, ranging from
single member clusters (that are the items to-be-clustered) to one large cluster. An
example of a dendrogram is given in Figure 3-7.

Figure 3-7.    Example of a dendrogram.

16.2.4.2  Joining Cluster Members

Given the nature of the clustering data and goal of the clustering procedure - join-
ing factors with concept similarity - an agglomerative technique was considered
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the most logical choice; single member clusters are gradually fused until one large
cluster is formed. Less obvious, though, is the choice of algorithm for joining clus-
ter members. The choice depends on pre-knowledge of the data to be clustered;
dense, clumped clusters are best recognized by single linkage (‘nearest-neighbor’
algorithm), while elongated clusters are best recognized by complete linkage (‘fur-
thest neighbor’ algorithm). Without pre-knowledge about the data to be clustered,
average linkage is a safe compromise; clumped and elongated clusters are equally
well joined by the average distance between them.

Trochim observed that Ward's minimum variance algorithm [Ward63] for joining
cluster members generally gave more sensible and interpretable groupings than
other clustering algorithms [Trochim89a]. However, the average linkage method
was chosen for determining cluster groups because (1) no pre-knowledge about the
cluster forms - clumped or elongated - was available, (2) it provides the least
amount of variance within each cluster, and (3) it is not prone to the creation of
smaller, same-sized clusters that are more characteristic of Ward's minimum vari-
ance algorithm [Toms01].

16.2.4.3  Cluster Groupings

In applying a cluster analysis, a question needing an answer is how to determine the
number of groupings. As the groupings produced may or may not prove useful for
classifying items for a specific purpose, a related question is: Are the groupings
produced meaningful and usable for the purpose for which the cluster analysis was
performed? 

A number of formal techniques have been suggested in literature to determine
the number of groupings. However, there have been only limited investigations into
the properties of these techniques. To date, the most detailed comparative study of
the performance of 30 techniques for determining the number of groupings has
been performed by Milligan & Cooper [Milligan85]. These investigators evaluated
the techniques with simulated data sets. Although simulation studies cause general-
ization problems, the Milligan & Cooper study is valuable in identifying techniques
that perform poorly, even under well-defined cluster structures [Everitt01]. The
conclusion must be that there are no satisfactory mathematical criteria by which the
optimal number of cluster groupings for any type of cluster analysis can be deter-
mined [Everitt79, Bock85, Hartigan85, Everitt01]. At best, several techniques can
be used in parallel and subsequently synthesize their results [Everitt01]. Even than,
the cluster groupings could make mathematical sense, but are not necessarily mean-
ingful and usable for the purpose for which the cluster analysis was performed.

As an alternative to determining the number of cluster groupings on based on
mathematical criteria, an interpretation of the cluster analysis by expert judgment
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was chosen, conforming to Trochim's concept mapping method [Trochim89a]. The
interpretation procedure relies upon the results of the clustering analysis and
should reach consensus on the number of groupings (that is, what is considered to
be a number of groupings that is manageable in projects), actual groupings (such
that they make sense) and naming of the groupings (for later ease of reference). 

16.2.5  Design of Expert Interpretation of Clustering

In step 3 of the study, the outcomes of the cluster analysis are interpreted to arrive
at final cluster groupings. Since the optimal number of cluster groupings cannot be
determined based on mathematical criteria, cluster groupings are determined
through interpretation of the cluster analysis data by teams of experts. 

16.2.5.1  Participants

Two sessions for interpretation of cluster groupings are held: one for DI and one
for DD cluster data interpretation. Participants in the sessions are selected from
those that performed the original card sorting tasks, as they are already familiar
with the goals of the study and the influencing factors. Participants from the DI
card sorting task were to interpret the clustering of the DI-influencing factors.
Likewise, the participants from the DD card sorting task were to interpret the clus-
tering of the DD-influencing factors. The minimum number of participants (for
each of the clustering interpretations) is set to three: if two of them could not agree
on interpretation, the third participant could be decisive. For practical reasons, they
are selected based solely on availability. 

16.2.5.2  Procedure

To keep the participants' attention, the duration of the sessions is restricted to a
maximum of two hours. The sessions are moderated by the researcher. Sessions are
introduced by a brief presentation recalling the purpose of the research project,
backgrounds and relevance, and explaining the purpose, procedure, and expected
outcome of the interpretation session. Subsequently, the participants are invited to
discuss and reach consensus on the number of groupings considered realistically
manageable in development projects. The moderator ensures that all participants
have about an equal contribution to the discussion.

As the  next step in the session, the moderator shows the dendrogram resulting
from the cluster analysis. Interactively, a point in the dendrogram is determined to
obtain the cluster groupings that serve as the basis for further grouping by expert
interpretation. These cluster groupings, including all of their constituent factors,
are printed as distinct ‘file cards’. Subsequently, the participants are invited to ple-
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nary sort the cards, manually, to obtain higher-order cluster groupings that are
meaningful to them. The participants are asked to discuss the meaningfulness of
merging cards, considering advantages and disadvantages of particular merges.
This continues until the participants reach consensus on the number of piles, thus,
on the final groupings. 

As a last step in the session, participants are asked to suggest names for the final
groupings and to discuss each name by carefully considering the constituent fac-
tors.

16.2.6  Design of the Evaluation of Factor Groupings from the Expert 
Interpretation

Step 4 of this study is a final evaluation of the resulting groupings from the interpre-
tation sessions. 

16.2.6.1  Participants

Participants from the original card sorting task (exclusive of those that already par-
ticipated in the interpretation session, to avoid dependency) are asked to fill out an
evaluation form to rate their level of agreement with statements about the factor
groupings. 

Participants that originally performed the card sorting for the DI factors evaluate
the DI factor groupings and likewise for the DD factors and DD factor groupings.
They are instructed to look carefully at the factor groupings and the factors in each
grouping for each of the ratings. The participants are required to work alone and
unattended. 

16.2.6.2  Procedure

The evaluation form to be completed by the participants contained four statements.
These statements concerned similarity of items in groupings, adequacy of grouping
names, adequacy of groupings for practical usage, and experienced influencing
effects of groupings.

Two of these statements were formulated equally for evaluation of DI and DD
factor groupings:   

1. In general, I recognize the similarities between the items in the groups and the
groups that are formed;

2. The naming of the groups is recognizable and generally covers the items in the
groups.

For the evaluation of the DI factor groupings and the DD factor groupings, the
remaining two statements (3 and 4) were formulated slightly different:
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 For ratings, a 5-point Likert scale was used. A rating of ‘1’ corresponds to total
disagreement with a statement, while a rating of ‘5’ corresponds to total agree-
ment. A rating of ‘3’, the midpoint of the rating scale, corresponds to ‘Neutral’
(neither agrees nor disagrees).

16.3  Results of the Grouping of Influencing Factors

16.3.1  Results of Categorization of Factors to Determine Concept 
Similarity

The participants in the categorization of factors using a card sorting procedure,
originated from 11 organizations (predominantly European based, ranging from
multinational companies to specialized testing companies). Participants assigned
to categorization of DI factors were, on average, engaged in software engineering
for over 10 years. All of them were also engaged in other (software) development
disciplines as well, either as a career switch or as simultaneously working in sev-
eral disciplines. Figure 3-8 shows the experience profile (average years of experi-
ence) for participants assigned to the categorization of DI factors.

Participants assigned to the categorization of DD factors were, on average,
engaged in software engineering for over seven years, after which they changed
careers into most noticeably test engineering (on average, they were engaged in
test engineering for about six years). Here it also occurred that the participants
simultaneously were engaged in other disciplines as well. Figure 3-9 shows the
experience profile (average years of experience) for participants assigned to the
categorization of DD factors.

DI factor grouping formulation: DD factor grouping formulation:

3.  I feel that these groups adequately 
indicate areas of attention when 
trying to decrease the number of 
defects introduced in project work 
products.

4.  I experienced myself that one or 
more of these groups influenced 
defect introduction in practice.

3. I feel that these groups adequately 
indicate areas of attention when 
trying to increase the number of 
defects detected in project work 
products;

4.  I experienced myself that one or 
more of these groups influenced 
defect detection in practice.
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Figure 3-8.    Experience profile of participants for DI factor categorization.

Figure 3-9.    Experience profile of participants for DD factor categorization.

Participants categorized DI- or DD-influencing factors by the card sorting proce-
dure described in Subsection 16.2.3: factors having concept similarity (to the partic-
ipants' opinion) were placed in the same pile. If all participants would have the
same opinions about concept similarity, and would have the same opinions about
the degree of similarity, they all would produce the same piles. Though in practice,
variability is expected.

 Figures 3-10 and 3-11 show the number of piles formed by the individual card
sort participants for, respectively, DI and DD factors. These figures show variabil-
ity; most of the card-sorters arrive at more or less the same number of piles, but
with some outliers (very few piles or many piles). The mean number of piles for the
DI card-sorters is 9.3, with standard deviation 8.3. The mean number of piles for
the DD card-sorters is 9.1, with standard deviation 5.1.
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Figure 3-10.  Number of piles formed by the individual DI card sort participants.

Figure 3-11.  Number of piles formed by the individual DD card sort participants.

16.3.2  Results of  the Clustering of Factors and  Expert Interpretation

The categorization of factors resulted in similarity matrices for the cluster analysis.
The cluster analysis data was interpreted, as no satisfactory mathematical criteria
exists to determine the final groupings. 
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Actually, three persons participated in the DI cluster data interpretation (a project
manager, a software architect, and a senior software engineer) and another three in
the DD cluster data interpretation (a test manager and two senior test engineers).

The participants in the interpretation sessions agreed that the number of group-
ings considered realistically manageable should be 20 at most. Eventually, 16
groupings for DI-influencing factors were obtained and 17 for the DD-influencing
factors; the groupings are shown in Table 3-6. The full groupings are shown in
Appendix 3-6 for DI factors and in Appendix 3-7 for DD factors.

Table 3-6.   DI- and DD-influencing factors groupings.

DI factors DD factors

1 Developer Capability 1 Testability

2 Domain Knowledge 2 Product Complexity

3 Team Composition 3 Quality of Documentation

4 Team Distribution 4 Change Control

5 Collaboration 5 Test Planning

6 Business Management Maturity 6 Management Attitude

7 Product Complexity 7 Adherence to Plan

8 Communication 8 Test Process Maturity

9 Project Management Maturity 9 Development Process Maturity

10 External Disturbance 10 Test Environment

11 Process Maturity 11 Support for Testing

12 Change Control 12 Product Integration

13 Quality of Documentation 13 Test Capability

14 Requirements 14 Test Team Cohesion

15 Development Environment 15 Team Distribution

16 Innovation 16 Test Team Organization

17 Communication
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16.3.3  Results of the Evaluation of Factor Groupings

The groupings resulting from the cluster procedure and its interpretation were
evaluated by independent evaluators. All groupings were rated on four aspects: (1)
similarity of items in groupings, (2) adequacy of grouping names, (3) adequacy of
groupings for practical usage, and (4) experienced influencing effects of group-
ings. For rating of DI factors, 10 participants responded, while nine responded for
the DD factors. Tables 3-7 and 3-8 show the distribution of respondents' ratings
for, respectively, the DI and DD factors groupings.

Table 3-7.   Distribution of ratings for evaluation items, DI factor groupings.

Table 3-8.   Distribution of ratings for evaluation items, DD factor groupings.

16.4  Discussion of the Results

This study to group defect introduction and defect detection factors as found from
a literature search reported in the previous chapter, consisted of four steps: (1) cat-
egorization of factors for concept similarity, (2) clustering of factors, (3) expert

Evaluation items 1 2 3 4 5

Similarity of items in groupings 0 0 0 6 4

Adequacy of grouping names 0 0 0 7 3

Adequacy of groupings for practical usage 0 0 0 6 4

Experienced influencing effects of groupings 0 0 2 2 6

Overall scores 0 0 2 21 17

Evaluation items 1 2 3 4 5

Similarity of items in groupings 0 0 0 4 5

Adequacy of grouping names 0 0 0 6 3

Adequacy of groupings for practical usage 0 0 1 6 2

Experienced influencing effects of groupings 0 0 0 4 5

Overall scores 0 0 1 20 15
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interpretation of the clustering, and (4) evaluation of the factor groupings resulting
from the previous three steps.

Step 1 of this study was the categorizing of factors to determine concept similar-
ity, resulting in a similarity matrix of factors. For the categorization, a card sorting
procedure was followed. In a series of articles on card sorting, Boorman & Arabie
[Boorman72], Arabie & Boorman [Arabie73], and Boorman & Olivier
[Boorman73] found that among card-sorters two extreme groups can be distin-
guished: ‘splitters’ and ‘lumpers’. Splitters are card sort participants that use a great
number of piles and place few items in each pile while lumpers use very few piles
and place many items in each pile.

Too many splitters in a card sorting exercise will tend toward unreliable results
of the subsequent cluster analysis because of insufficient similarity data for items-
to-be-clustered. Too many lumpers will also tend toward unreliable cluster results
because the factors are judged too similar. Though searched for in the literature, no
study relating the reliability (of subsequent clustering) to the proportion of splitters
and lumpers in the card sort exercise was found. In addition, no study was found
that unequivocally defines the number of piles below which card-sorters are to be
regarded as lumpers, or, above which card-sorters are to be regarded as splitters. By
applying a crude criterion, card-sorters producing a number of piles greater then or
equal to the mean plus one standard deviation will be considered as splitters. Like-
wise, card-sorters producing a number of piles less then or equal to the mean minus
one standard deviation will be considered as lumpers. Assuming normality (in pro-
duced number of piles), this means that slightly above 20% of the card-sorters can
be expected to be either a splitter or a lumper.

As regards to the card-sorters for the DI factors, participant 15 (see Figure 3-10)
could be considered as ‘lumper’ while participants 6 and 14 could be considered
‘splitters’. Thus, 3 out of 15 of the card-sorters (20.0 %) can be considered a splitter
or lumper.

 For the DD factors, only participant 2 stands out as a ‘splitter’ (see Figure 3-11);
none of the participants can be considered a lumper. Thus, 1 out of 15 of the card-
sorters (6.7 %) can be considered a splitter or lumper.

The spreads in the number of piles fall within the chance boundaries; the results
of the categorization of factors are considered adequate for producing aggregated
similarity matrices for the subsequent cluster analysis.

In Steps 2 and 3 of this study, the clustering and the forming of final groupings
by expert interpretation of the dendrogram from the clustering procedure were per-
formed. The final groupings as seen in Table 3-6 show correspondences as well as
differences. Both the DI participant group and DD participant group formed corre-
sponding groupings of Product Complexity, Quality of Documentation, Change
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Control, Team Distribution, and Communication. Due to the cross-fertilization, a
large increase of DD-influencing factors was obtained (from 48 to 164; see Table
3-2); this would set the expectation that, after clustering and interpretation of the
clustering outcome, more correspondences would occur than 5 out of respectively
16 (for the DI factors) and 17 (for the DD-factors). 

Apparently, DI participants and DD participants have different views on concept
similarity (as resulting from Step 2, the categorization of factors) and the forming
of final groupings (as resulting from Step 3, the interpretation of the clustering out-
come). The DI and DD participant groups have different experience profiles (as
can be seen from Figures 3-8 and 3-9); the DI participants obviously are develop-
ment directed while the DD participants are directed towards the test disciplines.
Developers and testers have a different focus and a different attitude towards the
product and its development [Beizer90], which render different views plausible.

In Step 4 of the study the groupings resulting from the clustering and interpreta-
tion of the cluster outcomes were evaluated by a rating procedure. Both for DI and
DD, the respondents show a strong agreement about the similarity of items in the
groupings and the adequacy of grouping names (as can be seen from Tables 3-7
and 3-8). In addition, the agreement about the adequacy for practical usage and the
experienced influencing effects of the groupings are strong.

16.5  Reliability  Considerations on  the Grouping  of 
Influencing Factors

16.5.1  Reliability Estimation of Clustering

Because the clustering analysis process is complex, it is difficult to express reli-
ability in a single overall measure. The central product of the clustering process is
the clustering itself; consequently, efforts to address reliability are directed to the
structuring steps. The focus is on methods for estimating the reliability of the sort
data and of the subsequent clustering using reliability estimations as proposed by
Trochim [Trochim93].

16.5.1.1  Test-Retest Reliability

The Test-Retest reliability is a measure of a participant's stability of categorizing
the influencing factors over time. In the ideal case, participants would categorize
the factors in the same way repeatedly in time; in a worst-case scenario, the partic-
ipants would categorize the factors completely different over time. The longer the
time lapse between test and retest, the lower the correlation between the resulting
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grouped factors is expected to be; the longer the time lapse, the less recollection of
the original categorization. The time lapse was about two months. For practical rea-
sons, no attempt was made to estimate reliability for varying time lapses. Also for
practical reasons, only a sample of three participants was retested for categorization
of DI factors and another sample of three participants for DD factors. The total sim-
ilarity matrix Tt for these participants was computed from the original test and the
total similarity matrix Tr from the retest.

As a measure for the test-retest reliability estimation, the Pearson product-
moment correlation between Tt  and Tr was computed. 

16.5.1.2  Split-Half Reliability

The Split-Half reliability is a measure for consistency of categorizing items. Here,
the participant group is randomly divided into two subgroups, A and B, each con-
sisting of half the number of participants. Separate total similarity matrices TA and
TB are computed that subsequently are correlated by means of the Pearson product-
moment correlation. Since the number of items on a test affects reliability, correla-
tions based on only part of the participant sample do not accurately reflect the cor-
relation value to be expected for the entire participant sample. This is traditionally
corrected for by applying the Spearman-Brown Prophecy formula [Nunnally78;
Weller88]. For both DI and DD factors, 10 random samples of subgroups A and B
were drawn, correlations were averaged, and the Spearman-Brown correction was
applied. 

16.5.1.3  Individual-to-Total Reliability

The Individual-to-Total reliability is a measure of consistency over participants.
The correlation between each person's binary sort matrix Xij and the total similarity
matrix T was computed. Because of the dichotomous nature of the binary sort
matrices Xij, the Point-Biserial correlation was used. The correlations were aver-
aged and the Spearman-Brown correction was applied. 

The results of the reliability estimates for sorting and clustering of both DI- and
DD-influencing factors are shown in Table 3-9. All reported correlations are high
and significant (P<<.001), indicating that the card sorting and clustering was reli-
able. 
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Table 3-9.   Reliability estimates for sorting and clustering of DI and DD factors.

*  P<<.001

16.5.2  Reliability  Estimation of  the Evaluation of  Factor Groupings

Tables 3-7 and 3-8 show the distribution of respondents' evaluation ratings for,
respectively, the DI and DD factors groupings. The data allow the estimation of
reliability as proposed by Miles & Huberman [Miles94]:

where:

Re is the reliability measure,

Na is the number of agreements (ratings of 4 or 5 on the Likert scale),

Nd is the number of disagreements (ratings 1, 2 or 3 on the Likert scale).

Miles & Huberman consider a value of 0.8 or above for their reliability measure Re
as satisfactory [Miles94]. 

The reliability measure Re is (21+17)/(2+21+17)=0.95 for the DI factor group-
ings evaluation, and (20+15)/(1+20+15)= 0.97 for the DD factor groupings evalua-
tion. The figures thus indicate strong agreements and a reliability higher than the
Miles & Huberman value of 0.8.

16.5.3  Discussion of Reliability

Krippendorff discussed stability and reproducibility as reliability measures
[Krippendorff80]. Stability refers to the degree to which the same expert at differ-
ent times categorizes the factors in the same manner. Reproducibility refers to the

Reliability Estimator
Correlation coefficients

DI factors DD factors

Test-Retest Reliability 0.49 * 0.47 *

Split-Half Reliability 0.77 * 0.80 *

Individual-to-Total Reliability 0.95 * 0.90 *
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extent to which the same results can be reproduced in different times and locations
and with different experts. 

In addition, Krippendorff identified common reliability concerns of which two
are directly relevant to the study: (a) some factors are harder to understand than oth-
ers are, and (b) individual experts may be careless or inconsistent [Krippendorff80]. 

Stability is addressed by the test-retest. Though the reliability measures are sig-
nificant (see Table 3-9), they were lower than expected. The limited number of par-
ticipants in the retest could be an explanation for this, but there are more possible
reasons. 

One possible reason might be the brief formulation of factors. Ambiguity of
wording could have caused a participant to assign a different meaning to the same
factor over time. A different meaning could affect the judgment of concept similar-
ity; depending upon the meaning, a card sort participant compares a factor with dif-
ferent factors for concept similarity. The participants did not report indistinctness of
meaning as a difficulty. However, observations made by the moderators in the inter-
pretation sessions show that at least some uncertainty about meaning of factors
existed. Nevertheless, interpretation differences, at most, would cause a certain fac-
tor to be grouped in another pile in individual cases. Even if this affects the compo-
sition of the final groupings, that factor is still contained somewhere else in the
groupings; but, it lowers the test-retest reliability. 

Another possible reason for the relatively low value of the test-retest reliability is
that the participants performed the sorting task privately, and all at their own loca-
tions. Consequently, no visibility existed on the actual carefulness kept by partici-
pants while they performed their card sorting task. Unexpected disturbances during
the sorting might have caused participants to be distracted, which might have influ-
enced their results. Performing the time consuming card sorting task a second time,
the retest, could have lead to participants being less careful. Though it was explic-
itly tried to prevent this from happening by informing the participants about the
uninterrupted time required for the task, the actual performance was outside the
researchers' control. 

Reproducibility is addressed by the Split-Half and Individual-to-Total reliability
measures. The brief formulation of factors and ambiguity of wording could have
caused participants to assign different meanings to the same factor and cause
adverse effects on the consistency of sort results over items and participants. Like-
wise, careless sorting could have equally adverse effects. Table 3-9 shows that both
the Split-Half and Individual-to-Total reliability values are high and highly signifi-
cant. It is therefore concluded that, even if the brief formulation of factors and the
care with which participants performed the card sorting task did have an influence,
their influence is marginal.
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16.6  Validity Considerations on the Grouping of Influencing 
Factors

16.6.1  Construct Validity

Krippendorff has identified two types of construct validity: semantical validity and
sampling validity [Krippendorff80]. Semantical validity is the “degree to which a
method is sensitive to the symbolic meanings that are relevant within a given con-
text”. It has an internal component (“internal semantical validity”) and an external
component (“external semantical validity”) [Krippendorff80].

Internal semantical validity concerns the identification of DI- and DD-influenc-
ing factors from literature and translating them into factor formulations as used in
the card sorting task. This has been addressed in the previous chapter. 

In terms of external semantical validity, the meaning of the factors should be
clear to the card sorters provided the identification of factors from the literature
was appropriate and the original concept was preserved after reformulation.

Neither the pilot run of the card sorting procedure nor the full card sorting task
(refer to the reliability considerations in the previous section) indicates unclear
meaning. Different sorters, as learned from the interpretation sessions, could inter-
pret the factors differently in some cases. However, the participants attributed this
to the complexity of the underlying concept rather than to unclear concept formula-
tion. Unclear factor meaning is therefore not considered a concern to external
semantical validity. 

The second type of construct validity, sampling validity, “assesses the degree to
which available data are either an unbiased sample from a universe of interest or
sufficiently similar to another sample from the sample universe so that data can be
taken as statistically representative of that universe” [Krippendorff80]. Regarding
sampling validity, the literature search for influencing factors is considered a criti-
cal step in the research. This has been addressed in the previous chapter, with the
conclusion that sampling validity is not threatening construct validity.

16.6.2  External Validity

Final validity considerations concern the external validity of card sorting results
and factor grouping. 

Card sorting was performed by experts selected by strict criteria and originating
from eleven companies, ranging from multinational companies to specialized test-
ing companies. Their experience profile (as shown in Figures 3-8 and 3-9) and
organizational diversity strengthen the generalizability of factor groupings result-
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ing from the card sorting procedure. This was also confirmed by the evaluation
round; there is a strong agreement about the concept similarity of factors within
groupings and naming of the groupings, which is an indication of strong perceived
coherence between the individual factors in a grouping. Likewise, there was a
strong agreement about the resulting groupings being areas of attention that can be
monitored and used to influence either DI or DD and that, in fact, are experienced
in real life by the respondents. This is an indication of the fitness for the intended
usage. 

Merriam's strategy for external validity [Merriam98] implies that a description of
the method and its outcomes should be sufficiently detailed to allow readers to
determine how closely their situation matches the research situation and whether or
not findings can be transferred to their situation. In the current study, the card sort
procedure, the clustering and interpretation procedure and the selection of partici-
pants was explained, the reliability was addressed and the results were discussed,
all with a level of detail that allows replication and readers' judgement regarding the
applicability and usability for their situation.

16.7  Summary and Conclusions

Previously, a total of 117 factors influencing defect introduction and 113 factors
influencing defect detection were identified. These are too many factors to control
for in development projects. Cursory review of the influencing factors showed that
factors can be grouped based upon concept similarities. Grouping thus could reduce
the many DI- and DD-influencing factors to manageable sets. To reduce the many
DI- and DD-influencing factors, a clustering procedure was performed. By means
of a card sorting procedure, similarities between factors were determined and an
agglomerative cluster analysis was performed. The number of groupings and final
groupings were determined by interpretation of the cluster analysis outcomes. For
the DI-influencing factors, 16 groupings were obtained, and for the DD-influencing
factors, 17 groupings, thereby providing answers to specific research question (a)
“Given the identified DI influencing factors, to what sensible groupings can they be
reduced?” and specific research question (b) “Given the identified DD influencing
factors, to what sensible groupings can they be reduced?”. These specific research
questions were deepenings of, respectively, Part 3 research question 1 (What are the
factors that influence the introduction of defects?) and Part 3 research question 2
(What are the factors that influence the ability to detect defects?).

Reliability was addressed in terms of stability and reproducibility. Stability, in
particular for the card sorting, was addressed by the Test-Retest procedure. For
reproducibility, the consistency of categorizing (Split-Half reliability) and the con-
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sistency over participants (Individual-to-Total reliability) were addressed. All reli-
ability estimates were significant (P<<.001), indicating that the card sorting and
clustering were reliable, both for the DI- and DD-influencing factors. The evalua-
tion of the groupings showed a strong agreement between the raters, resulting in a
reliability measure of respectively 0.95 and 0.97.

Validity was addressed by construct validity and external validity. Construct
validity was expressed in terms of semantical validity and sampling validity. 

From the reliability and validity considerations, it is concluded that no reasons
exist to cast doubts on the reliability and validity of the study and its results.

The outcome of this study resulted in DI- and DD-influencing factors groupings,
making the use of the factors more manageable. Instead of addressing 117 individ-
ual DI-influencing factors and 113 individual DD-influencing factors, they can be
addressed in groups, for example, to take measures in development projects to
decrease defect introduction and to increase defect detection or to apply them in
defect prediction models.

All factor groupings have a brief name, a high abstraction of all individual fac-
tors making up the grouping. To understand fully a grouping without addressing all
individual factors making up the grouping, it is required to condense the individual
factors to one operational description. Thus, a further study is needed to answer the
Part 3 research questions 1 (“What are the factors that influence the introduction of
defects?”) and 2 (“What are the factors that influence the ability to detect
defects?”).



   285

CHAPTER 17 Operational Description of 
Influencing Factor Groupings

17.1  Introduction to the Operational Description of 
Influencing Factor Groupings

Sofar in this Part 3, factors influencing defect introduction and the ability to detect
defects have been identified by means of a literature search. The raw factors as
resulting from the literature search were post-processed to achieve consistently-for-
mulated, full sets of DI and DD factors without duplicates: 117 factors influencing
defect introduction and 113 factors influencing defect detection resulted. Subse-
quently these relatively large numbers of factors were reduced to sets of manage-
able size; an open card sorting procedure was performed to categorize the factors,
resulting in similarity matrices. The aggregated similarity matrices were input to a
cluster analysis. To form the final clusters, the outcome of the cluster analysis was
interpreted by experts, resulting in 16 groupings of DI factors and 17 groupings of
DD factors. All groupings were given a brief name, to refer comfortably to a factor.
The brief naming of a factor grouping is to be considered as a high abstraction of all
individual factors making up the grouping. To fully understand a grouping without
addressing all individual factors making up the grouping, it is required to condense
the individual factors to one operational description. The intended usage of the fac-
tor groupings is to take measures in product development projects to minimize the
introduction of defects and to maximize the detection of defects. When a factor
grouping has a name and an operational description adequately describing its mean-
ing and reflecting its constituent factors, users (for example, product development
projects) are not aware anymore of the compound nature: factor groupings have
become factors again.
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17.1.1  Goal and Research Questions

DI and DD factor groupings resulting from the study reported in the previous chap-
ter are characterized by a brief name and a number of associated factors. The brief
names of factor groupings resulted from the study reported in the previous chapter,
and are to be interpreted as a high abstraction expression of the meaning of the fac-
tor grouping. The question arises what meaning means. This philosophical ques-
tion can be approached in several ways (see for example [Roberts04]). Here, a
pragmatic approach will be taken based upon the connotation of meaning as given
in mainstream dictionaries. For example, the Merriam-Webster Dictionary defines
‘meaning’ as ‘what is served or intended to convey, showed, or indicated’. A brief
name of a factor grouping, usually two or three words, in some cases even a single
word, is considered insufficient to unequivocally express the idea or message that
is intended.

Therefore, the goal of this study is to establish operational descriptions for DI
and DD factor groupings that express the meaning of the factor groupings based
upon their brief names and their constituent factors. As such, this study contributes
to answering the Part 3 research questions 1 (“What are the factors that influence
the introduction of defects?”) and 2 (“What are the factors that influence the ability
to detect of defects?”). To establish confidence in the suitability and adequacy of
the factor descriptions for the intended usage, a validation is required. Therefore,
the Part 3 research questions 1 and 2 are further deepened by the specific research
questions for this study:

a. For each factor grouping, are the original constituent factors sufficiently 
included in its description?

b. Do the factor grouping descriptions accurately reflect the meaning of the con-
stituent factors?

c. For each factor grouping, is the formulation of its description sufficiently 
clear as to enable users to form a notion of the factor meaning?

17.1.2  Outline of this Chapter

The next section, Section 17.2, presents the methodology for describing factor
groupings on the basis of their brief name and constituent factors. The choice of
the method is discussed, and the design of the study is given as well as the actual
description of the factor groupings, and the verification of the resulting factor
grouping descriptions. 

Section 17.3 describes the results of the factor grouping descriptions, as well as
the results of the validation of the factor grouping descriptions, while Section 17.4
discusses the results.
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Section 17.5 discusses the reliability of the method used to describe the factor
grouping descriptions, while Section 17.6 discusses the validity of the method used
to describe the factor grouping descriptions. 

Finally, Section 17.7 summarizes the findings and draws conclusions.

17.2  Methodology for Operational Description of Factor 
Groupings 

17.2.1  Choice of the Method

In choosing the method, other studies related to influencing factors were examined.
Zhang & Pham used a survey instrument to let experts rank 32 factors in terms of
their impact on software reliability [Zhang00]. The experts had to rate the signifi-
cance of each factor on a 7-point Likert scale. Factors were characterized by a brief
name, for example ‘program complexity’,‘frequency of spec change’, ‘programmer
organization’. As it might be difficult to understand the precise meaning of a factor,
and thus to rate the factor for significance solely based upon its brief name, defini-
tions of the factors were provided. The definitions were just stated without any fur-
ther explanation of how they were defined. 

Chulani & Boehm also used a factor-based approach in their CoQualMo model
[Chulani99a]. A Delphi procedure was used to estimate the degree of influence of
identified factors. Factors were characterized by a brief name and descriptions of
the factors were provided. However, here also, definitions were given without any
further explanation of how they were compiled. 

This examination of related studies did not yield a methodological approach to
describing influencing factors. As a basis, the literature can be scanned for defini-
tions, especially from glossaries like those issued by the British Computer Society
and the IEEE. However, base definitions found in the literature do not necessarily
reflect the constituent factors of the groupings. Therefore a method to refine the
base definitions is needed. A methodological approach for the refinement suggests
itself when taking a closer look at the objective; a factor grouping description
should concisely express the meaning of the factor grouping by reflecting the inher-
ent meaning of the constituent factors. This implies that the constituent factors
should be reduced to their core concepts by selectively considering each word or set
of related words; this is known as selective reduction. Selective reduction is the
central idea of content analysis. Text is reduced to single words, sets of words or
short phrases which the researcher can focus on (see for example [Krippendorff80;
Weber90; Neuendorf02]). The assumption is that constituent factors, when reduced
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to their core concepts, can be condensed to a description adequately reflecting the
core concepts. 

The method of choice, therefore, is the usage of base definitions from the litera-
ture, enhanced by a content analysis of the constituent factors.

17.2.2  Outline of the Design for the Operational Description of the Factor 
Groupings

An overview of the research steps is given in Figure 3-12. 

Figure 3-12.  Overview of the research steps for describing  factor groupings.

In Step 1, the DI and DD factor groupings are given a description, based upon
definitions found in literature and enhanced with key concepts expressed in the
constituent factors. 

In Step 2, the factor grouping descriptions are verified in two stages. The first
stage of the verification concerns missing concepts in the factor grouping descrip-
tions. Criteria for the comparison are formulated in advance. If a description does
not satisfy the criteria, the description is to be analyzed to find out why it does not
satisfy the criteria. If necessary, the description is reformulated. The second verifi-
cation stage intends to discover extraneous concepts (concepts that are not present
in the individual factors within a factor grouping) introduced by the description.
Extraneous concepts may cause deviation from or blurring of the meaning of a fac-
tor grouping.

Named factor groupings

Describe Factor 
Groupings

Described factor groupings

Verify Factor Grouping 
Descriptions 

Validate Factor 
Grouping Descriptions

1

2

3



Assessement of Influencing Factors  

Methodology for Operational Description of Factor Groupings 289

Finally, in Step 3, the resulting factor grouping descriptions are validated by
independent experts; if necessary, amendments in factor grouping descriptions are
to be made.

17.2.3  Design of Describing the Factor Groupings

For Step 1 of the study, literature sources, especially standards and glossaries, are
consulted to find base definitions for the factor groupings. Relevant sources, shown
in Table 3-10, are obtained from a previous study [Jacobs03]. 

  

Table 3-10.  Standards and Glossaries used to find base definitions.

The base definitions will subsequently be refined using the grouping's key-words
resulting from a content analysis. If definitions from various literature sources dif-
fer, the best fitting definition, taking the constituent factors of the factor grouping
into account, will be used as a basis and will be refined using the grouping's key-
words resulting from the content analysis. If no definition can be found in the liter-
ature, the description shall be made solely on the basis of a synthesis of the content
analysis results.

British Computer Society (BCS), Glossary of definitions, BCS 7925-1

IEEE, Standard glossary of software engineering terminology, IEEE 610.12-1990, 
1990

International Standard Organization (ISO), International Standard Quality manage-
ment and quality assurance – Vocabulary, ISO 8402, 1994

International Standards Organization (ISO), Information technology-Software process 
assessment-part 9: vocabulary, ISO/IEC TR 15504-9 v3.3, 1998

International Standard Organization (ISO), ISO 9000:2000, 2000

Software Engineering Institute (SEI), CMM-SW v1.1, 1993

Software Engineering Institute (SEI), People CMM, 1995

Software Engineering Institute (SEI), CMMI Staged version v1.02, 2000

State University of New York (SUNY), Glossary of terms significant to the Human 
Resources Management Function of the State University of New York, date unknown.

Webster’s dictionary, available at  www.m-w.com/dictionary.htm
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To refine the base definitions, a basic content analysis procedure needs to be
designed. As an aid to the design of such a procedure a practice exercise was per-
formed. In this practice exercise, factors influencing the effectiveness of software
process improvement were used, derived from [Wiegers98]. Wiegers described
eight common traps that can undermine a software process improvement program,
their symptoms, and some possible solutions. His eight traps were considered sim-
ilar to factor groupings as in the current study. From his symptoms text elements
were extracted that were comparable to the constituent factors in this study. The
exercise led to the formulation of a few rules for recognition of concepts: (1)

exclude non-significant words4, (2) focus on nouns, (3) concepts may be expressed
by single words or sets of related words. 

The resulting concepts are further reduced by labelling nearly equivalent con-
cepts as equivalent. These labels are referred to as key-concepts. As a last step, fre-
quency counts are made for the key-concepts, as frequency counts provide
information on the importance of key-concepts; the higher the count, the higher the
importance. Key-concepts with the highest frequency counts are considered more
important for characterizing a factor grouping and should at least be recognizable
in the factor descriptions.

This Step 1 is performed by the researcher, working alone. The reason for this is
that during the preparation stage of this research step, no experts willing to perform
this time consuming task could be found. As this single researcher approach is con-
sidered as a potential reliability concern, an independent verification of the results
from this Step 1 intends to alleviate this concern.

17.2.4  Design of the Verification of the Factor Grouping Descriptions

In Step 2 of the study, a two-staged verification of factor grouping descriptions will
be performed: (1) verification of concept coverage to find missing concepts and (2)
verification of factor grouping descriptions for extraneous concepts.

17.2.4.1  Verification of Concept Coverage for Missing Concepts

To verify concept coverage for missing concepts, a second researcher indepen-
dently performs a content analysis according to the procedure described in Subsec-
tion 17.2.3. 

4. For non-significant words the exclude list of the text analysis program ‘CATPAC’ was 
used, retrieved March 23 2006 from 

    http://academic.csuohio.edu/kneuendorf/content/cpuca/exclude.htm.
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The set of key-concepts resulting from this second content analysis is designated
as the reference key-concept set. For each factor grouping, such a reference key-
concept set is developed. 

The researchers jointly compare each factor grouping description with the asso-
ciated reference key-concept set. It was required that key-concepts with a frequency
count >2 must be recognizable in the factor descriptions. A coverage measure,
expressed as a percentage, is determined according to the formula:

where:

C is the percentage coverage of key-concepts in the factor grouping description,

n is the number of key-concepts of the factor grouping,

fi is the frequency of the i-th key-concept of the factor grouping,

Ii is a Boolean variable that has the value 1 if the i-th key-concept is represented in

the factor grouping description; else, the value is 0.

It is required that, for each of the individual factor groupings, C = 70% at least.
This value is chosen because related reliability measures (for which the probability
density function is unknown), reported in literature, usually take this significance
boundary.

If key-concepts with a frequency count >2 are not recognizable in a factor
description, it should be reformulated. If a coverage C < 60% results for a factor
description, it should be reformulated as well. When the coverage C is between
60% and 70%, the acceptability of the factor description is discussed, resulting in
the decision either to reformulate or to accept the factor description. This tolerance
band is introduced as the content analysis practice exercise indicated that phrasing
differences could obfuscate the decision.

17.2.4.2  Verification of Factor Grouping Descriptions for Extraneous Con-
cepts

The procedure for describing the factor groupings may introduce extraneous con-
cepts, possibly altering the meaning of the factor grouping as expressed by its con-
stituent factors. This is undesired because it creates a deviation from results
obtained from the previous work of identification and grouping of DI- and DD-
influencing factors. 
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Therefore, a verification of factor groupings is introduced to discover extrane-
ous concepts and to evaluate whether they alter the meaning of the factor group-
ings as expressed by their constituent factors.

Two independent content analyses were performed to discover extraneous con-
cepts in the factor grouping descriptions: one by each researcher.

 The results of the two independent content analyses are compared and dis-
cussed to reach agreement on extraneous concepts in the factor grouping descrip-
tions. In addition, each factor grouping with extraneous concepts is carefully
evaluated for changing the factor grouping meaning, eventually indicating which
of the descriptions require a reformulation.

17.2.5  Design of  the Validation of  the Factor Grouping Descriptions

The third and last step in the study is a final validation of the DI and DD factor
grouping descriptions by independent validators. This validation is performed to
establish confidence in the suitability and adequacy of the factor descriptions.

17.2.5.1  Validation Procedure

Validation participants are asked to rate the DI factor grouping descriptions or the
DD factor grouping descriptions. More specifically, the validators are asked to give
their opinion on (1) the understandability of the meaning of factor grouping
descriptions and (2) the extent to which they reflect the constituent factors.

For every factor grouping, the validators' opinion is captured by a rating on a 5-
point Likert scale, options ranging from ‘totally disagree’ to ‘fully agree’, the mid-
point being ‘Neutral’. For each factor grouping description, a validator has to
express agreement or disagreement on two questions:

(1) The factor grouping description is formulated such, that I am able to form a 
personal notion of the meaning of the factor;

(2) The factor grouping description is formulated such that I recognize the con-
stituent factors as being associated with the description.

Rationale for question 1: factor grouping descriptions, when not presented with
the list of constituent factors, should at least achieve that a reader/user is able to
form a notion of what is meant by the factor, regardless of what is exactly implied
by the constituent factors. 

Rationale for question 2: though a factor grouping description might be clear in
itself and enable a reader/user to form a notion about its meaning, it should also
reflect the meaning of its constituent factors. Even though a description might be
capable of bringing about a certain notion with the reader/user, its constituent fac-
tors might still be difficult to associate with the description. 
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The validators receive a questionnaire and usage instructions, indicating their
task and an indication of their time investment (estimated to be about 1 hour). They
are asked to work uninterrupted and alone.

17.2.5.2  Participants

The DI validators are recruited (on the basis of availability) from the experts that
were involved in the DI-influencing factors card sorting in the grouping study (as
reported in the previous chapter). Likewise, the DD validators are recruited from
the experts that were involved in the DD-influencing factors card sorting in the
grouping study. The rationale for recruiting the validators from the participants
from the previous grouping study is that they are familiar with the context of the
study and the contents of the constituent factors.

As the experts are full-time engaged in development projects and under high
time pressure, it is anticipated that not many of them can find the time, or are pre-
pared to find the time, to participate in the validation of the factor grouping descrip-
tions. Therefore, the number of validation participants is arbitrarily set to a
minimum of three. This low number of validation participants potentially forms a
reliability concern. The alternative to recruit fresh validators (that is, persons not
involved in the research before) was considered; it was felt however, that fresh val-
idators do not solve the reliability concern. Fresh validators will also be fully
engaged experts, hardly finding time to participate. In addition, they have to invest
extra time to understand the context of the study and the contents of the constituent
factors. The risk exists that they perform the validation without devoting time to
understand the context of the study and the contents of the constituent factors. This
may create an even more serious reliability concern. Hence, the alternative of
recruitment of fresh validation participants was not pursued further.

17.2.5.3  Data Analysis

Counts are kept for the question scores over all validators. If at least one participant
scores a ‘Totally Disagree’ or ‘Disagree’ on one or both questions for a given factor
grouping description, the description is subject to analysis and discussion by the
participants. The discussion is to determine the deficiencies in the description and
eventually to agree on an adaptation of the description, based on consensus between
the validators. If no consensus can be reached, majority vote will be used.
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17.3  Results of the Operational Description of Factor 
Groupings

17.3.1  Results of the Description of the Factor Groupings

For step 1 of this study, base definitions for factors groupings were obtained from
widely available standards and glossaries, the most important being [CMMI02;
IEEE90; PMI03; BCS03]. Base definitions were enhanced to reflect the key-con-
cepts of the constituent factors of the groupings; the key-concepts resulted from the
content analysis. Table 3-11 gives an overview of the DI factor groupings, their
key-concepts and their enhanced operational descriptions, while Table 3-12 does
so for the DD factor groupings.

Table 3-11.  DI factor groupings, their key-concepts and their enhanced operational 
descriptions.

Grouping Key-concepts Description

Developer 
Capability

Knowledge
Experience
Development pro-
cesses
Development environ-
ments

The professional knowledge and experience 
possessed by individual developers that is 
required to perform their development tasks. 
This includes subjects like development pro-
cesses, environments, tools, and languages. 

Domain 
Knowledge

Product knowledge
Architecture knowl-
edge
Application environ-
ment

The professional knowledge possessed by 
the individual developers about the product, 
its architecture, its intended usage, its users, 
and application or operating environment.

Team Composi-
tion

Experience and skill
Quality of people
Team size
Team complexity

The collection of individuals in a develop-
ment team based on a balance of individual 
expertise, skill levels, and personal qualities. 
The development team has a certain size and 
may have a complex structure in terms of 
hierarchy and reporting lines and may have 
its own position in a larger project organiza-
tion. 

Team Distribu-
tion

Geographical distribu-
tion
Cultural differences

The distribution of development activities 
over geographically-separated locations, 
possibly involving development activities at 
locations with other cultures and in different 
time zones.
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 Table 3-11.   DI factor groupings, their key-concepts and their enhanced operational 
descriptions (cont.).

 Grouping Key-concepts Description

Collaboration Collaboration
Cohesion/relationships
Trust
Stability
Flexibility w.r.t. com-
mon goal

The interaction between individuals with the 
purpose to achieve a common goal. The 
sense of being a team strengthens coopera-
tion, personal relationships, trust, stability 
and continuity of the team. Collaboration 
also is relevant to parties outside their own 
development team like clients, end-users or 
subcontractors.

Business Man-
agement Matu-
rity

Stability
Management Style
Support
Experience

The stability, management style, and support 
of the business’ senior management in deci-
sion making related to product development. 
Maturity is also determined by the experi-
ence of business management with the prod-
uct to be developed and with managing the 
type of project that produces it.

Product Com-
plexity

Complexity
Innovation
Size
Constraints
Reuse
Interfaces

The technical complexity of the product to 
be developed in terms like size, interfaces, 
innovative features, technical constraints, 
reuse, algorithms or processing.

Communication Information exchange
Communication skills
Openness

The exchange of information between stake-
holders about changes in the project or the 
product. Adequacy of communication is 
determined by speed, communication media, 
honesty, openess, and communicative skills 
of the people involved.

Project Man-
agement Matu-
rity

Responsibilities
Alignment
Monitoring/reporting

The maturity of performing all activities 
required for properly managing the project. 
This includes proper project planning, moni-
toring, and control - specifically the assign-
ment of responsibilities and alignment of 
activities and processes with relevant stake-
holders in development and testing.

External Distur-
bance

Deviation from plan All unforeseen events that interrupt the 
project activities and that cause development 
to deviate from the initial plan.
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Table 3-11.   DI factor groupings, their key-concepts and their enhanced operational 
descriptions (cont.).

 Grouping Key-concepts Description

Process Matu-
rity

Knowledge manage-
ment
Adherence to process
Quality assurance
Configuration manage-
ment
Requirements engi-
neering
Disciplined design 

The extent to which processes are explicitly 
defined, managed, measured, controlled, and 
effective. This includes development pro-
cesses, requirements engineering and man-
agement, quality assurance, configuration 
management, knowledge management, sub-
contract management.

Change Control Monitoring/control of 
changes 
Requirements specifi-
cations

The monitoring and control of changes in the 
product and its requirements and specifica-
tions.

Quality of Doc-
umentation

Development lifecycle
Project /product docu-
mentation
Quality and complete-
ness

The quality and completeness of project and 
product documentation that is generated 
throughout the development lifecycle and to 
support the development activities.

Requirements Quality
Completeness
Stability and change
Implicit requirements

The quality and completeness of the require-
ments required as input to the development 
activities. Quality and completeness prevent 
unclarity, misinterpretation, misassumption, 
and implicitly with regard to requirements. 
Continuous changes, or a continuously 
increasing number of requirements, influ-
ence the requirements stability.

Development 
Environment

Availability
Stability
Tools/methods

The availability and stability of software, 
hardware, tools, platforms and other 
resources that compose the infrastructure for 
developing the product.

Innovation New technology
Maturity of the tech-
nology

The usage and maturity of new technologies 
applied in the development of the product.
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Table 3-12.  DD factor groupings, their key-concepts and their enhanced operational 
descriptions.

Grouping Key-concepts Description

Testability Test facilities
Testability

The degree to which a product facilitates 
testing in a given context by providing trans-
parency, access to and control of product 
internals, and data for testing purposes. Test-
ability is included in the design and facilities 
for testing are implemented in the product.

Product Com-
plexity

Innovation
Quantity of the data
Complexity
Interfaces
Size

The technical complexity of the product to 
be tested in terms such as size, interfaces, 
innovative features, new technology, quan-
tity of data, algorithms or processing.

Quality of Doc-
umentation

Quality of test specifi-
cations
Quality of require-
ments
Awareness
Traceability
Completeness

Quality and completeness of the documenta-
tion required as input for testing like require-
ments specifications, product descriptions or 
system documentation. Quality and com-
pleteness determine the suitability for deriv-
ing test documentation like test 
specifications, test plans, and test cases. In 
addition, the quality of test documentation is 
included as well.

Change Control Monitor & control
Requirements change
Consistency

The monitoring and control of changes in the 
product and its requirements and specifica-
tions before and after test documentation has 
been derived. Proper change control 
includes the ensuring of consistency and 
traceability between requirements and test 
specifications.

Test Planning Performance of test 
planning
What, when, where
By whom

The performance of test planning for all test 
activities (including reviews) comprising the 
determination of a test strategy and assign-
ment of responsibilities for what is tested 
when, where, and by whom. Test planning 
results in a project test plan.

Management 
Attitude

Management Attitude
Management Style
Management Support
Management experi-
ence

The attitude of higher management towards 
proper product testing and the resulting com-
mitment to perform the test activities. Atti-
tude and management style determine the 
support that management gives to the testing 
discipline in terms of decisions and budget.
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Table 3-12. DD factor groupings, their key-concepts and their enhanced operational 
descriptions (cont.).

Grouping Key-concepts Description

Adherence to 
Plan

Unplanned activities
Shortcuts to gain time
Reduction of test time

The performance of the testing activities as 
agreed and planned. Adherence avoids tak-
ing un-assessed shortcuts in test activities, 
the reduction of planned test execution time, 
the skipping of tests, and the performance of 
non-planned, time-consuming activities.

Test Process 
Maturity

Test maturity
Test knowledge
Test techniques
Test Methods
Managed and aligned
Test Tools 

The extent to which the test process is 
explicitly defined, managed, measured, con-
trolled, and effective. This includes proper 
performance of general test practices, test 
planning, test strategy determination, test 
specification, test monitoring and control, 
usage of test tools, and defect detection tech-
niques.

Development 
Process Matu-
rity

Requirements
Configuration manage-
ment
Reviewing
Quality Assurance

The extent to which the development pro-
cesses are explicitly defined, managed, mea-
sured, controlled, and effective. This 
includes processes related to reviewing, 
quality assurance, configuration manage-
ment, and requirements engineering and 
management.

Test Environ-
ment

Suitable facilities for 
testing

The availability and stability of test soft-
ware, test hardware, test tools, test plat-
forms, test facilities, and other test resources 
that compose the test infrastructure for test-
ing the product, either in part or total.

Support for 
Testing

Subcontractor support
User support
Client support

The support given to the testing discipline by 
other parties in performing the test activities. 
Parties include subcontractors, third-parties, 
end-users, and clients. Support includes ele-
ments like answering questions, borrowing 
equipment or co-operating in cross-verifica-
tion of solved defects.

Product Inte-
gration

Strategy for integration 
Integration steps/
phases
Location

The integration of sub-assemblies into larger 
assemblies and finally the end product. 
Product integration requires an integration 
strategy that defines integration responsibili-
ties, integration phases, integration location, 
and overall approach.



Assessement of Influencing Factors  

Results of the Operational Description of Factor Groupings 299

Table 3-12. DD factor groupings, their key-concepts and their enhanced operational 
descriptions (cont.).

Grouping Key-concepts Description

Test Capability Tester experience
Team experience
Tools experience & 
knowledge
Domain knowledge
Environment knowl-
edge
Process knowledge
Business knowledge

The professional knowledge and experience 
possessed by individual testers or collec-
tively as a test team required to perform the 
testing activities. This includes subjects like 
development processes, test processes, 
application environment, domain knowl-
edge, test knowledge, and product intended 
usage.

Test Team 
Cohesion

Attitude and commit-
ment
Cohesion and relation-
ships
Continuity and stabil-
ity
Testers' mental stress

The collective attitude and commitment of 
the test team towards its objectives. The 
sense of being a team strengthens the coop-
eration, personal relationships, stability, and 
continuity of the team.

Team Distribu-
tion

Geographical separa-
tion
Trust
Cultural differences

The distribution of testing activities over 
geographically-separated locations, possi-
bly involving testing activities at locations 
with other cultures and in different time 
zones.

Test Team 
Organization

Responsibilities
Test organization
Structure of sub-teams

The institutionalization of a test organization 
describing its composition, structure (sub-
teams), external relationships, responsibili-
ties, and charter.

Communication Detail of communica-
tion
Speed of communica-
tion
Trust & honesty
Stakeholders

The exchange of information between stake-
holders about changes in the project, the 
product, actual product implementation 
details, and (intermediate) test results. The 
adequacy of communication is determined 
by speed, communication media, honesty, 
and openness.
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17.3.2  Results of the Verification of the Factor Grouping Descriptions

17.3.2.1   Results of the Concept Coverage Verification for Missing Concepts

All factor grouping descriptions satisfied the criterion that key-concepts with a fre-
quency count >2 must be recognizable in the factor descriptions. The percentages
of key-concept coverage, both for DI and DD factor groupings are given in Table
3-13. 

Table 3-13. Coverage of concepts for factor grouping descriptions.

*)  Reformulation required.

DI Factor Groupings DD Factor Groupings

Factor grouping name Percentage 
Coverage

Factor grouping name Percentage
Coverage

Developer Capability 100 Testability 100

Domain Knowledge 78 Product Complexity 100

Team Composition 83 Quality of Documentation 71

Team Distribution 100 Change Control 75

Collaboration 70 Test Planning                     *) 54

Business Management 
Maturity

100 Management Atti-
tude                                     *)

60 

Product Complexity 73 Adherence to Plan 84

Communication 100 Test Process Maturity      *) 63

Project Management Matu-
rity

82 Development Process 
Maturity

100

External Disturbance 100 Test Environment 100

Process Maturity 67 Support for Testing 100

Change Control 100 Product Integration 100

Quality of Documentation 75 Test Capability 74

Requirements 75 Test Team Cohesion 75

Development Environment 86 Team Distribution 67

Innovation 100 Test Team Organization   *) 57

Communication 100
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Eventually, four factor groupings (all DD) required reformulation: test planning,
management attitude, test process maturity and test team organization. These four
groupings were reformulated, in all cases a slight extension, with the addition of a
missing concept. Table 3-14 gives, for the factor groupings requiring reformulation
of the description, the missing key concepts and the new formulation.

By reformulation, concept coverage of test planning increased from 54% to 69%,
of management attitude from 60% to 80%, of test process maturity from 63% to
75%, and finally, of test team organization from 57% to 86%. 

Table 3-14.  Reformulated factor descriptions for the DD factor groupings needing 
reformulation.

.

*) Reformulated parts are in bold-face underlined italics.

Factor 
grouping name

Missing Key-
concepts

Factor description *)

Test Planning Historical data
Assumptions 
made

The performance of test planning for all test 
activities (including reviews) comprising the 
determination of a test strategy and assignment 
of responsibilities for what is tested when, 
where, and by whom. Test planning results in a 
project test plan, making use of historical data, 
and stating assumptions made. 

Management 
Attitude

Previous experi-
ences

The attitude of higher management towards 
proper product testing and the resulting commit-
ment to perform the test activities. Attitude, man-
agement style, and previous experiences 
determine the support that management gives to 
the testing discipline in terms of decisions and 
budget.

Test Process 
Maturity

Alignment with 
development pro-
cesses

The extent to which the test process is explicitly 
defined and aligned with development pro-
cesses, managed, measured, controlled, and 
effective. This includes proper performance of 
general test practices, test planning, test strategy 
determination, test specification, test monitoring 
and control, usage of test tools, and defect detec-
tion techniques.

Test Team Orga-
nization

Structure and size 
of a project’s test 
team and its sub-
teams.

In general terms, the institutionalization of a test 
organization describing its composition, struc-
ture, external relationships, responsibilities, and 
charter. In a narrower sense, the structure and 
size of a project’s test team and its sub-teams.
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17.3.2.2  Results of the Factor Description Verification for Extraneous Con-
cepts

The results of the factor description verification for extraneous concepts, both for
DI and DD factor groupings, are given in Table 3-15. Factor grouping descriptions
having extraneous concepts were carefully considered and discussed for the need
of reformulation. In all cases, the extraneous concepts primarily stemmed from the
base definition. Some of the extraneous concepts were further clarified without
affecting the meaning of the factor grouping. Consequently, none of the factor
grouping descriptions needed reformulation.

Table 3-15.  Extraneous concepts in factor grouping descriptions.

DI factor groupings DD factor groupings

Factor Grouping Name # Extraneous Factor Grouping Name # Extraneous

Developer Capability 0 Testability 1

Domain Knowledge 1 Product Complexity 2

Team Composition 2 Quality of Documentation 3

Team Distribution 1 Change Control 2

Collaboration 3 Test Planning 2

Business Management 
Maturity

1 Management Attitude 3

Product Complexity 1 Adherence to Plan 0

Communication 1 Test Process Maturity 5

Project Management Matu-
rity

1 Development Process 
Maturity

1

External Disturbance 0 Test Environment 6

Process Maturity 1 Support for Testing 4

Change Control 0 Product Integration 3

Quality of Documentation 1 Test Capability 1

Requirements 1 Test Team Cohesion 2

Development Environment 1 Team Distribution 1

Innovation 0 Test Team Organization 3

Communication 6
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17.3.3  Results of  the Validation of  the Factor Grouping Descriptions

Four validation participants rated the DI factor grouping descriptions and another
four rated the DD factor grouping descriptions. Table 3-16 shows the ratings for
notion of the meaning and for recognition of the constituent factors of DI factor
grouping descriptions. Likewise, Table 3-17 shows those ratings of DD factor
grouping descriptions. Note that a rating of ‘1’ corresponds to total disagreement, a
rating of 3 corresponds to the neutral midpoint, and a rating of ‘5’ corresponds to
full agreement.

Table 3-16. Distribution of ratings for the DI factor grouping descriptions.

Notion of the 
meaning

Recognition of the 
constituent factors

DI factor grouping name 1 2 3 4 5 1 2 3 4 5

Developer Capability 0 0 0 3 1 0 0 1 2 1

Domain Knowledge 0 0 0 3 1 0 0 0 1 3

Team Composition 0 0 0 1 3 0 0 0 1 3

Team Distribution 0 0 0 1 3 0 0 0 1 3

Collaboration 0 0 0 3 1 0 0 1 1 2

Business Management Maturity 0 0 0 4 0 0 0 1 2 1

Product Complexity 0 0 0 2 2 0 0 0 2 2

Communication 0 0 0 2 2 0 0 1 1 2

Project Management Maturity 0 0 1 1 2 0 0 1 2 1

External Disturbance 0 0 1 3 0 0 0 1 2 1

Process Maturity 0 0 0 3 1 0 0 1 1 2

Change Control 0 0 0 1 3 0 0 0 1 3

Quality of Documentation 0 0 1 1 2 0 0 1 0 3

Requirements 0 0 0 1 3 0 0 0 2 2

Development Environment 0 0 0 3 1 0 0 0 4 0

Innovation 0 0 0 4 0 0 0 0 3 1

Overall Scores 0 0 3 36 25 0 0 8 26 30
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Table 3-17. Distribution of ratings for the DD factor grouping descriptions.

Considering ratings of 4 and 5 on the Likert scale as agreements and lower
scores as disagreements, agreement ratios according to Miles & Huberman
[Miles94] can be calculated. The agreement ratio for the DI factor groupings eval-
uation of the ‘notion of meaning’ is (36+25)/(36+35+3)=0.95, and for the ‘recogni-
tion of constituent factors’ (26+30)/(26+30+8)=0.88. The agreement ratio for the
DD factor groupings evaluation of the ‘notion of meaning’ is (24+39)/
(24+39+5)=0.93, and for the ‘recognition of constituent factors’ (36+28)/
(36+28+4)=0.94.

Notion of the 
meaning

Recognition of the 
constituent factors

DD factor grouping name 1 2 3 4 5 1 2 3 4 5

Testability 0 0 1 1 2 0 0 0 3 1

Product Complexity 0 0 0 0 4 0 0 0 0 4

Quality of Documentation 0 0 0 0 4 0 0 0 2 2

Change Control 0 0 0 3 1 0 0 1 3 0

Test Planning 0 0 0 1 3 0 0 0 3 1

Management Attitude 0 0 0 4 0 0 0 1 3 0

Adherence to Plan 0 0 1 2 1 0 0 0 2 2

Test Process Maturity 0 0 0 0 4 0 0 0 1 3

Development Process Maturity 0 0 0 0 4 0 0 0 2 2

Test Environment 0 0 0 1 3 0 0 0 0 4

Support for Testing 0 0 1 2 1 0 0 2 2 0

Product Integration 0 0 0 3 1 0 0 0 2 2

Test Capability 0 0 1 1 2 0 0 0 3 1

Test Team Cohesion 0 0 0 2 2 0 0 0 3 1

Team Distribution 0 0 0 2 2 0 0 0 1 3

Test Team Organization 0 0 1 0 3 0 0 0 3 1

Communication 0 0 0 2 2 0 0 0 3 1

Overall Scores 0 0 5 24 39 0 0 4 36 28
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Both for DI and DD factor grouping descriptions, the agreement ratios are well
above the significance boundary of 0.8 as given by Miles & Huberman [Miles94].

For completeness, the factor groupings descriptions for DI and DD after verifica-
tion and validation are given in respectively Appendixes 3-8 and 3-9.

17.4  Discussion of the Results

The descriptions of the factor groupings were based upon definitions found in liter-
ature, enhanced with key-concepts identified by a content analysis of the individual
factors within a grouping. From tables 3-11 and 3-12 it can be noted that those key-
concepts appear as a subordinate clause or additional clarification sentence. For
example, in the description of the grouping named ‘Developer Capability’ the base
definition from the literature ‘the professional knowledge and experience possessed
by individual developers that is required to perform their development tasks’ is evi-
dent. The key-concepts appear as the additional sentence: ‘This includes subjects
like development processes, environments, tools, and languages’. 

The verification of the factor grouping descriptions for missing key-concepts
showed that the coverage of key-concept satisfied the criteria to a large extent: just
four (DI) factor groupings needed to be reformulated. The reformulation concerned
only minor extensions as can be seen from Table 3-14. The verification for extrane-
ous concepts (see Table 3-15) led to discussions on whether they changed the mean-
ing of the factor grouping. In all cases, though, the meaning was found to be
unaffected.

Independent validators were difficult to find: all experts were heavily engaged in
development projects. Just four of them were willing to perform the validation for
the DI factor groupings, and another four for the DD factor groupings. In all cases,
high values for the Miles & Huberman [Miles94] reliability measure were obtained
(0.95 and 0.88 for the DI grouping descriptions, 0.93 and 0.94 for the DD grouping
description), indicating that the participants reliably understood the meaning of a
factor grouping on the basis of its description, and that they recognized the individ-
ual factors from the original groupings. 

17.5  Reliability Considerations on the Operational Description

Inter-coder reliability, which addresses reproducibility, is a critical component of
content analysis; when it is not established properly, the data and interpretations of
the data cannot be considered valid [Neuendorf02]. Inter-coder reliability - in litera-
ture also referred to as inter-rater reliability - is the widely used term for the extent
to which independent coders (persons who perform the actual content analysis)
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evaluate a characteristic of a message or artefact and reach the same conclusion
[Lombard02]. The percentage coverage, treated in Subsection 17.3.2 of this chap-
ter, is not suitable as a measure for inter-coder reliability because it is confounded
with the compilation of the factor grouping descriptions. The concepts as directly
identified from the constituent factors of factor groupings are therefore a more suit-
able basis for determining inter-coder reliability.

Two coders were involved, the researcher and a second researcher, both per-
forming a content analysis to identify the core concepts. In the ideal case, both con-
tent analyzers would have identified exactly the same concepts, but in actual
practice, disagreements will occur.

A widely-used reliability measure in content analysis studies is therefore the
percentage of agreement [Lombard02], defined as:

where:

PA is the percentage of agreement,

ai is the number of agreements, that is, the number of concepts identified by the 

different coders, summed over n units of analysis (here, the number of factor
groupings),

di is the number of disagreements. Disagreements are concepts identified by just

one of the coders, summed over n units of analysis (here, the number of factor
groupings).

Percent agreement is widely used in content analysis studies; it is intuitively
appealing and simple to calculate. However, doubt about this measure has been
expressed because it overestimates true inter-coder agreement, as it does not
account for agreement occurring by chance [Lombard02]. A variety of alternative
measures have been proposed and used, for example Scott's Pi, Cohen's Kappa,
and Krippendorff's Alpha [Lombard02], but despite many research efforts devoted
to developing and testing measures, there is no consensus on a single, best one
measure [Lombard02]. In the current study, the percentage of agreement has been
adopted as the measure for judging reliability, because it is a direct measure of
which the interpretation is straightforward. 

In Table 3-16, the results of the percentage agreement for inter-coder reliability
are shown. Both for the identification of concepts in DI factor groupings and DD
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factor groupings, are above the usually adapted 70% significance boundary, indicat-
ing satisfactory inter-coder reliability. 

Weber notes with respect to inter-coder reliability: 

“Reliability problems usually grow out of the ambiguity of word
meanings, category definitions, or other coding rules” [Weber90].

 In addition, Krippendorff remarked, 

“It is also important to recognize that the people who have developed
the coding scheme often have been working so closely on the project
that they have established shared and hidden meanings of the coding.
The obvious result is that the reliability measure they report is artifi-
cially inflated” [Krippendorff80]. 

The content analyzers in the current study are both familiar with the subject-of-
study; this is a weakness of the study. It would have been a better approach to train
and involve outside coders to avoid this reliability threat. Though awareness of this
threat existed, as well as for the threat of making use of just two content analyzers,
the actual approach was dictated by practicality reasons. Suitable candidates for the
content analysis, all heavily involved in development projects, were not prepared to
invest their precious time in training and the subsequent content analysis task.

Stability is another important component of reliability. Stability refers to the
degree to which the same concepts are identified, at different times, by the same
content analyzers. The researcher repeated the content analysis, for both DI and DD
factor groupings, about two calendar months after the initial content analysis. Per-
centage agreement for stability reliability is also shown in Table 3-18. The stability
for the identification of concepts in DI factor groupings and DD factor groupings
are far above the usually adapted 70% significance boundary, indicating a satisfac-
tory stability. A weakness of the study is that just one content analyzer was
involved.

Table 3-18. Reliability estimates for content analysis of DI and DD factor groupings

Percentage Agreement

Reliability estimator DI factors DD factors

Inter-coder Reliability 95 88

Stability 91 88
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17.6  Validity Considerations on the Operational Description

In this study, validity considerations are directed toward construct validity and
external validity. Internal validity is only relevant in studies that try to establish a
causal relationship. It is not relevant in most observational or descriptive studies,
like this study [Trochim04].

17.6.1  Construct Validity

Krippendorff distinguished two types of construct validity in content analysis:
semantical validity and sampling validity [Krippendorff80]. Semantical validity is
the “degree to which a method is sensitive to the symbolic meanings that are rele-
vant within a given context”. Stemler notes: 

“It is important to recognize that a methodology is always employed
in the service of a research question. As such, validation of the infer-
ences made on the basis of data from one analytic approach demands
the use of multiple sources of information. If at all possible, the
researcher should try to have some sort of validation study built into
the design” [Stemler01]. 

Krippendorff's “given context” is interpreted in terms of Stemler's reference to
the research question. The research questions of this study concern the inclusion of
constituent factors in the factor groupings and whether the factor groupings reflect
the meaning of the constituent factors in a clear way. In line with Stemler's notion
above, a validation of the factor groupings was incorporated in the design (see
Subsection 17.2.5 of this chapter), indicating sufficiently high agreement scores by
independent validators. As a weakness of the validation, the limited number of val-
idators (four for DI factor groupings and another four for DD factor groupings) can
be considered. Moreover, the validators worked alone, such that there is no visibil-
ity of the seriousness with which the ratings were performed.

The second type of construct validity, Krippendorff's sampling validity, relates
to the validity of the samples of texts used for a content analysis [Krippendorff80].
As all constituent factors were included, sampling validity does not need to be
addressed.

17.6.2  External Validity

External validity is the degree to which the findings of a study would hold for other
persons in other places and at other times [Trochim04]. Literature research did not
yield comparable studies to describe influencing factors. External validity can be
viewed as Merriam's ‘transferability’, to be obtained by a rich, thick description of
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the method [Merriam98]. Merriam's strategy implies that enough methodological
description is provided so that readers are able to determine how closely their situa-
tion matches the research situation, and whether or not findings can be transferred
to their situation. 

The methodological description for operationally describing DI and DD factors
groupings and the content analysis and subsequent formulation of the factor group-
ing descriptions should give readers sufficient information to determine how
closely their situation matches the research situation in this study, and whether or
not findings can be transferred to their situation.

17.7  Summary and Conclusions

In the research described in Chapter 15, an extensive literature search was per-
formed to identify factors influencing defect introduction and defect detection: 117
factors influencing defect introduction and 113 factors influencing defect detection
were found. To reduce these large numbers of influencing factors to sets of manage-
able size, a cluster analysis was performed (reported in Chapter 16), resulting in 16
groupings of DI factors and 17 groupings of DD factors. All groupings were given a
brief name - a high abstraction of all individual factors making up the grouping - as
to comfortably refer to them. 

To fully understand a grouping without addressing all of its constituent factors as
identified from the literature, the meaning of a brief factor-grouping name and the
grouping's constituent factors should be condensed to one operational description. 

The goal of this study was to establish operational descriptions for DI and DD
factor groupings that express the meaning of the factor groupings based upon their
brief names and their constituent factors.

To achieve this, a content analysis was performed to reduce the constituent fac-
tors to concepts, which in turn were further reduced to key-concepts. Subsequently,
descriptions for factor groupings were compiled; literature sources were consulted
to find base definitions for the factor groupings that were then refined using the
grouping's key-concepts resulting from the content analysis. A second and indepen-
dent content analysis was performed to verify the percent coverage of key-concepts
(from this second content analysis) in factor grouping descriptions. A validation by
independent validators was performed to provide answers to the specific research
questions (a) “Are the original constituent factors sufficiently included in its
description?”, (b) “Do the factor grouping descriptions accurately reflect the mean-
ing of the constituent factors?”, and (c) “Are formulation of factor grouping
descriptions sufficiently clear as to enable users to form a notion of the meaning?”.
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It is concluded that by answers to these specific research questions, the Part 3
research questions 1 (“What are the factors that influence the introduction of
defects?”) and 2 (“What are the factors that influence the ability to detect
defects?”) are fully answered.

Reliability was addressed in term of inter-coder reliability (reproducibility) and
stability.

A few weaknesses were recognized. Just two content analyzers identified the
concepts, and the content analyzers both were familiar with the subject-of-study,
such that it could have established shared and hidden meanings of the coding. 

Validity was addressed by construct validity and external validity. A validation
was performed in which independent persons rated the factor groupings for mean-
ing and recognition of constituent factors. The ratings were sufficiently high to
assume validity. The limited number of four validators (that is four for the DI fac-
tor grouping descriptions and another four for the DD factor grouping descriptions)
is recognized as a weakness.

Besides a name, factor groupings now have also an operational description ade-
quately describing its meaning and reflecting its constituent factors. Users (for
example, product development projects) will no longer be aware of the compound
nature: factor groupings have become factors again.
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CHAPTER 18 Determination of Importance of 
Influencing Factors

18.1  Introduction to the Determination of Importance of 
Influencing Factors

In the previous chapters of this Part 3, factors influencing defect introduction and
the ability to detect defects have been identified, by means of a literature search,
resulting in 117 factors influencing defect introduction and 113 factors influencing
defect detection. The relatively large number of factors was reduced to sets of man-
ageable size by means of a clustering procedure. Eventually, 16 groupings of DI
factors and 17 groupings of DD factors resulted. For ease of referencing, the group-
ings were given a brief name. The brief names in themselves are insufficiently clear
to understand a grouping without addressing all individual factors making up the
grouping. To understand groupings without addressing all of their constituent fac-
tors, operational descriptions were determined based on definitions found in litera-
ture, enhanced by a condensed typification of individual factors making up a
grouping.   Factor groupings are now characterized by a name and an operational
description; consequently, factor groupings have become DI- and DD-influencing
factors again. 

The intended usage of DI- and DD-influencing factors is to take measures in
product development projects to minimize the introduction of defects and to maxi-
mize the detection of defects. In this chapter, a study is reported to determine the
importance of DI- and DD- influencing factors. DI- and DD-influencing factors are
now to be understood as factor groupings characterized by a brief name and opera-
tional description. The importance of factors refers to the degree of influence those
factors exert. Intuitively, DI factors will differ in importance; some will have more
influence than others will on the introduction of defects. Likewise, DD factors will
differ in importance as well; some will have more influence on the ability to detect
defects than others will. Knowledge of the importance of individual factors
becomes relevant when practitioners use them for taking measures to minimize
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defect introduction and to maximize defect detection; it allows prioritization of
measures. Prioritization is a frequently used in practice for trading off effectivity
and efficiency.

Though importance of influencing factors may depend on project-specific or
organization-specific circumstances, pre-determined levels of importance can
serve as default values for fine-tuning of importance, for example as applied in
[Chulani99a].

18.1.1  Goal and Research Questions

Little research has been reported addressing influencing factors affecting software
reliability [Zhang00]. Some exploratory studies identified the most significant fac-
tors with respect to software reliability and addressed correlations of factors
[Bendell86; Walls86]. Zhang et al determined the importance of 32 factors affect-
ing software reliability [Zhang00]. However, no distinction between factors influ-
encing defect introduction and defect detection was made in their study.

The goal of this study is to determine the importance of each of the 16 DI -influ-
encing factors and for each of the 17 DD-influencing factors. Intuitively, DI factors
will differ in importance; some will have more influence than others will on the
introduction of defects. Likewise, DD factors will differ in importance as well;
some will have more influence on the ability to detect defects than others will.
Therefore, the research questions this study seeks to answer are directly the Part 3
research questions 3 (“Are all factors influencing defect introduction equally
important?”) and 4 (“Are all factors influencing defect detection equally impor-
tant?”).

18.1.2  Outline of this Chapter

In the next section, Section 18.2, the methodology to determine the importance of
DI- and DD-influencing factors is described. The choice of the method is treated,
resulting in a survey approach. Subsequently, the design of the survey instrument is
described. Section 18.3 describes the pre-testing and refinement of the survey
instrument. Section 18.4 presents the results of the survey and the importance rat-
ings for DI-and DD- influencing factors, while Section 18.5 discusses the results.
Section 18.6 is devoted to reliability considerations regarding the survey approach,
while Section 18.7 is devoted to validity considerations regarding the survey
approach. Section 18.8 summarizes the findings and draws conclusions.
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18.2  Methodology for the Determination of the Importance of 
Influencing Factors

18.2.1  Choice of the Method

To investigate the importance of the influencing factors, expert judgement is a logi-
cal choice, as it is practically infeasible to determine importance based on empirical
defect data [Jacobs05]. 

A variety of consultation methods can be used: e.g., interviews, focus groups,
Delphi procedure, surveys, workshops, etc. Gustafsson and Ollila proposed a typol-
ogy facilitating the choice of consultation method [Gustafsson03]. This typology
consists of three dimensions: (1) the number of related disciplines, (2) the ambigu-
ity of the topic, and (3) the number of consulted experts.

In the current study, the related discipline for establishing importance of the
defect introduction factors can be typified as ‘development’, while the discipline
for establishing the importance of defect detection factors can be typified as ‘verifi-
cation & validation’. Though these disciplines can be subdivided into specialties
(e.g. management and engineering), a single discipline is assumed. This assumption
has as a consequence that a consultation method can be applied in which experts
don't need to discuss with experts of disciplines other than their own before they are
able to make well-informed judgements. If, however, this assumption is wrong, this
could threaten the reliability of results.

The second dimension, the ambiguity of the topic, is important because when the
consultation topic is ambiguous, experts may understand questions differently than
intended and consulters may misinterpret the experts' replies. In this study, the con-
sultation topic consists of either factors influencing defect introduction or factors
influencing the ability of defect detection. Unambiguity is assumed because of the
methods followed to identify, cluster, name, describe, and evaluate the factors elab-
orated in the previous chapters. This assumption implies that there is no need for
the application of a method in which iterations of replies are possible or that a com-
munication channel between consulters and experts should exist [Gustafsson03]. 

The number of consulted experts, Gustafsson and Ollila's third dimension, is pri-
marily driven by practicality. For a large number of consulted experts, a consulta-
tion method like a workshop or interview is unfeasible. The target population is
experts from worldwide technical industry working either in development, verifica-
tion & validation or both. Whatever the size of the participant sample will be, the
global nature of the participant sample will have the same practical-driven effect on
the choice of the consultation method as a large number of participants; consulta-
tion methods involving physical meetings are unfeasible.
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Summarizing the dimensions of Gustafsson & Ollila's typology in the context of
this study, the appropriate consultation method is a survey. 

18.2.2  Outline of the Design for Determination of Importance

Figure 3-13 shows the steps of the survey consultation method, following steps as
described e.g. in [Scheuren04]. 

Figure  3-13.  Overview of research steps for determining the importance of influenc-
ing factors.

In Step 1 of the study, the target population for the survey is defined; the target
population is a boundary condition for the design of the survey. In Step 2, the sur-
vey instrument is designed. In Step 3, the survey instrument is subjected to a pre-
test to verify its correct functioning: the questionnaire, participant instructions and
data handling are tested. If necessary the instrument is iteratively refined until
readiness for real usage. Subsequently, the survey is performed. Finally, in Step 4
the survey results are analyzed.

18.2.3  Design of the Survey Instrument for Determination of Importance

18.2.3.1  Target Population 

Step 1 in the study is the definition of the target population. The target population
consists of practising experts from the technical industry, worldwide, working in
application software or embedded software domains. Application software con-
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cerns desktop programs, stand-alone programs, GUI's, etc. Embedded software
concerns drivers, middleware, abstraction layers, microcode, etc. Intended exper-
tise areas for rating the importance of DI factors and DD factors are given in Table
3-19.

Table 3-19.  Expertise areas for rating importance of DI and DD factors.

18.2.3.2  The Survey Instrument

In Step 2 of the study, the survey instrument is designed focussing on data collec-
tion mode, questionnaire construction, measures to control bias, participant sample,
and data analysis.

Data Collection Mode. A crucial step in the design of a survey instrument is the
determination of the survey’s data collection mode. Electronic text communication
technologies offer Web-based surveys as alternatives to traditional data collection
modes like the personal interview or paper and telephone surveys. The literature
concerning electronic data collection is becoming substantial, focussing on issues
like costs [e.g. Bachmann96; Forsman00; Kiesler86; Schaefer98; Sproul86;
Watt99], representativeness, and response rate [Anderson95; Dillman00;
Forsman02; Mehta95; Schaefer98; Schmidt97a; Swoboda97; Tse98]. 

The cost aspect is important from a practical point of view, especially in large-
scale public surveys. However, costs do not play a role in the design of the survey
instrument, as the current study does not concern a large-scale public survey. The

Expertise area DI factors DD factors

Software architecture X

System architecture X

System engineering X

Software engineering X

Project management X X

Process Quality X X

Product Quality X X

Test engineering X

Test management X

Quality Assurance X
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‘representativeness and response rate’ aspects are touching the more fundamental
question of validity of the survey results. In most of the studies examining Web-
based surveys, concerns are expressed about sample representativeness, e.g.
[Dillman00; Metha95; Schaefer98; Schmidt97a; Swoboda97], possibly affecting
the generalizability of the survey results.

In addition to an appropriately random and representative sample of the target
population, response rates are a major concern to the validity of the results of Web-
based surveys. In some studies, it was found that response rates for Web-based sur-
veys were lower than traditional paper surveys, e.g. [Anderson95; Kittleson95;
Schuldt94; Couper97; Swoboda97], while in other studies, the opposite was found
e.g. [Bachmann96; Schaefer98; Kiesler92; Mehta95].

Literature on electronic data collection methods mostly focuses on large-scale
public surveys. In this study, the target population consists of experts using com-
puters professionally, with Internet access and usage integrated into daily work.
Concerns regarding sample representativeness are therefore not to be expected.
Because of the advantages of a Web-based survey, like uniform presentation and
introduction, less opportunity to affect participants by the researcher, easy world-
wide distribution of the survey, and the technical possibility to embed covert data
collection scripts (like data validation, question skipping, randomizations, etc.), a
Web-based survey is chosen for data collection. 

Questionnaire Construction. The questionnaire, to be designed as a Web-form,
consists of a few general questions intended to get information about the respon-
dent's work domain and expertise area(s). Next, the influencing factors follow,
identified by factor name and a brief description of the meaning of the factor, as
treated in the previous chapter. 

To determine the importance of factors, a choice must be made between a rank-
ing and a rating procedure. In a ranking procedure, the factors are to be ordered
(ascending or descending) based upon perceived importance, while in a rating pro-
cedure each factor is giving an indication (that is, its rating) of its perceived impor-
tance. Using rankings instead of ratings prevents the respondents from taking the
easy way of scoring everything as important [Deth83]. The forced-choice format
requires respondents to weight explicitly the relative importance of the individual
factors, making it a strenuous task, but one that leads to high data quality
[Alwin85; Krosnick88]. A rating procedure is less demanding from respondents
and is faster to perform [Munson79]. Besides, rating has a higher informational
value than ranking because it allows more differentiation in importance between
the items [Russell94]. As the number of items to be ranked or rated is relatively
large (that is 16 DI factors, and 17 DD factors) and the research questions are
directed towards differentiation in importance rather than ranking alone, a rating
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procedure using a Likert scale is chosen. To allow for sufficient differentiation in
importance rating, a 7-points Likert scale is used, ranging from ‘non-significant’ to
‘significant’ [Foddy03].

In designing the Web-form, design guidelines resulting from several research
studies are observed (e.g., left/right orientation, use of color, appearance, and lay-
out), [Couper01; Dillman98; Dillman01; Lozar02], with the goal to reach a high
response rate and high response quality. Separate Web-form questionnaires for DI-
and DD-influencing factors are developed.

Measures to Control Bias. Several forms of bias can threaten the reliability and
validity of the survey [Armstrong77; Clemen85; Israel92b; Foddy03; Li03b].

 Nonresponse is a common form of bias in surveys. If persons who respond differ
substantially from those who do not, the results do not directly allow one to say
how the entire sample would have responded. The most commonly recommended
protection against nonresponse bias is the reduction of nonresponse itself. There-
fore, a high response rate should be strived for. Apart from following the design
guidelines for the Web-form, additional measures are taken to get a high response
rate: (1) potential participants receive a personalized email invitation for participa-
tion, (2) the relevance of the survey is emphasized, with reference to the work
domain of the invitee, (3) as incentive for participation, a report with the final
results is promised, both in the invitation as well as in the introductory page of the
survey, and (4) gentle personalized reminders are sent to non-respondents half-way
through the survey period and one week before the completion date of the survey.

Response set bias is another threat to reliability and validity. A respondent
should carefully read and understand each factor's meaning, and then judge its
effect on defect introduction or on defect detection. For DI, 16 factors should be
rated, for DD 17. Response set bias refers to the risk that the first listed factors will
receive more attention from the respondent than the factors later in the list, such
that the response quality deteriorates. As a countermeasure for response set bias, 10
questionnaires are prepared each with a random order of the factors. When a
respondent enters the (Web-based) questionnaire, an embedded script randomly
selects one of these 10 questionnaires. 

Expert bias is a further threat to reliability and validity. If a perfect expert would
exist (that is, a person with infinite knowledge on the domain of study and who
never makes errors) the number of experts needed for an expert judgement process
is one [Li03b]. In practice though, experts do not have infinite knowledge and they
do make mistakes. Therefore, more than one expert is required. However, seeking
confidence in expert judgements by involving a multitude of experts may introduce
expert bias. This bias stems from dependencies between the experts [Clemen85].
There are many sources of dependencies among experts, for example similarities in
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education, training, experience, national culture, domain culture, and company cul-
ture. As a measure against expert bias, experts from a variety of backgrounds,
nationalities, companies, and domains are selected. No further measures against
expert bias, like collecting factual data about dependencies between experts or a
special technique like expert calibration [Li03b], are undertaken. This could be
considered as a weakness in the design of this study.

Participant Sample. Participant sample size is usually based upon criteria for the
levels of precision and confidence [Israel92a]. However, the target population size
is unknown, but large (basically people working in any of the areas as given in
Table 3-19, worldwide). This makes it unfeasible to determine an appropriate sam-
ple size based upon criteria for the levels of precision and confidence. As an alter-
native to determine the sample size, the approach of reviewing similar studies was
therefore taken. 

Unfortunately, there are not many similar studies. In a study to determine factors
affecting software reliability, Zhang & Pham used a sample of 23 participants
[Zhang00]. Saywer and Guinan used 40 software development teams as a unit of
analysis to determine the importance of production methods and social processes
on software development performance [Sawyer98]. Li & Smidts consulted 10
experts to rank indicators of software reliability [Li03b]. Chulani used a sample of
nine experts in a Delphi procedure to rate drivers of defect introduction in the
CoQualMo model [Chulani99a].

Based upon these studies, the minimum number of participants is arbitrarily set
to 20 (that is, 20 for the survey on the DI factors and 20 for the survey on the DD
factors). Candidate participants are obtained via attendance lists of conferences
(e.g., on software engineering, testing, and process improvement), via vocational
organizations, and via the researchers' professional networks. Experts are allowed
to participate both in the DI and DD survey as long as their areas of expertise were
appropriate (that is, in correspondence with Table 3-19).

The determination of the sample size by reviewing similar studies, instead of
applying the more strict criteria of desired levels of precision and confidence, can
be considered a weakness in the design of this study, possibly threatening reliabil-
ity. 

Data Analysis. The unit of analysis is the individual respondent. The primary anal-
ysis concerns the importance of the factors:

Hypothesis 1:  All factors are equally important. 

Intuitively, though, they are not equally important; some factors may have more
influence than do others. The hypothesis can be posed for the DI factors as well as
for the DD factors. 
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The hypothesis is to be tested by a one-way ANOVA. If, however, either the
assumption of normality or equality of variance of the compared groups is not justi-
fied, the Kruskal-Wallis test is used as a non-parametric alternative. When the
ANOVA shows that the factors are not equally important, a ranking based upon
respondents' ratings is therefore desirable. To rank the factors based on a respon-
dent's factor ratings, normalization, known as the relative weight method
[Zhang00], will be used. The purpose of this normalization is to compensate for
individual rating behavior; some raters use the full rating scale, while others restrict
themselves and avoid the extremes of the scale. The normalization stretches the rat-
ings of individuals inclined to avoid the extremes; the effect of the normalization is
that the restricted ratings are transformed to ratings using the full rating scale. 

Let rij be the original rating of the ith factor on the jth survey. The rij's are nor-
malized such that

where n is the number of factors on the jth survey. Therefore, the summation of wij
for all i and all j equals 1. Subsequently, the wij's are averaged to obtain the final
weight for the ith factor such that

where m is the number of surveys. Based upon these final weights, the normalized
ratings are obtained by setting the factor with the lowest weight to a rating of 1 and
the factor with the highest rating to 7. Normalized ratings for the remainder of the
factors are obtained by linear interpolation. In this way, the ratings are stretched
from 1 to 7.

In addition to this primary analysis, a second hypothesis is formulated aimed at
the respondents instead of the research questions.

Hypothesis 2: Respondents from different work domains have the same opinion on
the importance of the influencing factors. 

It cannot be ruled out that domain-bound cultures, methodologies, and development
organizations could lead to different opinions. The hypothesis can be posed for the
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DI factors as well as for the DD factors. This hypothesis is introduced as it gives
information about the generalizability of the findings. 

Hypothesis 2 is to be tested by a Student's t-test for independent measures. If,
however, either the assumption of normality or equality of variance of the com-
pared groups is not justified, the non-parametric Mann-Whitney U test will be used
instead.

18.3  Pre-testing and Refinement of the Survey Instrument

In Step 3 of the study, the survey instrument was pre-tested and refined on the basis
of the pre-test outcomes. Pre-testing was performed (1) to get information about
the understandability and visual appearance of the introductory page and the Web-
form questionnaire, (2) to assess the suitability of the rating procedure, (3) to verify
correct functioning of the implementation of the instrument, and (4) to validate the
data handling.

For the pre-testing of the survey instrument a few people with the characteristics
of the target population (as described in Subsection 18.2.3) were recruited from the
researchers' professional networks. These pre-test participants were to be excluded
from the later actual survey. As expert participants are scarce resources, the num-
ber of pre-test participants was limited to four; two of them showed characteristics
more suitable for rating DI-influencing factors, while the other two showed charac-
teristics more suitable for rating DD-influencing factors.

Several rounds of pre-testing of the survey instrument were performed. Test
round 1 was performed to get information about the understandability and visual
appearance of the introductory page (including instructions on performing the sur-
vey) and the Web-form questionnaire. The researcher showed the introductory
page and the Web-form questionnaire to the individual pre-test participants, invit-
ing them to comment on the understandability and visual appearance. Test round 1
resulted in a few minor corrections, especially to the introductory page.

Subsequently test round 2 was performed. In the presence of the researcher, the
pre-test participants individually performed the DI or DD factor surveys, speaking
aloud their thoughts and considerations. Some suggestions for further improve-
ment of the survey instrument emerged (in particular, suggestions for improvement
of the instructions contained in the introductory page). More importantly, a prob-
lem with the Likert scale was observed; only the upper points of the scale were
used. The problem was observed for both the DI and the DD factor surveys. Anal-
ysis indicated that the cause of the problem was that the Likert scale did not allow
sufficient expression of the degree of influence. Eventually, the solution was
sought in the direction of the application of a filter, in combination with an
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amended rating scale [Foddy03]. The filter offered two options: ‘the factor is not
important’ and ‘the factor is important’. Only when the latter filter option was cho-
sen, the degree of importance could be rated on a 7-points Likert scale, ranging
from ‘important’ to ‘extremely important’ with mid-point ‘very important’. Thus,
the whole spectrum of importance was offered in this way, but the degree of influ-
ence could be sufficiently expressed.

After adaptation of the survey instrument on the basis of the outcomes of test
round 2, the survey was subjected to test round 3; an invitation was sent to the four
pre-test participants (two for rating of the DI factors, the remaining two for the DD
factors), with the request to complete the survey, working alone, and to give feed-
back. This test was performed to verify the entire survey procedure, the Web-form
questionnaire, the correct functioning of the data collection mechanism, and the
subsequent data handling. The results of test round 3 showed that the usage of the
filter in combination with the amended rating scale yielded satisfactory results. The
data collection mechanism and the subsequent data handling worked satisfactorily
and the survey instrument was considered ready for application.

18.4  Results of the Survey to Determine the Importance of 
Influencing Factors

The candidate participants embraced 43 experts from 18 companies (ranging from
multinational companies to specialized testing companies) and 9 nationalities.

An overall response rate of 79% was obtained; of the 43 invitees, 34 responded
either to the DI survey, the DD survey or to both. One response was invalid because
of inappropriate expertise of the respondent. So eight candidate participants did not
respond.

The average raw ratings (that is, the averaged ratings directly from the 7-points
Likert scale) and the associated normalized ratings for the DI and DD factors are
given in respectively Table 3-20 and Table 3-21.

Ranking of the DI-influencing factors, based upon the normalized ratings, is
given in Table 3-22 while Figure 3-14 shows the graphical representation. Ranking
of the DD-influencing factors, also based upon the normalized ratings, is given in
Table 3-23 while Figure 3-15 shows the graphical representation. 



322 Determination of Importance of Influencing Factors

Assessment of Influencing Factors 

Table 3-20.  Average raw and normalized ratings for the DI factors.

Factor Raw rating Normalized rating

Developer Capability 5.31 5.73

Domain Knowledge 5.12 4.81

Team Composition 3.88 2.63

Team Distribution 3.95 1.00

Collaboration 4.21 2.35

Business Management Maturity 4.09 1.68

Product Complexity 4.88 4.66

Communication 5.20 4.77

Project Management Maturity 4.12 3.40

External Disturbance 3.20 1.14

Process Maturity 4.17 2.34

Change Control 4.81 4.29

Quality of Documentation 4.16 2.81

Requirements 6.04 7.00

Development Environment 4.33 2.62

Innovation 3.44 1.62
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Table 3-21.  Average raw and normalized ratings for the DD factors.

Factor Raw rating Normalized rating

Testability 4.75 5.45

Product Complexity 4.70 4.53

Quality of Documentation 5.22 5.97

Change Control 4.61 4.21

Test Planning 4.26 3.19

Management Attitude 4.96 5.68

Adherence to Plan 4.00 2.50

Test Process Maturity 4.96 5.66

Development Process Maturity 4.86 3.59

Test Environment 4.91 4.88

Support for Testing 3.83 2.08

Product Integration 4.35 3.15

Test Capability 5.29 7.00

Test Team Cohesion 3.57 1.51

Team Distribution 3.84 1.00

Test Team Organization 3.82 2.53

Communication 4.61 4.90
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Table 3-22.  Ranking of the DI factors based on normalized ratings.

Rank Factor Normalized rating

1 Requirements 7.00

2 Developer Capability 5.73

3 Domain Knowledge 4.81

4 Communication 4.77

5 Product Complexity 4.66

6 Change Control 4.29

7 Project Management Maturity 3.40

8 Quality of Documentation 2.81

9 Team Composition 2.63

10 Development Environment 2.62

11 Collaboration 2.35

12 Process Maturity 2.34

13 Business Management Maturity 1.68

14 Innovation 1.62

15 External Disturbance 1.14

16 Team Distribution 1.00
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Table 3-23.  Ranking of the DD factors based on normalized ratings.

Rank Factor Normalized rating

1 Test Capability 7.00

2 Quality of Documentation 5.97

3 Management Attitude 5.68

4 Test Process Maturity 5.66

5 Testability 5.45

6 Communication 4.90

7 Test Environment 4.88

8 Product Complexity 4.53

9 Change Control 4.21

10 Development Process Maturity 3.59

11 Test Planning 3.19

12 Product Integration 3.15

13 Test Team Organization 2.53

14 Adherence to Plan 2.50

15 Support for Testing 2.08

16 Test Team Cohesion 1.51

17 Team Distribution 1.00



326 Determination of Importance of Influencing Factors

Assessment of Influencing Factors 

Figure 3-14.  Graphical representation of the ranking of DI influencing factors.

Figure 3-15.  Graphical representation of the ranking of DD influencing factors.
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To test hypothesis 1, “all factors are equally important”, the Kruskal-Wallis non-
parametric one-way ANOVA was used, as Shapiro-Wilks tests for normality indi-
cated non-normality between the DI factor ratings. For the DD factor ratings, also
Kruskal-Wallis non-parametric one-way ANOVA was used, as here Shapiro-Wilks
tests for normality also indicated non-normality. The results of the Kruskal-Wallis
tests, summarized in Table 3-24, show that the null-hypothesis is rejected, both for
the DI as the DD factors, in favour of the alternative hypothesis; the factors are not
equally important.

Table 3-24.  Summary of results of the Kruskal-Wallis test for DI and DD factors.

*   P  << .001

To test hypothesis 2, “people from different work domains have the same opin-
ion on the importance of the influencing factor”, a Student's t-test for independent
measures was applied. The t-test was justified, for both the DI and DD factors; the
Shapiro-Wilks test statistic for the individual groups indicate that normality could
be assumed, while F-ratio's between the groups indicate that equal variances could
be assumed. Both for the DI factors as for the DD factors, the t-test did not lead to
the rejection of the null hypothesis; there are no reasons to assume that respondents
from the applied software (ASW) or embedded software (ESW) domains have a
different opinion about the importance of the factors. Table 3-25 summarizes the
results of the t-tests.

Table 3-25.  Summary of results of the t-tests for opinion difference between 
respondents from the application (ASW) or embedded software (ESW) domains.

χ2 df

DI factors 74.30 * 15

DD factors 41.32 * 16

Shapiro-Wilks F-ratio Student’s t

ASW ESW

DI factors W = 0.99 
P = .99

W = 0.98
P  = .96

F =1.56 
P = .20

t [30]  = -1.02
P = .32 (2-tailed)

DD factors W = 0.97
P  = .83

W = 0.93
P = .19

F =1.14
P = .40

t [32] = -0.41
P = .69 (2-tailed)
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18.5  Discussion of the Results

The test results of hypothesis 1, both for the DI and for the DD factors confirm
what intuitively was expected; not all factors are of equal importance. This is con-
sistent with the findings of Zhang & Pham [Zhang00].

The test results of hypothesis 2 indicate that there is no reason to assume that
people from different work domains differ in their opinion on the importance of the
influencing factors. This is also consistent with Zhang & Pham [Zhang00]; they
also found no indications that people from different application domains have dif-
ferent opinions about the importance of factors.

The similarity of findings of the current study and the Zhang & Pham study
lends support to the reliability of the results of the current study. Also, the finding
that both for the DI and for the DD factors comparable results were obtained, with
mostly different participants, contribute to the reliability.

18.6  Reliability Considerations on the Importance of 
Influencing Factors

18.6.1  Effect of Nonresponse Bias

The first step in assessing the effect of nonresponse bias was a comparison of the
characteristics of all eight nonrespondents to the characteristics of the respondents.
These characteristics included work domain and expertise areas and were obtained
after follow-up calls from the nonrespondents themselves. They were asked for the
reason of nonresponse, with options: (1) absence, (2) lack of time, (3) forgotten,
(4) not interested, (5) given up due to technical problem, and (6) principle objec-
tion against mail/Web-survey. Of the eight nonrespondents, five provided these
data; the remaining three nonrespondents did not react at all. In all cases ‘lack of
time’ was reported as the reason for nonresponse.

There was no reason to assume a difference in the work domain characteristic of
the nonrespondents and respondents, as indicated by the Z-test for difference
between proportions (P = .50). There was also no reason to assume a difference in
expertise areas of the nonrespondents and the respondents, as indicated by the
Mann-Whitney U test (P = .85). 

As a second step in assessing the effect of nonresponse bias, an extrapolation
approach was used [Daniel75; Armstrong77]. This approach is based on the
assumption that subjects who respond less readily, are more like nonrespondents.
‘Less readily’ is defined as answering later or as requiring more encouragement to
answer. The most common type of extrapolation is carried over successive waves
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of a questionnaire. ‘Wave’ refers to the response generated by a stimulus; e.g., a fol-
low-up request. Persons who respond in later waves are assumed to have responded
because of the increased stimulus and are expected to be similar to nonrespondents
[Armstrong77].

Given the relatively small sample, which makes it unpractical to distinguish gen-
uine waves, the average ratings of the first five respondents (the ‘first wave’) were
correlated with the average ratings of the last five respondents (the ‘third and last
wave’). For the DI factor ratings, a Pearson product-moment correlation of 0.66
was found (P <= .01) and for the DD factor ratings, a Pearson product-moment cor-
relation of 0.48 was found (P <= .05).

Given that (1) the characteristics of nonrespondents and respondents do not dif-
fer significantly, (2) that only ‘lack of time’ was reported as main reason of nonre-
sponse, and (3) that the factor ratings for early and late respondents are significantly
correlated, it is assumed that the effect of nonresponse did not lead to biased survey
results.

18.6.2  Reliability Estimates

It is not possible to calculate reliability exactly; instead, reliability is to be estimated
[Trochim04]. For estimating the reliability of the survey, data methods as proposed
by Trochim [Trochim04] and Litwin [Litwin95] were used. Because reliability is a
multi-faceted concept, it is estimated by several measures.

18.6.2.1  Test-Retest Reliability

The Test-Retest reliability is a measure of a participant's stability of rating the influ-
encing factors over time; this type of reliability is also known as temporal stability.
In the ideal case, participants would rate the factors in the same way repeatedly in
time, while worst case, the participants would rate the factors completely different
over time. The longer the time lapse between test and retest, the lower the correla-
tion between the resulting grouped factors is expected to be; the longer the time
lapse the less recollection of what was originally done. In this study, the time lapse
was about two months. For practical reasons, no attempt was made to estimate reli-
ability for varying time lapses. Also for practical reasons, only a random sample of
three participants was retested for rating of the DI factors and another random sam-
ple of five participants for the DD factors.

The total rating for these retested participants was computed from the original
test and the total rating from the retest. As a measure for the Test-Retest reliability
estimation, the Pearson product-moment correlation between these totals was com-
puted (see Table 3-26).
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18.6.2.2  Split-Half Reliability

The Split-Half reliability is a measure for consistency of rating items; therefore, it
is also called item-rating consistency. The participants are randomly divided into
two subgroups, A and B, each consisting of half the number of participants. Sepa-
rate total ratings are computed for groups A and B. Subsequently, these total rat-
ings are correlated by means of the Pearson product-moment correlation. Since the
number of items on a test affects reliability, correlations based on only part of the
participant sample do not accurately reflect the correlation value to be expected for
the entire participant sample. This is corrected for by applying the Spearman-
Brown Prophecy formula [Nunnally78; Weller88]. For both DI and DD factors, 10
random samples of subgroups A and B were drawn, the correlations were aver-
aged, and the Spearman-Brown correction was applied (see Table 3-26).

18.6.2.3  Individual-to-Total Reliability

The Individual-to-Total reliability is a measure of consistency over participants.
The correlation between each person's ratings and the ratings totalized over all
respondents was computed by means of the Pearson product-moment correlation.
The correlations were averaged and the Spearman-Brown correction was applied
(see Table 3-26).

18.6.2.4   Reliability Analysis Results

The results of the reliability estimates of both DI- and DD-influencing factors are
shown in Table 3-26. All reported correlations are significant, indicating reliability
of the survey instrument. This is also an indication of an adequate sample size. The
sample size was determined by reviewing similar studies instead of applying the
more strict criteria of desired levels of precision and confidence. The sample size
apparently did not threaten reliability, expressed as a concern in Subsection 18.2.3. 

Table 3-26.  Reliability estimates for rating of DI and DD factors.

*   P  <= .01       **   P <= .001

Reliability estimator DI factors DD factors

Test-Retest Reliability 0.71    * 0.61    *

Split-Half Reliability 0.96  ** 0.91   **

Individual-to-Total Reliability 0.74  ** 0.88   **
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18.7  Validity Considerations on the Importance of the Factors

18.7.1  Construct Validity

Trochim uses the term ‘construct validity’ to refer to the general case of translating
a construct into an operationalization [Trochim04], addressing the question “does
the instrument measure what it is intended to measure?” He makes a distinction
between translation validity and criterion-related validity. Translation validity
refers to the degree to which the construct is translated into the operationalization,
addressed by face validity and content validity. In content validity, the criteria are
the construct definitions themselves; it is a direct comparison. In criterion-related
validity, a prediction is made about how the operationalization will perform based
on theory or on knowledge about the construct.

In the current study, information about face validity was obtained from the round
1 pre-test of the instrument; participants in the pre-test did not express any concerns
of threats against face validity. This is a weak assertion and it should not be given
much weight; face validity is considered weak in assessing translation validity any-
way [Trochim04]. The more objective ‘content validity’ adds more weight to trans-
lation validity. The survey items (DI- or DD-influencing factors) originated from a
thorough literature search, followed by a clustering procedure and empirical valida-
tion. Subsequently, the resulting factors were given a carefully compiled descrip-
tion, supposed to reflect accurately the contents and meaning of a factor. 

As far as criterion-related validity is concerned, concurrent validity and predic-
tive validity are of direct importance. Concurrent validity and predictive validity
have much in common; the differentiator is ‘time’. Over a brief time interval, they
are similar [Litwin95]. If the survey instrument used in this study is actually deter-
mining the importance of DI and DD factors, consistency is expected with the out-
comes of other surveys that also are supposed to measure the importance of such
factors. Only very few research efforts have been reported addressing such factors.
Therefore, it shall not be attempted to distinguish between concurrent and predic-
tive validity.

A comparable survey has been reported by Zhang et al: 32 factors that are sup-
posed to have impact on software reliability were rated for importance [Zhang00].
Their factors combined DI and some DD factors. As in the current study, it was
found that the importance of the influence is not equal for all factors. Their factors
do not have a 1:1 correspondence to the influencing factors like in the current study,
making it difficult to correlate them directly. It can be observed, however, that five
of their highest ranked DI-related factors (program complexity, programmer skills,
frequency of specification change, requirements analysis) could be mapped to the



332 Determination of Importance of Influencing Factors

Assessment of Influencing Factors 

five highest ranked DI factors in this study (requirements, developer capability,
domain knowledge, communication, product complexity). As far as the lower
ranked factors are concerned, correspondence can also be observed, though less
pronounced. In regards to DD-related factors, the correspondence is more difficult
to assess because in the Zhang study DD-related factors are in minority.

Consistency information also contributing to construct validity is given by the
testing results of hypothesis 2. People from different work domains have the same
opinion on the importance of the influencing factors.

18.7.2  External Validity

External validity depends largely on the representativeness of the participant sam-
ple. The respondents to the survey were a small sample from the target population
of practitioners working in the technical industry, in the application software or
embedded software domains. The respondents originated from 17 companies and 9
nationalities; they were obtained via various sources. The small sample is poten-
tially a concern to external validity. And although 9 nationalities were represented,
participants from Western Europe and Southern Asia (India in particular) domi-
nated. However, a considerable number of respondents originated from multina-
tional companies. The rating of the factors is of course an undistinguishable
mixture of personal insights, knowledge, experiences, and environment influences.
It can therefore be expected that ratings from people working for multinational
companies reflect the multinational view, indirectly giving the survey results more
generalizability.

In addition, there were no reasons to assume that people from different work
domains differ in their opinion on the importance of the influencing factors, a find-
ing consistent with [Zhang00]. In conclusion, it is reasonable to assume generaliz-
ability of findings.

18.8  Summary and Conclusions

In this study, factors that influence defect introduction and defect detection were
rated for importance. Data was collected via a Web-based survey, using a rating
procedure, from experts working in the technical industry. 

It was found that the DI factors are not equally important; also, the DD factors
are found not equally important. Apparently, some DI factors have more influence
on defect introduction than others do. Likewise, some DD factors have more influ-
ence on the ability to detect defects than others do. Thus, the research questions
posed (“Are all factors influencing defect introduction equally important?” and
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“Are all factors influencing defect detection equally important?”) for the current
study were answered.

This study delivered rankings for DI- and DD-influencing factors based upon
importance ratings. The rankings allow practitioners, especially in the application
and embedded software domains, to devise strategies for lowering defects in prod-
ucts developed by either co-located or virtual project teams. The most obvious
strategy is to address the factors with the highest rankings first, independent of min-
imizing defect introduction or for maximizing defect detection. It was also found
that people from the application and embedded software domains do not rate factors
differently. An interesting question is whether the survey results are generalizable
beyond the technical industry, like the business software industry. The factors to be
rated were identified by an extensive and general literature search, as reported in
Chapter 15. Many sources, not confined to one type of industry, were consulted. It
seems reasonable to assume, therefore, that the identified DI and DD factors have a
wider applicability than only the technical industry. After all, software engineering
principles, methodologies, and practices are universally applicable, regardless of
the type of industry. It therefore may be expected that importance ratings of the DI
and DD factors are generalizable beyond the technical industry.

Reliability measures for participant's stability of rating the influencing factors
over time, consistency of rating items, and consistency over rating participants were
found to be satisfactory. Validity was considered in terms of construct validity,
especially criterion-related validity, and external validity. It can be concluded that
no reasons exists to cast doubt on the validity.

Some possible weaknesses in the design of the study were recognized: (1) no
measures against expert bias were taken and (2) sample size was determined by
reviewing similar studies, instead of applying more strict criteria of desired levels
of precision and confidence. The results of the study gave no indications that these
weaknesses in the design affected reliability or validity of the study.

Note that the importance ratings from this study are not specifically determined
for virtual product development environments. In Part 4 of this dissertation, the DI-
and DD-influencing factors in the context of virtual product development environ-
ments will be examined.
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CHAPTER 19 Evaluation of the Assessment of 
Influencing Factors

19.1  Summary of the Research to Assess Influencing Factors

In this Part 3, factors that influence defect introduction and defect detection were
assessed. The aim was to obtain a manageable set of factors that can be used in
development projects (not necessarily virtual development projects) to reduce the
number of defects in the delivered product.

In a literature review, very few studies were found that address the identification
of influencing factors, and in effect none that explicitly make a distinction between
DI- and DD-influencing factors. The few studies addressing influencing factors
showed that influencing factors can be fruitfully applied, but that the origins of the
factors were not always clear and that the factors were only marginally defined or
described. In most of the studies, experiences from actual development projects
were used as the basis. However, in cases where the scope was limited to their own
organization or domain, doubts on generalizability of findings can be raised.

This Part 3 is an account of research to find answers to the research questions:

1. What are the factors that influence the introduction of defects? 

2. What are the factors that influence the ability to detect defects?

3. Are all factors influencing defect introduction equally important? 

4. Are all factors influencing defect detection equally important?

The research questions were addressed in four subsequent studies: (1) identification
of influencing factors, (2) grouping of influencing factors to arrive at sets of man-
ageable size, (3) assigning an adequate, and finally, (4) determining the importance
of the factors.

In study 1, reported in Chapter 15, research questions 1 and 2 were addressed.
References resulting from a literature search were subjected to a qualitative content
analysis to find influencing factors. The raw factors resulting from the search were
post-processed to achieve consistently-formulated, full sets of DI- and DD-influ-
encing factors without duplicates; 117 factors influencing defect introduction and
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113 factors influencing defect detection resulted. These results provide an answer to
the first two research questions, but the answers to research questions need to be
deepened to arrive at sets of manageable size.

Study 2, reported in Chapter 16, aimed at arriving at sets of manageable size. The
Part 3 research questions 1 and 2 were deepened to the specific research questions:
(a) Given the identified DI-influencing factors, to what sensible groupings can they
be reduced? and, (b) Given the identified DD-influencing factors, to what sensible
groupings can they be reduced?

The goal of the study was to arrive at sets of manageable size. A clustering pro-
cedure was performed to reduce the many DI and DD influencing factors using a
card sorting procedure to determine similarities between factors. The number of
groupings and final groupings were determined by interpretation of the cluster anal-
ysis outcomes by expert opinion, providing answers to the specific research ques-
tions of this second study. Thereby, the Part 3 research questions 1 and 2 were also
answered in more detail. Eventually, 16 DI -influencing factor groupings and 17
DD-influencing factor groupings resulted. All factor groupings were given a brief
name, to be considered as a high abstraction of all individual factors making up the
grouping. To fully understand a grouping without addressing all individual factors
making up the grouping, it is required to condense the individual factors to one
operational description.

Study 3, reported in Chapter 17, was undertaken to provide factor groupings with
an adequate description, that is, a description that reflects the meaning of a factor
grouping, and in which the constituent factors are still recognizable. The Part 3
research questions 1 and 2 were further deepened to the specific research questions:
(a) for each factor grouping, are the original constituent factors sufficiently
included in its description?, (b) do factor grouping descriptions accurately reflect
the meaning of the constituent factors?, and (c) for each factor grouping, is the for-
mulation of its description sufficiently clear as to enable users to form a notion of
the factor meaning? To find answers to these specific research questions, a content
analysis was performed to reduce the constituent factors to concepts, which in turn
were further reduced to key-concepts. Subsequently, descriptions for factor group-
ings were compiled, consulting literature sources to find base definitions for the
factor groupings, which then were refined using the grouping's key-concepts result-
ing from the content analysis. The findings were validated by independent experts.
Thereby, the Part 3 research questions 1 and 2 were answered in specific detail;
now that factor groupings have a name, a description reflecting meaning and con-
stituent factors, factor groupings are to be considered as factors in their own right.

In study 4, reported in Chapter 18, Part 3 research questions 3 and 4 were
addressed: “Are all factors influencing defect introduction equally important?” and
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“Are all factors influencing defect detection equally important?” Note that in this
fourth study, factors refer to the described factor groupings resulting from the pre-
vious study. 

To answer these specific research questions, factors that influence defect intro-
duction and defect detection were rated for importance. Data was collected via a
Web-based survey, using a rating procedure, from experts working in the technical
industry. 

It was found that the DI factors are not equally important; also, the DD factors
are found not equally important. It was also found that people from the application
and embedded software domains do not rate factors differently.

Apparently, some DI factors have more influence on defect introduction than
others do. Likewise, some DD factors have more influence on the ability to detect
defects than others do. Thus the Part 3 research questions 3 (“Are all DI factors
equally important?”), and 4 (“Are all DD factors equally important?”) for this
study 4 were answered. 

In conclusion, all Part 3 research questions were answered, together answering
the main research question M2 (“What are the factors that influence product qual-
ity?”).

19.2  Strengths and Weaknesses

A strength of the research reported in this Part 3 is that, unlike in related studies, a
systematic account is given of all steps to arrive at a validated set of factors influ-
encing defect introduction and defect detection. 

For each step in the research, pilots were performed to exercise the method
used, to test the procedures, to fine-tune the procedures, and to build up familiarity
with the tasks to be performed. This is also considered as a strength.

The extensive literature search to identify defect introduction and defect detec-
tion influencing factors is considered a strength of the research as well.

Another strength is that practising experts from multiple companies - ranging
from specialized companies to multinationals - and from multiple nationalities and
cultures participated.

Also worthy to be mentioned as a strength, in fact a novel feature of the
research, is the explicit distinction between defect introduction influencing factors
and defect detection influencing factors.

Though the extensive literature search to identify factors is considered as a
strength, a few associated weaknesses were recognized; single researchers per-
formed the identification of factors from literature and, inherent to the method of
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literature search, it cannot be proven that the investigated body of literature was
sufficiently wide and diverse enough to identify all influencing factors.

In regards to the description of factor groupings resulting from clustering of fac-
tors from the literature search, a weakness is that just two content analyzers identi-
fied the concepts that were the basis for the factor grouping descriptions.

19.3  Overall Conclusions

All research questions related to this Part 3 of the research were addressed and
answered. Factors influencing defect introduction and defect detection were identi-
fied, grouped to arrive at manageable sets, and described and rated for importance.
For each step of the research reliability and validity were discussed. The strengths
of the research were considered, and weaknesses were indicated. In most cases the
weaknesses stem from practical limitations; experts are scarce resources and are not
available in ideally desired numbers. The weaknesses address an ideal situation, but
don't detract from the value of the research.

The research reported in this Part 3 has resulted in described and validated sets of
factors influencing defect introduction and defect detection. The influencing factors
are applicable to both co-located teams as well as to virtual development environ-
ments. Practitioners can use the influencing factors to take measures to avoid errors
of action and intention, or at least to limit their consequences. DI-influencing fac-
tors can to be used for taking measures to minimize the introduction of defects
while DD-influencing factors can be used for taking measures to maximize defect
detection (and subsequent defect removal). Decision makers can be triggered to
consider or reconsider policies regarding practices in development projects. Finally,
researchers may find inspiration from the factors influencing defect introduction
and defect detection to devise refined defect prediction models.
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PART 4 The Influencing Factors in Virtual 
Development Environments

Jan van Moll & Jef Jacobs

In this Part 4 a synthesis of the research efforts described in Part 2 and Part 3 has

been made. From the perspective of the findings from Part 2, the applicability of the

DI and DD influencing factors to Product Quality Problems in Virtual Product

Development environments is examined. The synthesis leads to the conclusion that

eventually the DI and DD influencing factors resulting from Part 3 can be used as a

basis for devising strategies to mitigate Product Quality problems in Virtual Prod-

uct Development, as found in Part 2. 





   341

CHAPTER 20 Introduction to the Synthesis

20.1  Relation to the Previous Parts

In Part 1, three main research questions were formulated for the research effort
described in this dissertation. Subsequently, two lines of research were distin-
guished. One line of research was described in Part 2 and addressed the main
research question M1 “What are the effects of Virtual Product Development on
product quality?”. The other line of research was described in Part 3 and addressed
the main research question M2 “What are the factors that influence product qual-
ity?”. Eventually, it was stated that these lines of research would come together in
this Part 4, where a synthesis of the results of Part 2 and Part 3 was to find an
answer to the main research question M3 “Which of the influencing factors are par-
ticularly affected by Virtual Product Development?”.

Essentially, research question M3 relates to and elaborates on research done in
Part 3. There, the importance of DI and DD factors was already assessed, leading to
factor importance rankings. As was emphasized in Section 18.8, Part 3 did not
determine the factors' importance specifically in virtual product development envi-
ronments. It can be reasoned that factors have an increasing influence when, partic-
ularly in a VPD environment, they would instigate product quality problems related
to VPD. Therefore, this Part 4 investigates whether or not the importance of the DI
and DD factors is likely to change in virtual product development environments.
The purpose of the synthesis can then be refined as 1) to identify those DI factors in
particular whose influence on the introduction of defects increases, if considered in
a VPD environment, and 2) to identify those DD factors in particular whose influ-
ence on the ability to detect defects increases, if considered in a VPD environment.

20.2  Outline of this Part

Chapter 21 describes the approach that was taken to synthesize the research efforts
of Parts 2 and 3. It describes and elaborates on the identification of synthesis
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themes according to the selected synthesis approach. The chapter provides the pro-
cedure for, and discusses the results of, the recognition of influencing factors in
product quality problems, leading to an answer to the main research question M3
“Which of the influencing factors are particularly affected by Virtual Product
Development?”. Chapter 22 describes additional themes identified in the synthesis,
suggesting directions for further research. Finally, Chapter 23 concludes this Part
by summarizing the synthesis and listing the final conclusions. 
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CHAPTER 21 Synthesis Approach 

21.1  Selection of Synthesis Type

In quantitative research, meta-analysis is often used for synthesis of research find-
ings. Meta-analysis is dependant on determining and measuring statistical effect
size [Suri98]. Because effect size cannot be computed from qualitative studies, it is
not possible to use meta-analysis for qualitative work [Suri98]. While quantitative
researchers have developed a refined approach to meta-analyzing quantitative stud-
ies, no such approach exists for qualitative research [Hundersmarck04]. There is
universal acceptance that qualitative studies serve a purpose in research that cannot
be approached or adequately addressed by quantitative studies [Hundersmark04].
Consequently, most notable in the literature is a call to review qualitative research
separately from quantitative research [Hundersmarck04].

Qualitative research reports do not easily lend themselves to synthesis [Suri99].
Yet, synthesis is essential to enhance the practical value of qualitative research.
Synthesizing individual research efforts facilitates a fuller understanding of a phe-
nomenon of interest. Scientists in qualitative research have advocated the use of
inductive and interpretive techniques to summarize the findings of individual stud-
ies into a product of practical value [Jensen96; Noblit88; Sandelowski97a;
Sandelowski97b]. These techniques should acknowledge and preserve the integrity
and holism of individual studies. 

Suri noted that qualitative studies can be synthesized, stating that synthesis
should be based on studies that share a conceptual commonality [Suri99]. The syn-
thesis should flow inductively from the individual studies, and not only from a set
of rules or standards. The purpose of the synthesis, the relationships between the
findings, and methodological positioning of individual reports, should thereby
guide the nature of the synthesis product. Suri stated that the goal of synthesizing
qualitative studies is not to generate predictive theories, but to build a better under-
standing of the phenomenon under study through an inductive process derived from
the studies being synthesized. According to Suri the variability of qualitative
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research demands a multi-tiered synthesizing approach. Suri recommended three
types of qualitative synthesis, which have been previously identified by Noblit and
Hare [Noblit88]: Reciprocal Translational Synthesis, Refutational Synthesis and
Lines-of-Argument Synthesis. The type of synthesis used is dependant on the rela-
tionship between the qualitative studies being reviewed. 

Reciprocal Translational Synthesis assumes that the individual studies address
similar issues and can be integrated. Key metaphors, themes, perspectives, or con-
cepts emerging from individual studies that can capture the essence of that study in
a reduced form, are identified. The findings of each study are then tested for their
ability to translate the findings of other studies. Consequently, only those terms or
findings are selected for synthesis that can more succinctly describe the findings of
all the studies.

When individual studies present conflicting representations of the same phe-
nomenon, these studies lend themselves to a Refutational Synthesis. In Refuta-
tional Synthesis, the relationship between individual studies and the refutations
become the focus of a synthesis process. Refutational Synthesis starts with the
identification of key findings of individual studies, followed by an investigation of
the relationships between individual studies. The contradictions between individ-
ual studies may either be explicit or implicit. The implicit refutations are made
explicit using an interpretive approach, followed by an attempt to explain the refu-
tation. 

Lines-of-Argument Synthesis (LOA) is used when individual studies examine
different aspects of the same phenomenon. The purpose of using a Lines-Of-Argu-
ment Synthesis is to make inferences in which findings from individual studies are
used as ‘pixels’ to get a fuller picture of the phenomenon under study [Suri99].
This approach involves a grounded theory approach in which open coding and
emerging categories are used to glean data from the studies. The emergent themes
from the studies are used to address the purpose of the synthesis.

Of the above synthesis types, Lines-Of-Argument Synthesis is considered the
most appropriate for use in the synthesis of Part 2 and Part 3. These parts are con-
sidered to have studied different aspects of the same phenomenon. Moreover, their
origins are both grounded in Part 1. The above synthesis types typically are
intended to be applied to a multitude of studies, while Part 2 and Part 3 are only
two studies. However, although Part 2 was considered a single research effort, it in
fact consisted of multiple studies. Therefore (and without the existence of a
requirement for having a minimum number of studies for a Lines-Of-Argument
Synthesis), it is justified to base the current synthesis on an LOA approach.
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21.2  Identification of Synthesis Themes 

Synthesis themes should be identified such that they address the purpose of the syn-
thesis. In this case, the purpose of the synthesis was to identify from the set of fac-
tors in Part 3, those factors in particular whose influence on either DI or DD
increases, if considered in a VPD environment. The rationale behind this purpose is
grounded in the anticipated usage of the influencing factors: the factors resulting
from this identification are typically the first to consider and assess in devising a
strategy for minimizing defect introduction and maximizing defect detection in a
VPD project. 

However, devising such strategies is only one anticipated form of usage. Another
anticipated form of using the factors may be in the design of a predictive model for
defect occurrence, where the factors could play a role in the model's parameteriza-
tion. The factors can be used for the creation of a new model, or alternatively for
enhancing existing models to specifically account for virtual product development.
Another anticipated form of usage of the factors is in the adaptation of maturity
models, such as, for instance, the CMMI [CMMI02] or TMM [Burnstein96a;
Burnstein96b; Burnstein96c] models, to include aspects specifically for virtual
product development. This is a plausible usage as in Part 1 it was already found that
development processes, as conducted in co-located environments, need adaptations
for virtual development environments. The researchers contend that the current pro-
cess maturity models insufficiently address the aspects of VPD, and consequently
they strongly suggest that these models should at least be verified on coverage of
the factors presumably relevant in VPD.

Each of the usage forms anticipated above requires further research, and each
usage form would be a line of research in itself. Nevertheless, these lines of
research would share and build upon at least some knowledge of the importance of
the influencing factors in VPD. Finding an answer to the main research question
M3 “Which of the influencing factors are particularly affected by Virtual Product
Development?” is only a first step towards building this knowledge. In addition to
yielding an answer to the main research question M3, the synthesis should yield
further knowledge ingredients that are expected to be needed in further research,
regardless of the usage form that is pursued. 

Structural reviewing of studies and contents of Part 1, Part 2 and Part 3 by both
researchers, has inductively led to the synthesis themes described in the subsequent
sections. The rationales for these themes are further made clear in the respective
sections, but all have in common that they add to the knowledge required for the
various usage forms anticipated.
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CHAPTER 22 Influencing Factors in VPD 
Environments

22.1  Theme: Applicability of Influencing Factors in VPD 

The first synthesis theme that immediately addresses the purpose of the synthesis, is
best described as the ‘applicability’ of the influencing factors in virtual product
development environments. Part 3 identified influencing factors and assessed their
importance, regardless of the factors' context, in other words without explicitly con-
sidering them in a co-located or virtual development context. Part 2 identified typi-
cal product quality problems as occurring in VPD projects in industry, involving
defects that occurred in addition to any defects that possibly had already occurred
in a co-located context. It can be reasoned that factors that can be recognized as
contributors to the identified product quality problems, can equally be considered
as factors whose importance increases in a VPD context, as compared to a co-
located context. Actually, the question for each product quality problem identified
in Part 2 then becomes: Which of the influencing factors in Part 3 can plausibly be
recognized in the product quality problem description, as the most likely contribu-
tor to the occurrence of the product quality problem?

From this perspective, the product quality problems occurring in VPD contexts
yield arguments that render it plausible to assume that factors recognized in the
problems, have an influence that particularly increases in a VPD context. 

22.1.1  Procedure for Recognition of Factors in the Description of Product 
Quality Problems

A procedure was defined for recognizing the influencing factors in the descriptions
of product quality problems. The researchers of this dissertation conducted the pro-
cedure. This was considered justified because for conducting the procedure, full
knowledge of the detailed research data of both parts is required. In addition, full
access to detailed research data is required. Moreover, the original researchers are
the best to retain meaning-in-context of raw data and interpretations [Rantala01].
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The procedure was repeated for each of the DI and DD factors and is described
hereafter.

First, the factor description was read through and compared with the descriptions
of product quality problems. The comparison was thereby based on three generic
recognition criteria, to determine the type of match between factors and product
quality problems. The first criterion was ‘textual match’. This criterion was satis-
fied when key terms in a factor description also appeared in the description of a
product quality problem. An example is the key term 'test environment' appearing
in both the factor description and a product quality problem description. The second
criterion was ‘aspect match’. This criterion was satisfied when key terms in the
product quality description reflected aspects of key terms in the factor description.
An example is the occurrence of the term ‘test planning’ in a factor description, and
the appearance of ‘test strategy’ in a product quality problem description. Here, test
strategy determination is considered an aspect of test planning, hence the naming of
the criterion ‘aspect match’. The third criterion was ‘concept-implied match’. With
this criterion, there is not so much a match in aspects, but rather the concept(s)
comprehended by the factor imply a plausible relationship with the product quality
problem. An example of ‘concept-implied match’ is factor ‘Development Process
Maturity’ and a product quality problem in which inadequate handling of product
changes was involved. Here, the adequacy of handling changes to a product is con-
sidered to become greater as process maturity generally becomes greater. 

Using the above criteria, the type of match was determined for all factors and all
product quality problems. This was done first by each researcher individually, and
subsequently the researchers jointly discussed their results, with the purpose of
reaching agreement on the existence and type of match. For each product quality
problem description that satisfied one or more match criteria, the researchers mutu-
ally shared (and possibly challenged) each other's arguments that would explain
whether, and how, the factor could have contributed to the occurrence of that prod-
uct quality problem. Finding arguments as to why the factor could not have contrib-
uted to it was also attempted. In searching for arguments, the findings of the studies
in Part 2 were taken into account. For instance the defect-sensitivity of life cycle
transitions in VPD projects, one of the findings in Part 2, was an important consid-
eration in building arguments.

For each product quality problem description without any match, the researchers
sought arguments for why it was likely that indeed none of the factors contributed
to the occurrence of the product quality problem. And though perhaps no match
was found, still arguments were sought as to why factors could have contributed,
though perhaps less apparent, to the occurrence of the product quality problem.
Appendixes 4-1 and 4-2 show an overview of the match types for the DI factors,
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and the DD factors (‘t’ for textual, ‘a’ for aspect, and ‘c’ for concept-implied
match).

Following the above procedure, each factor was assessed against each product
quality problem. Eventually, trace diagrams could be created. Trace diagrams
graphically indicate the recognition of a factor in a product quality problem using
tracing arrows. More specifically, the presence of an arrow indicates that argu-
ments were found that render it plausible that the factor contributed to the occur-
rence of the product quality problems at which the arrow is pointing.

22.1.2  Results and Observations of the Factor Recognition

Eventually, the recognition procedure yielded the trace diagrams in Figures 4-1
and 4-2. For detailed descriptions of the identifiers in both diagrams, please refer to
Table 2-3, Table 3-11 and Table 3-12. In the diagrams, those factors having arrows
pointing away are assumed to have an increased influence in VPD contexts com-
pared to co-located environments. Note that this is to be considered indicative only,
because identification was based on the product quality problems of the multiple
case study of Part 2. This does not imply that the factors without arrows would
never have increased influences in VPD contexts. It only implies that on the basis
of the product quality problems in the multiple case study, no arguments for
increasing influence were found for the factors without arrows.

Four observations were made during the performance of the recognition proce-
dure. The first observation is about the nature of the identified product quality
problems. The multiple case study reported in Part 2 aimed at identifying the types
of product quality problems occurring in VPD environments. Looking at the
descriptions of the product quality problems, it becomes clear what is dominant in
the occurrence of the problem; defect introduction, defect non/late detection, or
both. This dominance distinction was not explicitly made at the time of conducting
the multiple case study. In the factor recognition procedure described in this Part 4,
it became apparent that defect non- or late detection instigated far more product
quality problems than did defect introduction. 

However, this does not imply that non- or late detection is more serious in VPD
than defect introduction: the observation only concerns the difference in the num-
ber of distinct product quality problems instigated by defect introduction and
defect non- or late detection, not the relative occurrence of product quality prob-
lems.
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Figure 4-1.    Trace-diagram for DI factor recognition.
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Figure 4-2.    Trace-diagram for DD factor recognition.
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The second observation concerns the differences in number of arrows that leave
a factor in the trace-diagrams (fan-out). Basically, the recognition of factors in
product quality problems only provides information about which factors have an
increased influence in VPD contexts, additional to the influence they would already
have in co-located contexts. It does not provide information about the extent of
influence in an actual VPD project. 

Table 4-1.    Number of product quality problems potentially instigated by factors (fan-
out).

*) Factor ‘Team Distribution’ was not counted, see rationale in text on fourth observation.

DI Factor DD Factor

Factor
Fan-
out Factor

Fan-
out

Collaboration 5 Communication 9

Communication 4 Product Integration 7

Process Maturity 3 Support for Testing 6

Change Control 3 Test Process Maturity 5

Quality of Documentation 3 Quality of Documentation 5

Requirements 3 Development Process Maturity 4

Project Management Maturity 1 Test Environment 4

Team Composition 1 Test Planning   3

Domain Knowledge 1 Change Control 3

External Disturbance 0 Adherence to Plan 2

Product Complexity 0 Management Attitude 0

Developer Capability 0 Test Capability 0

Business Management Maturity 0 Test Team Cohesion 0

Development Environment 0 Test Team Organization 0

Innovation 0 Product Complexity 0

Team Distribution *) - Testability 0

Team Distribution *) -
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Yet, it can be reasoned that the number of arrows leaving a factor in Figure 4-1 can
be considered an indication of the default extent to which the factor's importance
increases in a VPD context. The more arrows, the more product quality problems a
factor potentially instigates in a VPD environment. An overview of the fan-out, i.e.
the number of product quality problems potentially instigated by the factors, is pro-
vided in Table 4-1. As such, the main research question M3 “Which of the influ-
encing factors are particularly affected by Virtual Product Development?” is
answered by including all factors in Table 4-1 with a fan-out unequal to 0.

The third observation concerns the number of arrows that arrive at a product
quality problem (fan-in). The fact that multiple arrows arrive at a product quality
problem indicates that potentially multiple factors underlie a specific product qual-
ity problem. This would imply that addressing a problem would require assessing
multiple factors, and that preventing the occurrence of that problem possibly
requires multiple measures pertaining to different factors. Table 4-2 shows an over-
view of the product quality problems and the number of DI and DD factors poten-
tially instigating them.

The fourth observation concerns the factor ‘Team Distribution’. This factor is
considered special compared to all other factors, because this factor actually has an
almost 1:1 correspondence with one of the constituent aspects of virtual product
development, namely physical distance. It can be argued that ‘Team Distribution’
would have arrows pointing to almost every product quality problem. Conse-
quently, it has high importance in VPD by default. Therefore, it was decided to
exclude the factor from the factor recognition procedure.
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Table 4-2.    Number of DI and DD influencing factors instigating product quality 
problems (fan-in).

Problem Area Product Quality Problem

No. of factors 
instigating the 
problem

DI DD

System Integration Delays in component deliveries - 2

Wrong component functionality delivered - 4

Unawareness of component changes 5 3

Defect solver absent 3 2

Responsibilities are unclear - 2

Duplicate solving of defects 4 -

Integrator unfamiliar with components - 2

No integration strategy defined - 3

Test Strategy Blind spots in test coverage - 3

Incorrect test focus - 3

Overtesting of products - 3

Overreliance on component development - 1

Inadequate test specifications - 3

Missing cross verification - 4

Misinterpretation of test results - 2

Test Environment Test environment missing - 1

Bad regression testing - 3

Different test environments - 2

Configuration 
Management

Incompatibility of versions - 3

Wrong versions used - 2

Requirements 
Management

Implementation duplicates 3 -

Unawareness of product changes 5 -

Bad requirements deduction 4 -
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CHAPTER 23 Factor Usage Considerations

Some synthesis themes did not directly emerge from attempts to answer the main
research question M3, but rather originated from an anticipated usage point of view,
as mentioned in section 21.1. 

23.1  Theme: Degree of Virtualness in VPD projects

Research on virtual teams has identified basic characteristics: members are geo-
graphically and/or organizationally dispersed, collaboration and communication
occur through the use of information technologies, and interactions are more likely
to be temporally displaced or asynchronous [Townsend98; Zigurs02]. Dispersion
may imply differences in culture [Carmel99; Hofstede01]. Much of the literature
assumes that teams are either virtual or face-to-face. However, ‘virtualness’ is not
necessarily a dichotomous phenomenon [Pauleen03]. Most teams today, whether
they are global, virtual or co-located, can be described by a mix of virtual and face-
to-face interactions. The key characteristics used to define a ‘virtual team’ are best
thought of as contributing to a continuum of virtualness [Zigurs02; Watson02;
Griffith03]. Lojeski et al developed a multi-dimensional construct, called Virtual
Distance [Lojeski06]. The construct includes spatial, temporal, technical, organiza-
tional and social factors that influence the perception of distance between individu-
als engaged in collaborative work. Their research showed that Virtual Distance had
significant influences on trust, goal clarity, innovation and success in project teams.

To determine Virtual Distance, Lojeski et al used a questionnaire to be com-
pleted by respondents, describing their organization, current position and their
experiences with a recently completed project. Eleven scales measuring each of the
hypothesized distance components were included in the questionnaire. Their mea-
sure of virtual distance, the VDM Index, was a simple linear composite of each of
the eleven variables in the Virtual Distance model. Each of the variables in the
model was first converted to a standard score and all scores were averaged with
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appropriate positive or negative sign so that higher average VDM Index scores indi-
cated greater virtual distance. The results of their study provided evidence that a
multidimensional index of Virtual Distance has an influence on several important
intermediate and outcome variables in project teams. In addition, their results offer
some preliminary validation for the notion of Virtual Distance as a meaningful con-
struct.

A similar measure as Lojeski's Virtual Distance Index could be anticipated to
measure virtual distance in VPD projects. It can be reasoned that the influence of
DI and DD factors increases as Virtual Distance increases. One argument is for
example ‘Communication’, which is affected as more entities, development sites
and countries are involved. Consequently, ‘Communication’ is getting increasingly
important when virtual distance increases. Similar arguments hold for all factors
recognized in the product quality problems (refer to Table 4-1). From that perspec-
tive, the factor importances described in Chapter 18 (Part 3) can be adjusted on the
basis of the actual virtual distance. Feasibility of this approach is a research project
in itself. Such research should at a minimum address the determination of a mea-
sure for virtual distance (comparable with Lojeski's Virtual Distance Index), adjust-
ments of the factor importances and calibration of the factors. A possible approach
for the adjustments of the factor importances and the calibration is found in the
research by Chulani et al [Chulani99a; Chulani99b].

23.2  Theme: Flexibility of Factors

As mentioned in Part 1, Kotlarsky et al described a research effort, having as one of
the objectives the development of a meta-model of coordination and collaboration
for distributed teams [Kotlarsky02]. Based on the conducted case studies, several
factors that influence ways distributed teams collaborate were identified. Kotlarsky
et al made an interesting step when they distinguished between ‘flexible’ factors
(those that could be changed, such as people factors, development methodology,
governance differences) and ‘fixed’ factors (those that cannot or hardly change,
such as distance, time zone differences, cultural differences). The step is interesting
because it conveys the perception that in practice fixed factors can only be
accounted for, but not much can be done about them. On the contrary, flexible fac-
tors would be eligible for 'adjustment', and therefore would lend themselves to
direct control. 

Yet, care should be taken not to dichotomize flexibility of factors; though it
would take time and effort, also factors considered as fixed can be changed eventu-
ally. From this perspective, time is the determinant for the degree of factor flexibil-
ity. 
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In the absence of concrete data about factor flexibility in the studies in Parts 2
and 3, and without in-depth analysis of the flexibility of factors, an indication of
the factors' degree of flexibility can still be given. However, providing such indica-
tions is only allowed and indications are only valid, when any assumptions are
clearly stated. Though realizing that flexibility of factors is actually not a dichot-
omy for providing indications in this case, it is justified to dichotomize flexibility
as ‘fixed’ or ‘flexible’: the first assumption is that a factor is fixed when, during the
course of a project, the factor cannot reasonably be influenced nor controlled to an
extent that it could significantly influence the execution of the project. A clear
example of a fixed factor is ‘process maturity’. It is generally acknowledged that
changing an organization’s process maturity takes significant time and proceeds
slowly. It is widely accepted that changes in process maturity cannot be expected
in the coarse of a single project that lasts, let's say, half a year. A second assump-
tion is that a factor is flexible when at initiation of a project (or at least soon into its
course), the factor can reasonably be influenced or controlled to an extent that it
significantly influences the execution of the project. A clear example of a flexible
factor is ‘Communication’, as it is generally acknowledged that many measures
can be taken to improve and enrich communications in projects. 

23.2.1  Procedure for Indication of Factor Flexibility

To provide indications of the flexibility of the influencing factors, a simple proce-
dure was defined. The procedure was rather straightforward and solely based on
common sense reasoning and knowledge of the researchers gained from practice.
The factors were considered one by one, from the perspective of the question: “Is it
likely that the factor can be adjusted in the term that it could influence the execu-
tion of the project and thereby control the (intermediate) deliverables in terms of
product quality?”. By mutually discussing the arguments that would either posi-
tively or negatively answer this question, the researchers jointly made statements
about whether or not to consider the factor fixed or flexible. 

23.2.2  Results and Observations of the Flexibility Indication

On the basis of the assumptions mentioned in Section 22.2 and following the pro-
cedure above, the factor flexibilities as listed in Table 4-3 (for both DI and DD fac-
tors), were obtained. Though the procedure is simple in itself, the performance
proved more difficult. Difficulties were mainly encountered due to the dichotomi-
zation of flexibility. 
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Table 4-3.   Flexibility of factors.

When comparing the factor flexibility indications with the critical instance case
study in Part 2, an interesting observation can be made that supports the plausibility
of the indications. At the time of conducting the critical instance case study, the sets
of DI and DD factors had not yet been established. However, the defect preventive
measures that were included when remodeling the lifecycle for the project under
study, can a posteriori be considered to belong to the domain of one or more DI or
DD influencing factors. After rudimentary assignment of the measures to factors, it
was observed that all measures pertained to flexible factors. In the absence of
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Developer Capability x Testability x

Domain Knowledge x Product Complexity x

Team Composition x Quality of Documentation x

Team Distribution x Change Control x

Collaboration x Test Planning   x

Business Management Maturity x Management Attitude x

Product Complexity x Adherence to Plan x

Communication x Test Process Maturity x

Project Management Maturity x Development Process Maturity x

External Disturbance x Test Environment x

Process Maturity x Support for Testing x

Change Control x Product Integration x

Quality of Documentation x Test Capability x

Requirements x Test Team Cohesion x

Development Environment x Team Distribution x

Innovation x Test Team Organization x

Communication x
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explicit knowledge about the DI and DD factors (let alone their flexibility), the fact
that the measures, as taken, now turn out to belong to factors considered flexible,
may strengthen the plausibility of the indications. 
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CHAPTER 24  Summary and Conclusions

In Part 1, a synthesis was anticipated to find an answer to the main research ques-
tion M3 “Which of the influencing factors are particularly affected by Virtual Prod-
uct Development?”. In this part, Lines-Of-Argument Synthesis was applied as a
qualitative synthesis method to make inferences from the research efforts described
in Part 2 and Part 3. Three synthesis themes were identified; the first aiming at
answering the main research question M3, while the other two themes were aiming
at the usage of factors.

The first synthesis theme concerned the ‘applicability’ of the influencing factors
in VPD environments. This theme directly addressed the purpose of the synthesis:
finding an answer to the main research question M3. A procedure was defined for
the recognition of the influencing factors described by Part 3 in the product quality
problems identified by Part 2. The results of conducting the procedure suggested
that some of the DI and DD influencing factors have an increased importance in
virtual development environments, compared to a co-located setting. These were
the factors listed in Table 4-1, having a fan-out count unequal to 0. Eventually,
these factors are the first candidates to consider as a basis for devising strategies to
mitigate product quality problems in virtual product development. 

The second synthesis theme concerned the degree of virtualness of VPD
projects. It was reasoned that the degree of factor influence is dependent on the
degree of virtualness of a VPD project. From that perspective, factor importances
described in Chapter 18 (Part 3) can be adjusted on the basis of the actual virtual
distance. Suggestions for further research were made by referring to a study by
Lojeski et al, who measured virtual distance in projects. Also, a possible approach
for the adjustment and calibration of the factor importances was provided by refer-
ring to a study by Chulani et al.

The third synthesis theme concerned the flexibility of factors; the degree to
which factors can actually be changed. To provide indications of factor flexibility, a
procedure was defined. Assuming that flexibility of factors is a dichotomy, the
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results of conducting the procedure yielded an overview of factors being ‘fixed’ or
‘flexible’. The overview is particularly interesting to practitioners. It provided ini-
tial insight into which factors would be eligible for ‘adjustment’, and therefore
would lend themselves to direct control. Direct control is required in actual
projects for maximizing defect detection and minimizing defect introduction.
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PART 5 Conclusions and Recommendations

Jef Jacobs & Jan van Moll

This Part 5 briefly overviews the research, and draws conclusions concerning the

achievements of the research and their applicability. It also draws conclusions on

the joint research approach. Recommendations for further research are discussed.

Finally, reflections on the joint research approach are given.
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CHAPTER 25 Overall Conclusions on the 
Research

25.1  Conclusions on the Research

The study of the relation between virtual development and product quality is hardly
addressed in the literature; nearly all attention is directed at managerial aspects. A
likely reason could be that in the relatively young field of virtual development
research is directed towards the most-immediate need: controling virtual develop-
ment projects such that the product is delivered on time and within budget. By com-
parison, widely used (software) maturity and improvement models like CMM
[Paulk93] and its successor CMMI [CMMI02], being the accumulated knowledge
of many decades of (software) development, address in their lower levels, also, pri-
marily managerial-related aspects of the development process. Product quality
related aspects get attention once the managerial aspects are ‘process-wise’ under
control. 

Virtual development adversely affects product quality and, us such has high eco-
nomical impact. Insights in the effects of virtual development on the quality of the
delivered product are missing, as well as knowledge about factors that influence
that quality. The relation between virtual development and product quality is a
complex problem with many aspects. Two complementary lines of research, each
being a major research effort, were pursued to address the problem from a wide per-
spective, aiming to answering three main research questions:

M1. What are the effects of Virtual Product Development on product quality?

M2. What are the factors that influence product quality?

M3. Which of the influencing factors are particularly affected by Virtual Product 
Development?

The first research line, addressed in Part 2, provides an answer to main research
question M1, while the second line of research, addressed in Part 3, provides an
answer to main research question M2. 
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Part 2 explored typical product quality problems in VPD, the causes of defects
underlying product quality problems, and their probability of prevention. The over-
all conclusion from Part 2 is that VPD does have adverse effects on product qual-
ity. Product quality problems result from projects not recognizing their virtual
character and, consequently, not modeling their development lifecycle accord-
ingly. Insufficient measures are included in the lifecycle, hampering early detec-
tion and prevention of defects. It was shown plausible that explicitly modeling a

lifecycle can prevent product quality problems1. In the investigated VPD projects,
integration strategies and test strategies were non-existant or were found to be
inadequate. It is concluded that such strategies are crucial for VPD projects.

Part 3 established a full and validated set of factors influencing defect introduc-
tion and defect detection, without distinction for co-located and virtual develop-
ment. The rationale for making no distinction between co-located and virtual
development factors is that a sensible distinction can only be made when specific
project situations are known. In total, 16 DI -influencing factors and 17 DD-influ-
encing factors resulted, each characterized by a brief name, a description, and an
importance rating (see Tables 3-22 and 3-23).

The strength of the joint research approach and joint reporting lies in the dual
but complimentary lines of research itself and, consequently, in the ability to syn-
thesize the results of both lines of research. By synthesis of the results of both lines
of research, an answer to main research question M3 was found. The synthesis is
reported in Part 4, applying Lines-Of-Argument as a qualitative synthesis method.
The synthesis led to the recognition of those influencing factors whose importance
particularly increases in specific project situations of virtual development (see
Table 4-1).

An overall strength of the research, for both lines of research alike, is its depth
and broadness. A considerable number of case studies were performed, national as
well as international, from a variety of domains. Experts from around the globe and

from a diversity of domains contributed to the research2. In the case studies, many
information sources were used. In the identification of influencing factors a large-
scale literature search was applied. In the grouping of influencing factors and in
rating of the factor importances many and diverse experts were involved from a

1. As a direct consequence of the work reported in this dissertation, one of the authors, Jan 
van Moll, was significantly involved in the development of the latest revision of IEEE 
standard 1074 - IEEE Standard for Developing a Software Project Life Cycle Process, 
IEEE, 2006.

2. This is considered a benefit from the joint research approach: the availability of a double 
professional network.
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variety of nationalities and cultures. The broadness of the research and the involve-
ment of multiple nationalities and cultures certainly contributed to its external
validity.

Overall, we conclude that our research contributed to insights into the complex-
ity of the relation between virtual product development and product quality. These
insights provide the indispensable basis for further research directed towards
improving the quality of products developed by virtual teams; these insights could
not have been established had the two lines of research been independent of each
other. As such we contributed to the general body of knowledge concerning virtual
development and (software) product quality as well. Though the focus was on prod-
uct development in technical industries, the research outcomes are believed to be
also relevant for other types of product development industries.

25.2  Applicability of the Research

Practitioners engaged in Virtual Product Development projects are confronted
every day with the problems related to virtual development and product quality.
They are in need of a quick solution to those problems. Much-used maturity and
improvement models like CMM [Paulk93] and its successor CMMI [CMMI02] do
not give guidance regarding Virtual Product Development. The literature overview
given in Part 1 indicates that many practices as contained in such models, are not
adequate for virtual development and that process areas need to be adapted for
development by virtual teams. Similar findings are reported in Chapter 10 of this
dissertation.

The outcomes of our research gives practitioners at least insights in the problems
of virtual development and the relation with product quality. The results of the
research reported in Part 2 may create awareness for product quality problems
related to virtual development and give insight into defect-sensitive areas, and the
necessity of explicitly modeling the project's life cycle. The results of the research
reported in Part 3 give insight into the factors that influence defect introduction and
defect detection. In combination with the results of synthesis reported in Part 4,
practitioners should be able to select DI- and DD-influencing factors that are most
applicable to their specific Virtual Product Development situation. The importance
rating, as given in Chapter 18 may facilitate the selection. With regards to solution
directions, practitioners can benefit from the literature overview presented in Part 1.

Policy and decision makers, generally higher management layers in development
organizations, should be triggered by the research reported in this dissertation; vir-
tual development is much more complicated than co-located development and vir-
tual development does affect the quality of delivered products. They should not be
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blinded by the promises of reductions in costs and in time-to-market to be obtained
by virtual development. They should be aware that virtual development could be a
threat, instead of an opportunity, if the many aspects of virtual development are not
properly subjected to a risk analysis and risk management. 
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CHAPTER 26 Recommendations for Further 
Research

The work reported in this dissertation contribute to the body of knowledge concern-
ing virtual development and product quality and lays the ground work, for example,
for defect prediction models or process improvement and maturity models that take
the idiosyncrasies of virtual development into account. Our findings, in themselves,
also allow research on the direct usage of the findings for practitioners. In addition,
our work suggests topics for methodological research.

26.1  Defect Prediction Models

Factor based defect prediction models, like models based upon Bayesian Belief
Networks or COCOMO-like models can be enhanced by taking the results of the
research reported in this dissertation into account. 

For factor based defect prediction models it is relatively easy to incorporate the
influencing factors resulting from our research. Bayesian Belief Network models
could incorporate the DI- and DD-influencing factors in their network, in which the
findings as reported in Part 4 (increased importance of factors in virtual develop-
ment environments and the relation between influencing factors and product quality
problems) could be used to tune the model. Further research could concentrate on
how to incorporate DI- and DD-influencing factors and on how the model should
be fine-tuned for example in terms of effects on other nodes in the network.

Whatever model is enhanced by taking Virtual Product Development and/or the
DI- and DD-influencing factors into account, additional research is needed on the
determination of Virtual Distance and its usage in the prediction models. Further
research to enhance prediction models could also be focussed on our finding that
transitions between lifecycles of related (sub-)projects are particularly defect-sensi-
tive.

A related topic concerns defect classification. Existing defect classification
schemes, for example Orthogonal Defect Classification [Chillarege92] do not
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account for a classification criterion for defects caused by virtual development; this
also, is an opportunity for further research.

26.2  Process Maturity Models

Existing process maturity models like CMM [Paulk93], its successor CMMI
[CMMI02] or SPICE [Dorling93] are used on a wide scale for improvement of
development processes. Such models do not address issues related to Virtual Prod-
uct Development. To guide process improvements and to determine process matu-
rity for organizations engaged in virtual development, research on key process
areas and general and specific practices concerning issues related to Virtual Prod-
uct Development are suggested. We suggest extending the lower maturity levels to
incorporate guidance on the performance of virtual development projects along the
lines put forward by Carmel [Carmel99], Karolak [Karolak98] and Lipnack
[Lipnack97; Lipnack00]. For the higher maturity levels, we suggest including
guidance on the improvement of product quality for products developed by virtual
teams; the results that emerged out of the research reported in this dissertation
could be a basis.

An alternative is to leave existing process maturity models intact and develop a
parallel model to guide organizations engaged in virtual development in mastering
and improving their processes related to virtual development.

26.3  Operational Engineering 

Where Carmel [Carmel99], Karolak [Karolak98], and for example Battin et al
[Battin01] described a number of engineering practices for managerial control of
virtual development projects, practices to get the quality of products developed by
virtual teams under control are still to be developed.  The insights gained from the
research described in this dissertation, offers the groundwork for research in this
area. The literare that is overviewed in Part 1 and the findings reported in Chapter
10 indicate that practices that are valid for co-located environments at least need to
be adapted for development by virtual teams. Rather than adapting individual prac-
tices on a need-basis in operational engineering, it is recommended to design an
all-encompassing framework for developing engineering practices, for example,
by studying virtual development projects that do take measures to control product
quality. Effective and non-effective measures can be identified and it is predicted
that effective measures concerning DI- and DD-influencing factors that are recog-
nized in this dissertation are important in VPD environments. Specific areas for
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further research concern life cycle modeling, integation strategies, and test strate-
gies, as observed in the multiple-case study reported in Chapter 10.

However, there are more research opportunities. Virtual development projects
that take measures to get product quality under control, most likely have also taken
managerial measures to get the project under control. This offers the possibility to
investigate the covariance of managerial and product quality measures. For exam-
ple, Battin et al describe the practice of appointing liaisons to improve communica-
tion between the distributed teams [Battin01], aiming at managerial control of a
VPD project. Does the appointment of liaisons also contribute to achieving higher
product quality? A related topic concerns the covariance of measures taken to mini-
mize the effects of DI-factors and to maximize the effects of the DD-factors.

26.4  Methodological Research

In grouping the DI- and DD-influencing factors, card sorting was applied as a
method to determine concept similarity. Card sorting is a time-tested method of
data collection dating as far back as 1935 [Coxon99], has proven its usefulness in
many studies [Trochim89b; Hannah05], and is an important method for usability
investigations [Maurer04]. 

Just one study was found in literature that investigated how the reliability of card
sorting is related to the number of participants in the card sorting procedure; Tullis
& Wood compared correlations of total similarity matrices of various numbers of
participants to a total similarity matrix based on a set of 168 participants [Tullis04].
Many fields of research would benefit from additional studies addressing how the
reliability of card sorting is related to the number of participants in the card sorting.
Therefore, we suggest further research on this topic. Many situations are expected
to exist that resemble the Tullis & Wood study.
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CHAPTER 27 Final Reflections

In a sense, the joint research reported in this dissertation could be typified as co-
located as well as virtual. For some time, the research work was conducted with
daily face-to-face communication while at other times, the research work had to be
performed across space and organization boundaries. In other words, the Virtual
Distance varied over time. A clearly shared goal existed: a contribution to a solu-
tion to the research problem, while working interdependently. 

A further characteristic of the joint research effort was collaboration by webs of
interactive technology. Apart from obvious communication means (like e-mail and
phone), a private Web-based file sharing system with an automated back-up facility
was set up: allowing a central and shared database of literature, research papers,
research notes, research data, and reports. In addition, a synchronous Web-based
communication channel, including a private chat-room, VoIP (Voice-over-IP),
application-sharing, and video-conferencing (via Web-Cam), was set up.

In fact, the establishment of the collaborative environment was an endeavor in
itself, performed upfront, and with an experienced high return on investment.
Throughout the entire research project, the collaborative environment proved to be
usable, reliable, and useful.

An obvious benefit of a joint research approach is that a comprehensive research
problem can be tackled in a reasonable amount of time, as double research capacity
is available. The common theme of the research reported in this dissertation, prod-
uct quality and virtual product development, could therefore be worked to a level
where the research outcomes are practically applicable.

As anticipated, the research benefited from the double professional network that
was available due to the collaboration. Both the studies reported by van Moll (in
Part 2) and by Jacobs (in Part 3) relied on expert consultation. In both studies reli-
able results were obtained which, to a large degree, can be attributed to the rela-
tively large numbers of experts that were involved. Moreover, the large number of
potential expert participants allowed more-stringent participant selection criteria,
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which contributed to the quality of the results. It is our opinion that it would have
been significantly more difficult, perhaps even impossible, to get the cooperation of
that many experts by a single researcher. However, the double network would have
been of little value if, in the research design and strategies, no provisions were
made to guard the delicate balance between maintaining scientific standards and
minimizing the burdening of organizations and their experts. Also, we attribute the
cooperation of relatively large numbers of expert participants to the precautions we
took to guard that balance, and to the interestingness of the research for the expert
participants and their mother organizations.

A more practical benefit of the joint research effort was that the responsible
researcher got assistance from the other researcher, for example in preparation of
materials, in piloting, for moderating expert meetings, and for data administration.
Apart from efficiency of work, this cooperation contributed to the synergy of the
two lines of research, as both researchers constantly were aware of the progress and
achievements of both lines of research. It is our opinion that the cooperation, even-
tually, delivered more complete research results than what could have been
obtained by a single researcher.

Finally, a practical benefit of the joint research approach is that due to the inti-
matacy of each other’s work, reviewing each other’s work was more in depth and
thorough than what could have been achieved by any other person. Consequently, it
is our opinion that this contributed to the quality of the output of the research.

A particularly challenging aspect of a joint research project concerns trust in
each other; where trust concerns issues like motivation, persistence, thoroughness
in reviewing literature, taking the right research decisions like direction, methodol-
ogy, execution, analysis, considerations of reliability and validity, drawing conclu-
sions, and writing skills. It is our opinion that before undertaking a joint research
project, the collaborating researchers should be certain that trust in all aspects of the
research endeavour is to be expected and is justified. With this premise the joint
research approach reported in this dissertation was undertaken. Before undertaking
the research laid down in this dissertation, the researchers were familiar with each
other’s work. They had already worked together closely for a couple of years in
which trust was built up. Differences of opinion on viewpoints, directions, method-
ological approach, and other issues did occur, but never undermined mutual trust.
After all, the occurrence of such differences is a characteristic of science.
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Card sorting   The sorting of a series of cards, each labeled with a piece of content
or functionality, into groups that make sense to users or participants
[Maurer04]. A method for constructing a similarity matrix used in cluster
analysis.

Cluster     A set of objects that are similar to each other.

Cluster analysis   A generic term for mathematical methods that show which
objects in a set are similar to each other.

Co-located team   A team of developers internal to an organizational function or
unit, all working at the same physical location.

Co-located development   Development of a product by a co-located team.

Content analysis    A methodology for studying the content of communication.
Content analysis enables the researcher to include large amounts of textual
information and systematically identify its properties, e.g. the frequencies of
most used keywords by detecting the more important structures of the com-
munication content.

Defect   A generic term for anomaly, bug, error, fault, nonconformance to require-
ments or functional specification.

Defect Causal Analysis   A team-based technique described by Card [Card98],
based on the analysis of samples of problem reports, rather than an exhaus-
tive analysis of all defects detected throughout all development phases. The
purpose of the analysis is to initiate process changes that help prevent defects
and ensure their early detection.

Defect classification   The act of grouping defects into meaningful categories for
the purpose to facilitate the analysis of defects.
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Defect detection   The act of examining a work product produced in the development
of a product, with the aim to find defects.

Defect introduction   The effect of an human error or of an instrument (for example
a compiler) resulting in a defect in a work product produced in the develop-
ment of a product.

Defect key element   A concept recognized by Fenton and Pfleeger [Fenton96] to
capture different aspects of a defect. Defect key elements can be refined, lead-
ing to many attributes of a defect that can be captured by means of measure-
ment in the form of defect classification.

Defect prevention   The process of improving quality and productivity by preventing
the introduction of defects into a product [Jones85; Phillips86].

Dendrogram   In statistics, a branching diagram showing the clusters formed at each
step of a hierarchical cluster analysis.

Distributed development   Development of a product by people working physically
and/or temporally dispersed.

Distributed work     Work characterized by people working physically and/or tempo-
rally dispersed.

Factor analysis   A family of statistical techniques for exploring data, generally used
to simplify the procedures of analysis, mainly by examining the internal struc-
ture of a set of variables in order to identify any underlying constructs.

Failure    The termination of the ability of a functional unit to perform its required
function.

Fault    A human error resulting in a mistake in a software product.

Global development   A commonly used alternative term for Virtual Product Devel-
opment.

Hierarchical cluster analysis   A term for those methods of cluster analysis that
show the similarities among objects as a hierarchy.

Influencing factor   A stimulant or circumstance that may cause people to make
errors of action (‘good plan, but bad execution’) and/or errors of intention
(‘execution as planned, but bad plan’).

Lifecycle   A project-specific definition of the applicable phases, activities, mile-
stones and project deliverables.
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Lifecycle modeling   The process of adapting a default development lifecycle to suit
a project-specific context.

Lifecycle transition   A symbolic marker of the moment in the development lifecycle
where work products are transferred from one development context to another
development context. The transfer typically implies work products crossing
organizational, project, engineering discipline and/or distance boundaries.

Lines-Of-Argument (LOA)   A synthesis method for qualitative data; findings from
individual reports are used as pixels to get a fuller picture of the phenomenon
at hand, focusing on a number of themes [Noblit88].

Process maturity level   A multi-dimensional construct indicating how well a devel-
opment organization has defined its development processes and how well the
organization can achieve predictable results. A specific use of this term refers
to CMM or CMMI maturity models.

Product quality   A multidimensional concept expressing or indicating the satisfac-
tion of various stakeholders - each with their own explicit or implicit require-
ments, expectations and views - with a delivered product. 

Product quality problem   Any situation in which a defect is causing a state of diffi-
culty for an organization to their own judgement.

Similarity matrix   A symmetric matrix expressing the similarity between any two
data points. Similarity matrices are strongly related to their counterparts, dis-
tance matrices, a basis for cluster analysis. 

Virtual development   Development of a product performed by a virtual team.   

Virtual Distance   A multi-dimensional construct, proposed by Lojeski, Reilly &
Dominick [Lojeski06], with temporal, spatial and relational aspects that
express the degree of ‘virtualness’ of a development team. 

Virtual Product Development   The development of a product by a virtual team. 

VPD   Acronym for Virtual Product Development.

Virtual team   A team consisting of sub-teams distributed across space, time, and
organization boundaries, working interdependently with a shared goal and
shared responsibilities, collaborating by webs of interactive technology. 
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Appendix 2-1. Generic steps of Failure Mode Effect Analysis.

Appendix 2-1.   Generic steps of Failure Mode Effect Analysis.

Step Description

Item/Process Identify the item or process that will be the subject of the 
analysis, including some investigation into the design and 
reliability characteristics. For FMEA analysis of a product or 
system, the analysis could be performed at the system, 
subsystem, component or other level of the system 
configuration.

Functions Identify the functions that the item or process is expected to 
perform.

Failures Identify the known and potential failures that could prevent or 
degrade the ability of the item/process to perform its designated 
functions.

Failure Effects Identify the known and potential effects that would result from 
the occurrence of each failure. It may be desirable to consider 
the effects at the item level (Local Effects), at the next higher 
level assembly (Next Higher Level Effects) and/or at the 
system level (End Effects).

Failure Causes Identify the known and potential causes for each failure.

Current Controls Examine the control mechanisms that will be in place to 
eliminate or mitigate the likelihood that the potential failures 
will occur (e.g. end of line inspections, design reviews, etc.).

Recommended 
Actions

Identify the corrective actions that need to be taken in order to 
eliminate or mitigate the risk and then follow up on the 
completion of those recommended actions.

Prioritize Issues Prioritize issues for corrective action according to a consistent 
standard that has been established by the organization. Risk 
Priority Number (RPN) ratings and Criticality Analysis are 
common methods of prioritization.

Other Details Depending on the particular situation and on the analysis 
guidelines adopted by the organization, other details may be 
considered during the analysis, such as the operational mode 
when the failure occurs or the system’s intended mission.

Report Generate a report of the analysis in the standard format that has 
been established by the organization.
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Appendix 2-2.   Selection criteria for projects in the multiple case 
study.

Criterion Rationale

C1_ProjectType: The project must 
contribute to the development of a 
complex product in the technical 
industry

Scope of the research is limited to 
complex product development in the 
technical industry, involving concurrent, 
multi-disciplinary developments

C2_Distributedness: The project team 
must exchange product information and/
or work products with at least 2 other 
development entities that can be 
considered remote from the project 
team. These development entities can 
either be internal or external to the 
project team’s organization. Remote is 
to be interpreted as separated by time, 
distance or cultural boundaries.

The project must comply with the 
definition of virtual product 
development

C3_Integration&Verification: The 
project is responsible for integration or 
verification at the system level

The project is expected to deliver 
information about product quality and 
defects that also include defects that are 
known to typically occur at or after 
system integration and system testing

C4_VVPhilosophy: Verification and 
validation activities are considered by 
the project as being activities separate 
from development and debugging 
activities

The organisation must show at least a 
minimum degree of maturity in their 
notion of product verification and 
testing. Too low a maturity is expected 
to mask data and facts.

C5_ProjectStage: The project has at 
least proceeded to a stage where system 
integration and system verification and/
or validation have taken place. The 
results of system verification and/or 
validation are known to such an extent 
that judgements about product quality 
are possible

The project must at least have performed 
integration and system verification as 
these stages are known to reveal defects 
that have not been detected in earlier 
stages of the project

C6_ProjectMaturity: Project activities 
are planned

The project must show at least a 
minimum degree of maturity in project 
management.
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Appendix 2-2. Selection criteria for projects in the multiple case study.

C7_Requirements: Product 
requirements are documented

The project must adhere to 
requirements-based product verification, 
to allow defect data to be collected and 
conform to the definition of product 
quality used in the study.

C8_TestResults: Results of test 
execution are documented

The project must document test results, 
in order to allow defect data to be 
collected.
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Appendix 2-3. Document information sources in the multiple case study.

Appendix 2-3.   Document information sources in the multiple case 
study.

Document type Rationale

Project Management Plan 
(PMP)

-  Likely to contain information about project 
organization, project structure, relationship to 
other projects and development lifecycle
-  Used to get main information about project 
context

Test Plan (TP) - Likely to contain information about the test 
strategy and organisation
-  Used to assess the approach in verification and 
validation

Integration Plan (IP) - Likely to contain information about the 
integration strategy and organisation

Project Progress Report (PPR) - Likely to contain information about actual 
project execution risks, product quality 
problems and associated risks

Test Report (TR) -  Likely to contain information about the results 
of testing activities and information about 
product defects 
-  Used to obtain information about the severity 
and number of product defects that have 
occurred

Process Maturity Evaluation 
Report (PMER)

- Likely to contain information about the general 
maturity of the development processes used in 
the project’s organization

Project Evaluation Report (PER) - Likely to contain conclusions drawn by the 
project after an (intermediate) evaluation of the 
project about verification, validation and 
development activities.
-  Likely to highlight product quality problems

Accounts of Defect Causal 
Analysis activities (ADCA)

- Likely to contain specific (written) information 
about product quality problems, defects 
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Appendix 2-4. Selection criteria for interviewees in the multiple case study.

Appendix 2-4.   Selection criteria for interviewees in the multiple case 
study.

Criterion Rationale

The candidate interviewee must have 
been active in the project for a 
considerable period

The longer the candidate has been in the 
project, the more insight and experience 
about the course of the project and the 
product’s development is expected 

The candidate interviewee must have in-
depth knowledge about problems that 
have occurred with the product’s quality

In-depth knowledge is required to assess 
the severity of the quality problems that 
have occurred

The candidate interviewee must be 
proficient in the role he/she fulfills 

The more senior the candidate and the 
more general experience he/she has in 
the role fulfilled, the more likely the 
candidate is to competently judge 
product quality problems and causes.

The candidate interviewee is proficient 
in the Dutch or English language

Interviews are to be conducted in 
English or Dutch
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Appendix 2-5. Applications of direct observation in the multiple case study.

Appendix 2-5.   Applications of direct observation in the multiple case 
study.

Events Rationale

Attendance of progress 
meeting

Attending progress meetings allows instant 
gathering of information on the basis of direct 
written/verbal reports concerning product risks and 
product quality problems encountered

Attendance of test execution 
activities

Attending test execution activities allows instant 
witnessing of test incidents or demonstration of 
events or defects brought forward by the project 
(e.g. in interviews). Examples of test execution 
activities include system integration and system test 
execution.

Site visit Making site visits allows instant observation of 
physical artifacts such as test environments, 
development environments, test objects, supporting 
infrastructure. The observations are expected to 
enable better understanding of the information 
gathered from other sources
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Appendix 2-6. Types of participant observation in the multiple case study.

Appendix 2-6.   Types of participant observation in the multiple case 
study.

Type of researcher involvement Description

Researcher has role of test engineer in 
the project under study

In this role, active participation in defect 
detection activities allows profound 
understanding of product quality problems 
and the underlying defects of the product 
developed in the project under study. The 
participant’s perspective includes 
verification and validation processes and 
their relationship to product quality 
problems.

Researcher has role of test architect in 
the project under study

In this role, active participation in the 
determination of test strategy, specification 
of tests and performance of defect causal 
analysis activities, allows profound 
understanding of product quality problems 
and the underlying defects of the product 
developed in the project under study. The 
participant’s perspective includes 
development, verification and validation 
processes and their relationship to product 
quality problems.

Researcher has the role of test 
manager in the project under study

In this role, active participation in test 
management and control activities allows 
profound understanding of product quality 
problems and the underlying defects of the 
product developed in the project under 
study. The participant’s perspective includes 
project organization, responsibilities and 
relationships to other projects and their 
relationship to product quality problems.
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Appendix 2-7. Project characteristics, multiple case study.

Appendix 2-7.   Project characteristics, multiple case study.

For legends, see next page.
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Legends:

1 Projects were assigned a sequence number  throughout conducting the multiple case 
study for the purpose of referencing and for reasons of confidentiality.

2 Organizations that hosted the project under investigation were assigned a letter for 
the purpose of referencing and for reasons of confidentiality

3 Medical domain: equipment for the general or specialized medical care of humans, 
equipment for diagnosis and analysis of medical problems, equipment for supporting 
the tasks of medical personnel 
Industrial domain: specialized equipment for the manufacturing of products, in the 
area of assembly, inspection, material preparation and conditioning 
Consumer domain: products for the general public, i.e. non-specialized users, 
produced in high volumes. Audio, video, multimedia, streaming, connectivity 
products
Telecom domain: equipment for realising the infrastructure and management of 
public telecommunication systems. Equipment for broadcasting, telephony, GPRS, 
cellular systems, billing. 

4 Size in person-years of the project that covers the activities of integrating and testing 
the components that constitute the final or an intermediate product, and the 
development of product components at the location of investigation.  This number 
excludes the sizes of subcontracted, remote projects.

5 Number of engineering disciplines directly contributing to the realisation of the 
product (e.g. hardware development, software development, physics, mechatronics, 
optics)

6 Number of separate groups/teams that contribute to the development of the product

7 Indicates whether the groups contributing to the development of the product are in 
the own country or also abroad

8 Indicates the number of increments that have been planned to realize the end 
product. A question mark indicates that a number was not planned.

9 Indicates the type of software components that are developed in the scope of the 
project. ‘es’ = embedded software (e.g. real-time, low-level sw, hardware abstraction 
layers, operating systems, kernels); ‘app’ = application software (e.g. high-level 
control, application logic, graphical user interfaces, databases)

10 Indicates whether a development/test lifecycle was defined and documented in terms 
of lifecycle phases, milestones, deliverables, relations.

11 Indicates whether test incident management (i.e. defect administration) is being 
done.

12 Indicates whether test activities are performed by staff independent from the 
development staff. This may either be a separate test organisation or independent 
testers in the development project, as long as test reporting is to stakeholders other 
than the direct project manager (e.g. project principal, quality manager).
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Appendix 2-10. Occurrence of product quality problems related to reuse.

Appendix 2-10.  Occurrence of product quality problems related to 
reuse.

Project Compo-
nent used 
as-is

Compo-
nent not 
pretested

Missing 
compo-
nent 
knowledge

Total  
number of 
severe 
problems 
reported

Number of  
problems 
related to 
reused 
compo-
nents

1

2

3 5 0

4

5 x x 4 3

6

7

8 x 7 1

9

10

11 x x 5 2

12

13 5 0

14

15

16 x x x 5 4

17

18

19

20

21 x 8 2

22

TOTAL 39 12
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Appendix 2-11. Occurrence of product quality problems related to third-party 

Appendix 2-11.  Occurrence of product quality problems related to 
third-party components.

Project Compo-
nent used 
as-is

Bad cus-
tomization

Missing 
compo-
nent 
knowledge

Total  
number of 
severe 
problems 
reported

Number of  
problems 
related to 
third-
party 
compo-
nents

1

2

3 5 0

4

5

6

7 x x 3 3

8

9

10

11

12

13

14

15 x x 6 3

16

17

18

19 x x 5 2

20 x x 8 2

21 8 0

22

TOTAL 35 10
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Appendix 2-12. Overview of problem reports, critical-instance case study.

Appendix 2-12.  Overview of problem reports, critical-instance case 
study.
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142 INTER x l l l l l

143 IMPLEM x l l m l l

144 IMPLEM x l m m l l

145 INTER x x l m l l l

146 INTER x h h h h h

147 NOT KNOWN

148

149 IMPLEM x l l l l l

150 IMPLEM x h h m h h

151

152 TEST l l l l l
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153 INTER x x l m m l l

154 IMPLEM x m h h m m

155 INTER x x l m m l l

156 IMPLEM x l l l l l

157

158 TEST h h h m h

159 INTER x m m l l l

160 INTER x h h h m h

161 INTER x m m m m m

162

163 IMPLEM x h m h h h

164 IMPLEM x l l l l l

165 NOT KNOWN

166 INTER x h h h h h

167 INTER x h h h m h

168 INTER x l l l l l

169 IMPLEM x m m m m m

170 INTER x l l m l l

171

172 TEST h h h m h

173 INTER x h h h h h

174 INTER x m m l l l

175 IMPLEM x l l l m l

176 INTER x l l l l l
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177 INTER x h h h h h

178 IMPLEM x l m m l l

179 INTER x m m m h m

180 NOT KNOWN

181 NOT KNOWN

182

183 IMPLEM x h h h h h

184 TEST m m m m m

185 INTER x h h h h h

186 TEST l l l l l

187 IMPLEM x l m m l l

188 INTER x l l l m l

189 INTER x h h m h h

190 INTER x l l l l l

191 NOT KNOWN

192

193

194 IMPLEM x m h m m m

195 IMPLEM x h m m h m

196

197 NOT KNOWN

198 INTER x x m h h h h

199 IMPLEM x m h h h h

200 INTER x l l l l l
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201 INTER x h h h h h

202 INTER x h h h h h

203 IMPLEM x x h m h m m

204 TEST h m h h h

205 NOT KNOWN

206 TEST m m l l l

207

208 NOT KNOWN

209 NOT KNOWN

210 NOT KNOWN

211 INTER x m h h h h

212 INTER x l l l l l

213 INTER x l l m l l

214 NOT KNOWN

215

216 INTER x x l m m l l

217 IMPLEM x m l m l l

218 IMPLEM x x m m h m m

219 TEST h h m m m

220 TEST h h h h h

221 INTER x h h h h h

222

223 NOT KNOWN

224 IMPLEM x m m m m m
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225 NOT KNOWN

226 NOT KNOWN

227 IMPLEM x h h h m h

228 INTER x x m h h m m

229 INTER x m m m h m

230 IMPLEM x l l l l l

231 NOT KNOWN

232

233 IMPLEM x h h m m m

234 NOT KNOWN

235 NOT KNOWN

236 TEST h h h h h

237 TEST h h h h h

238 NOT KNOWN

239 NOT KNOWN

240

241 NOT KNOWN

242 NOT KNOWN

243 IMPLEM x h h m h h

244 NOT KNOWN

245 NOT KNOWN

246 NOT KNOWN

247 INTER x l l l m l

248 TEST l l l l l
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249 TEST m m h m m

250

251

252 TEST h h h h h

253 INTER x m h h h h

254

255 TEST m h h h h

256 NOT KNOWN

257

258

259 INTER x h h h h h

260

261 TEST h m m m m

262 TEST x h h h h h

263 NOT KNOWN

264 NOT KNOWN

265 NOT KNOWN

266

267 NOT KNOWN

268 TEST h h h h h

269 NOT KNOWN

270 TEST l l l l l

271 NOT KNOWN

272 INTER x x m h h h h
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Legend:
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273 INTER x x m l l m l

274 NOT KNOWN

1) Identification number as retrieved from the problem report database

2) TEST    = Test Specification Error
IMPLEM  = Implementation Error
INTER   = Interpretation Error
NOT KNOWN  = Error cause is unknown

Duplicates are left empty and these rows are marked dark grey. 
NOT KNOWNs are marked light grey and are excluded from estimation.

3) ‘x’ marks that the PR originated from a defect in one of the component 
groups. Component names have been anonymized.

4) ‘x’ marks that estimation of probability of prevention of this defect was 
transferred to a next consensus meeting

5) The final estimates of the individual team members, and final group 
estimate.
h  = high probability of prevention
m = medium probability of prevention
l = low probability of prevention
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Appendix 3-1. DI-influencing factors identified by literature search.

Appendix 3-1.   DI-influencing factors identified by literature search.

# Factor Source

3 Precedentedness [Chulani99]

4 Development Flexibility [Chulani99]

5 Architecture and Risk Resolution [Chulani99]

6 Team cohesion [Chulani99]

7 Process Maturity [Chulani99]

8 Required Software Reliability [Chulani99]

9 Data Base Size [Chulani99]

10 Required Reusability [Chulani99] [Zhang00]

11 Documentation Match to Life-cycle Needs [Chulani99] 
[Nakashima99]

12 Product Complexity [Chulani99]

13 Time Constraint [Chulani99]

14 Storage Constraint [Chulani99]

15 Platform Volatility [Chulani99]

16 Programmer Capability [Chulani99] [Zhang00]

17 Analyst Capability [Chulani99]

18 Personnel Continuity [Chulani99]

19 Applications Experience [Chulani99]

20 Platform Experience [Chulani99]

21 Language and Tool Experience [Chulani99]

22 Use of Software Tools [Chulani99]

23 Multi-Site Development [Chulani99]

24 Required Development Schedule [Chulani99]

25 Experience [Stutzke01] 
[Nakashima99]

26 Capability [Stutzke01]
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27 Software complexity [Stutzke01] [Zhang00]

28 Schedule pressure [Stutzke01]

29 Use of methods/notations [Stutzke01]

30 Communications [Stutzke01] 
[HerbsLeb99]

31 Team relationship [Stutzke01]

32 Management style [Stutzke01]

33 Process integration method [Stutzke01]

34 Requirements volatility [Stutzke01]

35 Size and complexity of the component [Rout92] 
[Nakashima99]

36 Skill level of personnel [Rout92] 
[Nakashima99]

37 Size of development team [Rout92]

38 Lack of methods for recording and referring interface 
definitions of software

[Nakajo91]

39 Lack of communication methods between hardware 
and software engineers

[Nakajo91]

40 Unplanned execution of Tasks [Mohapatra01]

41 Improper Knowledge Management [Mohapatra01] 
[Nakashima99]

42 Initiative & Attitude problems [Mohapatra01]

43 Poor Communication Skills [Mohapatra01]

44 Lack of Business Knowledge [Mohapatra01]

45 Improper estimation [Mohapatra01]

46 LC Process not followed [Mohapatra01]

47 Test Management Capability [Jacobs04]

48 Change control [Jacobs04] 
[Herbsleb99]

49 Freedom of interpretation [Herbsleb99] 
[Nakashima99]

50 Level of documentation [Nakashima99]
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51 Baselining-approach [Ebert01]

52 Implementation knowledge [Jacobs04]

53 Change coordination [Leszak02]

54 Lack of domain knowledge [Leszak02]

55 Lack of system knowledge [Leszak02]

56 Lack of tools knowledge [Leszak02]

57 Lack of process knowledge [Leszak02]

58 Communications problem [Leszak02]

59 Missing awareness of need for documentation [Leszak02]

60 Time pressure [Leszak02]

61 Cause by other product [Leszak02]

62 Software Complexity [Basili84] 
[Takahashi85][Zhang0
0]

63 Short development times [Fujigaki92]

64 Imperfect or incorrect standards [Furuyama97]

65 Inadequate instructions [Furuyama97]

66 Imperfect or incorrect specifications [Furuyama97]

67 Imperfect or incorrect documents for relative 
information

[Furuyama97]

68 Insufficient domain knowledge [Furuyama97]

69 Insufficient process knowledge [Furuyama97]

70 Mental stress [Furuyama97]

71 Disturbance [Furuyama97]

72 Programmer skill level [Takahashi89]

73 Designer skill level [Takahashi89] 
[Card86]

74 Problem complexity [Adelson85]

75 Familiarity with the problem [Adelson85]

76 Adequate time allowed [Brooks82]
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77 Match between tasks, approach and assigned skill 
levels

[Vessey86]

78 Programming experience [Takahashi89]

79 Volume of design documents [Takahashi89]

80 Specification changes [Takahashi89]

81 Complexity of problem [Sherer95]

82 Tightness of schedule constraints [Sherer95]

83 Stability of requirements [Sherer95] [Zhang00]

84 Quality of specifications [Sherer95]

85 Extensiveness of documentation requirements [Sherer95] [Zhang00]

86 Quality and ability of team [Sherer95]

87 Team’s experience and familiarity with application [Sherer95]

88 Team’s experience and familiarity with development 
environment

[Sherer95]

89 Stability of team [Sherer95]

90 Performance of project management [Sherer95]

91 Management’s experience and familiarity with 
application

[Sherer95]

92 Stability of management [Sherer95]

93 Degree of disciplined project planning [Sherer95]

94 Degree to which plans were followed [Sherer95]

95 Use of modem programming practices [Sherer95]

96 Use of disciplined procedures to record specification 
modifications, requirements questions and answers, 
and interface agreements

[Sherer95]

97 Use of disciplined requirements analysis 
methodology

[Sherer95]

98 Use of disciplined design methodology [Sherer95] [Zhang00]

99 Use of disciplined configuration management 
procedures

[Sherer95]

100 Team’s access to development system [Sherer95]
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101 Ratio of programmers to terminals: 1) 8:l; 2) 4:1,3) 
21; 4) 1:l; 5) 1:2

[Sherer95]

102 Degree of constraint by size of main memory or 
storage availability

[Sherer95]

103 Stability of hardware and system support software [Sherer95]

104 Effectiveness of software tools [Sherer95]

105 Quality and completeness of system documentation [Sherer95]

106 Application size [Clark01]

107 Application complexity [Clark01]

108 Requirements adequacy [Clark01]

109 COTS and reused code [Clark01]

110 Development team capability [Clark01]

111 Development team experience [Clark01]

112 Process maturity [Clark01]

113 Deadline/Time table [Shanahan97]

114 Complexity of System [Shanahan97]

115 Use of new technology [Shanahan97]

116 Size of project team [Shanahan97]

117 No of groups in project delivery. [Shanahan97]

118 Experience of business in implementing change [Shanahan97]

119 Experience of business in a project of this nature. [Shanahan97]

120 Unavailability of key staff [Houston01]

121 Reliance on a few key personnel [Houston01]

122 Instability and lack of continuity in project staffing [Houston01]

123 Lack of staff commitment, low morale [Houston01]

124 Lack of client support [Houston01]

125 Lack of user support [Houston01]

126 Lack of contact person’s competence [Houston01]

127 Inaccurate metrics [Houston01]
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128 Lack of organizational maturity [Houston01]

129 Lack of quantitative historical data [Houston01]

130 Excessive schedule pressure [Houston01]

131 Inadequate configuration control [Houston01]

132 Excessive reliance on a single development 
improvement

[Houston01]

133 Excessive paperwork [Houston01]

134 Unreliable subproject delivery [Houston01]

135 Creeping user requirements [Houston01]

136 Unnecessary features [Houston01]

137 Immature technology [Houston01]

138 Complex application [Houston01]

139 Large number of complex external interfaces [Houston01]

140 Incapable project management [Houston01]

141 Project manager unavailable [Houston01]

142 Lack of experience with project’s platform/
environment/methods

[Houston01]

143 Lack of experience with the software product type [Houston01]

144 Lack of experience in the user environment/
operations

[Houston01]

145 Lack of senior management commitment [Houston01]

146 Capable technical personnel [Jones95]

147 Use of specialists [Jones95]

148 Use of development processes [Jones95]

149 Change mgt [Jones95]

150 Communications [Jones95]

151 Requirement or specification changes were not 
managed sufficiently

[Mizuno01]

152 Lack of progress reporting [Mizuno01]

153 Communication errors between development teams [Lutz93]
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154 Wrong assumptions [Lutz93]

155 Misunderstood requirements [Lutz93]

156 Lack of communication between HW/SW teams [Lutz93]

157 Software team complexity [Rosenberg01]

158 Contractor support [Rosenberg01]

159 Organizational complexity [Rosenberg01]

160 Schedule pressure [Rosenberg01]

161 Process maturity [Rosenberg01]

162 Degree of Innovation [Rosenberg01]

163 Level of Integration [Rosenberg01]

164 Requirements maturity [Rosenberg01]

165 Software LOC (size) [Rosenberg01]

166 Unjustified trust  in expertise of others [Jacobs04]

167 Information hiding by others/sub-projects [Jacobs04]

168 Lack of requirements traceability [Jacobs04] [Zhang00]

169 Cultural differences (between groups/sub-projects) [Carmel99]
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Appendix 3-2.   DD-influencing factors identified by literature search.

# Factor Source

1 No Template available for test planning [Mohapatra01]

2 Test (Engineer) Capability [Jacobs04]

3 Test Tool Experience [Jacobs04]

4 Use of Defect Detection Tools [Jacobs04]

5 Use of Defect Detection Techniques [Jacobs04] 
[Ebert2001]

6 Test Process Maturity [Jacobs04]

7 Integration Strategy [Jacobs04]

8 Test strategy [Ebert01] 
[Herbsleb99]

9 Review strategy [Jacobs04]

10 Test environment [Herbsleb99]

11 Integrated test facilities [Herbsleb99]

12 Design for testability [Jacobs04]

13 Rigor of formal review requirements [Sherer95]

14 Use of disciplined testing methodology [Sherer95]

15 Extent of preparation and following of test plans [Sherer95]

16 Use of disciplined quality assurance procedures [Sherer95]

17 Roles & Responsibilities: [Oppenheimer02]

18 Information Management & Organization, Training [Oppenheimer02]

19 Schedule [Oppenheimer02]

20 Integration [Oppenheimer02]

21 Wrong people available [Mizuno01]

22 Unclear responsibilities and authorities [Mizuno01]

23 Low morale of the developers [Mizuno01]

24 Reduction in testing time resulting from delays in 
coding and design

[Murugesan94]
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25 Shortcuts in testing [Murugesan94]

26 Let-go, deliver  now, correct later attitude [Murugesan94]

27 Lack of management support [Murugesan94]

28 Poor planning and coordination [Murugesan94]

29 Inadequate knowledge of application environment [Murugesan94]

30 Lack of user involvement [Murugesan94]

31 Poor testability [Murugesan94]

32 Improper staffing [Murugesan94]

33 Poor documentation [Murugesan94]

34 Slow communication and distribution of changes [Lutz93]

35 Engineer skill [Hirayama03]

36 Bias of specification documents to legal behavior [Hirayama03]

37 Pressure due to the deadline [Cangussu02]

38 Test methodology used [Cangussu02]

39 Organization of the test team [Cangussu02]

40 Organization of the test process [Cangussu02]

41 Experience and expertise of the test team personnel [Cangussu02]

42 Time pressure-skipping of tests [Whittaker00]

43 Inadequate test spec [Whittaker00]

44 Inadequate test environment [Whittaker00]

45 Testability of the product [Whittaker00]

46 Incorrect interpretation of test code (from sub-
projects)

[Jacobs04]

47 Poor test results communication [Jacobs04]

48 Missing cross-verification of assumed solved defects [Jacobs04]
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Appendix 3-4.   DI-influencing factors after post-processing.

# Factor Formulation after post-processing

1 Design for testability The degree to which  testability of the 
product has been included in the 
design

2 Use of disciplined quality assurance 
procedures

Usage of disciplined QA  procedures

3 Roles & Responsibilities: Defined roles and responsibilities for 
development activities

4 Unclear responsibilities and 
authorities

Defined responsibilities and 
authorities for development activities 

5 Poor planning and coordination Performance of development planning 
and coordination

6 Inadequate knowledge of application 
environment

Knowledge of application 
environment

7 Poor documentation Quality of documentation 

8 Slow communication and distribution 
of changes

Slow communication and distribution 
of changes

9 Precedentedness Previous experiences with the 
development of a similar application

10 Development Flexibility The degree to which the developers 
and the team show flexibility 
concerning project cirumstances

11 Architecture and Risk Resolution The degree to which developers 
understand the architecture and 
resolves associated risks

12 Team cohesion Development team's cohesion and 
relationships

13 Required Software Reliability The degree to which the software must 
perform its intended function under 
specified conditions over a specified 
period of time

14 Required Reusability The degree to which the software must 
be designed to be reusable in other 
products or projects
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15 Documentation Match to Life-cycle 
Needs

The degree to which (supporting) 
documentation is created throughout 
the lifecycle

16 Product Complexity Complexity of the product to be 
developed

17 Time Constraint The degree to which the software must 
provide appropriate responses,  
processing times and throughput rates 

18 Storage Constraint The degree of main storage constraint 
imposed on the software product

19 Platform Volatility The degree to which the software and 
hardware platform needed by the 
software product is stable

20 Personnel Continuity Continuity and stability of the team

21 Applications Experience Experience with application

22 Platform Experience Degree of experience with project’s 
platform/environment

23 Language and Tool Experience Degree of experience with tools and 
development language

24 Use of Software Tools Usage of software development tools

25 Multi-Site Development Degree to which development is 
distributed over geographical 
separated locations

26 Required Development Schedule Availability of adequate time for 
development activities

27 Experience Experience of the team

28 Capability Capability of the team

29 Use of methods/notations Use of modem development practices 
and methods

30 Communications Communications within development 
team and to parties outside the team

31 Management style Management style of (senior) 
management

32 Process integration method Degree to which test and development 
processes have been aligned
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33 Size of development team Size of project team

34 Lack of communication methods 
between hardware and software 
engineers

Degree to which communication is 
established between developers (of 
various disciplines)

35 Unplanned execution of Tasks Degree to which unplanned testing 
tasks are executed

36 Improper Knowledge Management Degree to which knowledge is gained, 
stored and maintained

37 Poor Communication Skills Degree to which personnel is skilled 
w.r.t communication

38 Lack of Business Knowledge Developer’s knowledge about the 
business aspects of the product to be 
tested

39 Improper estimation The ability of the personnel to give 
accurate estimations for test activities

40 Change control Monitoring and control of changes in 
the product

41 Freedom of interpretation The degree to which requirements 
allow multiple interpretations, 
multiple assumptions, existence of 
implicit requirements

42 Baselining-approach Usage of disciplined procedures to 
identify and establish baselines of the 
product 

43 Implementation knowledge Knowledge about how parts of the 
product have been implemented by 
other parties

44 Lack of domain knowledge Developers' knowledge about the 
domain for which the product is 
intended

45 Lack of system knowledge Knowledge about the product to be 
developed

46 Lack of tools knowledge Developers' knowledge about the 
tooling used to support the 
development activities

47 Insufficient process knowledge Developers' knowledge about the 
development processes
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48 Mental stress Degree of developers' mental stress

49 Disturbance Degree and impact of events that 
cause development to deviate from the 
plan

50 Programmer skill level Skill level of developers

51 Designer skill level Skill level of designers

52 Problem complexity Complexity of problem

53 Match between tasks, approach and 
assigned skill levels

Quality and ability of development 
team

54 Programming experience Programming experience

55 Volume of design documents Quantity (volume) of design 
documents

56 Specification changes Degree of changes in the specification 
during implementation

57 Stability of requirements Stability of the requirements

58 Quality of specifications Quality of the requirements 
specifications

59 Extensiveness of documentation 
requirements

Extensiveness of the requirements to 
be applied for documenting the 
development work

60 Team’s experience and familiarity 
with development environment

Experience and familiarity with 
development environment

61 Performance of project management The degree to which project 
management performs its task

62 Management’s experience and 
familiarity with application

Management's experience and 
familiarity with application

63 Stability of management Stability of the (senior) management

64 Degree of disciplined project planning Degree of disciplined project planning

65 Degree to which plans were followed Adherence to plans

66 Use of disciplined procedures to 
record specification modifications, 
requirements  questions and answers, 
and interface agreements

Usage of disciplined procedures to 
record specification modifications, 
requirements questions and answers, 
and interface agreements
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67 Use of disciplined requirements 
analysismethodology

Usage of disciplined requirements 
analysis methodology

68 Use of disciplined design 
methodology

Usage of disciplined design 
methodology

69 Use of disciplined configuration 
management procedures

Usage of disciplined configuration 
management procedures

70 Team’s access to development system Degree of access to development 
system

71 Ratio of programmers to terminals: 1) 
8:l; 2) 4:1,3) 21; 4) 1:l; 5) 1:2

Availability of hardware resources for 
development

72 Degree of constraint by size of main 
memory or storage availability

Degree of constraint by size of main 
memory or storage availability

73 Stability of hardware and system 
support software

Stability of hardware and system 
support software used during 
development activities

74 Effectiveness of software tools Effectiveness of software tools

75 Quality and completeness of system 
documentation

quality and completeness of system 
documentation

76 Requirements adequacy Adequacy of the requirements to base 
implementation on

77 COTS and reused code Quality of third-party software and 
reused code

78 Process maturity Maturity level of the development 
process

79 Use of new technology Usage of new technology

80 No of groups in project delivery. The number of teams involved in 
development

81 Experience of business in 
implementing change

Experience of business in 
implementing change

82 Experience of business in a project of 
this nature.

Experience of business in a project of 
this nature

83 Reliance on a few key personnel Reliance on a few key personnel

84 Lack of staff commitment, low morale Attitude and commitmment of 
developers
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85 Lack of client support The degree to which clients support 
the development work

86 Lack of user support The degree to which (end)users 
support the development work

87 Lack of contact person’s competence Competence of the contact person 
between a development team and 
related parties

88 Inaccurate metrics Accuracy of metrics used in project 
planning and management

89 Lack of quantitative historical data Availability of historical data to 
support project planning and 
management

90 Excessive reliance on a single 
development improvement

Reliance on a single development 
improvement

91 Unreliable subproject delivery Quality of input deliverables from 
sub-projects

92 Creeping user requirements The degree to which product 
requirements change or increase 
during design and thereafter

93 Unnecessary features Degree to which unnecessary features 
have been specified

94 Immature technology Maturity of the technology used

95 Large number of complex external 
interfaces

Number and complexity of external 
interfaces of the product to be 
deveoped

96 Project manager unavailable Availability of right development 
personnel

97 Lack of experience in the user 
environment/operations

Degree of developer's experience in 
the user environment and operations

98 Lack of senior management 
commitment

Support from (senior) management

99 Capable technical personnel Use of capable technical personnel

100 Use of specialists Use of specialists

101 Use of development processes Use of development processes

102 Requirement or specification changes 
were not managed sufficiently

The degree to which requirements or 
specification changes are managed
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103 Lack of progress reporting The degree of project progress 
reporting

104 Communication errors between 
development teams

Communication errors between 
development teams

105 Wrong assumptions The degree to which assumptions are 
made for project planning, design and 
implementation

106 Misunderstood requirements The degree to which requirements 
used as input for the implementation 
work, can be misunderstood

107 Software team complexity Complexity of the software 
development team composition

108 Contractor support The degree to which (sub)contractors 
support the development  work

109 Organizational complexity The complexity of the overall project 
organization of which the 
development team is only a part

110 Degree of Innovation The degree of innovative features of 
the product to be developed

111 Level of Integration The number of integration steps and 
their physical location

112 Requirements maturity The degree to which requirements are 
suitable as input for implementation

113 Software LOC (size) Size of the product to be developed

114 Unjustified trust  in expertise of others The degree to which expertise of 
others is trusted

115 Information hiding by others/sub-
projects

Information hiding by others/sub-
projects

116 Lack of requirements traceability The degree to which product 
requirements and derived tests are 
traceable

117 Cultural differences (between groups/
sub-projects)

Cultural differences between groups, 
sub-projects and related parties
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Appendix 3-5.   DD-influencing factors after post-processing.

# Factor Formulation after post-processing

1 No Template available for test 
planning

Availability of test planning approach

2 Test (Engineer) Capability Capabilities of test engineers

3 Test Tool Experience Experience  with test tools

4 Use of Defect Detection Techniques Usage of defect detection techniques

5 Test Process Maturity Maturity level of the test process

6 Integration Strategy Strategy for integration of product 
parts

7 Test strategy The degree of determination of what is 
tested, when, where, and by whom

8 Review strategy  The degree of determination of what is 
reviewed, when, where, and by whom

9 Test environment Suitable facilities for testing

10 Integrated test facilities Test facilities integrated in the product

11 Design for testability The degree to which  testability of the 
product has been included in the 
design

12 Rigor of formal review requirements Rigorness of review process

13 Use of disciplined testing 
methodology

Usage of a test methodology

14 Extent of preparation and following of 
test plans

Creation of and adherence to test plans

15 Use of disciplined quality assurance 
procedures

Usage of disciplined QA  procedures

16 Roles & Responsibilities: Defined responsibilities for testing

17 Information Management & 
Organization, Training

Defined organization for testing

18 Schedule Availability of adequate time for 
testing

19 Wrong people available Availability of right test personnel
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20 Low morale of the testers Attitude and commitment of testers

21 Reduction in testing time resulting 
from delays in coding and design

Reduction in testing time resulting 
from delays in coding and design

22 Shortcuts in testing Shortcuts in testing to gain time

23 Let-go, deliver  now, correct later 
attitude

Let-go, release now, correct later 
attitude

24 Lack of management support Support from (senior) management

25 Poor planning and coordination Performance of test planning and 
coordination

26 Inadequate knowledge of application 
environment

Tester's knowledge of application 
environment

27 Lack of user involvement Degree of user involvement in testing 
activities

28 Improper staffing Adequate staffing of test team

29 Poor documentation Quality of documentation on which 
testers base their testing

30 Slow communication and distribution 
of changes

Slow communication and distribution 
of changes

31 Test Engineer skill Skills land skills level of test 
personnel

32 Bias of specification documents to 
legal behavior

Degree to which exceptional product 
behavior is addressed in requirements 
specifications

33 Organization of the test team Organization of the test team

34 Organization of the test process Organization of the test process

35 Experience and expertise of the test 
team personnel

Experience and expertise of the test 
team personnel

36 Time pressure-skipping of tests Skipping of tests under time pressure

37 Inadequate test spec Quality of the test specifications

38 Precedentedness Test team’s experience and familiarity 
with application 

39 Test Team cohesion Test team's cohesion and relationships

40 Data Base Size Quantity of the data  generated (or 
needed)  by the product to be tested
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41 Documentation Match to Life-cycle 
Needs

Degree to which input documentation 
for testing is available throughout the 
lifecycle

42 Product Complexity Complexity of the product to be tested

43 Test Personnel Continuity Continuity and stability of test team

44 Multi-Site Development Degree to which testing is distributed 
over geographical separated locations

45 Communications Communications within test team and 
to parties outside the team 

46 Management style Management style of (senior) 
management

47 Process integration method Degree to which test and development 
processes have been aligned

48 Requirements volatility Degree to which requirements change 
over time during test specification

49 Lack of communication methods 
between hardware and software test 
engineers

Degree to which communication is 
established between developers and 
testers

50 Unplanned execution of Tasks Degree to which unplanned testing 
tasks are executed

51 Improper Knowledge Management Degree to which test knowledge is 
gained, stored and maintained

52 Poor Communication Skills Degree to which test personnel is 
skilled w.r.t communication

53 Lack of Business Knowledge Testers' knowledge about the business 
aspects of the product to be tested

54 Improper estimation The ability of the test personnel to 
give accurate estimations for test 
activities

55 Test Management Capability Capability of planning, monitoring 
and controlling the test activities

56 Change control Monitoring and control of changes in 
the product
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57 Freedom of interpretation The degree to which requirements 
allow multiple interpretations, 
multiple assumptions, existence of 
implicit requirements

58 Test knowledge Testers' knowledge about test 
techniques, methods, strategies, test 
design, test planning etc.

59 Lack of domain knowledge Testers' knowledge about the domain 
for which the product is intended

60 Lack of system knowledge Testers' knowledge about the system 
to be tested

61 Lack of test tools knowledge Testers' knowledge about the tooling 
used to support the test activities

62 Lack of process knowledge Testers' knowledge about the test 
process and development processes 
related to testing

63 Missing awareness of need for 
documentation

Degree to which developers and 
testers are aware of the need for 
documentation, needed as input for 
testing

64 Imperfect or incorrect specifications Quality of the requirements 
specifications used as input for testing 
work

65 Imperfect or incorrect documents for 
relative information

Quality of the documents that are 
needed to support the test activities

66 Mental stress Degree of testers' mental stress 

67 Disturbance Degree and impact of events that 
cause testing to deviate from the plan

68 Volume of design documents Quantity (volume) of documents 
needed as input for testing 

69 Quality of specifications Quality of requirements specifications 
needed as input for testing

70 Extensiveness of documentation 
requirements

Extensiveness of the requirements to 
be applied for documenting the test 
work

71 Performance of test project 
management

Performance of test project 
management



 463

Appendix 3-5. DD-influencing factors after post-processing.

72 Degree of disciplined test planning Degree of disciplined test planning

73 Degree to which plans were followed Adherence to test plans

74 Use of disciplined requirements 
analysis methodology

Usage of disciplined requirements 
analysis methodology

75 Use of disciplined configuration 
management procedures

Usage of disciplined configuration 
management procedures

76 Quality and completeness of system 
documentation

Quality and completeness of system 
documentation

77 Requirements adequacy Adequacy of the requirements to serve 
as an input for testing

78 Use of new technology Usage of new technology

79 Size of test project team size of the test team

80 No of groups in test project delivery. The number of test teams  involved in 
testing

81 Experience of business in 
implementing change

Experience of business in 
implementing change

82 Experience of business in a project of 
this nature.

Experience of business in a project of 
this nature

83 Reliance on a few key personnel Reliance on a few key personnel

84 Lack of client support The degree to which clients support 
the testing work

85 Lack of user support The degree to which (end)users 
support the testing work

86 Lack of contact person’s competence Competence of the contact person 
between a test team and related parties

87 Inaccurate metrics Accuracy of metrics used in test 
planning and management

88 Lack of organizational maturity Maturity level of the organization

89 Lack of quantitative historical data Availability of historical data to 
support test planning and management

90 Large number of complex external 
interfaces

Number and complexity of external 
interfaces of the product to be tested

91 Lack of experience in the user 
environment/operations

Degree of tester's experience in the 
user environment and operations
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92 Use of specialists Use of test specialists

93 Requirement or specification changes 
were not managed sufficiently

The degree to which requirements or 
specification changes are managed

94 Lack of progress reporting The degree of test progress reporting

95 Wrong assumptions The degree to which assumptions are 
made for test planning, test 
specification and design

96 Misunderstood requirements The degree to which requirements 
used as input for testing work, can be 
misunderstood

97 Test team complexity Complexity of the test team 
composition

98 Contractor support The degree to which (sub)contractors 
support the testing work

99 Organizational complexity The complexity of the overall project 
organization of which the test team is 
only a part

100 Degree of Innovation The degree of innovative features of 
the product to be tested

101 Level of Integration The number of integration steps and 
their physical location

102 Requirements maturity The degree to which requirements are 
suitable as input for testing work

103 Software LOC (size) Size of the product to be tested

104 Creeping user requirements The degree to which product 
requirements change or increase 
during test specification and thereafter

105 Use of defect detection tools Usage of defect detection tools

106 Incorrect interpretation of test code 
(from sub-projects)

Interpretation of test code received 
from other parties (outside the test 
team)

107 Poor test results communication The degree to which test results are 
communicated to direct stakeholders

108 Missing cross-verification of assumed 
solved defects

The degree to which assumed solved 
defects are cross-verified
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109 Unjustified trust  in expertise of others The degree to which expertise of 
others is trusted

110 Information hiding by others/sub-
projects

Information hiding by others/sub-
projects

111 Lack of requirements traceability The degree to which product 
requirements and derived tests are 
traceable

112 Cultural differences (between groups/
sub-projects)

Cultural differences between groups, 
sub-projects and related parties

113 Implementation knowledge Knowledge about how parts of the 
product have been implemented by 
other parties
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Appendix 3-6.   Cluster groupings of DI-influencing factors.

Developer Capability

Developers' knowledge about the development processes

Degree of experience with project's platform/environment

Experience and familiarity with development environment

Degree of experience with tools and development language

Developers' knowledge about the tooling used to support the development 
activities

The ability of the personnel to give accurate estimations for test activities

Domain Knowledge

The degree to which developers understand the architecture and resolves 
associated risks

Previous experiences with the development of a similar application

Developer's knowledge about the business aspects of the product to be tested

Developers' knowledge about the domain for which the product is intended

Knowledge about the product to be developed

Degree of developer's experience in the user environment and operations

Knowledge of application environment

Experience with application

Knowledge about how parts of the product have been implemented by other 
parties

Team Composition

Programming experience

Skill level of developers

Skill level of designers

Experience of the team

Capability of the team



Appendix 3-6. Cluster groupings of DI-influencing factors.

468

Quality and ability of development team

Reliance on a few key personnel

Availability of right development personnel

Use of capable technical personnel

Use of specialists

Size of project team

Complexity of the software development team composition

The number of teams involved in development

The complexity of the overall project organization of which the development 
team is only a part

Team Distribution

Degree to which development is distributed over geographical separated 
locations

Cultural differences between groups, sub-projects, and related parties

Collaboration

Degree of developers' mental stress

The degree to which the developers and the team show flexibility concerning 
project circumstances

Development team's cohesion and relationships

Continuity and stability of the team

Attitude and commitment of developers

The degree to which expertise of others is trusted

The degree to which (sub)contractors support the development work

The degree to which clients support the development work

The degree to which (end) users support the development work

Reliance on a single development improvement

Business Management Maturity
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Experience of business in implementing change

Experience of business in a project of this nature

Management's experience and familiarity with application

Stability of the (senior) management

Management style of (senior) management

Support from (senior) management

Product Complexity

The number of integration steps and their physical location

Complexity of problem

Number and complexity of external interfaces of the product to be developed

The degree of innovative features of the product to be developed

Complexity of the product to be developed

Size of the product to be developed

The degree of main storage constraint imposed on the software product

Degree of constraint by size of main memory or storage availability

The degree to which the software must be designed to be reusable in other 
products or projects

The degree to which the software must perform its intended function under 
specified conditions over a specified period of time

The degree to which the software must provide appropriate responses,  
processing times and throughput rates

Communication

Slow communication and distribution of changes

Information hiding by others/sub-projects

Degree to which communication is established between developers (of 
various disciplines)

Communications within development team and to parties outside the team

Communication errors between development teams
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Degree to which personnel is skilled w.r.t communication

Competence of the contact person between a development team and related 
parties

Project Management Maturity

Defined roles and responsibilities for development activities

Defined responsibilities and authorities for development activities

Availability of adequate time for development activities

The degree of project progress reporting

Degree of disciplined project planning

Adherence to plans

Accuracy of metrics used in project planning and management

Availability of historical data to support project planning and management

The degree to which assumptions are made for project planning, design, and 
implementation

Performance of development planning and coordination

The degree to which project management performs its task

Degree to which test and development processes have been aligned

Degree to which unplanned testing tasks are executed

External Disturbance

Degree and impact of events that cause development to deviate from the plan

Process Maturity

Degree to which knowledge is gained, stored, and maintained

Maturity level of the development process

Use of development processes

Usage of disciplined QA  procedures

Usage of disciplined design methodology
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Usage of disciplined requirements analysis methodology

Usage of disciplined procedures to record specification modifications, 
requirements questions and answers, and interface agreements

Usage of disciplined procedures to identify and establish baselines of the 
product

Usage of disciplined configuration management procedures

The degree to which product requirements and derived tests are traceable

Quality of third-party software and reused code

Quality of input deliverables from sub-projects

Change Control

Monitoring and control of changes in the product

The degree to which requirements or specification changes are managed

Quality of Documentation

Degree to which (supporting) documentation is created throughout the 
lifecycle

Quality and completeness of system documentation

Quality of documentation

Quantity (volume) of design documents

Requirements

The degree to which  testability of the product has been included in the design

Stability of the requirements

Degree of changes in the specification during implementation

The degree to which product requirements change or increase during design 
and thereafter

Extensiveness of the requirements to be applied for documenting the 
development work

Degree to which unnecessary features have been specified
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The degree to which requirements used as input for the implementation work, 
can be misunderstood

Quality of the requirements specifications

 The degree to which requirements are suitable as input for implementation

The degree to which requirements allow multiple interpretations, multiple 
assumptions, existence of implicit requirements

Adequacy of the requirements to base implementation on

Development Environment

Degree of access to development system

Availability of hardware resources for development

The degree to which the software and hardware platform needed by the 
software product is stable

Stability of hardware and system support software used during development 
activities

Use of modem development practices and methods

Usage of software development tools

Effectiveness of software tools

Innovation

Usage of new technology

Maturity of the technology used
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Testability

Test facilities integrated in the product

The degree to which  testability of the product has been included in the design

Product Complexity

Quantity of the data  generated (or needed)  by the product to be tested

Usage of new technology

The degree of innovative features of the product to be tested

Complexity of the product to be tested

Number and complexity of external interfaces of the product to be tested

Size of the product to be tested

Quality of Documentation

Quality of the test specifications

Degree to which developers and testers are aware of the need for 
documentation, needed as input for testing

The degree to which product requirements and derived tests are traceable

Quantity (volume) of documents needed as input for testing

Degree to which input documentation for testing is available throughout the 
lifecycle

The degree to which requirements used as input for testing work can be 
misunderstood

Quality of documentation on which testers base their testing

Quality of the documents that are needed to support the test activities

Quality and completeness of system documentation

Quality of the requirements specifications used as input for testing work

The degree to which requirements allow multiple interpretations, multiple 
assumptions, existence of implicit requirements

Quality of requirements specifications needed as input for testing
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Extensiveness of the requirements to be applied for documenting the test work

The degree to which requirements are suitable as input for testing work

Degree to which exceptional product behavior is addressed in requirements 
specifications

Adequacy of the requirements to serve as an input for testing

Change Control

Monitoring and control of changes in the product

Experience of business in implementing change

The degree to which requirements or specification changes are managed

Degree to which requirements change over time during test specification

The degree to which product requirements change or increase during test 
specification and thereafter

Test Planning

The degree of determination of what is tested, when, where, and by whom

The degree of determination of what is reviewed, when, where, and by whom

The degree to which assumptions are made for test planning, test 
specification, and design

The degree of test progress reporting

Availability of historical data to support test planning and management

Capability of planning, monitoring, and controlling the test activities

Accuracy of metrics used in test planning and management

Performance of test project management

Adherence to test plans

Availability of test planning approach

Performance of test planning and coordination

Creation of and adherence to test plans

Degree of disciplined test planning
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Management Attitude

Let-go, release now, correct later attitude

The complexity of the overall project organization of which the test team is 
only a part

Experience of business in a project of this nature

Support from (senior) management

Management style of (senior) management

Adherence to Plan

Degree to which unplanned testing tasks are executed

Degree and impact of events that cause testing to deviate from the plan

Availability of adequate time for testing

Reduction in testing time resulting from delays in coding and design

Shortcuts in testing to gain time

Skipping of tests under time pressure

Test Process Maturity

Degree to which test knowledge is gained, stored, and maintained 

The degree to which assumed solved defects are cross-verified

Degree to which test and development processes have been aligned

Usage of a test methodology

Maturity level of the test process

Organization of the test process

Usage of defect detection techniques

Usage of defect detection tools

Development Process Maturity

Usage of disciplined requirements analysis methodology
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Usage of disciplined configuration management procedures

Rigorousness of review process

Usage of disciplined QA  procedures

Maturity level of the organization

Test Environment

Suitable facilities for testing

Support for Testing

The degree to which (sub)contractors support the testing work

Degree of user involvement in testing activities

The degree to which clients support the testing work

The degree to which (end) users support the testing work

Product Integration

Strategy for integration of product parts

The number of integration steps and their physical location

Test Capability

The ability of the test personnel to give accurate estimations for test activities

Availability of right test personnel

Adequate staffing of test team

Experience with test tools

Use of test specialists

Test team's experience and familiarity with application

Testers' knowledge about the system to be tested

Testers' knowledge about the business aspects of the product to be tested

Degree of tester's experience in the user environment and operations

Tester's knowledge of application environment
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Testers' knowledge about the domain for which the product is intended

Capabilities of test engineers

Skills and skills level of test personnel

Experience and expertise of the test team personnel

Testers' knowledge about the tooling used to support the test activities

Testers' knowledge about test techniques, methods, strategies, test design, test 
planning etc.

Testers' knowledge about the test process and development processes related 
to testing

Degree to which test personnel is skilled w.r.t communication

Competence of the contact person between a test team and related parties

Test Team Cohesion

Degree of testers' mental stress

Attitude and commitment of testers

Test team's cohesion and relationships

Continuity and stability of test team

Team Distribution

Degree to which testing is distributed over geographical separated locations

The degree to which expertise of others is trusted

Cultural differences between groups, sub-projects, and related parties

Test Team Organization

Defined responsibilities for testing

Defined organization for testing

Organization of the test team

The number of test teams  involved in testing

Size of the test team

Complexity of the test team composition
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Reliance on a few key personnel

Communication

Interpretation of test code received from other parties (outside the test team) 

Knowledge about how parts of the product have been implemented by other 
parties

Slow communication and distribution of changes 

Information hiding by others/sub-projects

The degree to which test results are communicated to direct stakeholders 

Communications within test team and to parties outside the team

Degree to which communication is established between developers and testers
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