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Context: The existing body of knowledge falls 

short of providing comprehensive empirical evi-

dence on the impact that global software develop-

ment (GSD) strategies have on software quality 

during software evolution. The realization of ex-

pected benefits of such GSD strategies, e.g. redu-

ced costs, should not be taken for granted. Chal-

lenges faced can negatively impact quality, which 

can consequently inhibit the realization of the po-

tential benefits.

Objective: This licentiate thesis provides empiri-

cal evidence pertaining to the effect on quality for 

evolving systems in distributed development envi-

ronments. The aim is to provide empirical eviden-

ce that can be useful input in the decision-making 

process for future GSD projects that are executed 

in distributed development environments.

Method: The findings presented in this licentiate 

thesis are obtained from three empirical studies 

and one extensive systematic literature review. The 

empirical studies were conducted at two large mul-

tinational corporations. Meanwhile, the purpose 

of the systematic review was to obtain empirical 

information that was used to successfully execute 

one of the empirical studies. All empirical work 

was done using both quantitative data (e.g., defect 

data, features per release, source code measures, 

release history) and qualitative data (e.g., inter-

views, focus group meetings, questionnaires, and 

analysis of company documentations). 

Result: Transfers have a potentially negative im-

pact on quality and efficiency. Observations that 

were made on quantitative data in all three empi-

rical studies were triangulated with subjective opi-

nions that were obtained from practitioners. When 

studying the quality of a large software system, a 

significant decrease in quality was identified; si-

milarly in a study focusing on maintenance work 

efficiency two studied large software products sho-

wed a noticeable decrease. Meanwhile, there was 

no discernible impact on quality for two products, 

as a result of distributed development and the han-

dover of responsibilities between involved sites. 

Transfer critical factors, which can impact quality, 

as well as transfer enabling factors, which can al-

leviate transfer-related issues, were also identified 

from these empirical studies.

Conclusions: Companies that engage in software 

transfers should expect a decline in quality during 

and immediately after a transfer. There are practi-

ces, such as, engaging in distributed development, 

and the gradual handover of responsibilities, that 

can alleviate transfer-related issues. The findings 

in this licentiate thesis can be a valuable input in 

the decision-making process for companies enga-

ging in transfers in GSD contexts, and thus help 

in making informed decisions in current or future 

transfers. Moreover, this licentiate thesis shows 

that analyzing the evolution of size and complexity 

properties of a product’s source code, and defect 

data, can also provide useful objective data to sup-

port decision-making during similar projects.
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Abstract

Context: The existing body of knowledge falls short of providing com-
prehensive empirical evidence on the impact that global software development
(GSD) strategies have on software quality during software evolution. The real-
ization of expected benefits of such GSD strategies, e.g. reduced costs, should
not be taken for granted. Challenges faced can negatively impact quality, which
can consequently inhibit the realization of the potential benefits.

Objective: This licentiate thesis provides empirical evidence pertaining to
the effect on quality for evolving systems in distributed development environ-
ments. The aim is to provide empirical evidence that can be useful input in the
decision-making process for future GSD projects that are executed in distributed
development environments.

Method: The findings presented in this licentiate thesis are obtained from
three empirical studies and one extensive systematic literature review. The em-
pirical studies were conducted at two large multinational corporations. Mean-
while, the purpose of the systematic review was to obtain empirical information
that was used to successfully execute one of the empirical studies. All em-
pirical work was done using both quantitative data (e.g., defect data, features
per release, source code measures, release history) and qualitative data (e.g.,
interviews, focus group meetings, questionnaires, and analysis of company doc-
umentations).

Results: Transfers have a potentially negative impact on quality and effi-
ciency. Observations that were made on quantitative data in all three empirical
studies were triangulated with subjective opinions that were obtained from prac-
titioners. When studying the quality of a large software system, a significant
decrease in quality was identified; similarly in a study focusing on maintenance
work efficiency two studied large software products showed a noticeable decrease.
Meanwhile, there was no discernible impact on quality for two products, as a
result of distributed development and the handover of responsibilities between
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involved sites. Transfer critical factors, which can impact quality, as well as
transfer enabling factors, which can alleviate transfer-related issues, were also
identified from these empirical studies.

Conclusion: Companies that engage in software transfers should expect
a decline in quality during and immediately after a transfer. There are prac-
tices, such as, engaging in distributed development, and the gradual handover
of responsibilities, that can alleviate transfer-related issues. The findings in this
licentiate thesis can be a valuable input in the decision-making process for com-
panies engaging in transfers in GSD contexts, and thus help in making informed
decisions in current or future transfers. Moreover, this licentiate thesis shows
that analyzing the evolution of size and complexity properties of a product’s
source code, and defect data, can also provide useful objective data to support
decision-making during similar projects.

Keywords: Global software development; Distributed development; Software
transfer; Software quality; Software evolution.



Acknowledgements

First and foremost I would like to express my appreciation to my supervisors
Professor Claes Wohlin and Dr. Darja Šmite who, despite their busy schedules,
always made time to give me invaluable feedback and support on my work.

I am highly indebted to Dr. Kai Petersen for his advice, continuous support
and friendship. He always has insightful comments and discussions. I would
also like to extend my gratitude to Dr. Sebastian Barney and Dr. Stefanie Betz
for their continuous assistance and good advice.

I appreciate all the support that I received from my colleagues in the SERL
group. I would like to thank Professor Jürgen Börstler for always making time
to discuss our research work and giving me invaluable feedback. I would like
to thank Nauman for his friendship and the thought-provoking discussions. A
special thanks to Indira for always being supportive and understanding.

Last but definitely not least I would like to thank my family: my mother, who
taught me perseverance; my father, for supporting me and urging me on; Ro-
mayne, Ashleigh, Otilia and Tapiwa for being supportive; Tawanda, for standing
by me; and my grandmother, Eneltha, for giving me strength to overcome ob-
stacles.

This work was funded by the Swedish Knowledge Foundation in Sweden
under the grants 2009/0249 and 2010/0311, and Ericsson Software Research.



xii CONTENTS



Overview of Papers

Papers in this Thesis

Chapter 2: R. Jabangwe, K. Petersen and D. Šmite, “Visualization of defect
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oriented measures and quality: A systematic literature review,” submitted
to Empirical software engineering journal (EMSE), in January 2013.

Chapter 5: R. Jabangwe, J. Börstler and K. Petersen, “Source code evolu-
tion and quality in global software development,” Submitted to Software
quality journal, in May 2013.

Related Papers not in this Thesis
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Chapter 1

Introduction

1.1 Overview

Brazil, Russia, India and China, collectively known as BRIC, are attracting
an enormous share of the global sourcing activities (Oshri et al., 2009). Due
to their large pool of personnel with information technology related skills at
comparatively low-cost wages, these countries are attracting offshoring work
from countries like the United States of America, United Kingdom and Sweden.
As a result, it is very common nowadays that software development work is
carried out by teams that are operating in a globally distributed environment,
i.e., global software development (GSD). Though companies are attracted by
the potential GSD benefits, such as reducing software development costs and
improving their competitiveness, the realization of these benefits should not
be taken for granted (Šmite et al., 2010; Conchúir et al., 2006). Implications
on vital product facets like quality can inhibit the realization of the potential
benefits.

Traditional software development still faces many difficulties with achieving,
for example, acceptable quality (Jones and Bonsignour, 2011), and developing
software in a GSD setting introduces new challenges or amplifies the already
existing difficulties (Carmel, 1999). GSD brings into play temporal distance,
cultural difference, and geographical distance between development sites, and
these characteristics add to the difficulty of executing a successful software de-
velopment project (Carmel, 1999). In addition, strategies that are implemented
in GSD projects, for example, offshoring work from one site to another, often
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results in a shift or change in the setting in which the product is developed as it
evolves. This shift can have implications on the quality of the evolving software
product.

In the current competitive market for software intensive products, software
quality is vital for longevity and success (Jones and Bonsignour, 2011; Nasir and
Sahibuddin, 2011). However, many globally distributed development projects
fail to reach planned and expected goals (Carmel, 1999). Thus to plan and suc-
cessfully execute GSD projects, practitioners would benefit from understanding
the impact on quality of the following: various GSD settings; shifting between
development settings in GSD during evolution; and GSD related critical fac-
tors. But empirical evidence to support decision makers during the endeavors
is scarce. Though there has been an increase in empirical GSD studies, the
existing body of knowledge falls short of providing comprehensive empirical
evidence on the impact that GSD endeavors have on software quality during
software evolution (Verner et al., 2012; Costa et al., 2010).

This licentiate thesis provides empirical evidence pertaining to the effect of
GSD endeavors on quality for evolving systems. An evolutionary view of quality
is captured from the analysis of quantitative data, e.g. defect data or source
code measures, of multiple sequential releases. The quantitative data is also
triangulated with qualitative data, e.g. interview data from practitioners. The
various GSD settings, and the shifts between the settings are also captured in
the empirical investigations. Hence, this thesis provides insights on the effect
on quality of GSD settings, and shifts between settings, during evolution. The
aim is to provide empirical evidence that can be useful input for practitioners
in the decision-making process for future GSD projects.

An overview of the areas related to this thesis is presented in Section 1.2.
The research gap is discussed in Section 1.3. The research questions and the
associated research methodologies are presented in Section 1.4 and Section 1.5,
respectively. The case companies from which the empirical investigations were
conducted are presented in Section 1.6. A summary of each of the remaining
chapters is presented in Section 1.7. The contributions of this thesis is pre-
sented in Section 1.8. Threats to validity are briefly discussed in Section 1.9.
Conclusions and the future work are presented in Section 1.10.

1.2 Background

The prevalence of globalization, and the increasing competitiveness of the soft-
ware industry, has compelled companies to engage in GSD projects (Aspray
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et al., 2006; Sangwan et al., 2007). GSD is characterized by geographically
distributed teams that are involved in the development of the same software
product (Sangwan et al., 2007). This section provides a background of the
emergence of GSD, and presents key topics of this thesis, i.e., GSD settings,
software quality, and software evolution.

1.2.1 GSD Overview

Global sourcing can be traced back to as far as the 70’s during the era of
contract programming, which can be compared to outsourcing (Lee et al., 2000).
Outsourcing is the relocation of work to a third party or a vendor company (Lee
et al., 2000; Carmel and Tjia, 2005). With outsourcing, companies run the risk of
losing complete control of all development activities of the software system, and
entrusting the company’s goodwill and reputation to another company (Oshri
et al., 2009; Lee et al., 2003). This and other issues compels companies to
engage in insourcing projects that involves forming partnerships, purchasing
existing companies, or setting up their own subsidiaries to take care of the work
that they may otherwise contract to a third party vendor (Oshri et al., 2009).

Fueled by the PC revolution that occurred during the 90’s, many compa-
nies have strategically set up wholly owned subsidiaries in offshore locations
(Carmel, 1999; Oshri et al., 2009). This is referred to as offshore-insourcing.
This eventually led to an environment in which software development teams
that are globally dispersed collaboratively work on the development of the same
software product, i.e., GSD. Since the trend of GSD came to prominence, India
and China have attracted the most offshoring work from companies from various
countries around the globe (Aspray et al., 2006).

GSD related strategies can result in the initiation of new work being started
at the offshore site. Alternatively it can also involve the relocation of pre-existing
development and maintenance work that was carried out at the original site to
the offshore site (Šmite and Wohlin, 2011). This relocation of work to a site
that has limited or no previous experience with the product, is referred to as a
software transfer (Šmite and Wohlin, 2011). In the context of software transfers,
the sending site is the original location of the work and the receiving site is the
offshore site.

GSD Benefits and Challenges and Risks

By engaging in GSD, companies can take advantage of the skilled labor in avail-
able in other locations that they may not have at their disposal (Aspray et al.,
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2006; Conchúir et al., 2006). Countries like India, Pakistan, Brazil and Rus-
sia, have an increasing number of graduate students with software development
skills and competencies that are in-demand in companies developing software
intensive products (Aspray et al., 2006; Oshri et al., 2009). There are other po-
tential benefits, e.g., leveraging time differences between sites (Conchúir et al.,
2006), but the most common driver for software companies engaging in GSD
projects is related to cost (Aspray et al., 2006; Oshri et al., 2009; Šmite et al.,
2010).

However, the potential benefits for GSD should not be taken for granted
as they are not easily achievable. GSD teams face challenges due to temporal
and geographical distance, and cultural difference (Nurdiani et al., 2011). The
challenges can negatively impact communication and coordination practices.
These practices are important for project success (Brooks, 1995). Due to the
challenges encountered, GSD is thus more challenging to manage than work
that is executed by collocated teams. Consequently, it also makes it difficult to
realize the potential benefits linked with GSD projects.

1.2.2 Software Quality

Software is pervasive and the market is progressively more competitive, and
quality is essential for success. Thus quality is one aspect of the software product
a company would not want to compromise when engaging in GSD projects.
Quality related issues can result in increases in development and maintenance
related costs, and inhibit the realization of the potential GSD benefits, such as
cost reduction.

Quality is a multifaceted concept that can be defined from different per-
spectives, e.g., the user, manufacturer, or the product (Garvin, 1984). The
multifaceted nature of the definition of quality can be further illustrated by
the various nomenclature and different models for software quality that have
been proposed in literature, like Boehm et al. (1976), McCall et al. (1977) and
ISO/IEC-25010 (2010). McCall et al. (1977) proposed a quality model that has
different quality characteristics grouped according to the major perspective of
the software product that they characterize, i.e., product operation, product
revision and product transition. Boehm et al. (1976) proposed a framework for
assessing software quality that has a set of hierarchical characteristics and mea-
sures to quantify them. ISO/IEC-25010 (2010) proposed two quality models
that cover two different perspectives, quality in use and the product quality.
Though the model by Boehm et al. constitutes of seven quality characteristics,
and that by McCall et al. has eleven, and the two ISO/IEC-25010 models have
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five and eight, there are only three characteristics that are common in these
models. These are efficiency, reliability and portability.

One aspect of the software product that can be evaluated to understand or
predict quality is the source code, which is an internal aspect of the product.
Source code is “any static, textual, human readable, fully executable description
of a computer program that can be compiled automatically into an executable
form” (Binkley, 2007). The source code definitively details what the software
“actually” does (Binkley, 2007). Hence, analyzing it provides insights on the
quality of software intensive products.

The source code can be indirectly evaluated by analyzing problem reports
that are linked to a problem in the source code (defect reports). Analyzing the
defect reports can help identify issues that require attention in order to improve
the quality of the software product. The source code can be directly evaluated
by extracting and analyzing measures that quantify different attributes of the
source code.

1.2.3 Software Evolution

Software evolution is inevitable (Mens and Demeyer, 2008). Its inherent com-
plexities should be taken into consideration when analyzing software quality
over a period of time. The software product is likely to be going through nu-
merous changes at various periods of a GSD project. Hence, it is important
to consider software evolution inherent characteristics when investigating the
impact of GSD settings on software quality over time.

The laws of software evolution that capture the phenomenon surrounding
software evolution and its inherent complexities, and quality, are the second and
the seventh laws of evolution (Lehman, 1996). The law of increasing complexity
states that “as a program is evolved its complexity increases unless work is
done to maintain or reduce it.” (Belady and Lehman, 1976) and the law of
declining quality states that “E-type programs will be perceived as of declining
quality unless rigorously maintained and adapted to a changing operational
environment” (Lehman, 1996). E-type programs are systems that are prone to
change and as a result evolve because they address ever-changing problems in
the real world (Lehman, 1980).

The inherent difficulties of GSD make coordinating development work and
managing software evolution a daunting task (Sangwan et al., 2007). Findings
from an in-depth empirical investigation on the impact of GSD settings on
quality during evolution can be useful input in the decision-making process
for practitioners when managing, planning and executing GSD projects. The
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investigations and findings presented in this thesis are related to the implications
on quality of GSD settings that involve distributed development and software
transfers for evolving systems.

1.3 Research Gap and Contributions

There has been an increase in GSD empirical studies (Šmite et al., 2010; Verner
et al., 2012). However, studies that provide findings on the effect of GSD settings
on quality are scarce. Of the few studies that are available, some show contra-
dicting results. For example Ramasubbu and Balan (2007) report on a negative
effect on quality due to distributed development, whereas Spinellis (2006) found
a negligible effect on quality and (Bird et al., 2009) found negligible difference
on the effect on quality between collocated and distributed teams. Additional
studies will help with building up evidence that would help with better under-
standing distributed developments settings and the related factors that have an
influence on quality.

There are also very few studies that report on the implications on quality
of GSD settings that involve software transfers. In the few studies available
some studies have focused on the suitability of products for transfers and un-
derstanding factors that impact efficiency during transfers, for example (Šmite
and Wohlin, 2012) and (Mockus and Weiss, 2001). Studies presented in this
thesis differs from available studies in that an evolutionary view of quality is
used in the investigations using quantitative data from multiple releases. The
evolutionary view helps to better understand variation in quality before, during
and after a transfer. Thus the investigations provide a much deeper insight of
the impact of software transfers on quality.

Moreover, a majority of the studies that are available are based on qualitative
data analysis, and discuss GSD related challenges and solution (Verner et al.,
2012). Hence, there is a need to provide more empirical evidence that involve
the use of quantitative data to help practitioners understand the implications
of GSD settings on quality, and help them make informed decisions for current
and future projects (Prikladnicki et al., 2008; Marques et al., 2012; Šmite and
Wohlin, 2012).

The empirical findings reported in this thesis were obtained from investiga-
tions on multiple software releases in two different companies. This was done
to help understand the changes in quality over time, before, during and after
various GSD settings during the evolution of the product. In addition, major
events were also captured when investigating the change in quality over time to
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help with understanding the extent of the effect on quality of the events in rela-
tion to the GSD settings. Both data and methodological triangulation involving
qualitative and quantitative methods were utilized in the investigations.

In summary, this thesis contributes to the area with the following:
• Presents results from an investigation conducted on the impact of GSD

on quality across multiple subsequent software releases. This involved
capturing various distributed development environments utilized, and the
analysis of the variations of quality before, during and/or after various
distributed environments.

• An analysis of quality using defect data and/or source code measures of
multiple software releases of a product developed in distributed develop-
ment environments. Source code measures useful for quality evaluation
are also presented.

• Triangulation of quantitative data, collected from multiple releases, with
qualitative data from practitioners involved in the development and main-
tenance of the releases.

1.4 Research Questions

The main research questions addressed in this thesis are tabulated in Table 1.1.
“T” attached to the research question identifier, for example, TRQ1, is used to
indicate that it is a thesis research question.

Table 1.1: Thesis Research Questions

Thesis Research Questions
TRQ1: How does external software quality vary in GSD settings?
TRQ2: How can internal software quality of the software be evaluated?
TRQ3: How does internal software quality vary in GSD settings?
TRQ4: What are the critical factors that influence quality in GSD
settings for evolving systems?

Defect data is often the most readily available data that can be used as
an indicator of software quality and it can be used to investigate the variation
of software quality, from an external perspective. In addition, monitoring and
improving the speed of maintenance work, that is, system modifications that are
carried out for corrective or enhancements purposes (Kitchenham et al., 1999),
helps with controlling and improving software quality (Bijlsma et al., 2012).
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Separate investigations of the defect data across releases and the variation of the
defect resolution cycle across releases is addressed by research question TRQ1.

It is of interest to practitioners involved in the development of software
intensive products to understand the impact that distributed environments have
on the internal software quality. Analyzing multiple releases of the internal
software quality, i.e., the source code, provides insights on the variations of
changes in quality over time. There is a plethora of source code measures that
are proposed in literature, hence there is a need to identify useful measures for
evaluating source code quality. This is addressed by research question TRQ2.
The findings obtained through this investigation are then used to investigate the
variation of the source code quality across multiple releases in a GSD setting.
This is addressed by research question TRQ3.

The empirical investigations and findings from addressing TRQ1 and TRQ3,
which involve the triangulation of quantitative data with qualitative data, are
used to address TRQ4. Figure 1.1 illustrates the relation between the chapters in
this thesis and the thesis research questions, and the research approach used to
address the research questions. The links between the thesis research questions
themselves are also shown in the figure.

1.5 Research Approach and Chapters

Table 1.2 shows the research approach used to address the research questions.

Table 1.2: Research Approach and Chapters

Chapters Thesis
Research
Questions

Main
Method

Sub-method Unit of
Analysis

2 TRQ1 Embedded
case study

Quantitative analy-
sis and focus group
meeting

Product

3 TRQ1 Holistic case
study

Quantitative analy-
sis and interviews

Product

4 TRQ2 Systematic
literature
review

N/A N/A

5 TRQ3 Embedded
case study

Quantitative anal-
ysis and question-
naires

Source code
of a product
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Chapter 4

External Quality Internal Quality

Chapter 5Chapter 3Chapter 2

SLR

Product Product ProductProcess

Case
Studies

TRQ1
TRQ2 TRQ3

TRQ4

Addresses

Implemented in

Figure 1.1: Relation Between TRQs and Chapters

Empirical research methods in software engineering are increasingly impor-
tant. They help to understand, evaluate and improve software engineering by
enabling practitioners to make informed decisions (Wohlin et al., 2003). Com-
mon empirical research methods used in software engineering research are case
studies, surveys, experiments and action research (Wohlin et al., 2003; Rune-
son et al., 2012). The main research approach that is used to address research
questions TRQ1, TRQ2 and TRQ4 is a case study approach.

Apart from performing empirical studies, evidence can also be collected by
synthesizing existing literature on the area of interest (Kitchenham et al., 2004).
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This approach is known as systematic literature review (SLR), and it is used to
address TRQ2.

1.5.1 Case Study

A case study approach was used in Chapter 2, Chapter 3 and Chapter 5. This
approach facilitated with understanding variation in quality over time and iden-
tifying key factors that had an impact on the changes in quality.

Case studies are more flexible than other approaches used in empirical re-
search like experiments and surveys (Runeson et al., 2012). They allow design
of the study to be fine tuned throughout the course of the study. Another ad-
vantage of case studies is the ability to study the phenomena of interest within
its context (Runeson et al., 2012).

The case studies in Chapter 2, Chapter 3 and Chapter 5 were conducted fol-
lowing the exploratory case study guidelines proposed by Runeson et al. (2012).
The case studies in Chapter 2 and Chapter 5 are embedded case studies, and
the case study in Chapter 3 is a holistic case study. A holistic case consists of a
single case with one unit of analysis (Runeson et al., 2012). An embedded case
study consists of a single case with more than one unit of analysis (Runeson
et al., 2012).

Two of the most important aspects of a case study are the case, and the
unit of analysis. This is because these two aspects, from a research design
perspective, are the elements that are to be studied (Runeson et al., 2012). The
units of analysis linked with the chapters and research questions are shown in
Table 1.2.

In a case study, data needs to be obtained from different sources (trian-
gulation), which improves the validity of the study findings (Runeson et al.,
2012). The use of both qualitative and quantitative data collection methods is
an approach that is referred to as methodological triangulation, and it is done
to strengthen validity of the study (Runeson et al., 2012).

The quantitative data used in the case studies in Chapter 2 and Chapter
3 was mainly defect data from multiple sequential releases. For Chapter 5 the
data was mainly source code measures and defect data from multiple sequential
releases.

The qualitative data in the empirical investigations presented in thesis was
mainly obtained through either interviews, focus group meetings or question-
naires. A focus group meeting is a method of collecting qualitative data from
group discussions conducted with experts in a particular topic of interest (Mor-
gan, 2008). Focus group meetings were conducted in the case study that is
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presented in Chapter 2. Interviews help with obtaining certain explanations
that can be attributed to the variances in the quantitative data, and help with
the clarification of project/company documents (Runeson et al., 2012). Inter-
views were used in the case study that is presented in Chapter 3. Questionnaires
were used in the case study that is presented in Chapter 5.

1.5.2 Systematic Literature Review

An SLR is used in Chapter 4 to systematically identify and gather source code
measures that have been empirically evaluated on their link with quality. The
purpose for the SLR was to identify useful source code measures for quality
analysis to help with conducting the case study in Chapter 5. A rigorous and
comprehensive approach of collecting and synthesizing existing empirical find-
ings proposed by Kitchenham and Charters (2007) was used in the SLR.

Apart from using an SLR to investigate the strength of evidence pertaining
to a certain outcome, as is the case for the study presented in Chapter 4, SLRs
can also be used to identify research gaps, and/or to generate new hypothesis
(Kitchenham and Charters, 2007). An SLR consists of defining a protocol,
defining a search strategy, describing clear inclusion and exclusion criterion for
studies, describing a criterion for evaluating the quality of studies, identifying
the data to extract from the studies, and identifying the methods for analyzing
the data (Kitchenham and Charters, 2007).

1.6 Case Companies

1.6.1 Ericsson

The data used in Chapter 2 and Chapter 3 is from a multinational telecommuni-
cation corporation, Ericsson. The company has numerous sites that are globally
spread out, and has been involved in GSD projects that involved distributed de-
velopment and software transfers. The company is interested in understanding
the impact that project setting with globally distributed development teams
and software transfers have on quality so that they can make informed decisions
on future projects.

The data used in Chapter 2 is from two products from the company. Data
from one of the two products is used in Chapter 3. Each of the products
is a large software intensive subsystem, and part of a compound system, i.e.
integrated with other products, that is developed for the telecommunication
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market. The company’s sites located in Sweden and in India were involved in
development and maintenance activities at certain points during the evolution
of the products.

1.6.2 Anonymous

The data used in Chapter 5 is from a company that has requested to remain
anonymous for confidentiality reasons. The company is part of a large multi-
national corporation. It has years of experience providing reliable and accurate
radar gauging solutions to industries involved in storing or transporting liquids
such as chemical, oil and gas.

The company is involved in GSD projects, and is interested in understanding
the implications on quality. The data used in Chapter 5 is from two medium-
sized products. The company’s sites in Sweden and Russia were involved in the
development and maintenance activities of the products.

Figure 1.2 shows the location of the globally distributed development sites
from both companies on part of a Europe and Asia map.

1.7 Overview of Chapters

Table 1.3 details the number of products used in each investigation that is
presented in each chapter. It also shows the collaboration between the sites that
were involved in the development and maintenance activities for the products,
and the location of the sites involved.

1.7.1 Chapter 2

Chapter 2 presents an exploratory study done to investigate the impact of soft-
ware transfers on defect resolution cycles across releases in a GSD setting. A
lean indicator for efficiency is used to quantify, and visualize the magnitude
of change in defect resolution cycles across releases, before, during and after
a transfer. Defect resolution cycles are used as a surrogate for maintenance
work activities. Focus group meetings were also conducted to gather informa-
tion on other events (other than the transfer) that occurred during the products
evolution that could be attributed to the variation across releases. The study
was conducted at Ericsson. Whilst Chapter 2 presents investigation on external
product quality focusing on defect resolution cycles, Chapter 3 presents inves-
tigation on external product quality focusing on defect inflow.



1.7 Overview of Chapters 13

RUSSIA

SWEDEN

INDIA

Sites in Chapter 2 and 3
Sites in Chapter 5

Figure 1.2: Location of the Distributed Development Sites in the Chapters
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Table 1.3: Overview of Chapters

* One of the two products used in Chapter 2 is used in Chapter 3.
Chapters No. of

Products
Collaboration between sites Location of

Sites
2 2* Distributed development before and dur-

ing a software transfer (for each prod-
uct).

Sweden and
India

3 1* Distributed development before and dur-
ing a software transfer.

Sweden and
India

4 N/A N/A N/A
5 2 Distributed development before, during

and after a handover of responsibilities
from one site to another, for one product.
For the other product distributed devel-
opment before and during a handover of
responsibilities from one site to another.

Sweden and
Russia

1.7.2 Chapter 3

Chapter 3 presents a study on software transfers and quality in a GSD setting.
Quality is explored by using objective and subjective data. The objective data
used is defects. A longitudinal view is used to visualize the trend of defects
reported across releases, before, during and after a transfer. Subjective data
was obtained through interviews. The purpose of the interviews was to obtain
subjective opinions of product quality across releases and to gather factors that
could be attributed to the variation in quality across releases. The study was
conducted at Ericsson.

Chapter 2 and Chapter 3 present investigations done to understand external
product quality in a GSD setting. It is also of interest to companies to under-
stand the changes in quality of the internal aspects of a product. Measures for
evaluating internal product quality, i.e. the source code, are first identified in
Chapter 4 and the investigations are presented in Chapter 5.

1.7.3 Chapter 4

Chapter 4 presents a systematic literature review that was done to aggregate
and identify object-oriented measures that are useful for evaluating quality of
source code of object-oriented systems. Findings from the review were used as
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input during source code quality analysis in the empirical study that is presented
in Chapter 5.

1.7.4 Chapter 5

Chapter 5 presents an exploratory study done to investigate the impact of dis-
tributed development on source code quality and the effect of handover of re-
sponsibilities on source code quality. Objective data used in the study were
release history, source code measures, defect data and new functionality per
release. The name of the case company is kept anonymous for confidentiality
reasons.

Table 1.4 provides an overview of the studies presented in each chapter. In
summary, Chapter 2 and Chapter 3 presents findings on the impact of GSD
settings on external product quality. Using findings obtained from the study
that is presented in Chapter 4, Chapter 5 presents findings on the impact of
GSD settings on internal product quality. Chapter 2 presents investigations on
quality from the process perspective, and Chapter 3 and Chapter 5 evaluates
quality from the product perspective.

Table 1.4: Overview of Chapters

Chapters Research
Questions

Objective Perspective
of Quality

2 TRQ1,
TRQ4

To explore defect resolution cycles, dur-
ing product evolution, before, during
and after a transfer.

Product

3 TRQ1,
TRQ4

To explore and capture subjective views
and the variation of defects reported
across releases, before, during and af-
ter a transfer.

Product

4 TRQ2 To aggregate and analyze measures
that have been empirically linked (in
empirical studies) with the quality of
object-oriented source code.

Product

5 TRQ3,
TRQ4

Investigate the nature of the relation-
ship between distributed development
and handover of responsibilities, with
internal and external product measures

Product
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Observations that were made on quantitative data in the empirical studies
that are presented in Chapter 2, Chapter 3 and Chapter 5 were triangulated
with subjective opinions that were obtained from practitioners.

1.8 Overall Contribution of the Thesis

Transfers have a potentially negative impact on quality. In a study focusing on
defect resolution cycles, bottlenecks appeared in maintenance activities during
and immediately after the transfer in two large software products. Details of this
investigation is presented in Chapter 2. When studying the quality of a large
software system, a significant decrease in quality was also identified during and
after the transfer. Details of this investigation is presented in Chapter 3. The
common critical factor found that attributed to the decline in quality in the
studied cases was the lack of, or limited, knowledge with the product due to
little or no experience with the product. Moreover, the additions of complex
functionality, due to the evolution of the products, whilst the employees were
still climbing the learning curves, amplified the problem.

Meanwhile, there was no discernible impact on quality for two products, as
a result of distributed development and the handover of responsibilities between
the involved sites. Details of this investigation is presented in Chapter 5. Find-
ings from the study presented in Chapter 4 were used in the investigation of the
source code quality from the two commercial products. Factors that contributed
to the success of the studied case, among others, were close proximity between
distributed development sites, competency build-up for the less experienced site
because of a long period of close collaboration between the sites, and a stable
and well-designed product architecture.

The difference between the handover activities and the transfer activities
that are presented in Chapter 2 and Chapter 3 is primarily in the type of
work that is relocated from one site to another. The work relocated during
transfers is much more challenging, it is mainly pertaining to development and
maintenance work. This differs from the handover described in Chapter 5, which
was the relocation of project management responsibilities. The relocation of
the responsibilities and not the actual development and maintenance work was
a major contributor to the success of the relocation or handover described in
Chapter 5. The success factors described in the study can be useful input in
the decision-making process for companies engaging in, or considering, software
transfers. Šmite and Wohlin (2011) pointed out factors that can help identify
products that are good candidates for transfers, and grouped the factors into
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three categories, product-, people-, and process-related factors. These factors
were identified as contributors to the success in the studied case. Hence, the
study can be treated as an indirect empirical validation of the factors proposed
by Šmite and Wohlin (2011).

Summary: The findings in this licentiate thesis can be a valuable input in
the decision-making process for companies engaging in distributed development
and/or transfers in GSD settings. The findings show that transferring devel-
opment and maintenance work in a GSD setting can be linked with a decline
in quality. This thesis provides empirical findings detailing the critical factors
that can negatively impact quality, as well as those that can alleviate software
transfer-related issues. The findings also show factors that can contribute to
a successful distributed development setting and relocation of project manage-
ment responsibilities. Moreover, this licentiate thesis shows that analyzing the
evolution of source code measures and defect data can also provide useful infor-
mation to support decision-making during similar projects.

1.9 Validity of the Studies

All studies are subject to threats to validity due to for example, imperfections,
bias or errors (Easterbrook et al., 2008). Validity pertains to the accuracy and
precision of the study results and findings (Robson, 2011).

The main concern is linked to the internal validity of the studies that are
presented in this thesis. For the empirical findings that are presented in Chapter
2, Chapter 3, and Chapter 5, the concern is linked to the GSD related critical
factors that are identified in the studies. However, a comprehensive case study
approach that involved methodological triangulation was followed to improve
validity of the results. For Chapter 4 the internal validity is related to the
possibility of missing relevant papers. The internal and external validity threats
are presented for each study in each of the next chapters.

1.10 Conclusions and Future Work

Companies that engage in software transfers should expect a decline in quality
during and after a transfer. It is difficult to sustain levels of quality when trans-
ferring development and maintenance work to a site with employees with limited
or no knowledge with the product. On the other hand, development work can
be carried out between geographically dispersed sites, and project management
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responsibilities can be moved between the sites without it negatively impacting
quality.

Product-, people- and process-related factors are of paramount importance
to ensure success in GSD settings that involves transfers or geographically dis-
tributed developed teams and should be carefully assessed. Practices to alleviate
issues linked to these factors should be strategically planned in advance.

The future work is based on two fronts: the ideas that arose from the com-
pleted research work, and the overarching goal of this research thesis. Soft
factors like trust that can be found in GSD studies were not studied as critical
factors in the empirical investigations. This, however, should not be perceived
to mean that the factors had no impact. It would be of benefit to decision
makers involved in GSD projects and to the GSD research community to obtain
findings on the relevance of the factors. That is, to investigate how the effect
of the factors is perceived by those involved in development and maintenance
activities in comparison to other factors, such as product experience and prod-
uct complexity. This shall be part of the future work. The factors identified
in the empirical studies presented in this thesis that negatively affected quality
and the GSD factors reported in literature shall be aggregated. The factors will
be placed in a questionnaire that shall be distributed to practitioners to obtain
their perception of the relevance of each factor in relation to other factors.

The overarching goal of this research work is to gather empirical evidence
pertaining to the impact on quality of offshore-insourcing strategies that are im-
plemented in GSD settings and provide input for companies to make informed
decisions in current or future projects. Hence, for future work additional studies
shall be conducted on GSD related strategies that are common between the in-
dustrial partners. Continuing the empirical investigation on strategies that are
currently implemented in industry will help contribute to the body of knowledge.
This will also enhance the usefulness and the relevance of the empirical find-
ings. The investigations will be similar in magnitude in terms of using multiple
releases, taking an evolutionary view of quality, and triangulating quantitative
data with qualitative data.
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Visualization of Defect
Inflow and Resolution
Cycles: Before, During and
After Transfer

Ronald Jabangwe, Kai Petersen and Darja Šmite

Abstract

The link between maintenance and product quality, as well as the high cost
of software maintenance highlights the importance of efficient maintenance pro-
cesses. Sustaining maintenance work efficiency in a global software development
setting that involves a transfer is a challenging endeavor. Studies report on the
negative effect of transfers on efficiency. However, empirical evidence on the
magnitude of the change in efficiency is scarce. In this study we used a lean
indicator to visualize variances in defect resolution cycles for two large products
during evolution, before, during and after a transfer. Focus group meetings were
also held for each product. Study results show that during and immediately af-
ter the transfer the defect inflow is higher, bottlenecks are more visible, and
defect resolution cycles are longer, as compared to before the transfer. Further-
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more we highlight the factors that influenced the change in defect resolution
cycles before, during, and after the transfer.

2.1 Introduction

Maintenance work is a costly endeavor. A large portion of the total costs asso-
ciated with the software product lifecycle is associated with maintenance work
(Bennett and Rajlich, 2000). Almost 50% of the costs per function can come
from maintenance work and over 40% of the software engineering labor force
are most likely involved in maintenance activities (Jones and Bonsignour, 2011).
These statistics highlight the costly nature of, and the importance of sustain-
ing levels of efficiency during, maintenance activities. In addition, monitoring
and improving the speed of maintenance work, e.g., shorter defect resolution
cycle times, can help with controlling and improving software quality (Bijlsma
et al., 2012). Thus it is important to understand the impact that project set-
tings or strategies have on defect resolution cycles, and hence maintenance work
efficiency so as to make informed decisions for future releases.

Strategies implemented in global software development (GSD) projects have
been linked with a decline in efficiency (Carmel and Tjia, 2005; Kommeren and
Parviainen, 2007; Šmite and Wohlin, 2011) and delays in task completion times
(Herbsleb et al., 2001; Nguyen et al., 2008). Software transfer, a prevalent
GSD strategy, can alter the development and maintenance setting. This can
negatively impact efficiency levels, and consequently make it difficult to realize
the potential benefits, such as cost reduction (Carmel and Tjia, 2005; Kommeren
and Parviainen, 2007).

Software transfer is the relocation of, for example, software product devel-
opment responsibilities, from one location to another (Šmite and Wohlin, 2011).
There are studies that report on the negative impact of transfers on efficiency
(Carmel and Tjia, 2005; Kommeren and Parviainen, 2007; Šmite and Wohlin,
2011). We use a lean indicator, proposed by Petersen (2012), to visualize the
magnitude of changes in defect resolution cycles, before, during and after a
transfer, during software evolution. Defect resolution cycles is used as an indi-
cator of maintenance work efficiency. Furthermore, we elicited factors that led
to changes in defect resolution cycles during the three periods.

To the best of our knowledge, there is currently no such systematic inves-
tigation using a similar lean indicator to visualize the magnitude of the effect
on defect resolution cycles, using multiple releases. Our work is driven by the
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need to better understand the implications of software transfers on maintenance
work efficiency.

The remainder of this chapter is organized as follows: Section 2.2 outlines
related work. Section 2.3 follows with a description of the study context and
the research methods. Section 2.4 follows with results from the quantitative
and qualitative analysis. A summary and discussion of the study findings is
presented in Section 2.5. Validity threats and study limitations are discussed
in Section 2.6. Lastly, the conclusions and future work are presented in Section
2.7.

2.2 Related Work

Though GSD related empirical studies are increasing (Šmite et al., 2010; Verner
et al., 2012), there are very few GSD studies that focus entirely on software
transfers. In the few studies available some studies have focused on the suitabil-
ity of products for transfers and understanding factors that impact efficiency
during transfers.

Transferring work to a site with employees that are unfamiliar with the prod-
uct, can result in a decrease in productivity. Based on a case study that was
conducted at Lucent Technologies, Mockus and Weiss (2001) report that this
decrease can be linked to learning curves of a complex product. Their study
highlights the importance of formulating risk mitigation strategies when engag-
ing in transfers. Mockus and Weiss found that Lucent Technologies utilized,
or were considering, certain transfer approaches, such as transferring by devel-
opment stage, or by maintenance phase, as ways to alleviate transfer-related
issues.

In a case study conducted at a large multinational corporation, Ericsson,
Šmite and Wohlin (2012) found factors that hinder efficiency, such as, product
complexity, lack of training for the receiving site, or limited product experience
of the receiving site. Their study is based on findings from two transfer projects.
In the same study, Šmite and Wohlin also provide recommendations that can
mitigate these factors, such as, early transfer planning and early recruitment,
training, and prolonging support from the sending site to the receiving site. In
a separate study, Šmite and Wohlin (2011) provide a checklist in which they
group “transfer critical factors” that can contribute to a successful transfer into
either product-, people-, or process-related categories. The checklist is based
on findings from four transfer projects, and it can help decision-makers, that
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are considering or are already engaging in transfers, with identifying mitigation
strategies for factors that can negatively impact efficiency.

Our study differs from the aforementioned studies in that we use an evolu-
tionary view to investigate defect resolution cycles before, during and after a
transfer. Thus our study provides a much deeper understanding of the impact
of transfers on maintenance work efficiency. A similar longitudinal perspective
is used in Chapter 3, which is a study by Jabangwe and Šmite (2012), in which
they investigate the impact of software transfers on quality. Results from the
study suggest an initial decline in quality after transferring work to a site with
employees that have limited or no previous product engagement. The study is
done by using an evolutionary view of defect data, across multiple releases, of
a large commercial product from Ericsson. The study presented in this chapter
differs from the study in Chapter 3 in that the evolutionary and longitudinal
view is used to investigate defect resolution cycles and not quality.

Petersen (2012) illustrated the usefulness of four lean indicators for evaluat-
ing efficiency of maintenance work. The four lean indicators are defect inflow
(referred to as maintenance flow in (Petersen, 2012)), lead-time, workload, and
cumulative flow diagram. Defect inflow is a measure of inflow per unit time.
Lead-time is a measure of the length in time spent in a particular state, for
example, time spent designing a solution for a defect. The workload indicator
is a measure of the value-adding activities in, for example, maintenance work
over time. A cumulative Flow Diagram (referred to as CFD from hereon in)
provides a pictorial view of the rate with which a solution, for defects for exam-
ple, is identified and implemented. CFDs have been proposed to visualize the
flow of processes in manufacturing (Reinertsen, 1997), and Petersen and Wohlin
(2011) empirically evaluated them on their usefulness in a software engineering
context.

We use one of the lean indicators, the CFD. This is because, unlike with
the other indicators, with a CFD we are able to visualize more than one aspect
in the maintenance flow, i.e., defect inflow, periods of bottlenecks and waiting
periods or lead-times. This gives us the means to analyze defect resolution
cycles from different angles. An in-depth explanation and illustration of how to
interpret cumulative flow diagrams when used as a lean indicator can be found
in (Petersen, 2012) and (Petersen and Wohlin, 2011).

Overall, our study differs from other studies on two fronts. First, the use of a
lean indicator that visualizes defect resolution cycles to understand implications
on efficiency of maintenance work. Second, we use a longitudinal and evolution-
ary view of the lean indicator to investigate the impact of software transfers
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on defect resolution cycles. We did not find any other study that conducts a
similar analysis.

2.3 Research Methodology

2.3.1 Purpose

The purpose of this study is to explore defect resolution cycles, during product
evolution, before, during and after a software transfer. The overarching research
questions that drive this research are:

RQ1: How does the efficiency of maintenance work vary in GSD projects
that involve software transfers?

RQ2: What are the confounding factors that influence defect resolution cy-
cles for products that evolve in a GSD context that involve software transfers?

In our study we use the defect resolution cycle 1 as a surrogate for mainte-
nance work. We use the CFDs to visualize the defect resolution cycle before,
during and after a transfer. Unlike defect removal efficiency, which is the per-
centage of defects removed prior to delivery to customers or users (Jones, 2008),
defect resolution efficiency is the speed with which reported defects are solved.
Maintenance in our study context refers to system modifications that are carried
out to correct and/or change system behavior through, for example, defect-fixes
or enhancements (Kitchenham et al., 1999).

2.3.2 Case Description and Context

This study is an exploratory case study that was conducted at a multinational
telecommunication corporation, Ericsson. The company was selected due to
the company’s interest and support in the research. The case study design
was conducted following the guidelines proposed by Runeson et al. (2012). We
consider the study to be an embedded case study, of two products from the
same company, with the unit of analysis being the product. The study subjects
are the employees involved in product development, i.e. practitioners.

The two products used in the investigation are software intensive products
with customers in numerous countries. For confidentiality reasons the two prod-
ucts are referred to as Alpha and Beta. Both products are large subsystems,

1Defect resolution can also be measured by aggregating resolution duration times, as shown
by Luijten and Visser Luijten and Visser (2010). Luijten and Visser use the measure as a
proxy or indicator for maintenance efficiency.
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software intensive products, that are part of a compound system (i.e. integrated
with other products) that is developed for the telecommunication market.

Alpha is a complex product that requires specific technical competences.
Product development commenced in 2001, and it was initially carried out by a
single site in Sweden. In 2007 employees from the company’s site in India were
brought to Sweden for training purposes in preparation for the transfer. Based
on the definition of types of transfers described by Wohlin and Šmite (2012) the
transfer for Alpha is regarded as a gradual transfer. This gradual transfer from
the site in Sweden to the site in India took place in 2009. Alpha was regarded
as a mature product.

Beta was involved in two transfers. The first transfer of development and
maintenance work responsibilities, occurred between a site in Ireland (owned
by another company) and the case company’s site in Sweden, in 2007. At this
time the product was regarded as an immature and highly complex product. In
addition very little product documentation was available.

The second transfer occurred between the first quarter and the fourth quarter
of 2009, from the site in Sweden to a site in India. During this period the product
was moderately mature. As part of the transfer a consultant was hired to help
documenting critical product aspects. This improved product documentation.

For Beta, we only study the second transfer. Thus we limit our observation
and analysis to after the first transfer and onwards. Using the transfer type def-
initions described by Wohlin and Šmite (2012), the transfer for Beta is regarded
as a full transfer.

In 2005, the case company began shifting from using waterfall methodologies
to adopting agile practices for development and maintenance activities for all
its products, including Alpha and Beta.

Summary of the Context: Providing study context helps in understand-
ing generalizability of study results and findings (Kitchenham et al., 2002; Pe-
tersen and Wohlin, 2009). The classification of GSD empirical studies proposed
in (Šmite et al., 2008), and GSD related characteristics provided in (Šmite and
Wohlin, 2011), is used in Table 2.1 to show how this study relates to empirical
GSD studies.

2.3.3 Data Collection and Analysis

A methodological triangulation approach is used in the studies by combining
quantitative and qualitative methods (Runeson et al., 2012). This is also referred
to as a mixed method approach (Robson, 2011), and it helps with increasing
validity and precision of study results.
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Table 2.1: Study Context

Empirical Background

Main Method Embedded case study
Sub Methods Quantitative analysis and focus group meeting
Empirical
Focus

Empirically-based (exploratory)

Subjects Practitioners
Focus of Study Defect resolution cycle during software evolution

GSD Background

Alpha Beta
Collaboration
Mode

Intra-organization/ Offshore
insourcing

Intra-organization/ Offshore
insourcing

Approach and
Type of Work

Single transfer. Single-site ex-
ecution before the transfer. In
preparation for the transfer
work was distributed between
the sending and receiving site.
The transfer was a gradual
transfer during which work was
distributed. The transfer re-
sulted in a single-site execution
at Alpha’s Site-B.

Two transfers but we study
the second transfer. Single-
site responsibility before the
transfer. The receiving site
was involved with the prod-
uct before the transfer and
this resulted in distributed
work. The transfer resulted
in a single-site execution at
Beta’s Site-B.

Quantitative Data (RQ1)

Our unit of measure is the number of defects. Defects used in our study are
those that are linked to a problem in the source code and thus require a solution
to be directly implemented into the source code. Thus we excluded any defects
that did not meet this criterion, e.g., defects related to documentation problems.

At the case company, defects are prioritized based on their severity or effect
on the system as either high, medium or low. High priority is given to defects
that pose a risk to the system stability and may cause failure. Low priority is
given to defects that do not have an effect on the performance or stability of the
system. During maintenance work, high priority defects are given precedence to
medium and low priority defects. High priority defects are also constrained to
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shorter resolution cycles than medium and low priority defects. Medium priority
defects are given precedence to, and also constrained to shorter resolution cycles
than, low priority defects. To ensure a level of comparability of the maintenance
flow for defects across releases, CFDs were applied to each of the three types of
defects as suggested by Petersen (2012).

Measurements: At the case company a date stamp is given to a defect to
indicate the state of a defect in the maintenance flow process. More details at a
more granular level of the maintenance flow process at the case company can be
found in (Petersen, 2012). With the help from a test and verification employee
at the company, we extracted and used the date stamps on the defects to map
the monthly states of each defect. The following aspects were then measured
using the information of defect states over time:

• M1: Rate of defect inflow over time,
• M2: Rate of analyzing, designing and implementing solutions for defects

rate,
• M3: Rate of implementing correctional packages solutions for deployment

at customer sites.
Visualization: Analysis was done to evaluate periods of efficiency and

inefficiency of maintenance work by applying CFDs to the measures to visualize
the following aspects:

• Variances of defect inflow (through the aid of M1),
• Bottlenecks in the solution design activities (through the aid of M2), and
• Waiting periods (through the aid of M3).
Variances in defect inflow can either be an increase, decrease, or stable flow.

Bottlenecks occur when the rate of designing and implementing solutions is lower
than the rate of defect inflow. Waiting periods are indicated by the length in
time it takes to release correctional packages to customers.

Interpretation of the CFDs: The second author helped with interpret-
ing the CFDs since he conducts research at the company whilst embedded in
the company, and has previous experience with applying the CFDs on the com-
pany’s maintenance process and requirements analysis process. An example of
how to interpret the CFDs in our study is provided in Appendix A.

All authors held an internal discussion during which the authors shared
personal observations from the CFDs. A consensus was reached on the period
of efficiency and inefficiency, and these periods were marked on the CFDs. The
marked CFDs were then presented in focus group meetings at the company for
practitioner reflection.
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Qualitative Data (RQ2)

A separate focus group meeting was conducted for each product. A focus group
meeting is a method which uses qualitative data collected from group discussions
(Morgan, 2008). The meetings were planned and conducted following the steps
described by Kontio et al. (2004).

The focus group meetings were used as a platform to present the CFDs, and
to gather insights not visible from the quantitative data pertaining to events
or factors that may have had a confounding effect on defect resolution cycles.
Each meeting lasted for approximately an hour.

The focus group participants were either involved in the maintenance pro-
cess, or had knowledge of the products’ evolution and history. Product and
project managers for both products helped with selecting suitable participants.

Each focus group consisted of employees in Sweden and employees in India.
The focus group meetings were held at the site in Sweden. Hence, employees
from the site in India took part in the discussions through video conference
calls. This created a platform that consisted of both face-to-face and virtual
focus group meetings. Examples of uses for virtual focus group meetings are
described in (Turney, 2008). For Alpha, participants in the focus group meeting
were those involved with the product before, during and after the transfer.
For Beta, the participants were those involved with the product after the first
transfer and, during and after the second transfer. The participants are listed
in Table 2.2.

Participants in the meetings for each product shared similar opinions on their
reflections. The reflections were documented in real-time in the form of written
notes. Analysis of the notes was performed in four steps. In the first step we
identified reflections from the meetings on the measures that were visualized in
the CFDs. In the second step we separated the reflections based on their relation
to the transfer period, i.e., before, during and after a transfer. In the third step,
we examined the reflections to identify factors that the participants linked to
patterns and trends in defect inflow, bottlenecks and waiting periods. In the
fourth step, we characterized the factors by the appropriate type of transfer
critical factor, i.e., product, people or process, that are described by Šmite and
Wohlin (2011).

The final result was a table that captures the type of critical factor, and a
description of the factors (as described by the focus group participants), and
the effect the factors had on defect resolution cycles, before, during and after
a transfer as observed from the CFDs. The table was an “m-by-3” matrix;
where m is the number of factors and three are the transfer periods, i.e., before,
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Table 2.2: Focus Group Participants

Product Role 2 Responsibility Period of Involvement
Alpha Senior Test and

Verification Man-
ager*

Managing testing activities Before and during transfer

Alpha Senior System
Tester*

System testing Before and during transfer

Alpha Test Coordinator Coordinating testing activi-
ties

Before and during transfer

Alpha Technical Sup-
port

Monitoring defect flow and
providing support to cus-
tomers

During and after transfer

Alpha System Tester Functional and non-
functional testing

During and after transfer

Alpha Architect Designing and analyzing both
architecture and source code

During and after transfer

Beta Senior Test and
Verification*

Managing testing activities Before and during transfer

Beta Senior System
Tester*

Managing testing activities Before and during transfer

Beta Senior Manager Managing of architecture and
development activities

During and after transfer

Beta Senior Manager Managing of architecture and
development activities

During and after transfer

Beta Architect Designing and analyzing ar-
chitecture

During and after transfer

Beta Senior Software
Engineer

Software Developer During and after transfer

2The employees with an asterisk are from the site located in Sweden. The others without
the asterisk are from the site in India

during or after a transfer. The analysis approach we followed, i.e., of grouping
and categorizing the reflections, is similar to the thematic analysis approach
(Ayres, 2008).

2.4 Results and Analysis

2.4.1 Product Evolution

Defect data extracted from the company’s defect-tracking system for Alpha
spanned nine years, between 2004 and 2012. During that time period a total of
nine releases were made available to the market. Defect data for Beta spanned
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five years, between 2008 and 2012, and seven releases were made available to
the market. This data highlights the evolution, (i.e., software releases over time
(Mens and Demeyer, 2008; Lehman, 1980)), of the two software products. Such
a wide range of data helps with visualizing variances in defect resolution cycles
over time, and also helps to understand the extent of the impact of transfers on
efficiency during defect resolution activities, during evolution.

Observations of the CFDs and the reflections from the focus group meetings
for the aforementioned data are presented in the next sections.

2.4.2 Alpha

Observations: Figure 2.1, Figure 2.2 and Figure 2.3 shows the CFDs for the
high, medium and low priority defects, respectively, for Alpha.

After a period during which there is a continuous stable low rate of defect
inflow, the rate of defect inflow increases. Notably, this increase begins from
the point that employees from Alpha’s Site-B get involved with the product
and after Alpha’s R1 release. The continuous stable low rate of defect inflow

is visible in all priority defects, i.e., indicated by 1A in Figure 2.1 for the high

priority defects, indicated by 1B in Figure 2.2 for the medium priority defects,

and indicated by 1C in Figure 2.3 for the low priority defects. Increase in defect
inflow before the transfer is more visible in the high priority defects indicated

by 2A in Figure 2.1, and in the low priority defects indicated by 2C in Figure
2.3, than in the medium priority defects.

During the transfer the rate of defect inflow increases for all defects. This

is indicated by 3A in Figure 2.1 for the high priority defects, and indicated

by 2B in Figure 2.2 for the medium priority defects, and 3C in Figure 2.3
for the low priority defects. Interestingly bottlenecks in the solution design
activities emerge during the transfer for the high priority defects indicated by

4A in Figure 2.1, and for the low priority defects indicated by 4C in Figure
2.3. It is important to note that, though bottlenecks are visible for the medium
priority defects during the transfer, there are bottlenecks visible in the CFD
for the medium priority defects across all releases, before, during and after the
transfer. In the case for the high and the low priority defects, the bottlenecks
appear after Alpha’s release R5 is made available to the market.

There are sharp increases in defect inflow soon after the transfer period,
and bottlenecks in the solution design activities that are more prominent than
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Figure 2.1: Alpha - High Priority Defects

during the transfer, for the high priority defects indicated by 5A in Figure 2.1

and the low priority defects indicated by 5C in Figure 2.3. This period is also
around the time a new product release, R6, is made available to the market,
which is six months after the end of the transfer period. After this release, there
are visible delays in the finalization of correctional packages for defects of low

priority, indicated by 6C in Figure 2.3.

Approximately, a year after the transfer, defect inflow begin to stabilize, and
there are improvements in the solution design activities as bottlenecks are less
apparent, and the rate of finalizing correctional packages get faster. This period
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Figure 2.2: Alpha - Medium Priority Defects

is indicated by 6A in Figure 2.1 for the high priority defects, and indicated by

7C in Figure 2.3 for the low priority defects.

Overall, bottlenecks that emerge for high and low priority defects during
and after the transfer, as well as the delay in finalizing correctional packages
indicate periods that experienced a decrease in efficiency in resolving defects. It
is important to note that medium priority defects show a different trend in defect
resolution cycles across releases in comparison to the high and the low priority
defects. The medium priority defects have a prolonged and prevalent bottleneck
in the solution design activities across all releases, before, during and after the
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Figure 2.3: Alpha - Low Priority Defects

transfer. In addition the decrease in efficiency during the transfer is much more
apparent in the high and low priority defects, than the medium priority defects.
This difference highlights the usefulness of taking into consideration the severity
of the defects when analyzing maintenance activities, because the flow of the
maintenance process can be influenced by the type of defects being reported,
i.e., the effect of the defects to the system’s stability.
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Reflections: Participants in the focus group meeting for Alpha linked
the increase in defect inflow just before the transfer to Alpha’s new market
release, R1, and the introduction of new employees from Alpha’s Site-B that
were brought in for training in preparation for the transfer. The new employees
were still learning the ripple effects of making changes in the complex product.
Ripple effects are concerned with the impact that certain changes may have
on other areas of the system (Yau et al., 1978). According to the focus group
meeting participants, there was also insufficient documentation to help the new
employees learn the complex product.

For increases in defect inflow that occur during the transfer period, the par-
ticipants linked them to the increase in new customers. As the number of cus-
tomers increased, and the number of end users increased, previously unknown
issues were discovered. They linked the bottlenecks to the new release for Alpha,
R5, that came with new complex functionality. This new release made mainte-
nance activities more challenging for employees from Alpha’s Site-B who were
still learning the product. The participants also pointed out that the complexity
of the product architecture and insufficient product documentation made the
handover or transfer difficult to execute.

For the increase in defect inflow and bottlenecks in the solution design ac-
tivities, after the transfer, the participants linked them to an increase in new
requirements and functionality implemented in releases R6 and R7, shown in
Figure 2.3. This occurred at a time the employees were still climbing the learn-
ing curve. On top of that, due to attrition at Site-B, there were changes in the
design and maintenance team after the transfer, which resulted in new employ-
ees being introduced in the team. This considerably decreased the competence
within the maintenance teams and amplified the negative effect on defect res-
olution cycles, and hence efficiency. The consequence was bottlenecks in the
solution design activities and delays in finalizing correctional packages as the
new employees needed time to climb up the learning curve of the complex prod-
uct. As a result of the bottlenecks there were increases in escalations from
customers pertaining to product related issues.

With regards to the prolonged or prevalent bottlenecks in the solution and
design activities visible in the medium priority defects, across releases, the par-
ticipants indicated that there was less pressure to formulate fixes for defects of
medium priority in comparison to the high priority defects. The higher priority
defects were given precedence and constrained to shorter resolution cycles.

Overall, the confounding factors that had an impact on defect resolution
cycles for Alpha are: (1) unfamiliarity or inexperience of employees with the
product, (2) learning curve of the complex product for the new employees and in-
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sufficient product documentation, (3) implementation of complex product func-
tionality, and (4) unstable maintenance team after the transfer, and (5) low
precedence/priority for certain maintenance work.

2.4.3 Beta

Observations: Figure 2.4, Figure 2.5 and Figure 2.6 shows the CFDs for the
high, medium and low priority defects, respectively, for Beta.

Before the transfer for Beta there are increases in the rate of defect inflow
and delays in the finalization of correctional packages in the high priority defects

indicated by 7A in Figure 2.4, and the medium priority defects indicated by

5B in Figure 2.5, and the low priority defects indicated by 8C in Figure 2.6.

After Beta’s R4 release, the rate of defect inflow increases and it is faster than
before the release and there are still delays in finalizing correctional packages.

This period is during the transfer and it is indicated by 8A in Figure 2.4 for the

high priority defects, and by 6B in Figure 2.5 for the medium priority defects,

and by 9C in Figure 2.6 for the low priority defects.

Apart from the increase in defect inflow and delays in finalizing correctional
packages during the transfer period, bottlenecks in the solution design activities
also emerge, in all three types of Beta’s defects. The bottlenecks emerge after

Beta’s R6 release. The bottlenecks are indicated by 9A in Figure 2.4 for the

high priority defects, and by 7B in Figure 2.6 for the medium priority defects,

and by
10C

in Figure 2.6 for the low priority defects.

After the transfer period, similarly to during the transfer, there is an increase
in defect inflow, bottlenecks in the solution design activities, and there are delays
in finalizing correctional packages. These aspects are visible in all three types of
the defects. The increase in defect inflow and the bottlenecks are more apparent

in the high priority defects indicated by
10A

in Figure 2.4, and for the medium

priority defects indicated by 8B in Figure 2.5, than those visible in the low

priority defects indicated by
11C

in Figure 2.6.

After the last release for Beta, R7, approximately a year after the transfer
period, though the rate of defect inflow gets slower and the rate of finalizing cor-
rectional packages is faster, bottlenecks in the solution design activities remain
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Figure 2.4: Beta - High Priority Defects

apparent after the transfer period. These bottlenecks are indicated by
11A

in

Figure 2.4 for the high priority defects, and by 9B in Figure 2.5 for the medium

priority defects, and by
12C

in Figure 2.6 for the low priority defects.
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Figure 2.5: Beta - Medium Priority Defects

Overall, the delays in finalizing correctional packages before, during and the
transfer, and the bottlenecks during and after the transfer highlight areas for
improving efficiency during maintenance work for Beta. Unlike for Alpha, the
three defect types for Beta show similar trend in defect resolution cycles.

Reflections: For Beta, focus group meeting participants linked the in-
crease in defect inflow to increases in new requirements. Participants linked the
delays in finalizing correctional packages to that there was a low competency
within the maintenance team. There were new employees from Beta’s Site-B
that had little or no previous engagement with the product that had joined



2.4 Results and Analysis 37

Involvement)
of)Site-B)

10) 11) 12)

8C)

9C)

11C)

12C)

R1) R2)R3)R4) R5) R6) R7)

04) 05) 06) 07) 08) 09)

10C)

Responsibility)
of)Site-A)

Responsibility)
of)Site-B)

Transfer)
Period)

Defect 
Inflow 

Defect In 
Design 

Defect 
Fixed 

Defect-Fix 
Finalized 

Figure 2.6: Beta - Low Priority Defects

maintenance activities. In addition, Beta’s R4 release was a major release that
made maintenance work even more challenging for the inexperienced employees.
The participants pointed out that the increase in defect, and the delays in final-
izing correctional packages, before the transfer can also be linked to the major
re-architecturing activities that was taking place at the time the new employees
joined. The major re-architecturing activities that was taking place made the
learning and understanding of the complex product difficult for the employees
from Beta’s Site-B.
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During the transfer, there was an increase in the number of customers due
to the major release, R4, just before the transfer period. Participants from
the focus group meeting for Beta linked this aspect to the increase in defect
inflow. Additionally, as the transfer was taking place, there were more new
employees from Beta’s Site-B that were involved in the handover. These new
employees needed time to build-up competencies. However, during this period
new complex functionality was added with releases R5 and R6 for Beta, and as
a result slowed down the learning process of the maintenance teams. In addition
to making maintenance work more challenging for the new employees, the new
requirements slowed down the learning process. The participants linked these
aspects to the bottlenecks and the delays in finalizing correctional packages that
occur during the transfer.

Participants of the Beta focus group meeting linked the bottlenecks that
occur after the transfer to that employees at Site-B employees were still climbing
the learning and building up competencies for the complex product. They also
pointed out that, a year after the transfer, the product was in a servicing stage,
and it was transitioning into the phase-out stage. As a result, maintenance
activities for the product were not prioritized. The servicing stage followed by
the phase-out stage, are the last two stages of a products evolution leading to
the close down of the product (Bennett and Rajlich, 2000; Mens and Demeyer,

2008). This period is indicated by
11A

in Figure 2.4, by
9B

in Figure 2.5, and

by
11C

in Figure 2.6. During this period there were no new functionality added
to the product and minimum effort was assigned to maintenance activities.

2.4.4 Cross case comparison

Defect data for Beta has some similarities and differences in comparison to that
of Alpha. There are no periods of a continuous stable low rate of defect inflow
before the transfer for Beta that is visible in the data for Alpha. There are delays
in the finalization of correctional packages before, during and after transfer for
Beta, but not for Alpha. However, for both products, during and after the
transfer the rate of defect inflow increases and bottlenecks in the solution design
activities emerge.

Another interesting aspect is that the rate of defect inflow is higher during
the transfer period than before or after the transfer period in both cases. In
addition, bottlenecks are much more visible after the transfer period.
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Overall, apart from a few differences in the quantitative data, generally the
factors that had an impact on defect resolution cycles for Beta are similar to
those that had an impact for Alpha. One factor that was identified in the case
for Alpha but not for Beta is low precedence that was assigned to certain main-
tenance work. Two factors that had an impact for Beta but were not brought-up
for Alpha are: major re-architecturing activities and software evolution life-cycle
stage of the product.

2.5 Summary and Discussion

Our findings show that there is a negative effect on defect resolution cycles
during the transfer period and months after the transfer period as indicated by
the bottlenecks and delays in releasing/finalizing correctional packages. These
are indicators of a decrease in efficiency. Table 2.3 shows factors that were
obtained through reflections during the focus group meetings, for Alpha and/or
Beta, that had an impact on the measures M1, M2 and M3 (for description of
the measures, see Section 2.3.3). Data in the table is sorted by the categories
for transfer critical factors that are described by Šmite and Wohlin (2011).

Our findings confirm and illustrate how some of the factors identified in
(Šmite and Wohlin, 2011) have an effect on defect resolution cycles, and hence
maintenance work efficiency. This supports posits reported by Carmel and Tjia
(2005) and by Šmite and Wohlin (2011), and findings from the study by Mockus
and Weiss (2001). Both products used in our study experienced periods of bot-
tlenecks, increased inflow of defects and lengthening of waiting periods. Table
2.3, that summarizes our findings, also suggests that there are more product
related factors that have an impact on defect resolution cycles, than people-
and process related factors. This highlights the importance of taking note of
product factors when planning transfers.

The factors that were pointed out, during the focus group meetings, that had
an impact on defect resolution cycles before, during and after a transfer, from
at least one of the cases were: learning curves, competency within teams, and
product complexity. Notably, flat learning curves due to product complexity,
i.e., architecture complexity, were pointed out during the focus group meeting,
for both of the two products in our study. Furthermore, the size of maintenance
work, as complex functionality is added across releases, can affect efficiency
during evolution (Kitchenham et al., 1999). This highlights the importance of
knowledge transfer activities for the execution of a successful transfer.
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Table 2.3: Confounding Factors

Cate-
gories

Critical Fac-
tors

Impact Period of
Impact

Transfer
Re-
lated

Product

People Lack of neces-
sary knowledge/
low competency
within team

Increase in defect inflow;
Bottlenecks in solution de-
signing activities; Delays
in finalizing correctional
packages

Before, dur-
ing and after
the transfer

X Alpha
and
Beta

People Unstable main-
tenance team

Bottlenecks in solution de-
signing activities; Delays
in finalizing correctional
packages

After the
transfer

X Alpha

Process Low prece-
dence/ priority
for the mainte-
nance work

Bottlenecks in solution de-
signing activities

Before, dur-
ing and after
the transfer

Alpha

Product Learning curve
of complex
product and
insufficient
product docu-
mentation

Increase in defect inflow;
Bottlenecks in solution de-
signing activities; Delays
in finalizing correctional
packages

Before, dur-
ing and after
the transfer

X Alpha
and
Beta

Product New product re-
lease with com-
plex functional-
ity

Increase in defect inflow;
Bottlenecks in solution de-
signing activities; Delays
in finalizing correctional
packages

Before, dur-
ing and after
the transfer

Alpha
and
Beta

Product Major re-
architecturing
activities

Increase in defect inflow;
Bottlenecks in solution de-
signing activities; Delays
in finalizing correctional
packages

Before the
transfer

Beta

Product Servicing stage
of the soft-
ware evolution
life-cycle

Bottlenecks in solution de-
signing activities

After the
transfer

Beta

Participants of the focus group meeting for Beta pointed out that to shorten
the learning curve during the transfer employees at Beta’s Site-B analyzed the
complex source code and held meetings to pass on knowledge between team
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members. They indicated that this practice was efficient in improving compe-
tency with in teams at Beta’s Site-B. This highlights the importance of source
code readability as it has influence on the efficiency of maintenance work. In ad-
dition, given that over 50% of maintenance time is spent on reading source code,
research on source code readability would greatly benefit companies engaging
in transfers (Yip and Lam, 1994; Foster, 1993).

Both transfer and non-transfer related events, such as transitioning to agile
practices, were highlighted in the cumulative flow diagrams during the focus
group meetings. However, we did not obtain any indications from the discussions
that such non-transfer-related events had an impact on defect resolution cycles.
Other confounding factors that can be found in GSD literature, such as, trust
(Moe and Šmite, 2008) and culture (Carmel and Tjia, 2005), were not brought-
up as factors of relevance. However, this does not infer that the factors did not
have any effect.

Mockus and Weiss (2001) observed that learning curves can negatively im-
pact productivity at the receiving site. Our findings are consistent with their
findings. We found that learning curves had an impact on defect resolution
cycles of high priority, i.e., high severity defects, for both products. Learning
curves resulted in the increase in defect inflow and bottlenecks in solution design
activities for Alpha. For Beta they had an influence on defect inflow, emergence
or strengthening of bottlenecks in solution design activities and slowing down of
the implementation and finalization of correctional packages, after the transfer.
In addition, from our study findings it is discernible that the implementation of
new requirements and complex functionality whilst employees were still climb-
ing the learning curve, for both Alpha and Beta, amplified the effect on defect
resolution cycles.

Šmite and Wohlin (2011) identified transfer critical factors, i.e., product-
, people- and process-related factors that can impact efficiency before, during
and after transfer. Using a lean indicator to visualize the magnitude of the effect
of transfers on defect resolution cycles, our study corroborates with their study.
Some of the factors that can be linked to transfer critical factors that we found
to have an effect on defect resolution cycles are: product complexity, product
documentation, and experience with the product at the receiving site.

2.6 Validity Threats

To reduce biased interpretation of the cumulative flow diagrams, all authors
were involved in the analysis of the diagrams before the focus group meetings.
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The authors also held a meeting during which a consensus was reached on the
interpretation of the cumulative flow diagrams.

Alignment of defects to the appropriate releases can be a challenging en-
deavor. Errors in the process can negatively affect study results. A test and
verification manager at the case company helped with the defect extraction,
alignment of the defects to releases, as well as identifying defects that were
related to a problem in the source code.

Periods of varying increases in factors, such as customers and product com-
plexity, were pointed out by the focus group participants. However, data to
confirm the subjective opinions was not available at the time of this study. An
analysis of the data would have helped to understand objectively the extent of
the effect of the factors on defect resolution cycles, before, during and after a
transfer.

The products used in this study should not be perceived as a complete rep-
resentative of all products that are transferred in GSD projects. Both products
used in this study were developed at the same company, thus results are specific
to the case company. Detailed description of the study context (see Section 2.3,
and summary Table 2.1), and the similarities and the differences between the
two products used (see Section 2.4.4) improves external validity of our study
(Petersen and Wohlin, 2009). The confounding factors that impact defect res-
olution cycles (see Section 2.5) are likely to have an impact when transferring
maintenance work for large and complex systems similar those that are used in
our study. Besides, study findings are intended to provide valuable empirical
input to support decision-making when planning transfers in GSD settings, by
identifying confounding factors that can impact defect resolution cycles during
such endeavors.

2.7 Conclusion

The objective of this study is to investigate how defect resolution cycles vary
across releases in a global software development (GSD) context that involves a
software transfer. The investigation is done using two large software intensive
products from a large multinational corporation. The defect-resolution cycle is
used as a surrogate for maintenance efficiency. An evolutionary view is used to
visualize defect resolution cycles across releases for the products. This visual-
ization is done using a lean indicator, cumulative flow diagram, which is based
on lean principles. In each cumulative flow diagram we highlight major events
that are both transfer related and non-transfer related. In addition, focus group
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meetings were conducted to gather opinions on defect resolution cycles and to
identify confounding effects on efficiency.

Our study suggests that companies that engage in software transfers should
give attention to the impact that product-, people- and process-related factors
can have on efficiency, and consider risk mitigation strategies.

Further investigation could be done by aggregating factors found in this
study and those reported in literature (e.g. trust) and distributing a question-
naire to practitioners in which, based on their subjective opinion, they can rank
the factors according to their effect on efficiency. This would help to further
understand the relevance of the factors, and how the effect of the factors is
perceived in industry in comparison to other factors.
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Appendix A

Figure 2.7 shows a fictional example of a CFD. The purpose of this example is

to illustrate how to interpret the CFDs in this study.
1Ex

shows a period with
a stable defect inflow, no bottlenecks and no delays in finalizing correctional
packages. The figure shows that there is a shift in defect resolution cycles, and
hence efficiency in maintenance work, during the period that an “Event” occurs.
There is an increase in defect inflow, and bottlenecks emerge, and and there are

delays for correctional packages.
B1

and
B2

indicate periods with bottlenecks.
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Figure 2.7: Example Cumulative Flow Diagram
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An Exploratory Study of
Software Evolution and
Quality: Before, During
and After a Transfer

Ronald Jabangwe and Darja Šmite

Abstract

In the light of globalization it is not uncommon that different teams from differ-
ent locations get involved in the development of a software product during its
evolution. However, empirical evidence that demonstrates the effect of chang-
ing team members on software quality is scarce. In this paper, we investigate
quality of a software product, across subsequent software releases, that was
first developed in one location of Ericsson, a large multinational corporation,
then jointly with an offshore location of the same company, and finally trans-
ferred offshore. To get a better understanding multiple data sources are used
in the analysis: qualitative data, consisting of interviews and documentation,
and quantitative data, consisting of release history and defect statistics. Our
findings confirm an initial decline in efficiency and quality after a transfer, and
highlight the areas of concern for companies that are considering transferring
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their product development from experienced teams to those having limited or
no previous engagement with the product.

3.1 Introduction

Software is bound to go through numerous changes due to variances of en-
vironmental variables, for example changes in user requirements, in which it
operates. As a result software evolution is an inevitable phenomenon. Software
evolution refers to the dynamic change of characteristics and behavior of the
software through, for example, maintenance activities or implementation of en-
hancements, over time (Mens and Demeyer, 2008). The phenomenon of software
evolution was first observed in 1970 and subsequently led to the development of
eight laws of software evolution between 1974 and 1985 (Belady and Lehman,
1976; Lehman, 1996; Lehman et al., 1997).

Global software development (GSD) projects, in which development activi-
ties are carried out in various settings such as offshore and distributed develop-
ment, are increasingly a prevailing phenomenon. Thus it is not uncommon that
software evolves in a number of GSD settings. Consequently the role of GSD
and its impact on quality has attracted recent interest in the software engineer-
ing community, but only a few empirical studies are published, for example,
Nagappan et al. (2008) and Bird et al. (2009). While the early days of GSD
as a field provided a mix of experiences with offshore development, it has been
advised to distinguish unique settings and scenarios according to the differing
and distinct characteristics they embody (Šmite et al., 2008). An example of a
classification of different settings can be found in the work by Šmite and Wohlin
(2011). In our case, the company studied has been involved in a number of sce-
narios in which development work was transferred to offshore sites for further
development or maintenance. Relocation of software development work, which
is also called a software transfer leads to a full exchange of experienced develop-
ers with new developers who may have limited or no previous engagement with
the product (Šmite and Wohlin, 2011). We thus study the effect of a transfer as
a complication in the course of software evolution and evaluate software quality
across releases.

In their work Belady and Lehman (1976) postulate the bases and peculiar-
ities associated with software evolution for large systems built for commercial
use. The laws describe the inevitability associated with evolving systems. Due
to market pressure and demands the product used in this study is subject to
change in characteristics and increase in size with, for example, the addition of
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new features, which the laws of evolution link with implications on complexity
and quality. Thus the following laws are specifically of interest in our study.
The first law of evolution, the law of continuing change, and the sixth law of
evolution, the law of continuing growth, suggest the importance of implement-
ing and adapting changes over time so as to sustain or increase user satisfaction
(Belady and Lehman, 1976; Lehman, 1996; Lehman et al., 1997). Software evo-
lution is a phenomenon that arises as a result of these progressive changes. The
second law, the law of increasing entropy/complexity, and the seventh law, the
law of declining quality, hypothesize the link between software evolution and the
potential decline in quality (Belady and Lehman, 1976; Lehman, 1996; Lehman
et al., 1997). Our work is inspired by the laws of evolution and driven by
the curiosity to better understand these implications in the context of software
transfers.

This paper describes findings from a retrospective analysis of evolution of
a mature software-intensive product from a large telecommunication company.
The purpose of this exploratory study is to assess software quality before, during
and after a transfer. The product used in this study was first developed in one
location, then jointly with an offshore site and then had the development work
transferred to the offshore site. We propose that transferring development work
during software evolution to a site that has little or no past experience with a
product may have implications on quality as the new site build up competency
and climb the learning curve.

The remainder of the chapter is organized as follows. Section 3.2 outlines
research related to our study followed by a description of both the context
and the research methods used in this study, in Section 3.3. Section 3.4 offers
results from the quantitative and qualitative analysis, followed by a discussion
highlighting findings from our study regarding, software evolution, quality and
transfer, in Section 3.5. Validity threats and study limitations are discussed in
Section 3.6. The paper ends with the conclusions and future work, in Section
3.7.

3.2 Related Work

Research related to the topic of this paper is threefold. First of all, we refer
to research on how software quality can be explored, secondly, to the relation
of software evolution and quality, and thirdly, to research on the influence of
offshore development and software transfers on quality.
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Objective data and measures (i.e. related to defect data) are often used to
evaluate quality (Mens and Demeyer, 2008). However, subjective views on qual-
ity can also be used for software quality assessments. Chang-Peng et al. (1994)
use both subjective views and objective data to investigate quality. The objec-
tive characteristics that they used to denote quality were the number of defects
found and software complexity as an indirect measure of quality (calculated us-
ing measures, including well-known measures for object-oriented designs from
Chidamber and Kemerer (1994)). Complexity was also studied subjectively
through perceptions of complexity expressed by developers. Similarly, Xenos
and Christodoulakis (1997) propose a method that can be used to measure per-
ceived quality of both internal customers, employees that also act as customers,
and external customers, end-users. In their study of 46 projects a positive
correlation was found between objective measures obtained from the internal
characteristics of the product, such as McCabe’s cyclomatic complexity, and
measures derived and based on customers notion of quality (obtained through
surveys).

Practices that ensure that software is running as expected, such as fixing
defects, are part of software maintenance. Maintenance and evolution as terms
are often used interchangeably in academia and industry (Mens and Demeyer,
2008; Godfrey and German, 2008). The Software Engineering Body Of Knowl-
edge (SWEBOK) (Abran et al., 2004) lists evolution as a sub-knowledge area
of maintenance. In this paper, we distinguish software evolution from pure
maintenance activities to refer to the process of adding new features as well as
correcting defects that result in a new software release that has distinguishing
characteristics from the predecessor version.

Since the early work on software evolution by Belady and Lehman (1976)
more studies have been carried out on the relation of software evolution and
quality. Different measures have been found to link software artifacts with
observed or perceived quality. From the evolution perspective an important
concept is code churn measures. These are a set of measures that by their
definition attempt to capture and objectively measure changes over time of
evolution of software artifacts (for example, deleted lines of code) (Kemerer and
Slaughter, 1999; Nagappan and Ball, 2005). Results from the study conducted
by Nagappan and Ball (2005) show that, in the context of their study, code churn
measures are positively correlated to defects. Defect reports are an essential
concept for quality assurance purposes (Mens and Demeyer, 2008).

As software evolves, quality assurance requires accounting for the impact of
development environment and processes Kemerer and Slaughter (1999). One of
the potentially influencing factors that are associated with quality concerns is



3.3 Research Methodology 49

globalization of software development. Different settings in GSD are associated
with unique characteristics and consequently unique challenges such as different
work practices, asynchronous work, and cultural differences (Šmite and Wohlin,
2011). These challenges can inhibit the realization of quality goals. Further-
more, changing from one setting to another can have an impact on quality, as
in the case of software transfers when development of an evolving software is
moved from one development team to another. Although there is little research
focused on software product transfers, an empirical study suggests that trans-
fers cause a decrease in development efficiency and harder to capture secondary
negative effect on quality (Šmite and Wohlin, 2011).

Motivated by the gaps in related work, this study reports on the changes
in quality across different releases of a software product before, during and
after a transfer. Investigation of the effects of transfer on software quality is
an important contribution of this study to the body of knowledge on GSD. In
contrast to many studies taking a static perspective, this study captures an
evolutionary view on quality. In particular release history, defect reports and
documentation are used to conduct software evolution analysis as suggested by
Mens and Demeyer (2008). Objective evaluation is further complemented by
subjective views obtained from developers, as suggested by Li et al. (2010).

3.3 Research Methodology

3.3.1 Purpose

The objective of this exploratory study is to evaluate software quality through
objective measures and subjective views during software evolution in a GSD
context. The study is conducted in a company that develops software-intensive
products globally for the telecommunications market. Though the product used
in the study was transferred from one location to another within the same
company during its evolution, the study does not dwell on the details of the
transfer itself but rather on the product quality and evolution before, during
and after the transfer. This study is driven by the following research question:

RQ: How does software quality vary in a GSD setting that involves a transfer?

The objectives here are to explore the prevailing perception on quality across
releases (to capture subjective views) and the variation of defects reported across
releases (to capture the objective measures).
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3.3.2 Case Description and Context

Research reported in this paper is an empirical single-case exploratory study,
which is conducted according to recommendations from Runeson and Höst
(2008). The case company is Ericsson, which is a large multinational corpo-
ration that develops software-intensive products catering for the global market.
The company is selected based on availability and interest in the research in this
area. Recently a number of products were transferred from one of the company’s
locations (Site-A) to different offshore sites, and the company was interested in
understanding the impact of such changes. The company selected one particular
product for these purposes. The product development was initially carried out
at Site-A in Sweden and then gradually transferred to another Ericsson location,
Site-B in India.

The product under study has a long history. Development of the software
product commenced in 2001 at Site-A and the product was released to the mar-
ket in 2007. Employees from Site-B were temporarily moved to Site-A primarily
for practical training. The transfer from Site-A to Site-B was carried out and
completed in 2009 at which point it was already a mature product. Details of
the transfer can be found in Šmite and Wohlin (2011) (in the article the transfer
for this particular product is referred to as Project B).

Šmite et al. (2008) proposed a classification of GSD related empirical studies
to help understand the context and the extent of applicability and generalizabil-
ity of reported studies related to GSD. Table 3.1 shows how the study reported
in this paper fits into the GSD field according to characteristics of GSD scenar-
ios provided in Šmite and Wohlin (2011) and the classification in Šmite et al.
(2008).

3.3.3 Data Collection and Analysis

In empirical research such as case studies, triangulation is an approach that can
be used to strengthen, and increase accuracy and validity of findings (Runeson
and Höst, 2008). Data and methodological triangulation were thus used for
this purpose. Qualitative analysis results were used to consolidate the results
obtained from quantitative analysis.

The use of both qualitative and quantitative methods is also referred to as
the mixed method approach (Robson, 2011). The motivation for using this ap-
proach in this study is that it helps to understand the context in which the
product was developed and to obtain quality aspects from different viewpoints
(i.e. objective measures and subjective views) during the evolution of the prod-
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Table 3.1: Study Characteristics in GSD Context

differences [8]. These challenges can inhibit the 
realization of quality goals. Furthermore, changing 
from one setting to another can have an impact on 
quality, as in the case of software transfers when 
development of an evolving software is moved from 
one development team to another. Although there is 
little research focused on software product transfers, 
an empirical study suggests that transfers cause a 
decrease in development efficiency and harder to 
capture secondary negative effect on quality [17]. 

Motivated by the gaps in related work, this study 
reports on the changes in quality across different 
releases of a software product before, during and 
after a transfer. Investigation of the effects of 
transfer on software quality is an important 
contribution of this study to the body of knowledge 
on GSD. In contrast to many studies taking a static 
perspective, this study captures an evolutionary view 
on quality. In particular release history, defect 
reports and documentation are used to conduct 
software evolution analysis as suggested by [1]. 
Objective evaluation is further complemented by 
subjective views obtained from developers, as 
suggested by [18]. 

III. RESEARCH METHODOLOGY 

A. Purpose 
The objective of this exploratory study is to 

evaluate software quality through objective 
measures and subjective views during software 
evolution in a GSD context. The study is conducted 
in a company that develops software-intensive 
products globally for the telecommunications 
market. Though the product used in the study was 
transferred from one location to another within the 
same company during its evolution, the study does 
not dwell on the details of the transfer itself but 
rather on the product quality and evolution before, 
during and after the transfer. This study is driven by 
the following research question: 

RQ:  How does software quality vary in a GSD 
setting that involves a transfer? 

The objectives here are to explore the prevailing 
perception on quality across releases (to capture 
subjective views) and the variation of defects 
reported across releases (to capture the objective 
measures).  

B. Case Description and Context 
Research reported in this paper is an empirical 

single-case exploratory study, which is conducted 
according to recommendations from Runeson and 
Höst [19]. The case company is Ericsson, which is a 
large multinational corporation that develops 
software-intensive products catering for the global 
market. The company is selected based on 
availability and interest in the research in this area. 
Recently a number of products were transferred 
from one of the company’s locations (Site-A) to 
different offshore sites, and the company was 
interested in understanding the impact of such 
changes. The company selected one particular 
product for these purposes. The product 
development was initially carried out at Site-A in 
Sweden and then gradually transferred to another 
Ericsson location, Site-B in India. 

The product under study has a long history. 
Development of the software product commenced in 
2001 at Site-A and the product was released to the 
market in 2007. Employees from Site-B were 
temporarily moved to Site-A primarily for practical 
training. The transfer from Site-A to Site-B was 
carried out and completed in 2009 at which point it 
was already a mature product. Details of the transfer 
can be found in [17] (in the article the transfer for 
this particular product is referred to as Project B). 
Šmite et al. [7] proposed a classification of GSD 

related empirical studies to help understand the 
context and the extent of applicability and 
generalizability of reported studies related to GSD. 
Table 1 shows how the study reported in this paper 
fits into the GSD field according to characteristics of 
GSD scenarios provided in [8] and the classification 
in [7]. 

TABLE I.  STUDY CHARACTERISTICS IN GSD CONTEXT 

Empirical 
Background 

Main Method Case Study 

Sub methods Interviews, quantitative analysis of 
defect reports 

Empirical Focus Empirically-based (exploratory) 
Subjects  Practitioners 

GSD 
Background 

Collaboration Mode Intra-organization/Offshore insourcing 

Approach and Type 
of Work 

Single-site execution of software 
product development in Site-A, parts of 
which were further transferred from 
Site-A to Site-B resulting in distributed 
work, and then finally transfer of the 
remaining parts to Site-B, which 
resulted in the single-site execution  

Study 
Background 

Focus of Study 
 

Software evolution and quality 

uct. Thus quality is analyzed using subjective views of those involved with the
product’s development work, prior to the transfer, as well as using objective
measures before and after the transfer.

Quantitative Data

Quantitative analysis involved defect data and product release history. A de-
fect in this study is used to refer to any reported deficiency or imperfection or
problem in the source code that resulted in the software producing results that
deviated from the expected outcome, as defined in the product specifications,
and as a result required a solution to be implemented directly into the source
code. Therefore we use a slight modification of the two definitions from the
International standard ISO/IEC/IEEE-24765 (2010) 1. This includes defects
found regardless of the software life cycle or phase (for example, before or after

1ISO/IEC/IEEE-24765 24765 defines defects as “a problem which, if not corrected, could
cause an application to either fail or to produce incorrect results”, and “an imperfection or
deficiency in a project component where that component does not meet its requirements or
specifications and needs to be either repaired or replaced”.
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deployment at customer sites) or cause, severity, detection method (e.g. static
analysis or during execution), type or solution method.

Defects reported between 2007 and 2011 were extracted from the company’s
database and used for the purposes of this study. Only code-related defects were
considered, thus an initial defect analysis was conducted to identify specifically
defects that were linked to a deficiency or imperfection or problem in the source
code, hence excluding documentation and other defects that are irrelevant to the
purpose of this study. A test and verification expert at the case company assisted
with defect data extraction, compilation and analysis. A series of meetings were
held with the expert to discuss and to ensure that appropriate defects linked
with an imperfection or problem in the source code were identified. Furthermore
the meetings were used to consult with the expert on the data correctness and
to also discuss and verify analysis results such as the alignment of defects to the
correct releases. Hence these meetings increased the precision of the quantitative
analysis results. The results were documented using meeting notes.

Analysis of the quantitative data was done through the aid of descriptive
statistics. Descriptive statistics targets creation of an understanding and pro-
vides an overall description of the most important details of the data (Robson,
2011). In this case it is used to explore significant characteristics of the defect
data reported across releases.

Qualitative Data

As a part of the qualitative analysis, interviews were conducted with employees
that were involved with the product development before the transfer. The pur-
pose of the interviews was to investigate subjective opinions on quality across
different releases during software evolution. An overview of the interviewees,
their roles and responsibilities, and the number of years of being involved with
the product are given in Table 3.2. Due to convenience and availability for
face-to-face interviews, only employees from Site-A were interviewed.

None of the interviewees are involved with development of the product any
longer. The latest involvement was terminated in 2010 as seen in Table 3.2. It
is worth noting that several interviewees were involved with the product before,
during and after the transfer. This is important, because we explore what
happened in the post transfer period.

Quality is multifaceted thus questions were formulated to ensure different
angles and perspectives were covered during the interview process. This ideology
is similar to that proposed in the McCall model (McCall et al., 1977). In
particular, maintainability, reliability and reusability were selected as the key
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source code quality characteristics as suggested in (ISO/IEC-9126, 2001) and
(Krueger, 1992), while questions pertaining to understandability, modularity
and complexity were used to detect inconsistencies in the information provided
by the interviewees. The approach of using such safeguards is similar to that
suggested by Xenos and Christodoulakis (1997).

Table 3.2: Interviewee Roles and Responsibilities

and complexity were used to detect inconsistencies 
in the information provided by the interviewees. The 
approach of using such safeguards is similar to that 
suggested by Xenos and Christodoulakis [11]. 

TABLE II.  INTERVIEWEES ROLES AND RESPONSIBILITIES 

No Role Responsibility Involvement 
(No. of Years) 

1 
 

Coordinator 
and Techincal 

Lead 

Leadership of a team of developers 
involved in product customizations 

~ 9 years 

 
2 
 

 
Developer  

 
Design, development and testing in the 
maintenance activities (2008-2009) 

~ 8 years 

 
3 
 

 
Developer 

 
Design and development  

~ 8 years 

4 
 

Solution 
Architect 

Design and communication of the 
product architecture to developers and 
the verification and validation team. 

~ 3 years 

5 Team Leader  Leadership of a team of appr. 10 
developers involved in design and 
development 

~ 7 years 

6 Tester Application integration testing ~ 9 years 
7 Tester Non-functional testing ~ 8 years 
8 
 

Development 
Manager 

Unit Management for appr. 20 people. 
Responsibility for the product. 

~ 9 years 

9 Test Line 
Manager 

Test Line Management ~ 7 years 

10 
 

System 
Architect and 

Technical 
Manager 

Analysis of the architecture and source 
code architects 

~ 10 years 

All interviews were recorded with the consent of 
the interviewees.  Coding was conducted by placing 
interview quotes into categories of specific quality 
factors. Depending on the context of discussion 
modularity, complexity and understandability were 
linked to reliability, maintainability or reusability 
aspects. This process of grouping qualitative data 
according to patterns and relation is similar to the 
Typological analysis method [24]. Table III contains 
the number of interview quotes that were found to be 
associated with three quality attributes and 
confounding factors that were noted by the interview 
participants as having potential influence on defect 
occurrence. Some interview quotes counted in the 
analysis were not mutually exclusive. For example, 
certain quotes for reliability were also found to be 
either associated with maintainability or reusability 
or both aspects of the system. Hence some quotes 
were counted in multiple categories. 

In addition to the interviews, archival data and 
records, such as documentation and information 
posted on the company’s intranet webpages, were 
also reviewed to gain deeper insight into the product 
evolution. After the interviews, email 

communication with the interview participants was 
also used to clarify any unclear details. 

TABLE III.  INTERVIEW QUOTES 

Categories No. of 
quotations 

Quality Attributes Reliability 48 
Maintainability 59 
Reusability 24 

Confounding 
factors on defect 
occurrences 

Differences in culture or ways of working 8 
Change in product attributes (i.e. 
Increase in size or complexity) 

17 

Lack of prior engagement 10 

 

IV. RESULTS AND ANALYSIS 
In this section we first discuss how the product 

evolved from its initial release in 2007, and then 
present our findings regarding the quality of the 
product and how different GSD settings influence 
the quality. 
A. Evolution 

Table IV illustrates the product release history 
data for six major releases, including subsequent 
changes in releases since their announcement. The 
number of defects in the table is multiplied by an 
anonymous factor for confidentiality reasons. 
Analysis of the size of each release is important for 
several reasons. First of all it is fair to assume that 
the larger the release, the more potential defects it 
may contain. Secondly, the larger the release, the 
more time it may require to be delivered. 

The findings suggest that the source code for the 
product’s releases grew in size by approximately 
56% between releases R1 and R6. The main sources 
of additional changes (and thus LOC) in subsequent 
releases were new features, customizations for 
specific customers and/or defect corrections for each 
release, which are assessed qualitatively in relation 
to the main release.  

TABLE IV.  RELEASE HISTORY 

 Release Year Release Size  
(in LOC) 

Increase in LOC  
(relative) 

Delivered 
after  

Defectsb 

R1 2007    910 974 Unavailable — 100 
R2 2007 1 004 814 +5,7% 5 months 222 
R3 2008 1 100 881 +19,1% 6 months 91 
R4 2008 1 217 545 +19,1% 6 months 361 
R5 2009 1 334 120 +0,2% 8 months 427 
R6 2010 1 424 943 +15,0% 12 months 801 

b. Number of defects is multiplied by an anonymous factor for confidentiality reasons 

Column “Increase in LOC” denotes percentage 
increase for each release i.e. difference in LOC since 

All interviews were recorded with the consent of the interviewees. Coding
was conducted by placing interview quotes into categories of specific quality
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factors. Depending on the context of discussion modularity, complexity and un-
derstandability were linked to reliability, maintainability or reusability aspects.
This process of grouping qualitative data according to patterns and relation
is similar to the typological analysis method (Ayres and Knafl, 2008). Table
3.3 contains the number of interview quotes that were found to be associated
with three quality attributes and confounding factors that were noted by the
interview participants as having potential influence on defect occurrence. Some
interview quotes counted in the analysis were not mutually exclusive. For ex-
ample, certain quotes for reliability were also found to be either associated with
maintainability or reusability or both aspects of the system. Hence some quotes
were counted in multiple categories.

In addition to the interviews, archival data and records, such as documen-
tation and information posted on the company’s intranet web-pages, were also
reviewed to gain deeper insight into the product evolution. After the interviews,
email communication with the interview participants was also used to clarify
any unclear details.

Table 3.3: Interview Quotes

and complexity were used to detect inconsistencies 
in the information provided by the interviewees. The 
approach of using such safeguards is similar to that 
suggested by Xenos and Christodoulakis [11]. 
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Design, development and testing in the 
maintenance activities (2008-2009) 
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Developer 

 
Design and development  

~ 8 years 
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Solution 
Architect 

Design and communication of the 
product architecture to developers and 
the verification and validation team. 

~ 3 years 

5 Team Leader  Leadership of a team of appr. 10 
developers involved in design and 
development 

~ 7 years 

6 Tester Application integration testing ~ 9 years 
7 Tester Non-functional testing ~ 8 years 
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Development 
Manager 

Unit Management for appr. 20 people. 
Responsibility for the product. 

~ 9 years 

9 Test Line 
Manager 

Test Line Management ~ 7 years 

10 
 

System 
Architect and 

Technical 
Manager 

Analysis of the architecture and source 
code architects 

~ 10 years 

All interviews were recorded with the consent of 
the interviewees.  Coding was conducted by placing 
interview quotes into categories of specific quality 
factors. Depending on the context of discussion 
modularity, complexity and understandability were 
linked to reliability, maintainability or reusability 
aspects. This process of grouping qualitative data 
according to patterns and relation is similar to the 
Typological analysis method [24]. Table III contains 
the number of interview quotes that were found to be 
associated with three quality attributes and 
confounding factors that were noted by the interview 
participants as having potential influence on defect 
occurrence. Some interview quotes counted in the 
analysis were not mutually exclusive. For example, 
certain quotes for reliability were also found to be 
either associated with maintainability or reusability 
or both aspects of the system. Hence some quotes 
were counted in multiple categories. 

In addition to the interviews, archival data and 
records, such as documentation and information 
posted on the company’s intranet webpages, were 
also reviewed to gain deeper insight into the product 
evolution. After the interviews, email 

communication with the interview participants was 
also used to clarify any unclear details. 

TABLE III.  INTERVIEW QUOTES 

Categories No. of 
quotations 

Quality Attributes Reliability 48 
Maintainability 59 
Reusability 24 

Confounding 
factors on defect 
occurrences 

Differences in culture or ways of working 8 
Change in product attributes (i.e. 
Increase in size or complexity) 

17 

Lack of prior engagement 10 

 

IV. RESULTS AND ANALYSIS 
In this section we first discuss how the product 

evolved from its initial release in 2007, and then 
present our findings regarding the quality of the 
product and how different GSD settings influence 
the quality. 
A. Evolution 

Table IV illustrates the product release history 
data for six major releases, including subsequent 
changes in releases since their announcement. The 
number of defects in the table is multiplied by an 
anonymous factor for confidentiality reasons. 
Analysis of the size of each release is important for 
several reasons. First of all it is fair to assume that 
the larger the release, the more potential defects it 
may contain. Secondly, the larger the release, the 
more time it may require to be delivered. 

The findings suggest that the source code for the 
product’s releases grew in size by approximately 
56% between releases R1 and R6. The main sources 
of additional changes (and thus LOC) in subsequent 
releases were new features, customizations for 
specific customers and/or defect corrections for each 
release, which are assessed qualitatively in relation 
to the main release.  

TABLE IV.  RELEASE HISTORY 

 Release Year Release Size  
(in LOC) 

Increase in LOC  
(relative) 

Delivered 
after  

Defectsb 

R1 2007    910 974 Unavailable — 100 
R2 2007 1 004 814 +5,7% 5 months 222 
R3 2008 1 100 881 +19,1% 6 months 91 
R4 2008 1 217 545 +19,1% 6 months 361 
R5 2009 1 334 120 +0,2% 8 months 427 
R6 2010 1 424 943 +15,0% 12 months 801 

b. Number of defects is multiplied by an anonymous factor for confidentiality reasons 

Column “Increase in LOC” denotes percentage 
increase for each release i.e. difference in LOC since 

3.4 Results and Analysis

In this section we first discuss how the product evolved from its initial release
in 2007, and then present our findings regarding the quality of the product and
how different GSD settings influence the quality.
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3.4.1 Evolution

Table 3.4 illustrates the product release history data for six major releases,
including subsequent changes in releases since their announcement. The number
of defects in the table is multiplied by an anonymous factor for confidentiality
reasons. Analysis of the size of each release is important for several reasons.
First of all it is fair to assume that the larger the release, the more potential
defects it may contain. Secondly, the larger the release, the more time it may
require to be delivered.

The findings suggest that the source code for the product’s releases grew in
size by approximately 56% between releases R1 and R6. The main sources of
additional changes (and thus LOC) in subsequent releases were new features,
customizations for specific customers and/or defect corrections for each release,
which are assessed qualitatively in relation to the main release.

Table 3.4: Defect and Priorities per Release 1

may contain. Secondly, the larger the release, the 
more time it may require to be delivered. 

The findings suggest that the source code for the 
product’s releases grew in size by approximately 
56% between releases R1 and R6. The main sources 
of additional changes (and thus LOC) in subsequent 
releases were new features, customizations for 
specific customers and/or defect corrections for each 
release, which are assessed qualitatively in relation 
to the main release.  

TABLE IV.  RELEASE HISTORY 

 Release Year Release 
Size  

(in LOC) 

Increase in LOC  
(relative) 

Delivered 
after (in 
months) 

Defects 

R1 2007    910 974 Unavailable  100 
R2 2007 1 004 814 +5,7% 5 222 
R3 2008 1 100 881 +19,1% 6 91 
R4 2008 1 217 545 +19,1% 6 361 
R5 2009 1 334 120 +0,2% 8 427 
R6 2010 1 424 943 +15,0% 12 801 

b. Number of defects is multiplied by an anonymous factor for confidentiality reasons 

 
Column “Increase in LOC” in Table III denotes 

percentage increase in LOC for each release i.e. 
difference in LOC since introduction of the specific 
release on the market until end of 2011. This 
difference is due to customizations for specific 
customers or defect corrections only. For example 
since the availability of R2 on the market, R2 has 
increased in LOC by 5,7% due to defect corrections 
and customizations. 

Against expectations the size of additional 
changes was not proportional to the number of 
defects found. This may be explained by refactoring 
efforts, which are not evident from the purely 
quantitative data analysis. Thus, explanations were 
further sought through interviews. Information 
obtained from the interviews revealed that 
refactoring was seldom performed before R4. 

As one interviewee revealed measuring the lines 
of code will not tell the complete story, if the major 

refactoring work is done. He explained that new 
functionality was added without any refactoring 

efforts, and only after R4 the code was being 
revised. 

This means that LOC is not a reliable measure of 
work effort. However, from the quality point of view 
it still illustrates the size of the legacy code that is 
maintained and thus is of interest for our analysis.  

The evolution of the product suggests linear 
growth in size between subsequent releases of 
approximately 9-10% between the first five releases 
and approximately 6% between R5 and R6. This is 
consistent with the first and sixth laws of evolution: 
law of continuing change [5] and law of continuing 
growth [5], respectively. With the implementation of 
mainly new features and defect corrections, each 
software release has been larger than the 
predecessor. Consequently, growth in sizes of source 
code artifacts may increase complexity of releases 
[1].  

Some interviewees revealed that as the product 
increased in size over time, they had more difficulty 
isolating defective source code components.  

Thus the increase in complexity in the course of 
evolution and was also taken into consideration 
during retrospective analysis of the software quality. 
For example, it could also explain why release 
frequency slowed down over time as the release 
cycle history indicates. 
C. Evolution and Quality 

Like many software organizations, defect data in 
Ericsson is used to evaluate the quality of the 
product development. Table III shows that there has 
been a gradual increase of defects after R3, with a 
significant increase in defects for R6.  

Seven of the interviewees related the increase in 
defects reported primarily to the increase in size of 
releases and the increase in complexity of features. 

In order to understand the criticality of this trend 
the defect data was then broken down to different 
priority levels as shown in Figure 1. Priority “A” 
represents the highest priority level and “C” 
represents the lowest level, according to the 
significance or severity of the reported problem. 
Interestingly, while the amount of defects of “B” and 
“C” priorities is proportional and repeats the overall 
defect curve, there is no dramatic increase in the 
high priority problems since R3.  

As mentioned earlier, the total number of defects 
per release has been collected not only during the 
actual development of the initial version of the 
release, but also during its subsequent maintenance 
activities. Figure 1 depicts the length of the lifetime 
of and the relative number of defects per release. For 
example, R1 has been on the market for 56 months, 

Ron � 5/6/12 2:25 PM
Comment [3]: First and sixth laws of 
evolution 

1Number of defects is multiplied by an anonymous factor for confidentiality reasons.

Column “Increase in LOC” denotes percentage increase for each release i.e.
difference in LOC since introduction of the specific release on the market until
end of 2011. For example since the availability of R2 on the market, R2 has
increased in LOC by 5.7% due to defect corrections and customizations.

Against expectations the size of additional changes was not proportional
to the number of defects found. This may be explained by refactoring efforts,
which are not evident from the purely quantitative data analysis. Thus, expla-
nations were further sought through interviews. Information obtained from the
interviews revealed that refactoring was seldom performed before R4.
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As one interviewee explained, new functionality was added without any
refactoring efforts, and only after R4 the code was being revised.

This means that LOC is not a reliable measure of work effort. However,
from the quality point of view it still illustrates the size of the legacy code that
is maintained and thus is of interest for our analysis.

The evolution of the product suggests linear growth in size between subse-
quent releases of approximately 9-10% between the first five releases and ap-
proximately 6% between R5 and R6. This is consistent with the first and sixth
laws of evolution (Lehman et al., 1997): law of continuing change and law of con-
tinuing growth, respectively. With the implementation of mainly new features
and defect corrections, each software release has been larger than the predeces-
sor. Thus, growth in sizes of source code artifacts may increase complexity of
releases (Mens and Demeyer, 2008).

Some interviewees revealed that as the product increased in size over time, they
had more difficulty isolating defective source code components.

Thus the increase in complexity in the course of evolution needs to be taken
into consideration. For example, it could explain why release frequency slowed
down over time as the release cycle history indicates.

3.4.2 Evolution and Quality

Like many software organizations, defect data in Ericsson is used to evaluate the
quality of the product. Table 3.4 shows that there has been a gradual increase
of defects after R3, with a significant increase in defects for R6.

Seven of the interviewees related the increase in defects reported primarily to
the increase in size of releases and the increase in complexity of features.

In order to understand the criticality of this trend the defect data was then
broken down to different priority levels as shown in Figure 3.1. Priority “A”
represents the highest priority level and “C” represents the lowest level, accord-
ing to the significance or severity of the reported problem. Interestingly, while
the amount of defects of “B” and “C” priorities is proportional and repeats the
overall defect curve, there is no dramatic increase in the high priority problems
since R3.

As mentioned earlier, the total number of defects per release has been col-
lected not only during the actual development of the initial version of the release,
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but also during its subsequent maintenance activities. Figure 3.1 depicts the
length of the lifetime of and the relative number of defects per release. For ex-
ample, R1 has been on the market for 56 months, while R6 only for 20 months.
We would expect to see more defects for older releases, since the likelihood of
new or more defects emerging increases as the system usage increases (Lehman,
1980).

Some interviewees pointed out that increase in the number of customers over
time could have influenced the number of defects reported.

When studying the data, however, no linear dependency was observed. Thus
we conjure that more powerful factors have determined the defect curves for
example effectiveness of testing process.

Motivated by our findings a more detailed look on the defect data focusing
on the chronological course of defect reports was created and discussed with the
interviewees (see Figure 3.2).

We noticed that there is a sharp rise and decline in the number of defects
shortly before and/or immediately after each release. Interviewees attributed
this trend to the implementation of new features in each new release.

Interviewees revealed that, there would be often a peak in the number of
reported defects after implementing new functionalities. However, eventually

the number of defects reported would decline and stabilize.

Interestingly, R6 has several peaks that qualify as pre- and post-release in-
crease in the number of defects, and these are significantly larger than for the
previous releases. To investigate the reasons for this trend we further discuss
the impact of a transfer on product quality.

3.4.3 Software Transfer and Quality

As noted earlier, the evolution of the transfer indicates two interesting trends
- there is a growing amount of defects in R6 and the delivery of that release
required much longer time. To illustrate these trends in the light of product
evolution we show the distribution of defects reported from the beginning of
2007 until the end of 2011 as well as the transfer milestones between releases
R1 and R6 in Figure 3.2. The actual transfer took place after R4 as shown in
the figure. R5 was released during the transfer period whilst R6 was released
after the transfer.
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Figure 3.1: Defects and Priorities per Release 2 3
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2Number of defects is multiplied by an anonymous factor for confidentiality
reasons.

3The numbers in the figure, which is a figure from (Jabangwe and Šmite,
2012), is made consistent with the data in Table 3.4
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Figure 3.2: Defects Across Releases and Transfer Period

 
c. Number of defects is multiplied by an anonymous factor for confidentiality reasons  

Figure 1.  Defects and Priorities per Release 

Interestingly, R6 has several peaks that qualify as 
pre- and post-release increase in the number of 
defects, and these are significantly larger than for the 
previous releases. To investigate the reasons for this 
trend we further discuss the impact of a transfer on 
product quality. 

C. Software Transfer and Quality 
As noted earlier, the evolution of the transfer 

indicates two interesting trends – there is a growing 
amount of defects in R6 and the delivery of that 
release required much longer time. To illustrate 
these trends in the light of product evolution we 
show the distribution of defects reported from the 
beginning of 2007 until the end of 2011 as well as 
the transfer milestones between releases R1 and R6 
in Figure 2. The actual transfer took place after R4 
as shown in the figure. R5 was released during the 
transfer period whilst R6 was released after the 
transfer.  

Though confounding factors, such as system 
usage increase, may have had a role in the exposure 
of defects, our observations suggest that the transfer 
of the product from Site-A to Site-B might have 
been the main cause of the significant increase. 
When discussed with the interviewees, a common 
opinion was expressed.  

Eight out of ten interviewees noted, that the 
average defect-rate across releases was rather 

stable, and that introduction of the new developers 
from Site-B into the development caused various 

challenges when transferring the knowledge 
necessary to build up competency and aligning 

quality views

 
Figure 2.  Defects Across Releases and Transfer Period 
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Though confounding factors, such as system usage increase, may have had
a role in the exposure of defects, our observations suggest that the transfer
of the product from Site-A to Site-B might have been the main cause of the
significant increase. When discussed with the interviewees, a common opinion
was expressed.

Eight out of ten interviewees noted, that the average defect-rate across releases
was rather stable, and that introduction of the new developers from Site-B into

the development caused various challenges when transferring the knowledge
necessary to build up competency and aligning quality views.

Employees from Site-B were temporarily moved to Site-A for competency
and practical training in the preparation for the transfer. Involvement of the
Site-B led to several observations of the learning process as discussed by the
interviewees.

Some interviewees pointed out that the lack of prior engagement with the
product meant that they were not aware of dependencies between source code

artifacts or components, and thus of the ripple effect that certain changes had.
However, as time passed the necessary knowledge and competences were built

up and defects related to such cases decreased.
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Two interviewees perceived cultural difference to have an important role in
explaining why the defect curves changed.

The interviewees perceived that the new site had different ways of approaching
quality goals.

According to the results from the interviews there was a misalignment of the
notion of quality between employees from Site A and those from Site B. As a
result the ways of meeting quality goals and ways of working differed between
employees from the two sites. This potentially influenced defect occurrence
during the involvement of employees from Site B.

Although the limited knowledge and experience has a profound influence on
the quality, we conjure that implementation of different testing processes might
have also contributed to the post-transfer increase in the number of defects
reported.

3.5 Discussion

In this paper we have studied an evolution of a product that was first developed
in one location and then transferred to another location of the same company.
We have explored how quality of the product changed throughout its lifetime
on the basis of quantitative defect analysis and qualitative observations elicited
from developers.

The hard facts indicate that the size of the product experienced a linear
growth with each release, the delivery cycles became larger and the number of
defects was uneven and notably increased for the last release. However, there are
many other factors that may alter the interpretation of objective measures over
different releases (Lehman et al., 1998), and further explanations were sought
through interviewing product developers.

These additional observations suggest that as the size of the product grew,
complexity increased and maintaining the legacy code became challenging. This
confirms the second law of evolution - the law of increasing entropy/complexity
(Lehman et al., 1997).

Other factors discussed as potential sources of quality concerns were: the
number of customers, exposure to the market, and complexity of the new fea-
tures developed. However, the relative stability of the defect curves in the first
five releases (with exception of the third release) suggests that the seventh law,
the law of declining quality during product evolution (Lehman et al., 1997), is
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not confirmed. This means that it also cannot be used to explain the sudden
significant increase in the last release of the product.

One of the emerging findings in this study relates to the impact of a software
transfer on product quality. Previous research has established that a transfer is
a nontrivial and demanding task, more so for large complex software products
(Šmite and Wohlin, 2011). This study confirms related findings of an initial de-
crease in quality after a transfer (Šmite and Wohlin, 2012, 2010), and attributes
it to a limited knowledge and experience with the product. While task famil-
iarity is important for performance (Espinosa et al., 2007), a transfer disrupts
the continuity of the knowledge. Some of the discussed consequences revealed
problems with isolating defects and ripple effects caused by the failure to evalu-
ate the impact of changes. It is worth noting that the decrease in the number of
defects in 2011 in Figure 3.2 shall not be perceived as the quality improvement,
as it simply illustrates the “tail” of the defect reports for R6. To understand
whether the quality is improving or not, a latter release shall be inspected.

Transfers have been also blamed for initial decrease in efficiency (Šmite and
Wohlin, 2011; McCall et al., 1977; Mockus and Weiss, 2001). For example,
Mockus and Weiss (2001) report that in their study, full recovery of productivity
for development work after a transfer was approximately 15 months (excluding
training period). Although we have not measured productivity in our study,
we indirectly support the decrease in efficiency by observing the post-transfer
increase in the length of release cycles. While the first four releases were deliv-
ered on average twice a year, the transfer activities slowed down the delivery of
the fifth release to eight months, and the delivery of the sixth release to a full
year. Notably, 19 months passed since the last release by the time of our study,
but the seventh release has not seen the light. This suggests that companies
transferring software products shall expect not only a quality decrease, but also
significant effect on the release frequency or scope.

Finally, perceptions of quality elicited from developers in our exploratory
study were consistent with that obtained from the quantitative analysis of the
defect data. Data obtained from the interviews provided invaluable explanations
pertaining to certain variances in the defect data. We thus highlight the impor-
tance of identifying environmental variables that should be considered during
defect data analysis and not relying on solely quantitative analysis of quality
through defects.
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3.6 Validity Threats

At the time of this study, approximately three years had passed since the in-
terviewees terminated their involvement with the product. Hence recollecting
events or details pertaining to the course of events was problematic. How-
ever, relating the interview questions to major milestones during the evolution
(for example, involvement of the new employees into the team, beginning of
the transfer) helped the participants to remember certain important aspects.
The list of interview questions also contained some questions that were used to
check for inconsistencies in information provided. The idea of using such a set
of questions is similar to the approach of using safeguard questions by Xenos
and Christodoulakis (1997).

Observations gathered through the interviews represented only the perspec-
tive of employees at Site-A. This is a limitation of our study and may have
biased the findings. Interviews with Site-B could have helped to identify the
different factors that contributed to the increase in post-transfer defects. Nev-
ertheless, the defect trend and distribution over-time was consistent with the
viewpoints collected through the interviews conducted, thus we trust that our
major conclusions are reliable.

Accuracy of the quantitative analysis results relies on the accuracy and pre-
cision of the defect data collection process. Furthermore, defects need to be
appropriately linked to the actual releases e.g. a defect can be linked to a
change or defect fix implemented in release R2 but only found in R4. Hence, to
increase precision of results the test and verification expert at the case company
helped with gathering defect data and tracing it to release history information.
In addition, taking into account human error, defect data used in the quantita-
tive analysis is treated as approximation rather than exact measures.

Quality is a multifaceted concept that can be described from different view-
points and notion of quality differs between roles. This makes the selection
of characteristics challenging in any quality study. We alleviated this issue by
formulating interview questions designed to tackle different angles of software
quality; an idea similar to that proposed in the model by McCall et al. (1977).

3.7 Conclusion

In this exploratory study, quality analysis is conducted across releases of a soft-
ware product that has been transferred between two sites of a company. The
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evolution of the product confirms the sustainable growth in size, while the qual-
ity levels varied between the releases and were subject for further investigation.

The analysis of the possible reasons for the changing quality revealed that the
growth in size is related to the increase in complexity of maintaining the legacy
code of the product. Complexity of the new features included in particular
releases, as well as the number of customers and exposure to the market are
also factors that have to be taken into account. However, the major impact
in the evolution of the product studied according to our results was caused by
the transfer of development and responsibility to people who had limited or no
previous engagement with the product. This is a logical consequence, since the
growing complexity of the legacy code during software evolution puts much more
pressure and demands on the developers, and thus changes in project staffing
have more dramatic effects. Our findings suggest that companies that plan to
transfer development from one site to another shall expect an initial decrease in
quality and increase in the length of release cycles. Although our findings are
inconclusive about the recovery period, the fact that the work on the second
post-transfer release is yet to be finalized indicates that the new site is still
challenged by the work on the product.

Results from this study are limited to the context of the company, such as
locations of the sites and complexity of the product. However, we believe that
our conclusions regarding the implications of software transfers on quality and
productivity shall be relevant for other software companies that transfer work
both on the global scale and locally. In fact, we conjure that transfers from one
building to a neighboring building may have same consequences.

For future work, we plan to continue monitoring the defect reports and
delivery cycles, as well as interviewing developers from the receiving site, in order
to better understand the changes in ways of working and identify practices that
can alleviate the recovery after a transfer. Additionally, we plan to differentiate
between customer defect reports and internal testing reports in the future data
analysis, and add the actual number of customers per release to get a better
understanding of the market impact.
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Chapter 4

Object-oriented Measures
and Quality: A Systematic
Literature Review

Ronald Jabangwe, Jürgen Börstler, Darja Šmite, and Claes
Wohlin

Abstract

There is a plethora of studies investigating object-oriented measures and their
link with external quality attributes but usefulness of the measures may dif-
fer across empirical studies. This study aims to aggregate and identify useful
object-oriented measures, specifically those obtainable from the source code of
object-oriented systems that have gone through such empirical evaluation. By
conducting a systematic literature review, 73 primary studies were identified
and mapped to five external quality attributes: reliability, maintainability, cost,
reusability and functionality. A vote-counting approach was used to investigate
the link between measures and the attributes and to also understand the con-
sistency of the relation across empirical studies. Most of the studies investigate
links between object-oriented measures and proxies for reliability attributes,
followed by proxies for maintainability. The least investigated attributes were:
cost, followed by reusability and functionality. Vote-counting results suggest
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that complexity, size and coupling measures have a better link with reliability
and maintainability than inheritance and cohesion measures. Though inheri-
tance and cohesion measures may be useful in prediction models for reliability
and maintainability attributes built using regression or machine learning meth-
ods, our findings suggest that other models that do not include these measures
are also useful. Due to that there were too few studies mapped to cost, reusabil-
ity and functionality attributes, we were unable to conduct a meaningful vote-
counting analysis of the results from the empirical studies. Thus, there is a need
for diversification of quality attributes investigated in empirical studies to help
with identifying useful measures during quality assessment initiatives.

4.1 Introduction

Quality evaluation of current source code artifacts of software releases can aid
with quality predictions for future releases. Quality predictions in turn aids with
decision-making pertaining to, for example, task distribution during software de-
velopment activities. Quality evaluations of source code can be done by investi-
gating the relationship between internal properties of source code, e.g., cohesion,
and external attributes, i.e., quality attributes, for example, maintainability of
a software product. The investigation can be done using quantitative analy-
sis methods (ISO/IEC-9126, 2001). Figure 4.1 shows the relationship between
measurable internal source code properties and external quality attributes. The
relationship between internal properties and external quality attributes is also
highlighted in ISO/IEC-9126 (2001).

Figure 4.1: Relationship of Internal and External Attributes



4.1 Introduction 67

Quality is a multidimensional and, quite too often, a context dependent
concept. ISO/IEC-9126 (2001) defines quality as “the totality of characteristics
of an entity that bear on its ability to satisfy stated and implied needs”. The
standard also provides characteristics that can be used to describe and assess
both internal and external software quality attributes. Quality in our context
is expressed by the collective set of external software quality attributes that
we gather from studies that show an empirical link between the attributes and
measures.

Quantitative analysis of internal source code properties can be done us-
ing static or dynamic measures. Static measures are used during static anal-
ysis, i.e., analysis of the systems structure, and dynamic measures are used
during dynamic analysis, i.e., evaluation of system behavior during execution
(ISO/IEC/IEEE-24765, 2010). In this study we conducted a systematic litera-
ture review on measures useful for static quantitative quality analysis of internal
properties of source code of object-oriented systems. Dynamic measures were
excluded in the review, as their performance heavily relies on the system and
execution environment, hence their utility is very context dependent. Perfor-
mance of static measures is less likely to be influenced by environmental factors
and hence are more likely to be useful across contexts than dynamic measures.

Software measures in general can be placed into three categories (Fenton and
Pfleeger, 1998): project measures (those associated with, for example, project
activities and milestones), process measures (those used for measuring certain
activities associated with the software development life-cycle e.g. development
process) and product measures (i.e. those that measure the resultant artifacts
from process activities, e.g. source code). In the context of our systematic
literature review, the product is the source code of object-oriented systems.
The product measures are measures that can be derived from analysis of internal
properties of source code of such systems.

A plethora of studies have been conducted on object-oriented quantitative
quality analysis. The aim of this study is two-fold. First, we identify and
gather measures, obtainable from the source code of object-oriented systems,
that have been empirically evaluated and linked to external quality attributes,
or proxies of external quality attributes, of object-oriented systems. Second,
we evaluate the consistency of the link between measures and certain external
quality attributes across studies.

The remainder of this chapter is arranged as follows. Section 4.2 outlines
related work. Section 4.3 provides a description of the research methodology.
The steps taken to identify primary studies are described in Section 4.4 and
validity threats are presented in Section 4.5. Results and analysis are provided
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in Section 4.6 and Section 4.7, respectively. The discussion is presented in
Section 4.8, and conclusions in Section 4.9.

4.2 Related Work

Fundamentally, structured programming principles differ from object-oriented
programming paradigms. Since the emergence of object-orientation, measures
tailored specifically for the paradigm have been proposed in literature. The
most well-known sets of measures that emerged from the need to evaluate
unique characteristics inherent in object-oriented systems are the Chidamber
and Kemerer measures (Chidamber and Kemerer, 1991; Chidamber et al., 1998),
Lorenz and Kidd measures (Lorenz and Kidd, 1994), MOOD measures (Abreu
and Carapuça, 1994; Abreu et al., 1995) and QMOOD measures (Bansiya and
Davis, 2002). The measures are summarized in Table 4.1 and the grouping used
in the table is adapted from the categorization used by Bansiya and Davis (2002)
for the QMOOD measures. Bansiya and Davis (2002) categorizes the QMOOD
measures according to the properties quantified by the measures. Grouping
for the other measurement suites in Table 4.1 is according to the description of
each measure in (Chidamber and Kemerer, 1991) and (Chidamber and Kemerer,
1994) for Chidamber and Kemerer measures, and in (Abreu and Carapuça,
1994) for MOOD measures, and in (Harrison et al., 1997) for Lorenz and Kidd
measures. These sets of measures are discussed in Section 4.2.1. This is then
followed by an outline of related literature reviews, in Section 4.2.2.

4.2.1 Common Measurement Suites

Chidamber and Kemerer Measures

Chidamber and Kemerer (1991) proposed a measurement suite, commonly known
as the C&K measurement suite, for measuring internal properties of object-
oriented systems in 1991. The measures were developed after the empirical
work conducted in collaboration with a company that was developing software
using the object-oriented programming language C++. The intent for proposing
the suite was to provide a set of measures for quantitatively evaluating com-
plexity and size aspects that are inherit in object-oriented systems (Chidamber
and Kemerer, 1991).
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Table 4.1: Measurement Suites and Internal Properties

Internal Proper-
ties

C & K mea-
sures

MOOD Mea-
sures

QMOOD Measures L & K Measures 1

Abstraction Average Num-
ber on Ancestors
(ANA)

Cohesion Lack of Cohe-
sion in Method
(LCOM)

Cohesion Among
Methods in a Class
(CAM)

Complexity Weight Meth-
ods per Class
(WMC)

Number of Meth-
ods (NOM)

Number of Public
Methods

Response For a
Class (RFC)

Number of Meth-
ods (NM)

Composition Measure of Aggre-
gation (MOA)

Coupling Coupling Be-
tween Object
Classes (CBO)

Coupling Fac-
tor (CF)

Direct Class Cou-
pling (DCC)

Number of Friends
of a Class (NF)

Clustering fac-
tor

Encapsulation Method Hiding
Factor (MHF)

Data Access Metric
(DAM)

Attribute Hid-
ing Factor
(AHF)

Inheritance Depth of In-
heritance Tree
(DIT)

Method Inher-
itance Factor
(MIF)

Measure of Func-
tional Abstraction
(MFA)

Attribute
Inheritance
Factor (AIF)

Number of
Children
(NOC)

Reuse Factor Number of Meth-
ods Inherited by a
subclass (NMI)

Messaging Class Interface Size
(CIS)

Polymorphism Polymorphism
Factor (PF)

Size Design Size in
Classes (DSC)

Average Method
Size (AMS)

Number of Hierar-
chies (NOH)

1Measures listed in the table are just some of the many measures proposed by
Lorenz and Kidd. More measures can be found in (Lorenz and Kidd, 1994; Xenos
et al., 2000; Harrison et al., 1997)
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Lorenz and Kidd Measures

Lorenz and Kidd (1994) proposed measures, often referred to as the L&K suite,
for evaluating external characteristics of object-oriented systems using the in-
ternal properties complexity, size and inheritance. The number of measures
proposed by Lorenz and Kidd (1994) are vast and the main difference between
the measures and the C&K measures is in the simplicity for deriving the mea-
sures. L&K measures are direct and easier to derive as most of them can be
derived through a simple counting process for example “number of instance
variables in a class” (Xenos et al., 2000).

MOOD Measures

In 1994, Abreu and Carapuça (1994) proposed the suite MOOD measures (Met-
rics for Object Oriented Designs). The main purpose for these measures is
to enable quantitative quality evaluation of internal characteristics, unique to
object-oriented designs, obtainable during the design phases to facilitate with
identifying design flaws early in the software development life cycle (Abreu and
Carapuça, 1994; Olague et al., 2007). The measures are intended for a quanti-
tative evaluation method using an inside-out approach (Abreu and Carapuça,
1994), i.e., linking internal properties to external quality characteristics through
quantitative evaluation.

QMOOD Measures

Similarly to the C&K, L&K, and the MOOD measures, the QMOOD were
also designed taking into consideration the unique internal characteristics of
object-oriented designs. QMOOD is a model that was developed with more of
a top-down approach (Bansiya and Davis, 2002). Quality attributes defined in
the ISO 9126 are used to define quality and are then linked to certain internal
attributes inherent in object-oriented designs. Measures for internal properties
provided in the model are a combination of newly proposed measures and mea-
sures obtained through a literature survey. Bansiya and Davis (2002) also go
further and propose as well as validate quality prediction models built using in-
ternal properties for six external product characteristics: reusability, flexibility,
understandability, functionality, extendibility and effectiveness.
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Summary

The underlying assumption for the proposal of these measurement suites and
other object oriented measures is that there is a direct or indirect link between
internal properties and the external characteristics of a software product; and
there is an assumption that these measures can quantify the internal properties
in a meaningful way. However, the relationship or the extent of the relationship
between external quality attributes and measures of internal properties can vary
from context to context. External quality attributes can depend on different
combination of internal properties and measures; and measures can be used to
measure different combination of internal properties; and can also be directly
or indirectly linked to different external quality attributes. As a result, there is
a plethora of studies dedicated to proposing or investigating these links.

4.2.2 Related Literature Reviews

Relevant reviews were identified by conducting a series of search runs that con-
sisted of different combination of search terms in Google scholar, Compendex
and Inspec databases.The search terms used were: “object-oriented”, “review”,
“systematic review”, “systematic literature review”, “quality”, “evaluation”,
“prediction”.

The closest in objectives to our study is the one by Briand and Wüst (2002).
The study aimed to investigate the usefulness of measures of object-oriented
internal structures. The measures were investigated on their usefulness in pre-
dicting fault-proneness and effort, e.g., development effort, either individually
or as a set/combination of measures. In the study the measures for internal
properties unique to object-oriented systems such as coupling, size, cohesion
and inheritance are the independent variables. Fault-proneness and effort are
the dependent variables. Results from the study show that measures of cou-
pling, complexity and size properties are found to be better predictors of fault-
proneness than those of inheritance and cohesion properties. Size properties are
identified as the most ideal predictors of effort. Fault-proneness is the most in-
vestigated proxy for external quality amongst studies that use correlation statis-
tical analysis methods. Whereas for experimental studies the most investigated
link was between the internal properties inheritance and the external charac-
teristics maintainability and understandability. One notable difference between
the study by Briand and Wüst (2002) and our study is the systematic approach
we adopted for our research methodology and the gap in years since their study.
The study by Briand and Wüst was conducted a decade ago and it is more of
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a literature survey rather than a systematic literature review. In addition our
study is much broader since we consider more attributes for quality.

Genero et al. (2005) conducted a survey on object-oriented measures that
can be used for measuring internal quality of UML class diagrams for external
quality prediction. In the paper the authors identify and analyze existing mea-
sures on their capability to measure UML entities and attributes. The identified
measures are also classified according to internal properties that they measure.
Genero et al. also conducted an analysis on the validation methods used in dif-
ferent studies as well as tools useful for extracting and calculating the measures.
Results from the survey show fault-proneness as the most investigated proxy for
external quality characteristics and that definitions of measures as well as their
usefulness is not consistent across studies.

Riaz et al. (2009) conducted a systematic literature review of studies re-
porting on measures and prediction methods for maintainability. The review
identified 15 primary studies and 45 useful predictors of maintainability from
the studies including the well-known LOC measure and some measures from the
C&K set (LCOM, DIT, NOC, RFC, WMC). Out of the 15 papers 12 papers
proposed prediction models and the most used techniques are regression analysis
methods. Results from the review revealed that measures useful for predicting
maintainability characteristics were those that measured complexity, coupling
and size properties.

There is a prevalent use of machine learning methods for fault prediction
according to a systematic literature review on fault prediction studies by Catal
and Diri (2009). According to the results of the review, method level measures
(e.g. McCabe’s cyclomatic complexity (McCabe, 1976) and Halstead measures
(Halstead, 1977)) are predominantly used for fault prediction. In the review,
the authors reviewed 74 studies on fault prediction published between 1990 and
2007. 84% of the papers used in the review were published after the year 2000.
This shows that there has been a growing interest in fault prediction studies
since the turn of the century, or that there is has been a growing consistent use
of related terminology thus making it easier to find studies.

Xenos et al. (2000) present results from a literature survey they conducted
to identify measures applicable for object-oriented systems. Included in the
paper are measures that were initially introduced for systems developed using
traditional methodologies, i.e. structural programming. Thus, the measures
listed in the paper include traditional measures, such as LOC, and measures
inherent in object-oriented systems, i.e. class, method, coupling, inheritance
and system measures. For analysis of the appropriateness of measures, Xenos
et al. conduct an evaluation using seven criteria, which included accuracy as
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one of the criterion. The evaluation is intended to help practitioners select
appropriate measures during evaluation of programs of object-oriented systems.

Saxena and Saini (2011) reviewed 14 studies on fault-proneness published
between 1995 and 2010. The study results showed that regression analysis
methods are the most used prediction methods and the C&K measures are
the most evaluated individually as independent variables in studies for fault-
proneness prediction. In their review the most inconsistent of the measures
is DIT and NOC. DIT was not significant in six of the studies and NOC in
five studies. However, these results were only obtained from eleven studies and
hence it is a small sample to deduce a definitive evaluation of the performance
or usefulness of the different measures.

With the many studies already done on software measures (Kitchenham,
2010) our study adds to the body of knowledge by providing an aggregation,
using vote-counting, on the consistency and usefulness of the measures across
empirical studies on quality evaluation of object-oriented systems. The necessity
of this kind of review and aggregation is also noted by Kitchenham (2010). Our
study also differs from other studies as our study has a wider and more diverse
perspective than the other related reviews. This is mainly because we do not
limit our review to measures associated to a specific external quality attribute
or internal property, e.g., cohesion. The rationale is that we aim to identify
the various empirical studies that have been conducted in relation to the link
between measures and external quality attributes.

4.3 Research Methodology

A systematic literature review (SLR) facilitates in identifying and collecting key
papers in a particular area of interest, and evaluating and interpreting the re-
ported discussions and findings (Kitchenham and Charters, 2007). The purpose
of such a review is to obtain an overall inclusive impact or influence of contribu-
tion of the collected studies (Kitchenham and Charters, 2007). This SLR aims
at aggregating and analyzing measures that have been empirically linked with
quality of object-oriented source code. The steps proposed by Kitchenham and
Charters (2007) were followed for this SLR. The following are the objectives of
the review:

• Identify external quality attributes that have been empirically evaluated
through source code analysis of object-oriented programs;
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• Identify measures obtainable from source code that have been used to
evaluate external quality attributes of object-oriented programs through
empirical methods (case studies or experiments);

• Aggregate relationships between external quality attributes and the as-
sociated code measures that have been established for quality analysis of
object-oriented programs and evaluate the strengths of evidence behind
these relationships.

4.3.1 Research Questions

Building from the study aims and objectives, the following main research ques-
tion and four sub-questions drive this SLR:

RQ1: How can measures derived from the source code be used to evaluate
or predict external quality attributes of object-oriented programs?

RQ 1.1: Which external quality attributes are evaluated through the source
code analysis?

RQ 1.2: Which source code measures are used to evaluate external quality
attributes of object-oriented programs?

RQ 1.3: Which methods are used to estimate/predict the external quality
attributes from the source code measures?

RQ 1.4: What is the overall efficacy of object-oriented measures on external
quality attributes across empirical studies?

4.3.2 Data Sources and Search Strategy

Keywords

Our search terms included key source code attributes essential for quality anal-
ysis of object-oriented programs (Chidamber and Kemerer, 1991; Chidamber
et al., 1998; Lorenz and Kidd, 1994; Bansiya and Davis, 2002; Kanellopoulos
et al., 2010): abstraction, cohesion, complexity, composition, coupling, encap-
sulation, inheritance, polymorphism, messaging, size and volume. Search terms
are placed into 6 clusters: product, analysis process, programming language
paradigm, internal properties, external quality evaluation and study method.
The names used for the clusters represent the different aspects, relevant to this
review, covered by the search terms. Electronic databases have differing under-
lying models and search interfaces, and this may limit the reusability of search
strings (Dyb̊a et al., 2007; Brereton et al., 2007). Placing search strings in
clusters helped in tailoring search strings to suit search functionalities offered



4.3 Research Methodology 75

by different electronic databases and also facilitated in identifying additional
keywords such as synonyms. Table 4.2 contains the clusters and the keywords.

Table 4.2: Cluster and Categorization of Keywords

Cluster Keywords

Cluster1 Product code OR software

Cluster2 Analysis process analysis OR check* OR evaluat* OR
predict

Cluster3 Programming lan-
guage paradigm

“object oriented” OR “object-oriented”
OR OO OR OOP OR OOPL

Cluster4 Internal properties (for
the programming lan-
guage paradigm)

complex* OR abstraction OR encapsu-
lation OR coupling OR cohesion OR
volume OR messaging OR composi-
tion OR inheritance OR polymorphism
OR class OR method OR function OR
modul* OR attribute OR characteristic
OR size

Cluster5 External quality evalu-
ation

metric* OR measur* OR indicator

Cluster6 Study method empirical* OR “case study” OR “case
studies” OR experiment*

Using the information provided in Table 4.2 the resultant search string takes
the following form: Cluster1 AND Cluster2 AND Cluster3 AND Cluster4 AND
Cluster5 AND Cluster6.

Data Sources

A search for relevant literature was conducted on the metadata, in particular
the title, abstract and keywords. The electronic databases used to search for
relevant literature were ACM, Compendex and Inspec, IEEE and Scopus. These
databases were selected based on the following criteria:

• Coverage of relevant studies (Dyb̊a et al., 2007; Brereton et al., 2007);
• Availability of a functionality to export search results.
In an experience report based on an SLR conducted in the area of agile meth-

ods by Dyb̊a et al. (2007) report that electronic databases relevant to software
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engineering research, such as ScienceDirect and Wiley Science (Brereton et al.,
2007), returned similar search results as ACM, Compendex and IEEE. Hence,
ScienceDirect and Wiley Science databases were excluded in our review. In ad-
dition, Scopus was selected since it claims to be the largest abstract database for
peer-reviewed papers. Table 4.17 in Appendix A shows the search strings used
to search for relevant material in each database. The study selection process is
described in the next section.

4.3.3 Study Selection

Inclusion and Exclusion

The criterion for inclusion and exclusion are as follow:

• Only peer-reviewed research articles are included;
• An article should have empirical work illustrating the link between mea-

sures and external quality attributes;
• Measures discussed in the article should be related to external quality at-

tributes and obtainable directly from the source code (of object-oriented
programs), or if obtainable from internal properties of object-oriented de-
signs they should be judged to be obtainable from the source code of
object-oriented programs;

• Articles should have empirical work using measures (as stated in the pre-
vious bullet) to relate (including correlation), evaluate, predict or validate
at least one external quality attribute or a proxy of an external quality
attribute.

Papers that did not fulfill at least one of the aforementioned criteria were
excluded. A consolidated list of definitions from ISO/IEC-9126 (2001), Boehm
et al. (1976) and McCall et al. (1977) were used as a guide during the study
selection.

Exclusion of papers consisted of two steps. In step 1 exclusion of irrelevant
papers was conducted by applying the inclusion and exclusion criteria on the
titles and abstracts. Two researchers reviewed each paper. The first author
reviewed all papers whilst the other reviewers were assigned one third of the
papers each. Before the papers were distributed to reviewers, all papers were
sorted alphabetically by the articles’ author lists to ensure that the researchers
would review articles written by the same authors. These steps facilitated the
identification of duplicate studies or studies reporting identical empirical results.
Table 4.3 depicts the strategy for deciding whether to include or exclude an
article based on reviewers’ assessments.
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Table 4.3: Inclusion and Exclusion Strategy

Reviewer 1 Reviewer 2 Resolution

Relevant Irrelevant Conduct third review (Exclude if third assessment re-
sult is irrelevant, else include)

Relevant Maybe Include paper

Relevant Relevant Include paper

Maybe Maybe Conduct third review (Exclude if third assessment re-
sult is irrelevant, else include)

Maybe Irrelevant Exclude paper

Irrelevant Irrelevant Exclude paper

In step 2 papers were assessed based on their full-text and excluded based
on the inclusion and exclusion criteria. Two of the authors were recognized as
having substantially more experience in the area of object-oriented measures.
Thus to reduce inclusion or exclusion of papers based on bias, papers were
distributed in such a way that each paper was reviewed by a more experienced
and lesser experienced reviewer in the area. The strategy shown in Table 4.3 was
used for determining inclusion or exclusion or resolving assessment discrepancies
between reviewers. The next activity was the quality assessment of the primary
studies.

Study Quality Assessment

A quality assessment procedure was applied on the papers’ full-text covering
the following aspects: research design, data analysis, measures, results and
conclusions.

The study quality assessment checklist consisting of 12 questions covering the
aforementioned aspects was developed to operationalize the quality assessment
activities. Grading of each question was done on a three point scale: “yes”
(weighing two points - indicating that data for the specific question is clearly
available), “somewhat” (weighing one point - data is vaguely available) and “no”
(weighing zero points - indicating that data is unavailable). The questions are
tabulated in Table 4.4.

As suggested by Kitchenham and Charters (2007), Cohen’s Kappa statis-
tics was used to measure and evaluate homogeneousness between the more and
lesser experienced reviewer. Kappa statistics measure the level of agreement
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Table 4.4: Quality Assessment Checklist

Quality Assessment Questions Select
Yes/No/
Some-
what

Research
Design

1.Is the research aim clearly stated?

2. Is the research methodology clearly de-
scribed?

Data
Analysis

3. Is the programming language stated?

4. Is the size of the data set stated? e.g.
system/class

5. Was an analysis conducted to check for
outliers in the data? (if unclear enter No)

6. Is the name of the statistical test pro-
vided? (e.g. Pearson, Spearman, etc)

Measures
and Qual-
ity At-
tributes

7. Are the definitions for the measures pro-
vided?

Results
and
Conclusion

8. Are the correlation coefficients reported?

9. Are the p-values reported?

10. Is the statistical significance provided or
discussed?

11. Are validity threats discussed?

12. Do the empirical data and results sup-
port the conclusions?

between observers (or in this case reviewers) i.e. the inter-observer variability
(Landis and Koch, 1977; Henningsson and Wohlin, 2005). The closer the kappa
coefficient is to 1 the higher the agreement level between the observers. The
next step was the data extraction.
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4.3.4 Data Extraction

To help achieve the overall aim of the study data extraction from primary studies
was conducted on two main levels: individual measures and prediction models.

Data for Individual Measures

To help with assessing links between individual measures and external quality
attributes, the following information was extracted:

• Measures obtainable from the object-oriented source code
• Internal properties measured by each measure
• External quality attributes or proxies of external quality attributes
• Method used to link measures of internal properties to external quality

attributes
• Research methodology and study context
• Dataset(s)

A “proxy” of an external attribute is an attribute used as a surrogate or
as a “stand-in” for an external quality attribute. For example fault-proneness
can be used as a surrogate of the external quality attribute, reliability. For the
purpose of this study we extracted proxies and/or external quality attributes as
reported in the studies.

Data for Prediction Models

To help with understanding measures usefulness for building models for quality
prediction, the following information was extracted:

• Prediction model (i.e. set of measures obtainable from source code);
• Internal properties measured by each measure in the prediction model;
• Method used for building the prediction model;
• External quality attributes or proxies of external quality attributes linked

to the prediction model;
• Validation method used for the prediction model;
• Research methodology and study context;
• Dataset(s);
• Predictive ability results of the prediction model, for example, perfor-

mance indicators from confusion matrix results (Jia et al., 2009) or R-
squared values.

If in a particular study more than one prediction model is evaluated or if a
comparison is done between different models, data is extracted from the study
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of the model that out-perform the other model(s). Data synthesis of individual
measures was done using a vote-counting approach.

4.3.5 Data Synthesis: Vote-Counting

Vote-counting (method) was conducted in this study to understand the con-
sistency of the relation that measures have with external quality attributes as
reported across empirical studies. The approach helps in understanding the
ability of a measure to predict certain quality attributes by combining results
from individual empirical studies (Pickard et al., 1998). Vote-counting is done
for studies that report significance level tests, i.e. p-values (Pickard et al., 1998).
In terms of the relation between the measure and the external quality attribute
or a proxy of an external quality attribute, the significance levels denote either
a positive, negative or a non-significant relation (Pickard et al., 1998).

The statistical significance test results extracted and combined from the
empirical studies are those done using p-values. The significance levels often
used are 0.05 and 0.01. A positive or negative significant relationship indicates
“success” (Pickard et al., 1998), i.e., suggesting a link between a measure and
an external quality attribute. Thus a p-value less than 0.05 or 0.01 (depending
on the level used in the study) denotes a success; and a p-value greater than
0.05 or 0.01 indicates failure or non-significant. For studies whose p-values
are reported but the statistical significant is not, we use 0.05 to maximize the
number of likely useful measures. The vote-counting procedure is thus done for
the three possible outcomes as reported in the studies: positive, negative and
non-significant outcomes. These outcomes denote the effect of the measures and
proxies of external quality attributes or external quality attributes.

For each study that investigated the relationship between several measures
and/or several external attributes, each measure-attribute pair is considered,
i.e., counted, separately as an outcome. Different aspects of data, e.g., severity
levels of defects, are also considered separately as outcomes.

A cut-off point is often used in vote-counting for rejecting a hypothesis that
there is no effect between two variables (Pickard et al., 1998). We use a cut-off
point of 50% of outcomes to reject the hypothesis that a measure has no effect
on the external quality attribute or proxies of that external quality attribute.
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4.4 Conducting the Review

Table 4.5 contains the years covered and the number of search results retrieved
for each database. Evaluation of the cumulative search results (total of 1121
papers) revealed 556 duplicates, 14 lecture slides and 18 editorials that were
removed using the Endnote Tool.

Table 4.5: Search Process

Digital
Library

Years covered
(according to the
functionality)

Results

Compendex
& Inspec

Until January 2011 Retrieved 634

IEEE Until January 2011 Retrieved 46

Scopus Until January 2011 Retrieved 380

ACM Until January 2011 Retrieved 61

Total Papers (All Databases) 1121

Removed Removed: duplicates (556 papers), Lec-
ture slides (14 papers), Editorial (18)

Total Papers Left 533

The next step in the review process was the study selection process. This
involved screening the remaining 533 papers and removing irrelevant papers,
based on title and abstract. Lastly screening papers and removing papers based
on full-text that remain after the title and abstract screening process.

4.4.1 Inclusion and Exclusion Process

The initial step in the exclusion of irrelevant papers was conducted by applying
the inclusion and exclusion criteria on the titles and abstracts of 533 papers
and 178 papers remained. During this process 16 duplicate studies and 6 non-
English studies were identified and removed. We were unable to obtain full-text
for two papers. This left 154 papers as potential primary studies. In the next
step, the 154 papers were evaluated on their relevance based on their full-text
using the inclusion and exclusion criteria. Out of 154 papers, 3 duplicates were
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found and 76 papers were found to be irrelevant. As a result, 75 papers from
the 154 papers remained. We then re-reviewed the remaining 75 papers for
the purpose of ensuring that the studies were mapped to the most appropriate
attribute. Two papers were found to not have conducted an investigation of
an external quality attribute or proxy. These two papers were excluded. As a
result 73 papers were selected as primary studies.

4.4.2 Study Quality Assessment Process

Quality assessment of the 73 studies was done concurrently with the full-text
inclusion and exclusion process. As a result, the authors of this paper applied
the quality assessment criteria to the full-text of the same papers that they
evaluated during the inclusion and exclusion process.

Table 4.6: Kappa Results of Quality Assessment Process

Reviewers Kappa Statistics Agreement Level

ME1 and LE1 0.452 Moderate

ME1 and LE2 0.546 Moderate

ME2 and LE1 0.609 Substantial

ME2 and LE2 0.51 Moderate

Using the evaluation of Kappa statistics proposed by Landis and Koch (1977)
the strength of the level of agreement between reviewers was generally moderate
with one case showing a substantially good level of agreement. The results of the
kappa statistics are tabulated in Table 4.6. In Table 4.6 the more experienced
reviewer is referred to as ME and the less experienced as LE.

Figure 4.2 summarizes steps taken to obtain primary studies.

4.5 Validity Threats

4.5.1 Selection Bias

It is possible to miss or exclude relevant papers during a literature review and
this can significantly affect the results. During each step that involved the
exclusion of papers, methods were implemented to ensure that relevant papers
were not inadvertently excluded. To begin with, the identification of search
terms and the formulation of search strings involved the use of a validation
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Figure 4.2: Study Selection Process

set to evaluate search results and to identify additional search terms. The
validation set consisted of the following papers: (Kanellopoulos et al., 2010),
(Gyimóthy et al., 2005), (Olbrich et al., 2009), (Jiang et al., 2008) and (Arisholm
et al., 2004). This procedure also helped in the formulation of suitable Boolean
expressions for search strings.

Formulation of the inclusion and exclusion criteria involved two pilot runs
to remove ambiguities in the criteria and to improve homogeneity between re-
viewers. The piloting emulated the planned inclusion and exclusion process,
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which was done on the papers title and abstract, so as to reduce inconsistencies
between the first author and the other authors prior to the actual process. After
each pilot the first author’s assessment results were compared against the other
authors’ assessment results. A meeting was conducted to discuss contrasting in-
terpretation of the assessment criteria and disparities in the assessment results
after the first round of piloting. Amendments were duly made to the criteria to
remove ambiguities before the second round of piloting. A meeting to discuss
inconsistencies and to polish certain vague areas in the criteria also followed
the second round of piloting. During this second meeting it was uncovered that
disagreements that arose during the piloting were related to the definition of cer-
tain essential terms such as source code. Definitions were thus formally made
and agreed upon, and all researchers agreed that no more piloting was needed.

Selection bias can also result in excluding relevant papers. To minimize
primary study selection bias during assessment of the papers full-text division
of papers was done in such a way that two authors that had lesser experience
in the area of object-oriented quality assessment would not review the same
papers. Thus authors that reviewed each paper consisted of both a more and a
lesser experienced reviewer. In cases with a discrepancy between two reviewers,
a meeting was conducted to discuss differences and to determine inclusion or
exclusion of the paper. If the reviewers were unable to reach an agreement
over the inclusion or inclusion of the paper, a third person would review the
paper. The third reviewers’ assessment would be used to determine inclusion or
exclusion of the paper.

A quality assessment checklist was developed and a pilot was conducted to
check for homogeneity in terms of usage and interpretation of the checklist be-
tween reviewers. After each pilot a meeting was held to discuss effectiveness and
rigor of the quality criteria. During the meetings, disagreements in evaluation
between the reviewers were discussed with the goal of reaching a consensus on
how to approach certain vagueness or missing details found in certain papers.
The meetings were also used to discuss necessary changes to the quality criteria
with the goal of removing ambiguities and redundancies in the assessment cri-
teria. The same arrangement of authors for reviewing the full-text papers used
in the inclusion and exclusion process was also used for the quality assessment
process.

4.5.2 Reviewer Bias

The rationale for measures in terms of what they intend to measure can be
context dependent, and interpretation of measures and results may vary across
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studies (Lincke et al., 2008). Implication of results is also influenced by the de-
pendency that measures have on the tools used for extraction. That is, results
for software quality evaluation are influenced by the definition of the measures
and the measurement process (Lincke et al., 2008). Measurement process, defi-
nition of the measures and interpretation of the results are subject to reviewer
bias.

Furthermore, external quality attributes investigated in studies can be ab-
stract and not explicitly stated. For example, some studies may report findings
on external quality attribute proxies such as change-effort or number of bad
smells. This leaves the association of the proxy discussed in the paper to a spe-
cific external quality attribute up to the interpretation and subjective views of
individuals. To ensure that the studies were aligned to an appropriate external
quality attribute reviewers re-reviewed the papers after the full-text assessment.
During this activity, papers were ordered in an alphabetic order by author names
and split amongst the reviewers such that each paper was reviewed by two re-
viewers that consisted of a more experienced and lesser experienced reviewer.
As a result of the ordering, some reviewers reviewed some papers they had in-
cluded during the full-text assessment. The reviewers extracted the external
quality attributes and their proxies as stated in the studies.

In cases where the external quality attribute were not clearly stated, the
reviewers used the study contexts and proxies discussed in the paper and the
external quality attributes defined in ISO/IEC-9126 (2001), Boehm et al. (1976)
or McCall et al. (1977) to derive the most appropriate external quality attribute.
As a result of this re-review three paper were identified as candidates for exclu-
sion as they did not meet the inclusion criteria, i.e., the proxy was not clear and
the external quality could not be derived. These papers were returned to the
full-text assessment reviewers of the papers so they could re-review the papers
and determine if they agree or disagree with the new review from the other
reviewers. For two of the papers the full-text assessment reviewers agreed to
exclude. For the other paper, one full text assessment reviewer agreed to ex-
clude whilst the other wanted to include. A meeting was held between all four
reviewers during which this paper was discussed and a consensus was reached
to include the paper. This re-review step is indicated in Figure 4.2 after the
full-text assessment step.

4.5.3 Vote-counting Bias

There are a lot of publicly available datasets, for example, open source projects,
which researchers often use for their investigations, e.g., relationship between
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a complexity measures and a reliability proxy like post release faults. Often
researchers end up using the same dataset for their investigations in different
empirical studies. As a result, some measures may be investigated on the same
dataset in different empirical studies. Vote-counting results for such measures
can be biased and may not be indicative of the usefulness of the measure since
they have only been investigated and re-investigated on the same dataset. Dur-
ing the vote-counting process, if a measure was investigated on the same dataset,
we considered the difference in the way the dataset was used between studies, for
example, some studies may categorize the dataset by, for example, fault severity
levels, and some may not, or some studies may use use only one version of the
system whilst another study uses several. We also took into consideration the
difference in the method used to investigate the link between the measure and
the attribute under study, for example, univariate linear/logistic regression, or
artificial immune recognition system, or decision trees, etc. Thus, results from
several studies that investigate the same measure using the same characteristics
of a dataset, with the same statistical method, were counted as one result.

It may also occur that studies report contradicting outcomes for certain mea-
sures, i.e., positive significance in one study and negative significance in another.
This may result in misleading vote-counting results. We alleviate this problem
by complementing the vote-counting results with a plot of the sum of positive
and negative significant results against the number of clear results or against the
number of datasets. The resultant plot provides a visual of the overall direction
of the relationship between the measure(s) and the quality attribute(s) reported
by the empirical studies. This helps to compare the consistency, usefulness and
strength of evidence of a measure in comparison to the other measures according
to vote-counting results of reports from empirical studies.

4.6 Results

4.6.1 Primary Studies

The 73 primary studies and the citation from the reference list are tabulated
in Table 4.7. This representation of primary studies and references is adapted
from a separate study by Dı́az et al. (2011). From hereon, each primary study
is referred to using the ID in Table 4.7.
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Table 4.7: Studies and References

ID Citation ID Citation ID Citation ID Citation

S1 (Abreu and
Melo, 1996)

S11 (Bansiya and
Davis, 2002)

S21 (Bruntink and
van Deursen,
2006)

S31 (El Emam et al.,
2002)

S2 (Abubakar
et al., 2006)

S12 (Basili et al.,
1996)

S22 (Cruz and
Ochimizu, 2010)

S32 (Elish and Rine,
2006)

S3 (Aggarwal et al.,
2007)

S13 (Benlarbi and
Melo, 1999)

S23 (Cartwright and
Shepperd, 2000)

S33 (Elish, 2010)

S4 (Aggarwal et al.,
2009)

S14 (Benlarbi et al.,
2000)

S24 (Catal et al.,
2007)

S34 (Fioravanti and
Nesi, 2001)

S5 (Al Dallal and
Briand, 2010)

S15 (Bocco et al.,
2005)

S25 (Chaumun et al.,
1999)

S35 (Genero et al.,
2001)

S6 (Alshayeb and
Li, 2003)

S16 (Briand et al.,
1997)

S26 (Chidamber
et al., 1998)

S36 (Goel and Singh,
2008)

S7 (Aman et al.,
2006)

S17 (Briand et al.,
1999)

S27 (Dagpinar and
Jahnke, 2003)

S37 (Gupta and
Chhabra, 2009)

S8 (Arisholm and
Sjøberg, 2000)

S18 (Briand et al.,
2000)

S28 (Dandashi,
2002)

S38 (Gyimóthy
et al., 2005)

S9 (Arisholm, 2006) S19 (Briand et al.,
2001)

S29 (Darcy et al.,
2005)

S39 (Holschuh et al.,
2009)

S10 (Bandi et al.,
2003)

S20 (Briand et al.,
2002)

S30 (Dick and Sadia,
2006)

S40 (Huang and
Zhu, 2009)

ID Citation ID Citation ID Citation ID Citation

S41 (Janes et al.,
2006)

S51 (Olague et al.,
2007)

S61 (Shatnawi,
2010)

S71 (Xu et al., 2008)

S42 (Jia et al., 2009) S52 (Olague et al.,
2008)

S62 (Shatnawi et al.,
2010)

S72 (Zhou and Le-
ung, 2006)

S43 (Jin et al., 2009) S53 (Olbrich et al.,
2009)

S63 (Singh et al.,
2007)

S73 (Zhou and Liu,
2010)

S44 (Kamiya et al.,
1999)

S54 (Pai and
Bechta Dugan,
2007)

S64 (Singh et al.,
2009a)

S45 (Kanmani et al.,
2004)

S55 (Yu et al., 2002) S65 (Singh et al.,
2010)

S46 (Kanmani et al.,
2007)

S56 (Poshyvanyk
et al., 2009)

S66 (Singh et al.,
2009b)

S47 (Li and Shat-
nawi, 2007)

S57 (Pritchett and
W., 2001)

S67 (Subramanyam
and Krishnan,
2003)

S48 (Liu et al., 2009) S58 (Quah and
Thwin, 2002)

S68 (Succi et al.,
2003)

S49 (Nguyen et al.,
2011)

S59 (Reyes and
Carver, 1998)

S69 (Szabo and
Khoshgoftaar,
2004)

S50 (Olague et al.,
2006)

S60 (Shatnawi and
Li, 2008)

S70 (Újházi et al.,
2010)
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4.6.2 Quality Assessment Results

Maximum possible score for the quality assessment was 48. Scores for the pri-
mary studies range between 17 and 48, i.e., 35% and 100%. Percentile rankings
of the scores are highlighted in Figure 4.3. A quarter of the primary studies
scored below 60% of the total possible score, i.e., 29/48. Studies within the
25% percentile omitted discussions on certain analysis information that if not
considered can potentially skew findings such as analysis of outliers during the
statistical analysis. Most of the studies within this percentile also did not dis-
cuss study validity threats which makes it difficult for the reader to understand
trustworthiness of the reported findings or if other factors may have influenced
the study results (Robson, 2011).
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Figure 4.3: Distribution of Quality Scores

4.6.3 Publication Venues and Years

Figure 4.4 shows the distribution of primary studies by publication years and
venues. As depicted in Figure 4.4 the list of primary studies constitutes of
papers published from 1996 onwards. The figure also highlights the year some
of the well-known measures were proposed in relation to the publication years
of the primary studies. Journal publications constitutes approximately 59% of
all primary studies. 68% of the studies were published after 2002 (the year
QMOOD measures were published). Figure 4.4 shows that in recent years there



4.6 Results 89

has been a growing number of conference and journal publications investigating
the relationship between object-oriented measures and quality.
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Figure 4.4: Publication Venues and Years

Figure 4.4 shows that the earliest empirical studies that we found on object-
oriented measures and quality is five years after the publication of the C&K
measurement suite. This led us to investigate the most commonly used mea-
surement suites. Table 4.8 shows the number of primary studies, a total of 61,
that used at least one of the common measurement suits (C&K, L&K, MOOD
and QMOOD), or combination of suites. The other 12 studies did not use these
measurement suits.

There is one other set of measures proposed by Briand et al. (1997) that
is not included in Table 4.1 but we found quite common across the primary
studies. These measures, however, do not measure diverse properties as the
other measurement sets in Table 4.1. The measures were proposed to primarily
measure coupling properties. Most of the primary studies used at least one of
these measurement suites (84% of the primary studies). Despite other measures
being proposed in literature, C&K measures appeared in most of our primary
studies.
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Table 4.8: Measurement Suites from Primary Studies

Suite Name Number of Studies

Single Suite

C&K 34
QMOOD 1
MOOD 1
Briand et al. 1
L&K 0

Combination of Suites
C&K and L&K 8
C&K, L&K and Briand et al. 6
C&K and Briand et al. 5
C&K and QMOOD 2
QMOOD and L&K 1
C&K, MOOD and Briand et al. 1
C&K, QMOOD and MOOD 1

4.6.4 Research Methodology and Study Contexts

Table 4.9 provides a classification of the primary studies according to the study
contexts and the research methods described in the studies. “Experiment stu-
dents” in Table 4.9 refers to studies that used subjects from academia. “Ex-
periment professionals” refers to studies conducted using subjects with multiple
years of experience in their respective field. Archival analysis refers to a study
conducted using historical data that was systematically collected and stored
(Robson, 2011). We found some studies that use more than one dataset, of ei-
ther the same or different context or research method. Such studies are denoted
with DSn in Table 4.9, where DS refers to dataset, and n is the number of
datasets associated with that context and research method. In this case dataset
refers to the software release, the system or the project described in the studies.

With regards to the study context categorization in Table 4.9 we found that
all studies under the context open metrics database and archival analysis, uses
the KC1 NASA data set. Most of the studies under the open source and archival
analysis uses Eclipse and Mozilla. Table 4.10 provides a list of the most common
datasets and the studies that used the datasets.

Catal and Diri (2009) found that the use of publicly available datasets in
fault-proneness prediction studies increased from 31% to 52% after 2005. Our
study results provide a more longitudinal view and wider perspective of quality
attributes across studies. We found that between 1996 and 2010, 42% of the
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Table 4.9: Research Method and Contexts

Context

Method

Academic Open
Metrics
Database

Open Source Industry Unclear

Experiment
students

S1, S10,
S15, S35,
S49

Experiment
profession-
als

S29

Survey S28(DS1)
Case study S3, S4,

S12, S16,
S18, S34,
S45, S46,
S63, S64

S9, S44

Archival
analysis

S19, S27,
S43,

S2, S24,
S36, S54,
S65, S66,
S71, S72

S5, S6, S7,
S21(DS1),
S22, S30, S32,
S33, S37, S38,
S47, S48, S50,
S51, S52, S53,
S56, S60, S61,
S62, S70, S73

S8, S11, S13,
S14, S17, S20,
S21(DS4),
S23, S25, S26,
S31, S39, S40,
S41, S42, S55,
S58, S67, S68,
S69

S28(DS1),
S57, S59

studies used publicly available datasets, i.e., open metrics database or open
source. This is well short of the 80% proposed by Catal and Diri as being the
“ideal level” for helping the research community to validate each others findings.

4.6.5 External Quality Attributes

The external quality attributes proxies and the related external quality at-
tributes investigated in the primary studies are tabulated in Table 4.11. Only
5% (4 out of 73) of the primary studies investigated more than one external
quality attribute. These studies are S1, S11, S26 and S68, and they appear in
Table 4.11 under all the external quality attributes that they investigated.
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Table 4.10: Most Common Datasets

System Programming
Language

No. of
Studies

Studies

KC1 NASA data set C++ 8 S2, S24, S36, S54, S65,
S66, S71, S72

Eclipse Java 6 S7, S47, S60, S61, S62,
S73

Mozilla C++ 5 S38, S30, S48, S56, S70
LALO C++ 3 S4, S17, S13
Rhino Java 3 S52, S50, S51
12 Systems by Stu-
dents at University
School of Information
Technology

Java 2 S3, S64

XGen Source Code
Generator

Java 2 S33, S37

Apache Ant Java 2 S21, S53

Table 4.11: Studies and External Quality Attributes

External Quality
Attributes

Proxy No. Of
Studies

Studies

Reliability

Fault-proneness 34 S3-S5, S12-S14, S16-S18,
S20, S22, S24, S31, S34,
S36, S38, S40, S42-S44,
S46, S48, S51, S52, S54,
S55, S61, S63-S66, S70,
S72, S73

Defect-proneness 4 S23, S25, S39, S41

Number of faults 4 S45, S58, S69, S71

Class error probability 2 S47, S62

Number of defects 2 S2, S67

Defects density 2 S1, S30

Number of revisions 1 S57

Post-release defect
density

1 S32

Changeability Effort 2 S8, S9

Continued on the next page
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Table 4.11 – Continued from previous page

External Quality
Attributes

Proxy No. Of
Studies

Studies

Change-proneness 1 S56

Change impact 1 S68

Maintenance effort Changes in classes 1 S6

Maintenance cost Cost-proneness of
classes

1 S7

Cost Development effort 1 S19

Dummy variables 1 S26

Productivity Dummy variables 1 S26

Maintainability

Effort 1 S10

Maintenance effort 1 S15

Change logs 1 S27

Perfective maintenance
effort

1 S29

Rework 1 S1

Maintenance
time/effort

1 S35

Maintenance effort 1 S49

Shannon entropy and
error-proneness

1 S50

Change frequency and
change size

1 S53

Class error probability 1 S60

Change impact 1 S68

Reusability
Viewpoints of peo-
ple (adaptability,
completeness, main-
tainability, under-
standability)

1 S28

Reuse 1 S59

No proxies 1 S11

Testability Testing effort 1 S21

Flexibility No proxies 1 S11

Continued on the next page
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Table 4.11 – Continued from previous page

External Quality
Attributes

Proxy No. Of
Studies

Studies

Functionality No proxies 1 S11

Extendibility No proxies 1 S11

Effectiveness No proxies 1 S11

Understandability
Average effort to un-
derstand package

1 S33

Ranking/Effort to un-
derstand package

1 S37

No proxies 1 S11

As shown in Table 4.11, maintainability is the second most investigated ex-
ternal quality attribute. However, some of the other quality attributes mapped
to studies in Table 4.11 can be linked to maintainability particularly in the
context of source code quality. To be able to maintain source code one would
need to understand the source code (Boehm et al., 1976) and the source code it-
self should be testable to determine if the maintenance activities were successful
(ISO/IEC-9126, 2001). Considering maintenance work may involve implementa-
tion of correctional changes (ISO/IEC-9126, 2001), i.e., defect-fixing, the source
code should be, to a certain extent, changeable. Therefore source code measures
that are used to directly or indirectly measure understandability characteristics
can be used to directly or indirectly measure maintainability (Boehm et al.,
1976). Similarly, direct or indirect source code measures for testability and
changeability can be used to directly or indirectly measure maintainability.

Changeability, testability and understandability attributes thus can be per-
ceived as surrogates for maintainability. Hence, for the purposes of our analysis,
studies mapped to changeability, testability and understandability are traced to
maintainability studies. Using definitions of flexibility, extendibility and effec-
tiveness from ISO/IEC-9126 (2001), we also consider that the studies mapped
to these aspects can be linked to maintainability aspects. Figure 4.5 shows a
graphical representation of the link between maintainability and the other at-
tributes found in this study. The interpretation of Figure 4.5 is also supported
by some of our study data. For example, there are two studies regarding the
external quality attribute changeability that use the effort as a proxy. On the
other hand, we have a study regarding maintenance effort as an external quality
attribute.
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Figure 4.5: Maintenance Figure 4.6: Cost

Using the description of cost by McCall et al. (1977) we also categorize stud-
ies on maintenance effort and maintenance cost as surrogates for cost attributes.
Using the definition of productivity in ISO/IEC-9126 (2001) we also consider
this attribute as a surrogate for cost and maintenance effort, maintenance cost
and productivity. Hence, these studies are included in the discussion as cost
aspects. Figure 4.6 shows a breakdown of cost attributes, and shows the link
between cost and the other attributes found in this study.

This mapping results in all studies being mapped to five main external qual-
ity attributes: reliability, maintainability, cost, reusability and functionality.

4.6.6 Reliability Studies

Most of the studies, 50 out of 73 (68%), are mapped to reliability. Most of the
studies mapped to reliability are mapped to fault-proneness (which is a reliabil-
ity proxy). Fault-proneness is the most investigated proxy across all the proxies
for external quality attributes from the primary studies. 47% (34 out of 73) of
the primary studies were on fault-proneness. In studies mapped to reliability
the most measured property is coupling. Followed by size, complexity, cohesion,
inheritance, stability, polymorphism, encapsulation, abstraction and messaging
properties in that order. The complexity measure RFC (and variations of it)
and the inheritance measure DIT appear most frequently across studies that link
measures, individually, to proxies for reliability; followed by coupling measure
CBO, inheritance measure NOC, complexity measure WMC and size measure
LOC. Measures for abstraction, encapsulation, messaging, polymorphism and
stability were very few or the measures were investigated in only one or two
studies.

4.6.7 Maintainability Studies

25% (18 out of 73) of the primary studies are mapped to maintainability. Most
of the measures we found in the studies for maintainability or investigated sur-
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rogates for maintainability measured complexity properties. The properties
measured, from the property most measured to the least, are: complexity, cou-
pling, inheritance, size, encapsulation, cohesion, hierarchies and polymorphism.
Apart from WMC (which is a complexity measure), and CBO (which is a cou-
pling measure), that both appeared in three and two studies, respectively, most
of the measures appeared in only one study.

4.6.8 Cost Studies

Only 5% (4 out of 73) of the primary studies) are mapped to cost. Proper-
ties measured in studies mapped to maintainability, from the most number of
measures for each property to the least, are: complexity, inheritance, coupling,
cohesion and size.

4.6.9 Reusability Studies

Only 4% (3 out of 73) of the primary studies are mapped to reusability. In order
of the most measured property, measures in these studies are for complexity,
coupling, inheritance, size and volume properties.

4.6.10 Functionality Studies

Only 1% (1 out of 73) of the primary studies are mapped to functionality. The
study uses measures from the QMOOD suite which measure abstraction, cohe-
sion, coupling, complexity, composition, encapsulation, inheritance, messaging,
polymorphism and size properties.

4.7 Analysis

4.7.1 Prediction Models

For the purpose of identifying useful measures for building effective prediction
models, we only analyzed models that were both validated and had their predic-
tive abilities explicitly reported in the primary studies. Over half of the models
extracted did not meet this criterion. Notably, none of the models extracted for
cost, reusability and functionality met this criterion. All models that did not
meet the criterion are listed in Appendix B (including some from reliability and
maintainability studies). The validation method and predictive abilities were
reported for some of the models for reliability and maintainability.
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Reliability

The validation method and/or the predictive ability of over half of the models
for reliability are not clearly provided in the studies. Only 18 of the models
had a validation method stated and/or the predictive ability reported. 61% of
these 18 prediction models are built using regression methods, compared to 39%
built from machine learning methods. Most of the models contained at least
one C&K measure. The coupling measure CBO, appears most frequently in the
prediction models. Followed by the complexity measure RFC, the inheritance
measure NOC, and then the size measure LOC. Table 4.13 provides the list of
the 18 prediction models that had the validation method and their predictive
ability clearly stated in the studies. The predictive ability shown in the table,
rightmost column, is the information provided in the related study (the study
ID is shown in the leftmost column).

Maintainability

Out of nine models extracted from maintainability studies only one model had
the validation and predictive ability reported. This model consists of one cou-
pling measure and one size measure and it was developed using a regression
method. This model is tabulated in Table 4.12. Vote-counting procedure con-
ducted on the primary studies is discussed in the next section.

Table 4.12: Maintainability: Prediction Models

Study Proxy Best Set of
Measures

Method Validation
Method

Predictive
Ability

S9 Effort OMAEC CP,
CS CP

Multiple
Linear
Regression

Cross Validation
(the model ex-
plained 51.5% of
the variation in the
validation)

R-squared
(77.5%)

4.7.2 Vote-Counting

Studies mapped to cost, reusability and functionality are too few to conduct a
meaningful analysis. Thus vote-counting was not conducted for studies mapped
to these attributes. Vote-counting was only done on studies mapped to reliability
and maintainability.
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Significant levels reported in the studies are shown by denoting significant at
0.01 with either “++” (if the relationship is positive), “– –” (if the relationship is
negative), and those significant at 0.05 are denoted by “+” (if the relationship is
positive), “–” (if the relationship is negative). In cases where the results are not
statistically significant this is denoted by “0”. We also show, under the column
heading “Unclear”, the number of studies that do not provide any clear results
due to issues in study design, execution, or reporting particularly pertaining to
the statistical significance levels.

Reliability

Given the number of the primary studies mapped to reliability, there are many
measures extracted from these studies. We thus limit the analysis on measures
that were evaluated on at least 10 datasets. This increases the likelihood that the
measures used in the analysis were those investigated under differing contexts
depicted in Table 4.9. The vote-counting results are tabulated in Table 4.14 and
they are sorted by the “Significant” column.

In terms of contradictory results of either positive or negative or non-significant
outcomes, the complexity measure WMC and the size measure LOC show a neg-
ative relationship in one outcome, but show positive outcomes in most of the
results. The coupling measure, OCAEC, and the inheritance measure, NOC,
show both negative and positive relationships in different outcomes but they
are not significant in most of the outcomes. Coupling measures, however, seem
to perform better than inheritance and cohesion measures. Inheritance mea-
sures show poor performance across 22 and 23 studies; they are only signifi-
cant in slightly over a quarter of the datasets. Cohesion measures show poor
performance across studies as they are significant in between 10% to 55% out-
comes. The complexity measures show much better consistency than the other
measures. The vote-counting results in Table 4.14 suggests that complexity
measures have a better link with reliability proxies than the measures of other
properties since they are significant in most of the datasets that they are in-
vestigated in (62% to 97% of the outcomes). Using 50% as the cutoff point for
the vote-counting results, there is a potential link between the following mea-
sures and proxies for reliability: OMMIC, VG (McCabe), OCAIC, WMC (or
WMC-McCabe), NOM, MPC, CBO, RFC, LOC, LCOM1 and LCOM2.



4.7 Analysis 101

T
a
b

le
4
.1

4
:

V
o
te

-C
o
u

n
ti

n
g
:

R
el

ia
b

il
it

y
S

tu
d

ie
s

In
te

r
n

a
l

P
r
o
p

e
r
-

ti
e
s

M
e
a
su

r
e

S
tu

d
ie

s
N

o
.

o
f

D
a
ta

-
se

ts

“
+

+
”

“
+

”
0

“
–

”
“
–

–
”

U
n

-

c
le

a
r

S
ig

.
N

o
t

S
ig

n
.

C
o
u

p
li
n

g
O

M
M

IC
S

3
,

S
4
,

S
1
6
,

S
1
7
,

S
1
8

1
0

4
6

0
0

0
0

1
0
0
%

0
%

C
o
m

p
le

x
it

y
V

G
(M

c-
C

a
b

e)

S
3
6
,

S
3
9
,

S
5
2
,

S
7
3

3
3

1
8

1
4

0
0

0
1

9
7
%

0
%

C
o
u

p
li
n

g
O

C
A

IC
S

3
,

S
4
,

S
1
6
,

S
1
7
,

S
1
8
,

S
2
0

1
1

2
8

1
0

0
0

9
1
%

9
%

C
o
m

p
le

x
it

y
W

M
C

o
r

W
M

C
-

M
cC

a
b

e

S
3
,

S
6
5
,

S
1
4
,

S
3
6
,

S
7
0
,

S
2
2
,

S
6
5
,

S
3
9
,

S
7
1
,

S
7
2
,

S
7
3
,

S
4
,

S
5
4
,

S
6
1
,

S
5
1
,

S
3
0
,

S
1
2
,

S
3
8
,

S
6
6
,

S
2
4

8
3

3
0

3
2

1
1

0
1
9

7
6
%

1
%

C
o
m

p
le

x
it

y
N

O
M

S
2
5
,

S
5
1
,

S
4
,

S
3
1
,

S
5
5
,

S
3
6
,

S
4
1
,

S
1
8

2
2

7
9

5
0

0
1

7
3
%

2
3
%

C
o
u

p
li
n

g
M

P
C

S
5
7
,

S
4
,

S
1
7
,

S
3
9
,

S
1
8

1
1

3
5

2
0

0
1

7
3
%

1
8
%

C
o
n
ti

n
u

ed
o
n

n
ex

t
p

a
g
e



102
Object-oriented Measures and Quality: A Systematic Literature

Review

T
a
b

le
4
.1

4
–
C
o
n
ti
n
u
ed

fr
o
m

p
re
vi
o
u
s
pa

ge

In
te

r
n

a
l

P
r
o
p

e
r
-

ti
e
s

M
e
a
su

r
e

S
tu

d
ie

s
N

o
.

o
f

D
a
ta

-
se

ts

“
+

+
”

“
+

”
0

“
–

”
“
–

–
”

U
n

-

c
le

a
r

S
ig

-
n

ifi
-

c
a
n
t

N
o
t

S
ig

n
.

S
iz

e
L

O
C

S
2
4
,

S
6
6
,

S
3
8
,

S
2
5
,

S
5
4
,

S
4
,

S
3
1
,

S
7
2
,

S
7
1
,

S
7
3
,

S
3
9
,

S
6
5
,

S
5
2
,

S
2
2
,

S
7
0
,

S
3
6
,

S
1
4
,

S
6
4
,

S
4
8
,

S
4
1
,

S
3

7
3

2
2

2
6

4
1

0
2
0

6
7
%

5
%

C
o
u

p
li
n

g
C

B
O

S
2
4
,

S
6
6
,

S
3
8
,

S
1
2
,

S
2
5
,

S
5
1
,

S
6
1
,

S
5
4
,

S
4
,

S
1
7
,

S
7
2
,

S
7
1
,

S
3
9
,

S
6
5
,

S
2
2
,

S
7
0
,

S
3
6
,

S
1
4
,

S
6
4
,

S
4
1
,

S
3

6
3

1
1

3
0

3
0

0
1
9

6
5
%

5
%

C
o
m

p
le

x
it

y
R

F
C

S
2
4
,

S
3
4
,

S
6
6
,

S
3
8
,

S
1
2
,

S
3
0
,

S
2
5
,

S
5
1
,

S
6
1
,

S
5
4
,

S
4
,

S
1
7
,

S
7
2
,

S
7
1
,

S
3
9
,

S
6
5
,

S
2
2
,

S
7
0
,

S
3
6
,

S
1
4
,

S
6
4
,

S
4
1
,

S
3

6
5

1
4

2
6

5
0

0
2
0

6
2
%

8
%

C
o
h

es
io

n
L

C
O

M
1

S
2
,

S
3
,

S
4
,

S
5
,

S
1
7
,

S
1
8
,

S
3
4
,

S
4
8

1
1

1
5

3
0

0
2

5
5
%

2
7
%

C
o
n
ti

n
u

ed
o
n

n
ex

t
p

a
g
e



4.7 Analysis 103

T
a
b

le
4
.1

4
–
C
o
n
ti
n
u
ed

fr
o
m

p
re
vi
o
u
s
pa

ge

In
te

r
n

a
l

P
r
o
p

e
r
-

ti
e
s

M
e
a
su

r
e

S
tu

d
ie

s
N

o
.

o
f

D
a
ta

-
se

ts

“
+

+
”

“
+

”
0

“
–

”
“
–

–
”

U
n

-

c
le

a
r

S
ig

-
n

ifi
-

c
a
n
t

N
o
t

S
ig

n
.

C
o
h

es
io

n
L

C
O

M
2

S
2
,

S
3
,

S
4
,

S
5
,

S
1
7
,

S
1
8
,

S
3
4
,

S
4
8

1
1

0
6

3
0

0
2

5
5
%

2
7
%

C
o
u

p
li
n

g
O

C
M

IC
S

3
,

S
4
,

S
1
6
,

S
1
7
,

S
1
8
,

S
2
0

1
1

2
3

6
0

0
0

4
5
%

5
5
%

C
o
u

p
li
n

g
O

C
A

E
C

S
3
,

S
4
,

S
1
7
,

S
1
8
,

S
2
0

1
0

0
3

6
0

1
0

4
0
%

6
0
%

C
o
u

p
li
n

g
O

M
M

E
C

S
3
,

S
4
,

S
1
6
,

S
1
7
,

S
1
8

1
0

2
2

6
0

0
0

4
0
%

6
0
%

C
o
u

p
li
n

g
O

C
M

E
C

S
3
,

S
4
,

S
1
6
,

S
1
7
,

S
1
8
,

S
2
0

1
1

1
3

7
0

0
0

3
6
%

6
4
%

C
o
h

es
io

n
L

C
O

M
S

2
4
,

S
6
6
,

S
3
8
,

S
3
0
,

S
2
5
,

S
5
1
,

S
5
4
,

S
7
2
,

S
7
1
,

S
3
9
,

S
5
5
,

S
6
5
,

S
3
6
,

S
6
4
,

S
4
1

4
7

7
9

1
2

0
0

1
9

3
4
%

2
6
%

In
h

er
it

a
n

ce
N

O
C

S
2
4
,

S
6
6
,

S
3
8
,

S
1
2
,

S
2
5
,

S
5
7
,

S
5
1
,

S
6
1
,

S
5
4
,

S
4
,

S
1
7
,

S
2
0
,

S
7
2
,

S
7
1
,

S
5
5
,

S
6
5
,

S
3
6
,

S
1
4
,

S
6
4
,

S
4
1
,

S
1
8
,

S
3

6
1

8
9

2
6

1
0

1
8

2
8
%

4
3
%

C
o
n
ti

n
u

ed
o
n

n
ex

t
p

a
g
e



104
Object-oriented Measures and Quality: A Systematic Literature

Review

T
a
b

le
4
.1

4
–
C
o
n
ti
n
u
ed

fr
o
m

p
re
vi
o
u
s
pa

ge

In
te

r
n

a
l

P
r
o
p

e
r
-

ti
e
s

M
e
a
su

r
e

S
tu

d
ie

s
N

o
.

o
f

D
a
ta

-
se

ts

“
+

+
”

“
+

”
0

“
–

”
“
–

–
”

U
n

-

c
le

a
r

S
ig

-
n

ifi
-

c
a
n
t

N
o
t

S
ig

n
.

In
h

er
it

a
n

ce
D

IT
S

2
4
,

S
6
6
,

S
3
8
,

S
1
2
,

S
3
0
,

S
2
5
,

S
5
7
,

S
5
1
,

S
6
1
,

S
5
4
,

S
4
,

S
1
7
,

S
2
0
,

S
7
2
,

S
7
1
,

S
5
5
,

S
6
5
,

S
3
6
,

S
1
4
,

S
6
4
,

S
4
1
,

S
1
8
,

S
3

6
2

4
1
2

2
8

0
0

1
8

2
6
%

4
5
%

C
o
h

es
io

n
T

C
C

S
2
,

S
4
,

S
5
,

S
1
7
,

S
1
8
,

S
3
4
,

S
4
8

1
0

0
1

7
0

0
2

1
0
%

7
0
%



4.7 Analysis 105

Figure 4.72 shows two figures that denote the strength of evidence for each
measure using the vote counting results in Table 4.14. Figure 4.7(a) shows
the distribution of all the vote-counting results found in the reliability studies.
This includes unclear results as well as clear results, i.e., positive, negative and
non-significant results.

Figure 4.7(b) shows the distribution of the clear results only and shows mea-
sures that have a much stronger evidence and/or have much better consistency
in terms of their relationship with reliability. The line in both figures is drawn
to indicate measures that were investigated on at least 10 datasets and had at
least two-thirds positive and/or one-third negative results. The purpose is to
identify measures that have been investigated in a large number of datasets and
that also show a better link with reliability attributes or proxies than the other
measures, i.e., measures that appear above the line. The measures that appear
above the line in both figures are complexity, size and coupling measures.

Maintainability

The vote-counting tabulated in Table 4.15 only shows results for the measures
that appeared in the most studies and that were significant for at least one
dataset. Measures that are not shown in the table are those that only appeared
in one study, and were evaluated on only one dataset, and information of whether
the measures were significant is unclear from the studies. Data in the table is
sorted by the “Significant” column.

Table 4.15 shows that the complexity measure WMC appears in the most
maintainability studies and is significant in 90% of the datasets. Results in Table
4.15 shows that complexity measures have a good link with maintainability
proxies. All complexity measures represented in Table 4.15 are significant in
two-thirds or more of the datasets.

The vote-counting results for the inheritance measures DIT and NOC, sug-
gest that the measures have a very poor relationship with maintainability or
proxies for maintainability. Overall, coupling, complexity and size measures
seem to have a better relationship with maintainability or proxies for maintain-
ability. Using 50% as the cutoff point for the vote-counting results, there is a
potential link between the following measures and proxies for maintainability:
RFC, CTA, CTM, NOAM, NOO, NOOM, Fan out, LOC, IL, IS, AC, I, D,
PCM, WMC, CBO, NOM, NOF, NC and LCOM.

2Total vote-counting on the y-axis is the sum of the number of “++”, “–”, “+” results “-”,
where “++” and “–” are both multiplied by two and each “+”, “-” and “Unclear” result is
one point.
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(b) Vote-counting of Only Clear Results

Figure 4.7: Vote-counting from Reliability Studies: Strength of Evidence
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Table 4.15: Vote-Counting: Maintainability Studies

Internal
At-
tributes

Measure Studies No.
Of
Data-
sets

++ + 0 “–” “– –” Unclear Sign. Not
Sign.

Complexity RFC S21,
S60

12 0 12 0 0 0 0 100% 0 %

Coupling CTA S60 12 0 12 0 0 0 0 100% 0 %
Coupling CTM S60 12 0 12 0 0 0 0 100% 0 %
Complexity NOAM S60 12 0 12 0 0 0 0 100% 0 %
Complexity NOO S60 12 0 12 0 0 0 0 100% 0 %
Complexity NOOM S60 12 0 12 0 0 0 0 100% 0 %
Coupling Fan out S21 6 6 0 0 0 0 0 100% 0%
Size LOC S21 6 6 0 0 0 0 0 100% 0%
Complexity IL S10 1 0 1 0 0 0 0 100% 0%
Complexity IS S10 1 0 1 0 0 0 0 100% 0%
Coupling AC S33 1 0 1 0 0 0 0 100% 0%
Stability I S33 1 0 1 0 0 0 0 100% 0%
Stability D S33 1 0 1 0 0 0 0 100% 0%
Stability PCM S37 1 0 1 0 0 0 0 100% 0%
Complexity WMC S21,

S50,
S60,
S68

21 7 13 1 0 0 0 95% 5%

Coupling CBO S60,
S56

13 0 12 0 0 0 1 92% 0%

Complexity NOM S21,
S35

8 7 0 0 0 0 1 88% 0%

Complexity NOA S60 12 0 9 3 0 0 0 75% 25%
Complexity NOF S21 6 4 0 2 0 0 0 67% 33%
Size NC S21,

S35
2 0 1 0 0 0 1 50% 0%

Cohesion LCOM S21 6 3 0 3 0 0 0 50% 50%
Inheritance DIT S21,

S60
18 0 3 15 0 0 0 17% 83%

Inheritance NOC S21,
S60

18 0 1 17 0 0 0 6% 94%

Coupling EC S33,
S8

2 0 0 1 0 0 1 0% 50%

Figure 4.8 3 shows the distribution of the clear results only, i.e., positive, neg-
ative and non-significant results for the measures from maintainability studies.
There are insufficient numbers of studies on maintainability to draw conclusions.

3Total vote-counting on the y-axis is the sum of the number of “++”, “–”, “+” results “-”,
where “++” and “–” are both multiplied by two and each “+” and “-” is one point.
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Nevertheless, Figure 4.8 shows that there is a potential link between maintain-
ability, or proxies for maintainability, and measures that quantify complexity,
size, coupling and stability properties of object-oriented systems.
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Figure 4.8: Vote-counting from Maintainability Studies: Strength of Evidence

4.7.3 Summary of Vote-Counting

Table 4.16 depicts the potential relationship between measures and external
quality attributes. The table is sorted by the internal properties measured.
Measures included in the table are those that are significant in at least 50% of the
datasets shown in Table 4.14 and Table 4.15. Measures linked to cost, reusability
and functionality are excluded from the table because vote-counting was not
done for the measures. The symbol “+” denotes a potential positive relationship
between the measure and the external quality attribute(s). Instances without
a “+” does not necessarily mean that there is no link. We did not find enough
supporting evidence to link the measure with that particular external quality
attribute.

Vote-counting results suggest that coupling, complexity and size measures
may have a good link with reliability and maintainability proxies. There are
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Table 4.16: Relation between Measures and External Quality Attributes

Internal Properties Measures Reliability Maintainability

Cohesion LCOM +
Cohesion LCOM1 +
Cohesion LCOM2 +
Complexity CTA +
Complexity CTM +
Complexity VG (McCabe) +
Complexity NA +
Complexity NOM + +
Complexity NOAM +
Complexity NOO +
Complexity NOOM +
Complexity NOF +
Complexity RFC + +
Complexity WMC + +
Complexity VG +
Coupling AC +
Coupling CBO +
Coupling Fan-out +
Coupling MPC +
Coupling OCAIC +
Coupling OMMIC +
Coupling PCM +
Size LOC + +
Size NC +

cases in which there are both positive and negative relationship between certain
complexity and size measures and proxies for reliability and/or maintainability.
However, there is still a larger number of outcomes showing positive relation-
ships. The solitary outcome showing negative relationship for each of the com-
plexity and size measures could be considered as an outlier. Coupling measures
perform better than inheritance and cohesion measures for maintainability and
reliability proxies. Cohesion and inheritance measures seem to have a poor link
with reliability and maintainability proxies. Inheritance measures seem to have
the least effect on maintainability proxies of all measures of other properties. Of
the cohesion measures in Table 4.16, LCOM shows inconsistent results on its re-
lationship with maintainability and reliability proxies, and LCOM1 and LCOM2
are extensively investigated but are only significant in 55% of the datasets for
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reliability proxies. There are some measures that do not cross the 50% cut-off
line but have a large pool of evidence in comparison to the other measures and
show outcomes in one direction, i.e., either positive or negative. This could
indicate that the usefulness of some measures for certain properties is context
dependent.

4.8 Discussion

Two decades after their initial publication, measures from the C&K measure-
ment suite are still the most used or investigated measures. The popularity of
the C&K measures in studies on empirical validation of object-oriented mea-
sures is also noted in other studies (Kitchenham, 2010; Saxena and Saini, 2011).
The other measurement suites, L&K, MOOD, QMOOD and those from (Briand
et al., 1997) appear in far less of the studies compared to the C&K measures.
Measures that quantify the following properties appear the most frequent across
studies: inheritance, size, cohesion, complexity and coupling. The inheritance
measures, DIT and NOC appear most frequent of all inheritance measures. For
size measures, LOC appears most frequent than other size measures. For cohe-
sion measures, the LCOM measures, and variations of it, appears in the most
studies measuring cohesion properties. Compared with measures for the other
properties, there is a larger number of measures for coupling and complexity
properties across studies.

Overall across all of the primary studies, measures for complexity, coupling
and size appear to be the most useful for investigating reliability and main-
tainability related aspects. Notably complexity measures WMC and RFC seem
to have a link with proxies for reliability and maintainability as noted in Ta-
ble 4.16. The link between complexity measures and maintainability proxies
is also reported in systematic review of maintainability studies by (Riaz et al.,
2009). Though measures in the C&K suite are quite popular across studies,
the vote-counting results show that there are contradicting results pertaining to
the usefulness of the measures collectively. Results from our systematic review
shows that some of the C&K measures do not show a consistent link with exter-
nal quality attributes across studies, particularly the two inheritance measures
DIT and NOC. These two measures are evaluated extensively in reliability stud-
ies and they show either poor or inconsistent results as independent variables.
They also show similar results in studies mapped to maintainability. This is
consistent with findings from Saxena and Saini (2011).
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Cohesion measures also show contradicting results on their relationship with
proxies for reliability, for example, LCOM (another measure from the C&K
suite). This inconsistency of cohesion measures and poor performance of inher-
itance is also reported in other studies (Briand and Wüst, 2002; Saxena and
Saini, 2011). The inconsistency surrounding inheritance and cohesion measures
may not be a reflection on the usefulness of measuring such properties. The
difference could potentially be linked to the method or tools used for extracting
the measures (Genero et al., 2005; Kitchenham, 2010; Lincke et al., 2008). For
example, the results produced by the LCOM measure can vary depending on the
definitions or approach used for computation (Etzkorn et al., 1997). Measures
pertaining to size, for example, LOC may be more consistent across studies due
to the explicitness and simplicity associated with their definitions hence their
extraction approach is likely to be more uniform across studies.

Nevertheless, inheritance and cohesion measures seem useful when combined
with other internal property measures, e.g., complexity and coupling, in some
of the prediction models for reliability proxies. On the other hand, there are
models in studies mapped to reliability that do not use inheritance measures
and/or cohesion but still show high predictive ability, e.g., (Singh et al., 2007).
However, in cases in which other properties can be measured during assess-
ment initiatives of reliability and maintainability attributes of object-oriented
systems, measures of inheritance and/or cohesion may not be necessary to mea-
sure. The implications for excluding inheritance and/or cohesion measures may
be marginal given other measures show a much better link with reliability and
maintainability proxies.

Finally, results of our review suggest that, when investigating reliability and
maintainability attributes for object-oriented systems during quality assessment
initiatives, it may be more efficient to spend more time collecting measures that
quantify complexity, coupling and size properties.

4.9 Conclusion

This paper reports on a systematic literature review conducted to identify mea-
sures that are obtainable from source code of object-oriented programs and to
investigate their link with quality as reported in empirical studies. Primary
studies are mapped to five external quality attributes: reliability, maintainabil-
ity, cost, reusability and functionality.

According to the vote-counting results, measures for complexity, coupling
and size show good consistency on their relationship with reliability and main-
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tainability attributes across the primary studies. Inheritance and cohesion mea-
sures appear to be the least useful across studies. Inheritance measures show
a poor link whilst cohesion measures show an inconsistent link with maintain-
ability and reliability. There were too few studies on cost, reusability and func-
tionality to conduct a meaningful vote-counting analysis.

Though inheritance and cohesion measures are used in some of the prediction
models found in reliability and maintainability studies, there is evidence that
models that do not include these measures are useful as well. Thus excluding
inheritance and cohesion measures may not have negative implications during
object-oriented quality assessment initiatives. Complexity, coupling and size
measures are useful as an individual indicator or inclusion in quality prediction
models. Thus these measures seem more useful than inheritance and cohe-
sion measures for assessing reliability and maintainability attributes of object-
oriented systems.

Results from our systematic literature review suggest that there is an over-
whelming number of studies that can be mapped to reliability compared to other
external quality attributes. More investigations on studies on other quality at-
tributes would be helpful to understand the link between internal properties
of object-oriented programs and various aspects of quality. Slightly over two-
thirds of the primary studies were mapped to reliability and a quarter of the
studies were mapped to maintainability; whilst studies mapped to (or consid-
ered as surrogates for) cost, reusability and functionality constituted of 11% of
the primary studies. As a result data extracted from studies mapped to cost,
reusability and functionality are too few to conduct a meaningful analysis.

Results from our systematic literature review also highlight that very few
studies provide details of prediction model validation results or report on the
predictive ability of the models. For the future, it would be helpful if this infor-
mation is included with prediction models. Lack of this information makes it
difficult to determine the usefulness of the model or how successful the predic-
tion model was/is in a given study. Lack of similar details for prediction models
in maintainability studies is also reported by Riaz et al. (2009).

Measures such as the C&K measures have been extensively investigated.
More studies using these measures may not add much to the body of knowledge.
To enrich the body of knowledge future studies should evaluate measures for
internal properties other than the overly used cohesion, coupling, inheritance,
complexity and size measures.

There are some measures that show a relationship in one direction in some
outcomes but are not significant in a large number of outcomes. This could be
an indicator that some measures may be more suitable for certain contexts, e.g.,
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certain characteristics in a system. This may need further investigation.
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Appendix

Appendix A

Table 4.17: Search Strings and Results

Digital
Library

Search String Years
Cov-
ered

Results

Compendex
& Inspec

(((((code Or software) WN KY) AND (analysis
OR check* OR evaluat* OR predict*)WN KY))
AND ((”Object Oriented” OR “Object-Oriented”
OR “OO” OR “OOP” OR “OOPL”) WN KY)
AND ((Complex* OR abstraction OR encapsula-
tion OR coupling OR cohesion OR volume OR
messaging OR composition OR inheritance OR
polymorphism OR Class OR Method OR function
OR Modul* OR attribute OR characteristic OR
Size) WN KY) AND ((metric* OR measur* OR
indicator) WN KY) AND ((Empirical* OR ”Case
Study” OR ”Case Studies” OR Experiment*) WN
KY))

Until
Jan-
uary
2011

Retrieved
634

IEEE ((code Or software) AND (analysis OR check OR
evaluat* OR predict) AND (”Object Oriented”
OR “Object-Oriented” OR “OO” OR “OOP” OR
“OOPL”) AND (Complex OR abstraction OR en-
capsulation OR coupling OR cohesion OR volume
OR messaging OR composition OR inheritance
OR polymorphism OR Class OR Method OR func-
tion OR Modul* OR attribute OR characteristic
OR Size) AND (metric OR measure OR measure-
ment OR indicator) AND (Empirical* OR “Case
Study” OR “Case Studies” OR Experiment*))

Until
Jan-
uary
2011

Retrieved
46

Continued on next page
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Table 4.17 – Continued from previous page

Digital
Library

Search String Years
Cov-
ered

Results

Scopus (TITLE-ABS-KEY(code OR software) AND
TITLE-ABS-KEY(analysis OR check* OR
evaluat* OR predict*) AND TITLE-ABS-
KEY(”Object Oriented” OR “Object-Oriented”
OR “OO” OR “OOP” OR “OOPL”” AND
TITLE-ABS-KEY(complex* OR abstraction OR
encapsulation OR coupling OR cohesion OR
VOLUME OR messaging OR composition OR
inheritance OR polymorphism OR class OR
method OR function OR modul* OR attribute
OR characteristic OR size) AND TITLE-ABS-
KEY(metric* OR measur* OR indicator) AND
TITLE-ABS-KEY(empirical* OR “Case Study”
OR “Case Studies” OR experiment*))

Until
Jan-
uary
2011

Retrieved
380

ACM (Abstract:((code Or software) AND (analysis OR
check OR evaluat* OR predict) AND (“Object
Oriented” OR “Object-Oriented” OR “OO” OR
“OOP” OR “OOPL”) AND (Complex OR ab-
straction OR encapsulation OR coupling OR co-
hesion OR volume OR messaging OR composition
OR inheritance OR polymorphism OR Class OR
Method OR function OR Modul* OR attribute
OR characteristic OR Size) AND (metric OR mea-
sure OR measurement OR indicator) AND (Em-
pirical* OR “Case Study” OR “Case Studies” OR
Experiment*)))

Until
Jan-
uary
2011

Retrieved
61

Total Papers (All Databases) 1121
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Appendix B

Table 4.18: Reliability: No Validation or Predictive Capability

StudyProxy Best Set of Mea-
sures

Method Validation
Method

Predictive
Ability

S1 Defect
Density
(DD)

MHF AHF MIF
AIF POF COF

Multiple
Regression
Analysis

Defect density
- R-Squared
(99.818%)
Failure Density
- R-squared
(96.68%)
Normalized
Rework (NR)
R Square
(99.97%)

S2 No. of
Defects

PPD, CBO,
DEPTH, LCOM,
NOC, FAN IN,
RFC, WMPC

Stepwise
Regression

S3 Fault-
proneness

OMMIC, WMC,
RFC

Multivariate
Logistic
Regression
Analysis

R-squared
(70%), Accu-
racy (88.24%),
Specificity
(93.75%),
Precision
(90.91%),
Sensitivity
(81.89%)

S13 Fault-
proneness

SPA, SP, NIP,
OCAIC, OCMIC

Multivariate
Logistic
Regression
Analysis

significant at
0.05

S16 Fault-
proneness

DIT, RFC,
OCMEC, FM-
MEC

Multivariate
Logistic
Regression
Analysis

S23 Defect
Prone-
ness

EVNT, INHRTS Multivariate
Linear Re-
gression

R-Squared
89.7%

Continued on next page
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Table 4.18 – Continued from previous page

StudyProxy Best Set of Mea-
sures

Method Validation
Method

Predictive
Ability

S30 Defect
Density

CSA, CSAO, CSI,
CSO, DIT, LCOM,
NAAC, NAIC,
NOAC, NOCC,
NOIC, NOOC,
NPavgC, Osavg,
PA, PPPC, RFC,
WMC

Fuzzy
c-means
(FCM)

Compare
with Gath-
Geva clusting
and ranking
method

S34 Fault-
proneness

CO, ICPL,
LCOM1, LCOM2,
N F R , RFC,
TCC, NAI,NAML,
N M I m p,
NDSTT,STMTS

Multivariate
Logistic
Regression
Analysis

Accuracy
(84.9%) Speci-
ficity (79%)
Complete-
ness (92.4%),
R-Squared
43.2%

S36 Fault-
proneness

DIT, CC, NMC Multivariate
Linear Re-
gression

S38 Fault-
proneness

CBO, DIT, WMC,
LOC

Multivariate
Logistic
Regression
Analysis

Accuracy
(69.61%), Pre-
cision (72.57%)

S40 Fault-
proneness

Unclear MI learn-
ing method
(Set- ker-
nel)

5-fold cross
validation
and com-
parison with
Bayesian-
kNN and
Citation-
kNN, Deci-
sion Tree,
Back propa-
gation Neural
Network,
Support Vec-
tor Machine

S43 Fault-
proneness

CBM, CBO, DIT,
IC, LCOM, NOC,
RFC, WMC, and
NOMA

Radial
Basis Func-
tion Neural
Network
(RBFNN)

Accuracy
(90%), Preci-
sion (89.66%),
Sensitivity
(86.60%)

Continued on next page
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Table 4.18 – Continued from previous page

StudyProxy Best Set of Mea-
sures

Method Validation
Method

Predictive
Ability

S44 Fault-
proneness

CP4: DIT, SLOC multivariate
logistic re-
gression
analysis

Accuracy
(86%), Com-
pleteness
(70%)

S46 Fault-
proneness

DIT, CLD, NOC,
CBO, RFC, AM-
MIC, OMMIC,
DMMEC, OM-
MEC, LCOM1,
LCOM4, CO,
LCOM5, Coh,
TCC, NA, NM

Probabilistic
Neural
Network
(PNN)

Accuracy
(98.74%),
Completeness
(99.92%)

S47 Bad
Smells

God Method, God
Class and Shotgun
Surgery

Multivariate
Logistic
Regression
Analysis
or Multi-
nomial
Multivari-
ate Logistic
Regression
(MMLR)

Each signficant
at 0.05

S48 Fault-
proneness

MWE, LOC Multivariate
Logistic
Regression
Analysis

R squared
(16.60%)

S52 Fault-
proneness

CBO, DIT,
LCOM, NOC,
wmcM (is WMC-
McCabe)

Multivariate
Binary Lo-
gistic
Regression

Accuracy
(85.9%)

S61 Error-
proneness

CTA,CTM, NOA Multinomial
Multivari-
ate Logistic
Regression
(MMLR)

ROC Curve

S68 No. of
Defects

LOC, WMC, CBO,
DIT

Multivariate
Linear Re-
gression

R-square
(23.7%)

S70 Faults Not Clear: the ac-
tual measures from
the 34 stated that
were actually used
in the models

Discriminant
modelling

Continued on next page



4.9 Conclusion 119

Table 4.18 – Continued from previous page

StudyProxy Best Set of Mea-
sures

Method Validation
Method

Predictive
Ability

S72 Fault-
proneness

CBO, DIT,
LCOM, NOC,
RFC, WMC,
SLOC

Multivariate
Linear Re-
gression

R-Squared
(50.98%)

Table 4.19: Maintainability: No Validation or Predictive Capability

StudyProxy Best Set of Mea-
sures

Method Validation
Method

Predictive
Ability

S6 Change in
classes

WMC, DIT,
LCOM, NLM,
CTA, and CTM

Multiple
Linear
Regression

Unclear Unclear

S15 Maintenance
effort

Number of Meth-
ods, Number of as-
sociations

Multivariate
regression
analysis
(stepwise)

Unclear R-Squared
(27.7%)

S27 Change
logs

iic, niic, icmic,
nicmic, immic,
nimmic (coupling
measures)

Stepwise
multiple
regression
analysis

Unclear R-Squared
across
releases
(82.40% -
85.00%)

S29 Perfective
mainte-
nance
effort

Coupling and Co-
hesion

ANOVA Unclear Unclear

S50 Maintenance
effort

E = 43.9 + (2.8 *
Add + 5.3 * Mod +
1.3 * Del) * EAF

Least
Squares
Regression

Unclear R-squared
(75%),
MMRE
(20%)

S54 Change fre-
quency and
change size

God Class (CS):
WMC, TCC,
ATFD

T-Test
(two sam-
ple)

Unclear Unclear

S61 Class error
probability

CTA,CTM, NOA Multinomial
Multivari-
ate Logistic
Regression
(MMLR)

ROC Curve Unclear

S33 Average
effort to
understand
package

NC, Ca Multivariate
Linear Re-
gression

MMRE
(0.464)
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Table 4.20: Cost: No Validation or Predictive Capability

StudyProxy Best Set of
Measures

Method Validation
Method

Predictive
Ability

S6 Changes
in classes

WMC, DIT,
LCOM, NLM,
CTA, and CTM

Multiple Linear
Regression

Unclear Unclear

S7 Cost-
proneness
of classes

DlT, NAI,
NCM, NMQ

Mahalanobis-
Taguchi method

Uses three dif-
ferent sets of
measures on
three differ-
ent data sets
and compares
p-values

S19 Development
effort

Na, NAIMP,
NMIMP,
NUMPAR

Poisson Regres-
sion Model

10-cross valida-
tion

S26 Dummy
variables
for effort

Design Ef-
fort: HICBO,
HILCOM

Stepwise Re-
gression

Unclear significant
at 0.01,
R-squared
(60%)

Table 4.21: Reusability: No Validation or Predictive Capability Provided

StudyProxy Best Set of
Measures

Method Validation
Method

Predictive
Ability

S60 Reuse NIMC, NCMC,
NDSuB, CC,
NIV, NPubM,
N sup, NP,
CyCC

Multiple Lin-
ear Regression
Analysis (Step-
wise)

Unclear R-squared
(85%)



Chapter 5

Source Code Evolution and
Quality in Global Software
Development

Ronald Jabangwe, Jürgen Börstler and Kai Petersen

Abstract

Studies report on the negative effect on quality in global software development (GSD)
due to communication and coordination related challenges. However, empirical stud-
ies reporting on the magnitude of the effect are scarce. This paper presents findings
from an embedded explanatory case study on the change in quality over time, across
multiple releases, for products that were developed in a GSD setting. The GSD setting
involved periods of distributed development between geographically dispersed sites as
well as a handover of project management responsibilities between the involved sites.
Investigations were performed on two medium-sized products from a company that
is part of a large multinational corporation. Quality is investigated quantitatively
using defect data, and measures that quantify two source code properties, size and
complexity. Observations were triangulated with subjective views from company rep-
resentatives. There were no observable indications that the distribution of work or
handover of project management responsibilities had an impact on quality on both
products. Among the product-, process-, and people-related success factors, we iden-
tified well-designed product architectures, early handover planning, support from the
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sending site to the receiving site after the handover, and skilled employees at the in-
volved sites. Overall, these results can be useful input for decision-makers who are
considering distributing development work between globally dispersed sites or hand-
ing over project management responsibilities from one site to another. Moreover, our
study shows that analyzing the evolution of size and complexity properties of a prod-
uct’s source code can provide valuable information to support decision-making during
similar projects. Finally, the strategy used by the company to relocate responsibilities
can also be considered as an alternative for software transfers, which have been linked
with a decline in efficiency, productivity and quality.

5.1 Introduction

Globalization has led to an increase of software that is developed and evolved in
global software development settings (GSD) (Aspray et al., 2006; Šmite et al.,
2010). GSD is characterized by highly geographically dispersed teams working
on developing the same software product. GSD settings have been reported
to negatively impact quality, for example due to challenges in sustaining effec-
tive levels of communication and coordination practices (Ramasubbu and Balan,
2007). Thus attaining the potential GSD benefits, such as cost reduction, should
not be taken for granted (Conchúir et al., 2006). Findings from empirical in-
vestigations on the implications of GSD settings on quality would be valuable
input in the decision-making process for practitioners and help them with plan-
ning and managing future projects. However, empirical studies reporting on the
implications on quality are scarce.

In this study we investigate two products that were developed in a GSD set-
ting that involved distributed development teams. Furthermore, project man-
agement responsibilities for the two products were also gradually shifted from
one site to another. We refer to this period as the handover period. This han-
dover period can be compared to the transfer period that is observed in software
transfers. A software transfer is the relocation of development and maintenance
work from one site to another (Šmite and Wohlin, 2011; Wohlin and Šmite,
2012). The handover activities in our study do not constitute a transfer by defi-
nition. Nevertheless, previous study in Chapter 3 shows that relocation of work
that occurs during software transfers can negatively impact quality, and similar
observations are made by Mockus and Weiss (2001); Šmite and Wohlin (2012).
Thus, in our case, we investigate the impact on quality of both; the distributed
settings and the handover activities between geographically dispersed sites.

An explanatory case study approach, as described by Runeson et al. (2012),
is used to provide insights in this study. Quality is evaluated using measures
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extracted from the source code and defect reports that are linked to problems
in the source code. The systematic literature review that is reported in Chap-
ter 4 shows that empirical studies report that source code measures are good
predictors of quality (see also Basili et al. (1996); Bansiya and Davis (2002)).
To arrive at a more general conclusion two different commercial products from
the case company are studied.

To understand the impact of distributed development and handover of re-
sponsibilities on the quality of source code, we investigate the evolution of source
code measures across releases, before, during and after a handover. In addition,
this investigation is done using a longitudinal perspective by capturing and high-
lighting major events that occurred during the evolution of the two products.
This extensive analysis is performed to understand the extent of the impact on
quality of distributed development and the handover activities in relation to
other events.

Based on our study of the literature, an investigation on this magnitude
in a GSD context differs from other studies because it makes the following
contributions:

• The study investigates software quality during evolution and its potential
relation to distributed development and handover of project management
responsibilities. The measures, that are used to understand internal prod-
uct quality variation over time quantify size and complexity source code
properties.

• Study of relationships between source code measures and external soft-
ware quality (measured as externally reported defects), the time between
releases, and the number of new functionality per release.

The remainder of this chapter is organized as follows. Related work is out-
lined in Section 5.2. Section 5.3 describes the case company and research ques-
tions are presented in Section 5.4. Data collection and data analysis approaches
are discussed in Section 5.5. Our findings are presented in Section 5.6 and dis-
cussed in Section 5.7. Threats to validity of our study are discussed in Section
5.8. Lastly, conclusions and future work are presented in Section 5.9.

5.2 Related Work

Nagappan et al. (2008) found that there is a strong link between the software
development organizational structure and code quality. A regression model that
was built from measures extracted from the organizational structure, such as
number of engineers, was found to be useful for predicting fault-proneness for



124 Source Code Evolution and Quality in GSD

Windows Vista. However, the study was not done in the context of GSD. In
GSD contexts, organizational structures are often characterized by distributed
or dispersed teams, which can make work challenging. Communication and co-
ordination, elements that are important for an effective organizational structure
(Brooks, 1995), are difficult to maintain efficiently in a GSD setting (Carmel,
1999). The next subsection provides an overview of studies that have reported
implications on quality of GSD settings.

5.2.1 GSD and Quality

Ramasubbu and Balan (2007) found that distributed development had a neg-
ative impact on quality in their studied case. Customer problem reports were
used as an indicator for conformance quality, i.e., adherence to customer specifi-
cations, in the study. Challenges that were faced in the distributed development
setting hindered effective coordination practices between the sites. Because of
the correlation between performance and quality, Ramasubbu and Balan found
that dispersion of sites had an indirect effect on quality. However, Spinellis
(2006) and Bird et al. (2009) report contradicting results.

Spinellis (2006) found that geographical dispersion of developers had a neg-
ligible effect on productivity and quality in their studied case. Spinellis used
adherence, or lack there of, of coding style, and defect density as surrogates for
quality. Results of the study show that developing software in a GSD context
with geographically dispersed developers does not necessarily result in higher
defect density in the source code. In the study, however, Spinellis used an open
source system, FreeBSD, which, by its inherent characteristics, involves dis-
persed developers. Some of the inherent characteristics of open source systems
could also play an important role in the results of their study. Unlike in GSD
contexts, as Spinellis points out, developers of open source systems are often
volunteers and thus human aspects such as motivation may not be a critical
factor, as it would be the case for employees in a traditional office setting.

Bird et al. (2009) found negligible differences on the effect on quality between
a collocated setting and a distributed development setting. Studying Windows
Vista, they found that code written by distributed developers and that written
by collocated developers had about the same number of post-release failures.
They also investigated the differences between binaries developed by distributed
developers and those developed by collocated developers. For this, they collected
the following measures from each of the binaries of Windows Vista: size (e.g.,
number of classes), complexity (e.g., cyclomatic complexity), code churn (e.g.,
lines added), test coverage and dependencies between binaries. They found that
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there was no difference in the measures for binaries developed in a distributed
context and those developed by collocated developers. Bird et al. accredit the
negligible difference in quality between the collocated and distributed devel-
opment settings to practices that mitigated communication and coordination
issues. Some of these practices are long-term relationships and cultural aware-
ness between sites, and consistent use of the same tools across sites, for example
synchronous communication tools and configuration tools. It is also important
to note that most of the binaries were distributed within close proximity (build-
ing, campus and city).

In our study, we provide a much deeper understanding of the impact of
distributed development on quality by using multiple sequential releases in the
investigation. Even though Spinellis (2006) and Bird et al. (2009) suggest that
distributed development may not impact quality, Nagappan et al. (2008) high-
light the influence that organizational structures have on quality. There were
also no changes in organization or development sites for the products studied
by Spinellis (2006) and Bird et al. (2009). In the cases presented in this pa-
per, though work is distributed during the evolution of the products, there were
noticeable changes in organizational structure. More specifically, there was a
handover period of project management responsibilities from one site to another.
This handover period can be compared to the transfer period that occurs during
software transfers. Software transfers have been linked with a decline in quality.
Studies on software transfers as well as an explanation of the difference between
a transfer period and the handover period in our case are discussed in the next
subsection.

5.2.2 Impact of Transferring Activities

Though there has been an increase in empirical GSD studies (Šmite et al., 2010;
Nurdiani et al., 2011; Verner et al., 2012), there are few studies that focus on
critical software transfer factors or the impact of software transfers on software
quality.

Mockus and Weiss (2001) report that transfers may be linked to a decrease
in productivity. According to their findings, this decrease can be attributed
to learning curves of a complex product. Through their case study they also
identify certain transfer strategies or approaches implemented at the case com-
pany, i.e., transferring by development stage, by maintenance, by functionality
or by localization. Mockus and Weiss also report that the following factors can
contribute to a successful transfer: minimizing the need for communication and
coordination between the sending and the receiving site by, for example, trans-
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ferring decoupled software development tasks; training the receiving site; and
increasing the receiving site’s product familiarity.

Using results from two transfer projects, Šmite and Wohlin (2012) highlight
factors that make it difficult to sustain acceptable levels of efficiency in GSD
settings that involve transfers. They categorize the factors as either product-,
process- and people-related. Examples of some of the factors are cultural dif-
ferences and differences in work processes between the receiving site and the
sending site, and product complexity. The authors also provide recommenda-
tions for alleviating some of the issues faced during software transfers. Examples
of some of the recommendations are: cultural awareness coaching, ensuring that
processes fit the needs of those involved in the project, training the receiving site,
and ensuring that support is available for the receiving site after the transfer.
The authors also suggest that some products are better candidates for transfers
than others, depending on the product’s complexity and maturity, completeness
of the product’s documentation, and the competency of the receiving site in rela-
tion to the product. These and other characteristics are elaborated in Šmite and
Wohlin (2011), using findings from four transfer projects that were conducted
at Ericsson. They characterized product-, process- and people-related factors
that are favorable and unfavorable factors before, during and after a transfer
and produced a risk identification checklist to help with decision-making when
planning and executing software transfers.

In the study that is presented in Chapter 3, Jabangwe and Šmite (2012)
investigated the impact of a transfer on quality across subsequent releases of a
single product. To understand quality, the authors use subjective views from
those involved with product development and maintenance, and objective (quan-
titative) defect data reported across multiple releases. Their study highlights
an initial decline in quality, i.e., increase in defect data inflow, after a transfer.
Subjective views on quality were also found to be consistent with observations
based on the quantitative data about the product’s change in quality over time.

The work that is transferred in the aforementioned studies is much more
challenging than the work in the present study. In the present study, only
project management responsibilities are relocated; whereas the work relocated in
the study in Chapter 3, and by Mockus and Weiss (2001) and Šmite and Wohlin
(2012) is development and/or maintenance work. By the definition of software
transfers provided by Wohlin and Šmite (2012), the handover of responsibilities
in our study cannot be classified as a transfer. However, the relocation of work
done in transfers is linked with negative effect on quality, and thus we conjecture
that the relocation of project management responsibilities during the handover
period in the present study can have similar consequences.
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5.2.3 Summary

Overall, the present study differs from the related studies on the following as-
pects. The present study provides insights on the effect on quality of a GSD
setting that involves geographically distributed development sites and a han-
dover of project management responsibilities between the involved sites. In
addition, we capture and highlight major events that occur during product evo-
lution. This helps with understanding the extent of the impact on quality of
distributed development and the handover activities, in relation to other major
events that occur during evolution.

5.3 Case Description and Context

5.3.1 Company Description

The case company is part of a large multinational corporation, with decades of
experience providing reliable and accurate radar gauging solutions. The com-
pany provides solutions for a wide range of industries including chemical, marine,
oil and gas. It has been involved in numerous globally distributed development
work and is therefore interested in understanding the implications on source
code quality.

Following the case study guidelines proposed by Runeson et al. (2012), we
consider the present study as an embedded explanatory case study with two
units of analysis from two separate products from the same company. The unit
of analysis is the source code. The study is more explanatory in nature because
we investigate the nature of relationships and explanation of the relationships
between internal and external product measures. For anonymity reasons, the
two products are referred to as Product-A and Product-B and the two sites as
Site-Alpha and Site-Beta.

Brief descriptions and contextual information for the two products are pro-
vided in the following subsections.

5.3.2 Product-A

Product-A is a standalone, Windows-based configuration software package, with
a human-machine interface, that helps with configuring tank systems that are
used for, for example, liquid storage. Product-A consists of source code compo-
nents developed using the programming language C++, and source code com-
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ponents developed using the programming language Visual Basic (VB). Figure
5.1 provides an overview of the timeline for Product-A.

2005 2006 2008 20122007

Handover
Responsibility: 
Site-Alpha Responsibility: Site-Beta

Site-Alpha: 2 Dev, 1 Architect/RA 
Site-Beta: 2 Dev

Site-Alpha: 1 Architect/RA
Site-Beta: 1 Dev, 1 Dev/RA

2009

Handover
Related
Events

Other
Events

Switch 
VCS Tool

Employees

2010 2011

5 employees in total 3 employees in total

Figure 5.1: Timeline for Product-A

Handover Related Activities: The product was initially developed in
collaboration with an external company and then relocated to the case company.
Project management responsibilities were at Site-Alpha in Sweden, between
2005 and 2006. During this time period, Site-Alpha had two developers and
one architect dedicated to product development. Site-Beta had two developers
contributing to product development activities.

Project management responsibilities for Product-A were gradually relocated
to a site in Russia, Site-Beta, between the last quarter of 2006 and mid 2007.
During this period the number of employees at each site remained the same.

After the relocation or the handover, Site-Alpha had one employee involved
in architecture design and requirements analysis. Site-Beta had two developers.
One of the developers at Site-Beta was also involved with requirements analysis.

Other Major Events: Between the last quarter of 2008 and mid 2009, the
version control system (VCS) for Product-A was switched from the tool Visual
Enabler to Subversion.

5.3.3 Product-B

Product-B is a Windows-based software package, with a human-machine inter-
face, configuration and inventory management system for tank gauging systems,
i.e., liquid storage tanks. By quickly and accurately, in real-time, collecting and
processing tank measurement data, and providing computations such as volume
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and density, and features such as alarm handling, Product-B, provides a means
for monitoring multiple tanks. Most of the source code components, approxi-
mately 98%, are developed using the programming language C++. Figure 5.2
provides an overview of the timeline for Product-B.

2000 2006 2008 20122007

HandoverResponsibility: Site-Alpha Responsibility: Site-Beta

Site-Alpha: 2 Dev,
                  1 Architect/RA 
Site-Beta: 3 Dev

Site-Alpha: 1 Architect/RA 
Site-Beta: 3-6 Dev

Site-Alpha: 1-3 Dev, 
                   1 Architect/RA
Site-Beta: 3 Dev

Different Processes
between 

Site-Alpha and Site-Beta
Attempt to

Merge Processes
Abandon attempt to
merge processes

2009

Handover
Related
Events

Other
Events Switch 

VCS Tool

Employees

5 employees in total 4-7 employees in total 5-7 employees in total

Figure 5.2: Timeline for Product-B

Handover Related Activities: Project management responsibilities were
at Site-Alpha, which is located in Sweden, between 2000 and 2006. Employees
from Site-Beta, located in Russia, were involved in software development ac-
tivities. During this time period Site-Alpha had two software developers and
one other employee involved in architectural design and requirements analysis.
Site-Beta had three software developers contributing to product development
activities.

Project management responsibilities were gradually relocated from Site-
Alpha to Site-Beta, between the first quarter of 2006 and the last quarter of
2007. During this time period, Site-Alpha had one employee involved in archi-
tectural design and requirements analysis. The number of software developers
at Site-Beta gradually increased from three to six. The main reason for this
increase was to speed up the development process to meet and satisfy growing
customer needs.

By the beginning of 2008, project management responsibilities were at Site-
Beta. Site-Beta had three software developers contributing to product develop-
ment activities. Involvement of Site-Alpha was mainly on requirements analysis
and architectural design activities that were assigned to one employee. How-



130 Source Code Evolution and Quality in GSD

ever, depending on the workload, the number of developers from Site-Alpha
that would get involved in product development activities varied between one
and three.

Other Major Events: Before the initiation of the handover of responsibil-
ities, Site-Alpha and Site-Beta, used different development processes. During
the handover, an attempt was made to merge the processes. However, due to
a global economic crisis that occurred during and after the handover activities,
the merging initiative was not highly prioritized and it was abandoned soon af-
ter the handover. As a result, the two sites returned to using different processes.
Between the last quarter of 2008 and mid 2009, the VCS tool for both Product-A
and Product-B was switched from the tool Visual Enabler to Subversion.

5.3.4 Context

Context is important when assessing the generalizability of a study (Petersen
and Wohlin, 2009). The following are noteworthy characteristics of the context
that are evident in the two cases of the present study:

• In both cases, the sending site is located in Sweden and the receiving site
is located in Russia.

• In both cases, the receiving site was involved in product development
before the handover of project management responsibilities.

• In both cases, the sending site retained some front-end activities, e.g.,
architectural design and requirements analysis, after the handover.

Furthermore, in both cases, the reason for the handover of responsibilities
was to reduce development costs. The receiving site, in both cases, was selected
for its close proximity to Sweden, low cultural differences between Sweden and
Russia, low development costs, and availability of skilled labor.

The following are the main differences between Product-A and Product-
B. Development work for Product-B was distributed before, during and after
the handover, whilst for Product-A it was only distributed before and during
the handover. After the handover period, Product-A’s development work was
collocated after the handover period (at Site-Beta).

Table 5.1 shows how the contexts of the two cases fit into the GSD field
according to GSD scenarios, characteristics, and classifications described by
Šmite et al. (2008) and Šmite and Wohlin (2011).
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Table 5.1: Study Context

Empirical Background

Study Perspec-
tive

Embedded case study

Sub Methods Quantitative analysis and questionnaires

Unit of Analy-
sis

Source code

Focus of Study Source code quality during evolution in a GSD context, that
involves distributed development and a handover of project
management responsibilities between geographically sepa-
rated sites

Empirical
Focus

Empirically-based (explanatory)

Subject(s) Practitioners

GSD Background

Collaboration
Mode

Intra-organization/Offshore insourcing

Approach Product-A: Single-site project management responsibil-
ities before and after a handover of the responsibilities,
during product evolution. Prior to the handover, devel-
opment work was distributed between the sending and
receiving site. After the handover, all development activ-
ities were at one site (the receiving site). Architectural
design and requirements analysis activities were shared
between the sending and receiving site.

Product-B: Single-site project management respon-
sibilities before and after a handover, during product
evolution. Before, during and after the handover, devel-
opment work was distributed between the sending and
the receiving site. Architectural design and requirements
analysis activities were at the sending site.
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5.4 Research Questions

The present study answers the following research questions:

RQ1: Which change patterns in internal product quality (source code measures)
and external quality attributes can be identified over the case study period?

RQ2: In which ways do internal product quality (source code measures) and
external product attributes relate to each other?

RQ3: Which change patterns and relationships can be attributed to particular
events or incidents during product evolution?

RQ4: How do the observations identified in RQ1/RQ2/RQ3 relate to the dis-
tribution of work between geographically dispersed sites?

RQ5: How do the observations identified in RQ1/RQ2/RQ3 relate to the han-
dover periods, i.e., before, during and after the handover of responsibili-
ties?

Quantitative and qualitative data are used to answer the research questions.
How the data was analyzed, is discussed in the next section.

5.5 Data Collection and Analysis

Releases and Source Code Components: Data was collected from releases
that had at least one new functionality. We define new functionality as any
capability or function added to a release, which meets certain customer needs
(ISO/IEC/IEEE-24765, 2010), that was not present in the preceding releases.
Thus, releases that only contained defect fixes and were considered as correc-
tional packages were excluded from the analysis. In addition, source code com-
ponents that did not capture the evolution of the product, such as library files,
and did not contain the main functionality of the system were excluded. This
exclusion was done to ensure that analysis was done only on releases and source
code components that captured product evolution, i.e., the products’ major re-
leases and components. General availability dates for releases were also collected
and used to construct evolutionary timelines of the products.

For Product-A, the developer in Site-Beta, who was also involved with archi-
tectural design and requirements analysis, helped with identifying major releases
and core source code components. For Product-B, an architect at Product-A’s
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Site-Alpha helped with identifying major releases and core source code compo-
nents.

Source Code Static Analysis Tool: The freeware tool Source Code Mon-
itor1 was used to extract measures. It was selected because it has been available
for free download and receiving enhancements for over a decade. Furthermore,
the tool can quantify size and complexity properties for both C++ and VB
source code. During evolution, measures of these properties are most likely to
increase (Lehman, 1980) and this can have an impact on quality as the soft-
ware can become more fault-prone and more difficult to maintain (Singh et al.,
2009a; Kanellopoulos et al., 2010). Furthermore, measures of size and complex-
ity show more consistent links with external quality attributes than measures
of other properties, such as measures for inheritance (Briand and Wüst, 2002;
Singh et al., 2010); similar findings are reported in the study by Jabangwe et al.
(2013) (see Chapter 4).

Size Measures: Lines of Code (LOC) and Number of Classes (NC) were
used to measure the size of C++ source code. LOC and Number of Subroutines
were used to measure the size of VB source code.

Complexity Measures: The following measures were used to quantify the
complexity of the C++ source code: Number of Methods per Class (NOM),
Average McCabe Cyclomatic Complexity, Average Statements per Method and
Average Block Depth. The following measures were used to quantify the com-
plexity of the VB source code: Statements in Biggest Subroutine and Average
Block Depth.

Herraiz and Hassan (2012) found that simple size and complexity measures,
such as LOC and McCabe, quantify sufficient information from source code. We
argue that adding more complexity and/or size measures to the list of measures
would not provide significantly different information, because these measures
quantify size and complexity properties that are sufficiently distinct from each
other.

Table 5.2 and Table 5.3 summarize the definitions of the size and complexity
measures extracted for C++ and VB source code2.

Defect Data: A requirements analyst at the company helped with defect
data extraction, isolation of relevant defect data as well as linking the defects
to the correct software releases. Defects used in the study were those that
were a result of a deficiency in the source code and required a solution to be
implemented directly in the source code. The defects were also post-release

1The tool can be downloaded from http://www.campwoodsw.com/sourcemonitor.html.
2Detailed definitions of the measures can be found in the Source Code Monitor Tool that

can be downloaded from http://www.campwoodsw.com/sourcemonitor.html.



134 Source Code Evolution and Quality in GSD

Table 5.2: Definitions for C++ Measures

Property Metric Definition

Size LOC Number of physical lines, exclud-
ing blank lines

Size NC Number of classes and “structs”
Complexity NOM Average number of methods per

class
Complexity Average Statements per

Method
The total number of executable
statements inside methods di-
vided by the number of methods

Complexity Average McCabe Cyclo-
matic Complexity

Average complexity of meth-
ods/functions per file

Complexity Average Block Depth The average nested block depth

defects, i.e., customer reported defects. All other defects, such as defects related
to documentation, were excluded from the analysis. This inclusion or exclusion
of certain defects was done to maintain consistency and ensure that all defects
across all releases were linked to source code fixes.

Analysis of Defect Data: Defect data from each product was analyzed
using descriptive statistics and graphical representations that provide an evolu-
tionary view of the captured measures. This helped with exploring trends and
patterns of measures reported over time, across releases.

Analysis of Source Code Measures: The color-coded schemes of heat
maps were used to analyze the change patterns that occur for the measures,
across releases, before, during and after the handover. Changes in the mea-
sures between releases are represented by the shade of a color, which indicates
the size of change in relation to the largest change. Shades of the color blue
indicate a decrease, red indicates an increase and white or no color indicates
that there was a a very small change or no change at all between releases in
the measure(s). The darker the color the closer the change is to the largest
change that occurred across releases for the specific measure. Fractal and evo-
lution matrix diagrams (Mens and Demeyer, 2008), and heated-object diagrams
(Diehl, 2007) are just some of the diagrams that also use a color-coded graphical
representation depicting a product’s evolution.

Moving-range charts are used to identify periods with the largest shifts, and
the relation/links in the shifts between measures, across releases, before, during
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Table 5.3: Definitions for VB Measures

Property Metric Definition

Size LOC Number of physical lines contain-
ing source code, i.e., excluding
comments and blank lines

Size Number of Subroutines Number of Subroutines and func-
tions

Complexity Statements in Biggest
Subroutine

The maximum number of exe-
cutable statements in a subrou-
tine or function

Complexity Average Block Depth The average nested block depth

and after the handover. To ensure comparability between variables, we normal-
ized the magnitude of change from one release to the next. This was done by
computing the ratio of change between releases in relation to the total change
in the variable. Moving-range charts are commonly used in the context of Six
Sigma to investigate the stability of process performance measures (Cagnazzo
and Taticchi, 2009). Petersen and Wohlin (2010) use them to analyze require-
ments inventories over time, to investigate periods of high and low inventories,
and to understand the extent of shifts between high number and low number of
inventories at different periods.

All authors of this paper individually and independently analyzed defect
data, heat maps, and moving-range charts, taking into consideration the time-
lines of events as shown in Figure 5.1 and Figure 5.2, and then met for a discus-
sion of their observations. There was a high level of agreement on the potential
relations of the shifts in measures and the distribution of work as well as the
handover period.

Subjective Views: Follow-up questionnaires were then sent out to senior
company representatives, that were or are involved in both products, to confirm
or reject our observations. The questionnaires consisted of open-ended and
closed-ended questions. The questionnaires were administered through email
with the help of a requirements analyst at the case company.
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5.6 Results and Analysis

5.6.1 Evolution of Product-A and Product-B

There are 13 releases of Product-A between 2005 and 2012. These 13 releases are
Product-A’s “evolutionary” releases, i.e., excluding releases that only contained
defect fixes. In each release, at least 85% of the code (as measured in KLOC)
is programmed in VB, the rest is in C++. The latest release has slightly less
than 300 KLOC (approximately, 29 KLOC in C++ and 270 KLOC in VB).

Between 2001 and 2012 there were 27 “evolutionary” releases of Product-
B. All core source code components for Product-B were programmed in C++.
The latest release contains approximately 255 KLOC programmed in C++. The
next subsections present the evolution of the internal and external measures for
Product-A, followed by those for Product-B.

5.6.2 Product-A (RQ1–RQ3)

Overview of Changes

The analysis of the measures extracted from C++ and VB source code, from
Product-A, was done separately. Figure 5.3 and Figure 5.4 show heat maps
that visualize the change patterns across releases for C++ components and VB
components, respectively. The rightmost column in each of the figures shows
the percentage of new functionality added in relation to the total functionality
added across releases, during the evolution of Product-A.

Product(
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Figure 5.3: Product-A (C++) Heat Map

A zero in a column in the heat map figures indicates that there was no change
in the particular source code measure from one release to another. For example,
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Product(
Development(
Responsibility
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Other(
Events

Handover(
Period Releases LOC

No.(of(
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R1GR2 !6201 !306 0 0 10%
R2GR3 33909 890 0 !0.11 8%
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Figure 5.4: Product-A (VB) Heat Map

the only change in the Biggest Subroutines measure occurs between R9–R10.
The measure does not change before R9 or after R10. A negative value indicates
a decrease in the source code measure, and a positive value (value without a
negative sign) indicates an increase in the measure.

Each of the size and complexity measures is using a distinct method for
quantifying source code properties. There are significant changes in all measures
during similar periods, during Product-A’s evolution. For example, R8–R9 and
R9–R10 in both Figure 5.3 and Figure 5.4.

Two other observations can be made from the heat maps, before, during
and after the handover period. First, during the handover period, size and
complexity measures do not change between releases. See R3–R4, R4–R5 and
R5–R6 in both Figure 5.3 and Figure 5.4. During this time actual development
is also distributed between sites. The other observation is that the most sig-
nificant changes in source code measures, for both Product-A’s C++ and VB
components, occur for the periods R2–R3 and R7–R8 onwards.

For R2–R3, during distributed development, source code size for C++ sig-
nificantly decreases, whilst methods get larger and more complex on average
(see R2–R3 in Figure 5.3). On the other hand, for VB source code, size in-
creases but the complexity decreases (see R2–R3 in Figure 5.4). These patterns
indicate refactoring activities and the moving of some functionality from C++
to VB source code. This was corroborated during the follow-up questionnaires
from company representatives.

For C++ and R8–R9 onwards (see Figure 5.3), there are increases in size
and complexity measures, LOC, NC, Average McCabe Cyclomatic Complex-
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ity and Average depth. For VB and R7–R8 onwards (see Figure 5.4), there
are increases in size and complexity measures, LOC, Number of Subroutines,
Biggest Subroutines and Avg Depth. These increases occur over a year after
the handover when work is collocated at Product-A’s Site-Beta.

An analysis of the new functionality added to Product-A across releases (the
rightmost column in Figure 5.3 and Figure 5.4), shows that the largest changes
of new functionality added across releases occur during corresponding periods
when there are large changes in size and complexity measures. For the col-
umn with the new functionality added the color blue indicates periods with the
smaller changes from one release to the next and the larger changes are indicated
by the color red. For example, the releases with the largest overall increases in
measures (R8–R9 and R9–R10) are the releases with the highest numbers of
new functionality in comparison to other releases. Thus, the increase in size
and complexity from R7–R8 onwards, could be linked to the comparatively
large addition of new functionality.

Furthermore, an analysis of the defect inflow reveals that there was a quite
uniform defects inflow across releases, see Figure 5.5. The defect inflow dur-
ing and after distributed development does not differ significantly. A similar
observation can be made for the defect inflow before and after the handover
period.

R1# R2# R3#R4#R5#R6# R7#R8# R9# R10# R11# R12# R13# .#

2005# 2006# 2007# 2008# 2009# 2010# 2011# 2012#

Responsibility#of##
Site:Alpha# Handover#Period# Responsibility#of#Site:Beta#

Figure 5.5: Defect Data for Product-A

However, there are observable shifts in the internal and external product
measures across releases. Visualizing these shifts over time, facilitates with
comparing the magnitude of shifts before and after distributed work and at
different handover periods, i.e., before, during and after the handover. This
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in-turn helps with understanding the extent of the influence that distributed
development and the handover activities may have in the shifts.

Moving-Range Analysis

Moving-range charts for Product-A are shown in Figure 5.6. Releases are on
the x-axis and percentages of change per release are on the y-axis. Figure
5.6(a) and Figure 5.6(b) show the moving-range chart for the internal product
measures, i.e., size and complexity measures, for Product-A’s C++ components
and VB components, respectively. Figure 5.7 shows the moving-range chart
for the external product measures, i.e. functionality added per release, time
between releases and number of defects per release.

For C++, Figure 5.6(a) shows that the periods with the largest changes in

size and complexity occur for R2–R3, indicated by 1 and for R8–R9, indicated

by 2 . R2–R3 is at the beginning of the handover and during distributed
development. R8–R9 is almost two years after the handover period and during
collocated development. There are no visible shifts between R4–R8 for C++.

The other noticeable shifts occurs for R11–R12, indicated by 3 in Figure
5.6(a). However, the shift is quite small in comparison to the shifts that occur
for R2–R3 and R8–R9.

For the VB components, the largest changes occur at similar periods as for

the C++ components. These periods are indicated in Figure 5.6(b) by 4 and

6 . Another noticeable shift for size and complexity of VB components occurs

for R7–R8, indicated by 5 , which is over a year after the handover and period
of distributed development. However, this shift is small in comparison to those
that occur for R2–R3 and R8–R9.

Apart from other maintenance activities such as refactoring activities, the
shifts that occur during the handover for R2–R3, and almost two years after the
handover for R8–R9, can be attributed to the evolutionary characteristics of the
product. Figure 5.7 shows that there are visible shifts in all external product
measures during the periods with large shifts in source code measures for VB
and/or C++ components. Notably, there are also large shifts in the number

of new functionality added, indicated by 7 and 8 , that also occur during
the same periods as the large shifts that are visible in the size and complexity
measures for the VB and C++ components.
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Figure 5.6: Product-A: Moving-range Charts for Internal Product Measures
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Figure 5.7: Product-A: Moving-range Charts for External Product Measures

5.6.3 Product-B (RQ1–RQ3)

Overview of Changes

A heat map that visualizes the change patterns in the size and complexity
measures for Product-B’s components is shown in Figure 5.8.

For Product-B, there was distributed development before, during and after
the handover of project management responsibilities. Three observations can
be made from the heat map. First, there are increases in size and complexity
measures for the early product releases (for example, see R2–R3 in Figure 5.8).
Second, there are increases in size and complexity measures during the han-
dover period (see R20–R21, R21–R22 and R22–R23 in Figure 5.8). The third
observation is the decrease in complexity measures for the release directly after
the handover period (see R23–R24 in Figure 5.8).

Overall, the increases in the size and complexity measures for Product-B,
can be linked to the addition of new functionality. An analysis of the functional-
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Releases LOC NC
Avg-
Stmts

Avg-
Complexity

NOM
Avg-
Depth

%-of-New-
Func.

R1BR2 1320 2 0.1 0.02 0.02 0 8%
R2BR3 12655 26 0.2 0.08 0.5 0.03 4%
R3BR4 1544 4 0.1 0.01 +0.02 0 9%
R4BR5 7492 17 +0.2 +0.05 0.38 0 4%
R5BR6 8052 20 0.1 0.03 0.6 0.01 3%
R6BR7 +6535 +18 0 +0.03 +0.56 0 3%
R7BR8 8892 31 0.2 0.07 +0.09 0.01 1%
R8BR9 0 0 0 0 0 0 3%
R9BR10 1987 6 0 +0.01 +0.05 0 15%
R10BR11 819 3 0 0 +0.01 +0.01 3%
R11BR12 26032 83 +0.1 +0.01 0.08 +0.02 5%
R12BR13 685 1 0 0.01 0.01 0 3%
R13BR14 2270 6 0 0.01 +0.03 0 2%
R14BR15 5816 10 0.1 0.01 0.03 0 1%
R15BR16 197 0 0 0 10.56 0 3%
R16BR17 3230 36 +0.4 +0.1 +11.07 +0.03 1%
R17BR18 636 1 0 0 0.03 0 1%
R18BR19 1623 0 0 0 0.02 0 2%
R19BR20 425 0 0 0 0.02 0 3%
R20BR21 16287 39 0.2 0.06 0.03 0.01 2%
R21BR22 3978 7 0.1 0.02 0.04 0.01 5%

R22BR23 3813 2 0.1 0.03 0.02 0.01 4%
Abandon-
Merge-of-
Processes

R23BR24 12426 11 +0.3 +0.07 0.47 +0.01 1%
Switch-
VCS-Tool R24BR25 +3297 9 0.4 0.1 +0.48 0 3%

R25BR26 10687 22 0.2 0.05 0.13 0.02 3%
R26BR27 1539 3 0 0.01 0 0 3%

Product-
Development-
Responsibility

No.-of-Employees
Other-
Events

Handover-
Period

SiteBBeta

SiteBAlpha:-1B3-Dev-(as-
needed)-and------------------
1-Architect/RA------------------------------------
SiteBBeta:-3-Dev

SiteBAlpha

SiteBAlpha:-2-Dev-and-
1-Architect/RA---------------------------------------
SiteBBeta:-3-Dev

SiteBAlpha:-1-
Architect/RA-----------------------------------------------
SiteBBeta:-3,-gradually-
increasing-to-6-Dev

Handover-
Period

Attempt-
to-Merge-
Processes

Differing-
Processes-
between-
Sites

Figure 5.8: Product-B Heat Map

ity added per release (rightmost column in Figure 5.8), shows that releases with
more new functionality added have high increases in size and complexity mea-
sures. For example, more functionality is added to releases during the handover
period (R20–R21, R21–R22, and R22–R23) than to most releases before (R12–
R20) or after the handover (R23–R26). The decrease in complexity measures
directly after the handover visible in R23–R24 for the measures Average Stmts,
Average Depth, and Average McCabe Cyclomatic Complexity, is an indicator
of refactoring activities, since it occurs in a period with low %-age of added new
functionality.

Figure 5.9 shows the number of defects reported per release for Product-
B. There is an observable higher inflow of defects before the handover, than
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during and after the handover. This high inflow occurs during early product
development and when the product was still maturing. After R14, the defect
inflow is more uniform and on a lower level. Although new functionality has
been added continuously during and after the handover, the defect inflow seems
unaffected by the handover.

R1	   R2	   R3	   R4	   R5	   R6	   R7	   R8	   R9	   R10	   R11	   R12	  R13	  R14	   R15	  R16	   R17	  R18	  R19	   R20	   R21	   R22	   R23	   R24	   R25	   R26	   R27	   .	  

2000	   2001	   2002	   2003	   2004	   2005	   2006	   2007	   2008	   2009	   2010	   2011	   2012	  

Responsibility	  of	  Site-‐A	   Responsibility	  of	  Site-‐B	  Handover	  Period	  

Figure 5.9: Defect Data for Product-B

There are observable shifts without clear patterns in internal and exter-
nal product measures for Product-B. Similar to the analysis for measures for
Product-A, moving-range charts are also used to investigate the magnitude of
the shifts in measures for Product-B.

Moving-Range Analysis

Moving-range charts for Product-B are shown in Figure 5.10. Releases are on
the x-axis and percentages of changes per release are on the y-axis. Figure
5.10(a) shows the moving-range values for the internal product measures, i.e.
size and complexity measures. Figure 5.10(b) shows the moving-range values
for the external product measures, i.e. functionality added per release, time
between releases and number of defects per release. The main changes in the

figures are indicated by 1 in Figure 5.10(a), and 2 in Figure 5.10(b).

Figure 5.10(a) shows that the magnitude of change of the internal product
measures did not significantly vary across releases. The most notable changes
occur for releases R15–R16 and R16–R17 for the complexity measure NOM,

indicated by 1 . After this period the magnitude of the shifts in all of the com-
plexity and size measures, does not vary significantly during or after the han-
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Figure 5.10: Product-B: Moving-range Charts

dover period. This is also the case for the external product measures (see Figure
5.10(b)). The period of heavy changes in defect inflow for releases R12–R15,



5.6 Results and Analysis 145

indicated by 2 seem to be an effect of the large changes in new functionality

added for releases R9–R10 (the dashed line in Figure 5.10(b) just before 2 ).
Thus, the difference in the shifts in the source code measures and the exter-

nal product measures that occur before, during and after the handover across
releases, in the distributed development setting, seem negligible.

In the next subsection, we provide a cross-case comparison of the two prod-
ucts, and present our overall findings so as to address research questions RQ4
and RQ5.

5.6.4 Overall Observation of Change Patterns and Shifts
(RQ4 and RQ5)

Overall, there are no observable indications that the GSD setting that involved
distributed development and the handover of project management responsibil-
ities from one site to another negatively affected quality during the evolution
of either Product-A or Product-B. There are no observable effects on the rate
of defect inflow. The change patterns and shifts in size and complexity mea-
sures from the source code can be linked to factors other than the distribution
of work or the handover, for example increases in new functionality added and
refactoring activities. Therefore, there is no discernible link between the shifts
in both the source code measures and the external measures and the distribution
of work or handover for either product.

Though we make similar observations from the two products, it is impor-
tant to note that the two products have different evolutionary characteristics.
Product-B has more releases than Product-A before the handover. Hence more
new functionality is added to Product-B before the handover in comparison to
Product-A. On the other hand, Product-A has more releases than Product-B
after the handover. Another difference in evolution between the products is
that Product-B has undergone more evolutionary changes, and a longer period
of distributed development, than Product-A. It has twice as many releases over
a longer time period in comparison to Product-A. Furthermore, Product-B has
more variation in the change patterns for source code measures than Product-A
(see heat maps in Figure 5.3, Figure 5.4 and Figure 5.8).

Thus there are not only evolutionary differences between the products. Su-
perficially, they look very similar: same company, same sites, same domain,
handover of product responsibilities from one site to another, distributed devel-
opment before the handover, and approximately the same size of source code
components that capture evolutionary changes. However, the products have
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the following differences: one product has source code components from two
programming languages whereas the other product only has one, different his-
tories in number of releases before and after the handover, in one product there
was a shift from distributed to collocated development, the defect inflow for
Product-A is much more steady and uniform than that for Product-B, and dif-
ferent evolution history in terms of both number of releases and change/shifts
in source code measures, before, during and after the handover.

5.7 Discussion

The results of our case study suggest that it is possible to handover project
management responsibilities between two geographically separated sites with-
out it negatively affecting the quality of the source code for evolving systems.
Albeit, project management responsibilities were at a single site at any given
time, software development work was shared between two sites, particularly, be-
fore and during the handover period for both products. Nagappan et al. (2008)
found that the organizational structure can influence quality. In our study, there
was no discernible impact on quality, across releases, due to the shared devel-
opment work between geographically dispersed sites. In addition there was no
observable difference in quality between distributed development and collocated
development. Thus our findings do not corroborate findings by Ramasubbu and
Balan (2007), but they are consistent with the findings by Spinellis (2006) and
by Bird et al. (2009). Overall, our observations were also confirmed by company
representatives for both products from both sites.

Success factors: Overall, the senior company representatives, for both
products in our study, perceived the distribution of work and the handover to be
a success. In our follow-up questionnaires, they identified the following factors
as contributors to the success of the handover:

• Availability of skilled employees before, during and after the handover at
sending and receiving sites.

• Well-designed software architecture.
• Use of face-to-face meetings for knowledge transfer activities.
• Early involvement of employees of the receiving site.
• Prolonged time of distributed development between the sending and the

receiving site before the handover, and in-turn build-up necessary compe-
tencies at the receiving site.

• Nearshoring, i.e., offshoring to a close destination.
• Low variation of product complexity and size across releases.
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• Early planning and dissemination of the handover activities.
• Effective communication and coordination practices between sites.
• Skilled and competent employees at sites involved in distributed develop-

ment and handover activities.
• Sufficient product documentation.
• Support from the sending site during and after the handover of project

management responsibilities.

It is, however, important to understand the reasons why our study results
may seem to contradict, or corroborate, findings from other studies. The above
enabling factors as well as other factors that were identified from company doc-
umentations on the handover activities are discussed further below. Since we
investigate the handover period similar to how previous studies investigated soft-
ware transfers, software transfer critical factors described by Šmite and Wohlin
(2011), i.e., product, people and process, are used to guide the discussion.

Product Factors: A complex and poorly designed product architecture
can negatively impact the rate of learning for employees at the receiving site
(Šmite and Wohlin, 2011). In our study, both products are medium-size and,
as shown in our quantitative analysis results, their complexity does not vary
significantly during product evolution before, during and after the handover.
This was also consistent with the views from the senior company representa-
tives. The company representatives also pointed out that the “relatively good”
architecture of the product allowed for fast and efficient knowledge transfer.

When investigating the effects of a handover, we could not corroborate the
findings of a negative effect on quality as a result of a transfer reported in
Chapter 3, which is a study by Jabangwe and Šmite (2012). The major reason is
that a transfer is much more challenging to execute than the handover observed
in our study. In addition, the product used in the study in Chapter 3 is much
larger, and, thus, it is likely to be more complex and more defect-prone, than
each of the two products in our study. The product they used has releases
that are three to six times larger in size, measured in LOC, than the product
releases we use in our study. We also believe that the product used in the study
in Chapter 3 caters to a market that is more volatile in comparison to each
of the two products used in our study. This would make their product more
change-prone, and hence more defect-prone.

Process Factors: Project costs can be linked with project risks (Lager-
ström et al., 2012). Early planning can help with identifying potential risks, and
planning mitigation strategies that can substantially reduce both expected and
unexpected costs (Šmite and Wohlin, 2011). In addition, a clear and transpar-
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ent documentation of the transfer plan also plays an important role in execut-
ing a successful transfer (Šmite and Wohlin, 2011). Project managers for both
products in our study indicated that the handover was planned and dissem-
inated early, and the handover process was well-established and documented,
and transparent to both the receiving and sending sites. The company also used
a stepwise and gradual process to relocate project management responsibilities.
This is a similar process to the gradual software transfer described by Wohlin
and Šmite (2012); were the project management responsibilities were relocated
rather than the development and maintenance work as would be the case for
transfers.

Company representatives also recognized the importance and the positive
effect that face-to-face meetings during knowledge transfer activities had on
the success of the handover activities and distributed development. Similar ob-
servations have been reported in numerous GSD studies (Nidhra et al., 2013;
Griffith and Sawyer, 2006). Project managers for the receiving sites for both
products indicated that the handover of vital product aspects was primarily
done during face-to-face meetings. Employees from Product-A’s Site-Beta and
Product-B’s Site-Beta were involved in several trips to Sweden for knowledge
transfer. Furthermore, managers perceived knowledge transfer activities as suc-
cessful because after a certain period after the handover, support from Sweden
was not needed and neither was it necessary.

People Factors: Familiarity and experience with a product can have an
impact on performance (Huckman et al., 2009). Early involvement in devel-
opment activities helped the receiving sites in building up necessary skills and
competencies, and in-turn mitigate the risk of a decline in quality after the han-
dover of responsibilities. The periods of involvement of the sites is highlighted
in Figure 5.1 and Figure 5.2.

Coordination and communication are vital for running a successful project
(Brooks, 1995; Bird et al., 2009). In general, the project managers for both
products, were in agreement on the importance and effectiveness of cross-site
communication and coordination during the handover activities. Software de-
velopment teams at both the sending and receiving sites, for both products in
our study, were small and stable. In addition, the close proximity of the two
sites, which can be referred to as nearshoring (Carmel and Tjia, 2005), mitigated
communication problems or delays that may arise from, for example, temporal
distance.

At the time of the handover, employees at the receiving site for both prod-
ucts had skilled software engineers. To mitigate risks, there was also prolonged
support to the receiving site from the sending site’s management and develop-
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ment teams. These two factors were noted as contributors to the success of the
handover from managers from both products.

In summary, the two products met many of the characteristics that were
noted by Šmite and Wohlin (2011) for products that are good candidates for
relocating work between sites. The receiving site had product experience and
had ample time to build up competencies in preparation for the handover. The
products also had a well-designed architecture, low variability in complexity and
size properties across releases, they were mature, non-volatile and had sufficient
documentation available. All these factors helped the receiving site in taking
over product responsibilities.

However, the success factors of this handover case study might give some
useful input for companies considering a transfer. Structuring or planning a
transfer more like a handover might mitigate many of the typical transfer re-
lated risks. For example, a company may ensure that there is a long period of
distributed development work between sites, during which the receiving site has
time to build-up necessary skills and competencies.

5.8 Validity Threats

Threats to validity (Robson, 2011; Wohlin et al., 2012) are discussed below.
Construct Validity: Construct validity pertains to measuring what is

expected to be measured (Robson, 2011). The data we used was from two
real commercial software systems that are currently on the market, and we
believe, the following two strategies mitigated the likelihood of measurement
errors. Identification and collection of releases and source code artifacts was
done with the help of architects at the company that had extensive knowledge
on the evolution of both products. Extraction of all source code measures was
done using an automated tool (See Section 5.5). We believe, these two strategies
mitigated the likelihood of measurement errors.

Static analysis tools that extract source measures can have different methods
and approaches for quantifying certain properties (Lincke et al., 2008). As a
result, they may produce inconsistent values for measures. We address this
issue by using the same tool for both products. This makes the measures that
we use in the study comparable.

Internal Validity: Internal validity is concerned with the accuracy of
the cause-effect relationships reported in a study (Robson, 2011). We make
inferences, such as, refactoring as a reason for source code changes, and the lack
of impact of transfers on quality. The inferences are, however, triangulated with
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data collected through questionnaires from company representatives that have
extensive knowledge regarding the evolution of both products in this study.

Since there are very few employees involved in product development, we
were unable to conduct a meaningful statistical analysis from the data collected
through questionnaires. Nevertheless, this should not affect our results and
findings, since the purpose of the questionnaires was not to explore or identify
or extract new information. The questionnaires were only used for the purpose
of confirming or rejecting our observations. For this reason, we can not claim
that the list of factors that contributed to the success of both handovers (see
Section 5.7) is exhaustive.

External Validity: External validity pertains to the extent of the gener-
alizability of study results (Robson, 2011). The study presented is an embedded
case study within the same company and the results presented are specific to
the two products. However, providing a detailed description of the contexts of
the products (see Section 5.3), helps in improving the study’s external validity
as pointed out by Petersen and Wohlin (2009). There are also many differences
in the evolutionary characteristics of the two products (see Section 5.6.4) that
strengthen external validity of our results.

The results we report are likely to be generalizable to companies that are
planning to, or are involved in, transfers for medium-sized products. Besides,
our study findings, e.g., the “success factors” discussed in Section 5.7, can be
used to formulate valuable input for GSD related decision-making structures
such as the one described by Šmite et al. (2013).

Conclusion Validity: Conclusion validity pertains to the accuracy of con-
clusions drawn from the cause-effect relationships reported in a study (Wohlin
et al., 2012). This risk is reduced by using multiple researchers. The first au-
thor collected all raw data, and then all authors were involved in developing all
diagrams. Actual analysis was done independently and then discussed. Conclu-
sions were triangulated with subjective opinions from company representatives.

5.9 Conclusion

In the present embedded explanatory case study we show that software project
management responsibilities can be handed over between two geographically
dispersed sites without it negatively impacting quality. We also show that de-
velopment work can be carried out between geographically dispersed sites and
increase the chances of realizing potential benefits of GSD, such as reducing
costs. We found no observable impact of distributed development on quality,
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which is consistent with the findings by Spinellis (2006) and by Bird et al. (2009).
We could not corroborate findings of a negative effect on quality as a result of
distributed development reported by Ramasubbu and Balan (2007). Investiga-
tion of quality is done using source code measures and defect data from two
medium-size commercial products. The two products have different evolution
characteristics and we found no indication of an impact on quality as a result
of handover of project management responsibilities or distributed development.

We identified factors that contributed to the success of the handover for both
products. These factors were previously identified as critical factors for software
transfers by Šmite and Wohlin (2011). Thus our study can be considered as an
indirect validation of the factors. Development teams were small at receiving
and sending sites, thus mitigating communication and coordination overhead-
related risks. Due to early engagement in product development, the employees
from the receiving site had time to gain experience with the product and time to
build up necessary skills and competencies. The products had a well-designed
architecture. The sites involved had a close proximity, and they also had small
software development teams, which decreased the communication and coordi-
nation overhead within and across teams. Face-to-face meetings were effective
for knowledge transfer activities. Handover activities, were well-documented,
planned and disseminated in advance. Support provided by the sending site to
the receiving site was also noted as a contributor to the success of the handover.

Our study also shows that results from quantitative analysis of source code
artifacts can provide information that can be valuable input in the decision-
making process for planning and managing future GSD projects. For example,
quantitative analysis can reveal objective information pertaining to the evolu-
tion and variation in size and complexity properties of a product. This can help
with understanding quality-related issues, and also help with assessing feasibility
of relocating project management responsibilities and/or engaging in software
transfers.

The body of knowledge on GSD settings and their impact on quality is
scarce. Future studies should consider conducting a similar analysis on larger
and more volatile (commercial) products that are change-prone. Such products
are reported to be more susceptible to quality-related issues during evolution
(Lu et al., 2012). A similar empirical study on such products would help with
confirming or refuting this conjecture. There is also still a need for other in-
vestigations conducted at a similar or more extensive magnitude of other GSD
settings, for example settings that involve software transfers.
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Újházi, B., Ferenc, R., D., P., and Gyimóthy, T. (2010). New conceptual cou-
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Context: The existing body of knowledge falls 

short of providing comprehensive empirical evi-

dence on the impact that global software develop-

ment (GSD) strategies have on software quality 

during software evolution. The realization of ex-

pected benefits of such GSD strategies, e.g. redu-

ced costs, should not be taken for granted. Chal-

lenges faced can negatively impact quality, which 

can consequently inhibit the realization of the po-

tential benefits.

Objective: This licentiate thesis provides empiri-

cal evidence pertaining to the effect on quality for 

evolving systems in distributed development envi-

ronments. The aim is to provide empirical eviden-

ce that can be useful input in the decision-making 

process for future GSD projects that are executed 

in distributed development environments.

Method: The findings presented in this licentiate 

thesis are obtained from three empirical studies 

and one extensive systematic literature review. The 

empirical studies were conducted at two large mul-

tinational corporations. Meanwhile, the purpose 

of the systematic review was to obtain empirical 

information that was used to successfully execute 

one of the empirical studies. All empirical work 

was done using both quantitative data (e.g., defect 

data, features per release, source code measures, 

release history) and qualitative data (e.g., inter-

views, focus group meetings, questionnaires, and 

analysis of company documentations). 

Result: Transfers have a potentially negative im-

pact on quality and efficiency. Observations that 

were made on quantitative data in all three empi-

rical studies were triangulated with subjective opi-

nions that were obtained from practitioners. When 

studying the quality of a large software system, a 

significant decrease in quality was identified; si-

milarly in a study focusing on maintenance work 

efficiency two studied large software products sho-

wed a noticeable decrease. Meanwhile, there was 

no discernible impact on quality for two products, 

as a result of distributed development and the han-

dover of responsibilities between involved sites. 

Transfer critical factors, which can impact quality, 

as well as transfer enabling factors, which can al-

leviate transfer-related issues, were also identified 

from these empirical studies.

Conclusions: Companies that engage in software 

transfers should expect a decline in quality during 

and immediately after a transfer. There are practi-

ces, such as, engaging in distributed development, 

and the gradual handover of responsibilities, that 

can alleviate transfer-related issues. The findings 

in this licentiate thesis can be a valuable input in 

the decision-making process for companies enga-

ging in transfers in GSD contexts, and thus help 

in making informed decisions in current or future 

transfers. Moreover, this licentiate thesis shows 

that analyzing the evolution of size and complexity 

properties of a product’s source code, and defect 

data, can also provide useful objective data to sup-

port decision-making during similar projects.
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