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Global Software Development has become an established software development paradigm
that promises several benefits over collocated software development. However, project
managers of such projects face the socio-cultural diversity and new challenges arising
from the distribution of different stakeholders geographically and temporally. The pur-
pose of this thesis is threefold: i) To investigate the intended approaches for Software
Project Management activities that can counter the effect of stakeholders distribution
and provide a list of these approaches, their benefits and limits; ii) To carry out a
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implemented as a taxonomy. To gather empirical evidence, Systematic Mapping studies,
Systematic Literature Reviews and a survey of researchers and industry practitioners
were conducted. The research study presented in this thesis was conducted by close
cooperation between the Software Project Management Research Group of ENSIAS in

Morocco and the Software Engineering Research Group of University of Murcia in Spain.
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Chapter 1

Introduction

“If you set goals and go after them with all the determination you can muster, your

gifts will take you places that will amaze you.” Les Brown

The main goal of the research presented in this thesis is to enable software project man-
agers to properly manage and control the global software development (GSD), and to
investigate also more accurate and efficient cost estimation models. This thesis aims also
to gain an insight into the challenges and factors that affect the cost estimation in GSD
projects and to identify actions that can be made to moderate their effects. The main
contributions are: (i) investigation of the state of research in the area of GSD project
management through a Systematic Mapping Study (SMS) [1], (ii) investigation of the
state of research in Software Cost Estimation and (iii) proposing a framework to identify
cost attributes (CAs) and associated mitigation scheme related to software cost estima-
tion in a GSD context. The framework was populated by means of Systematic Literature

Review (SLR) Studies and approved through a survey of industry practitioners.

This introduction is structured as follows: the motivation behind this thesis is presented
in Section 1.1, while the research areas of this thesis are identified in Section 1.2. The
main research objectives are presented in Section 1.3, the research contributions are
reported in Section 1.4, and the research approaches are presented in Section 1.5. The

thesis outline is presented in Section 1.6.

1.1 Motivations

Over the last few decades, the globalization trend has become a steady and irreversible

trend towards corporate globalization and Information Technology (IT) outsourcing
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in particular [2]. This trend has several aspects which influence the world in various
ways, including the emergence of overall production/consumer markets, the emergence
of worldwide financial markets, the spread of political sphere of interests, increase in
the flows of information, and also emergence of new ways of developing information
systems [3]. The style of information systems development was enormously affected by
the globalization. Because of the impact of globalization, numerous information systems
developed by geographically co-located developers are delegated to other companies in
various locations. The globalization is referred as global software development (GSD)

to reduce temporal, geographic, social, and cultural distance across different countries
[4].

Companies across the globe are capitalizing on globalization and outsourcing Information
Technology (IT) to achieve business competitiveness. GSD provides the unprecedented
possibility to reduce development costs by moving parts of the development work to
low-wage countries, leverage large pools of skilled labor by coordinating across distance,
reduce time to market by managing resources in multiple time zones and Closer Proxim-
ity to Market [5]. Faced with this evolving trend, Global Software Engineering (GSE),
IT outsourcing and many software companies engaged in GSD activities have shown
growth rates of 10-20% per annum [6]. The interest in the topic has also increased to
reach its peak in 2006, the year of the first edition of the International Conference on
Global Software Engineering (ICGSE).

Recent ICGSE industry keynote mentioned that only 30 percent of all embedded soft-
ware is developed in a global or distributed context. However, global development and
sourcing is growing, and the number of quality deficiencies and callbacks across in-
dustries is expanding in parallel with this growth [6]. So, Investigate new approaches
and methods to successfully manage global software projects has rapidly become a key
need across industries and researches [7]. Globally distributed projects, in particular,
projects’ life cycle, project management and controlling activities must be taken into
special consideration by companies. In order to successfully achieve the fixed goals of
a project, project management must include multiple activities such as planning, con-
trolling and monitoring. This thesis presents first an overview of the approaches used
by the project managers of GSD projects, investigates on software cost estimation ap-
plied to GSD projects, provides an integrative framework intended to help them conduct
cost estimation in a GSD context and finally validates the accuracy of research findings

through a survey of industry practitioners.
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1.2 Research areas

The studies included in this thesis are carried out through the intersection of numerous
research areas. They are concerned with SPM approaches in general and software cost
estimation in particular when dealing with GSD projects. The following subsections

introduce and describe briefly the concepts and their use in this thesis.

Global Software Development

Global software development (GSD) is the process by which the dispersion of the team
extends across national boundaries in a coordinated fashion including both outsourc-
ing and distributed teams within the same organization that are disbursed in different
countries [8, 9]. In particular, GSD is now a mainstream business phenomenon owing
to the advantages that it may have over collocated software development [5, 10]. It al-
lows organizations to overcome geographical distances, to benefit from access to a larger
qualified resource pool, to reduce development costs, to provide an easy access to cus-
tomers, and to allow 24/7 work shifts. In GSD context, all stakeholders involved in the
development process including customers, vendors, managers, developers, users, and so
on might be scattered at various geographical locations of the globe. This dispersion
adds new challenges and best practices to the already Software Development Life-Cycle
(SDLC) activities [11, 12].

Software Project Management

The international standard (ISO/IEC/IEEE 12207: 2017 “Systems and Software En-
gineering — Software Life-cycle Process” [13]) presents software project management
(SPM) as the process of managing, planning, monitoring, controlling, and leading soft-
ware project from inception to closure using a scientific and structured methodology.
Thus, SPM is about creating structure, managing the project commitments and achiev-
ing agreed results. However, without the use of project management, managers and
organizations would be faced with an unpredictable and chaotic environment over which
they have little control. The software development process is mainly implemented to
meet the requirements of the project and to ensured both the progress and success of

the software project.
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Software Cost Estimation

The software industry is competitive and cost is at the center of most companies’ con-
cerns [14]. Therefore, software cost estimation (SCE) is one of most important issues in
the cycle of development, management decision, and in the quality of software project.
Cost estimation is thus used as a process of assigning value and predicting the effort
required to develop a software system [15]. In particular, estimation is a clear vision for
the costs of software development that project’s manager can identify challenges, prob-
lems, and complexity of software planning. SCE emerged as an important discipline

that continues to be a source of problems for practitioners despite improvement efforts.

1.3 Research objectives

Interest in GSD is rapidly growing as the software industry is experiencing an increasing
globalisation of business. In GSD, stakeholders from different national and organisa-
tional cultures in addition to time zones are involved in developing software. Performing
software development in a globally distributed environment implies numerous manage-
ment activities that require a well-coordinated effort from multiple organisational actors
or units. SPM for GSD offers a system of procedures, practices, and technologies that
address the management and measurement of software engineering. Therefore, man-
agers must perform effective software cost estimation and have an understanding of how

software cost attributes related to distributed project can ensure the project’s success.

The first objective of this thesis is to provide a list of available approaches available for
use in a GSD context and highlighting their characteristics. The second objective is to
provide a framework that helps managers estimate the software cost when dealing with

GSD projects. To achieve these goals, several research questions have to be answered.

1. What are the approaches used by GSD project managers? What is the state of the
art on this particular topic? Which SPM activities for GSD were most frequently
addressed? What are the benefits and limits of those approaches in GSD? These

questions are answered in Chapter 3.

2. What cost estimation techniques are used for GSD projects? What is the state
of the art on this particular topic? Which software cost estimation activities have
been addressed by GSD research? Which cost drivers affect GSD projects? Which
cost estimation performances have been obtained from GSD projects? These ques-

tions are answered in Chapter 4.
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3. What are the relevant CAs associated with the software cost management in GSD

projects? This question is answered in Chapter 5.

4. How do researchers and practitioners rank the CAs associated with the manage-
ment of GSD projects? How are these CAs treated in global software projects

context? These questions are answered in Chapter 6.

5. How do taxonomy support cost estimation for GSD projects? What dimensions are
used to document important cost estimation-related information? These questions

are answered in Chapter 7.

1.4 Research contributions

This study reveals an insight into the challenges encountered when engaging in GSD
projects by exploring the use of approaches related on SPM activities in general and
SCE in particular. First, it discovers trends and gaps in GSD research area and provides
an exhaustive list of approaches supporting SPM activities as well as their benefits and
limits . This contribution has been carried out using an SMS as a research approach and
can be useful to researchers wishing to pursue new research lines and to practitioners
engaging in GSD activities. Second, it gives an overview of software cost estimation
techniques, activities and cost drivers for GSD projects. A framework for software
CAs of GSD projects populated by the means of an SLR, categorized using Software
Engineering Institute (SEI) taxonomy and validated through a survey of practitioners

and researchers has been conducted.

1.5 Research approaches

This thesis gathers data from academic researchers and industry practitioners using

three research approaches:

Systematic review

Kitchenham et al. [16] define systematic review in general as: “means of identifying,
evaluating and interpreting all available research relevant to a particular research ques-
tion, or topic area, or phenomenon of interest”. As with other disciplines, software

engineering in general and GSD in particular, employ systematic reviews to [17]:

e Summarise existing proof concerning a practice;
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e Identify where there are gaps in current research, in order to help determine where

further investigation may be required;
e Help position new research activities;

e Examine how far a given hypothesis is supported or contradicted by the available

empirical evidence.

Framework

In general, a framework represents a real or conceptual structure intended to serve as a
guide or support for the building of something that expands the structure into something
valuable. Researchers in the software field provide framework to (1) review and synthe-
size relevant background literature that describes the influences affecting software, and

(2) present a recurring model that describe influences on software development processes.

Survey

A survey research is “a research approach used to gather information about the incidence
and distribution of, and the relationships that exist between, variables in a predeter-
mined population” [18]. Surveys are conducted to gather data related to attitudes,
behaviors and the incidence of events. Survey can be conducted in different settings, by

means of interviews or questionnaires to a target population.

1.6 Thesis outline

This thesis is organized as follows:

Chapter 2 provides a summary of the studies discussing software cost management in-
volved in the development of distributed software projects. Then, it gives an overview
of the research areas related to this thesis namely, GSD, SPM, and SCE. Finally, it

describes the research approaches that have been used throughout this work.

Chapter 3 presents an overview of SPM approaches used in GSD context. An SMS
has been conducted to identify and classify relevant studies related to GSD project
management as regards planning, controlling and monitoring. Thus, this SMS addresses
seven mapping questions (MQs): publication sources, frequency of relevant literature,
research approach, research method, research type, most frequently addressed SPM

activities for GSD, and benefits/limits of SPM approaches in GSD.
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Chapter 4 reports an overview of SCE in the context of GSD research. A mapping
study has been conducted to present a wide spectrum of software estimation techniques.
The selected studies were classified into nine classification criteria: publication source,
publication year, research type, research approach, contribution type, software cost es-
timation techniques, software cost estimation activity, cost drivers and cost estimation

performances for GSD projects.

Chapter 5 presents a proposed integrative framework intended to help researchers and
industry practitioners identify and rank software CAs in the context of global software
projects. CAs available in literature have been identified using an SLR and then analyzed

and discussed to identify their impact on GSD context.

Chapter 6 reports on a survey of existing software CAs associated with the management
of GSD projects in literature and their importance. The attributes selected and used in
the questionnaire are extracted from the integrative framework proposed in Chapter 5
and the attributes of ISBSG dataset [19] that includes a vast number of project attributes
related to the application domain, programming language used, language type, devel-
opment technique, resource level, and functional size of the software produced among

other.

Chapter 7 presents a taxonomy to characterize cost estimation activities for GSD context
from the literature to assess whether all important aspects related to this cost estimation

are reported. The taxonomy has been designed by following a taxonomy design method.

Chapter 8 concludes this thesis. This chapter contains a summary of the work presented
and points its contributions to the GSD field in general and software cost estimation in

particular. Finally, areas of future work are provided.
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Background

2.1 Introduction

The software development progressively requires globally distributed teams from around
the world to meet the expectations of organizations that seek to provide customers and
users with high quality software development and lower development costs [20]. This
globalization increases the complexity of control and coordination in the collaborative
software development effort, which can in turn negatively impact project outcomes [21].
Geographical distance, temporal differences, socio-cultural distribution, language differ-
ences, organizational boundaries, and functional boundaries inherent in GSD contexts
represent significant challenges to handle and control GSD projects [22, 23]. Conse-
quently, GSD project management is a challenging task that is a critical factor to the
project success. In this respect, the software project managers of such projects must be
fully aware of the challenges posed when conducting distributed activities and have the

approaches to mitigate their effects [24].

This chapter is structured as follows: the recent research conducted in the field is sum-
marized in Section 7.2, wile the research areas associated with this thesis are presented
in Section 2.3. The research approaches used are described in Section 2.4. Finally, the

conclusion of this chapter is presented in Section 2.5.

2.2 Related Work

Early research on software cost by GSD project managers was conducted by Keil et
al. [25] in a study carried out in 2006, in which the researchers were able to structure

cost drivers of distributed development and examine the significance of each of these

8
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factors as a contributor to the overall cost of a software development project. The goal
of this study was to suggest ways in which COCOMO 11, the most widely used software
development cost estimation model, overcome difficulties and complexities confronted in
distributed environment. This research was the first to deliver evidence for the lack of
project factors to gain insights into comparing development costs for distributed software

development projects as compared to collocated projects.

In 2008, Forbath et al. [26] published an overview to understand the successful practices
used to solve cost and achieve innovation in new product development projects between
leading technology firms and their global software development partners. In their study,
they were able to understand the strategies and practices firms that are using to address
the shift to global software engineering. The research shows that reducing costs is
the main strategic goals achieved by global innovation projects. According to the cost

challenges, more studies must be conducted to support innovation in global development.

Lamersdorf et al. [27] published a study in 2010 of cost factors and their estimated
impact on productivity overhead model for a Spanish global software development orga-
nization. A matching between these cost drivers, their impact on the specific distributed
development context was quantified. Therefore, a list was proposed to overcome the
possible labor cost savings of GSD without seeing them in combination with the likely
productivity downfall. In the same year, Muhairat et al. [28] tackle the same sub-
ject more extensively and classify the factors using different effort estimation methods
and simulators. According to their study, effort estimation methods’ accuracy is still
influenced by the lacking of factors related to GSD environment. The existing effort
estimation methods need improvement so that they estimate accurate effort for GSD
projects. It may need to add / remove or merge the existing factors of to better match

GSD requirements.

Azzeh [29] published a study in 2013, in which the author discussed three proposed
factors (Global team trust, Global team composition and Culture value) that will help
in managing the global software project development. These potential factors affect
global project development and were identified as new factors. Recently, in 2017, Smite
et al. [30] reported a number of cost drivers, when calculating the upfront business cases
of offshoring large and complex software products, and especially the costs associated
with mentoring. These proposed cost drivers were classified into the three following
categories: The transfer of work, working on a distance, and immaturity of the offshore
sites. All these studies assessed cost drivers related to distributed development project
at the data capturing stage. Associating and summarizing each cost driver to a unique
class give an in-depth to the software cost literature. Chapter 5 present a classification

scheme of the cost drivers related to GSD projects.
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2.3 Research Areas

2.3.1 Global Software Development

Today, GSD is becoming increasingly common practice in the software industry. There
are a lot of software projects running in geographically distributed environments [31, 32].
There are numerous potential benefits from GSD, including reduced development costs,
reduced cycle time and closer proximity to markets and customers. Many organizations
have distributed software development across geographies to capitalize on global resource
pools, appealing cost structures, and round-the-clock development to accomplish cycle-

time acceleration and cater to local markets [10].

Over the previous decade, globally distributed software development’s unique nuances,
complexities, and challenges have been revealed by both research and practitioner re-
ports. These range from technical, economic, organizational, professional, and cultural
issues to those emerging from different time zones, languages, geographical locations,
and national and organizational cultures [31, 33]. Besides, although it is true that a
body of knowledge on GSD trend has been made over time, the art and science of

organizing and managing globally distributed software development is still evolving.

The growth of GSD projects in recent years requires that many software engineers must
use information and communication technologies to collaborate over geographical, tem-
poral and socio-cultural distance, collectively termed as “global distance” [34] as illus-
trated in Figure 2.1. Not surprisingly, such global distances introduce major challenges
in relation to team communication, coordination and control [35]. The following factors
have been gathered from research literature [4, 36-39] to have an impact on globally

distributed Information System (IS) development projects:

Temporal distance

- Reduced opportunities for synchronous communication.
- Typically increased coordination costs.

- Management of project artifacts may be subject to delays.
Geographical distance

- Face to face meeting difficulties.
- Lack of critical task awareness.

- Difficulties to convey vision and strategy.

Socio-cultural distance
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Cultural misunderstandings.

Reduced cooperation arising from misunderstanding.

Different perceptions of authority can undermine morale.

Adaptation of managers to local regulations.

Impact on coordination caused by inconsistent work practices.

Geographical
distance

(€][e]oF]
distance

Socio-
cultural
distance

Temporal
distance

FIGURE 2.1: GSD challenges

Despite the challenges and complexities involved in organizing and managing globally
software development projects, this phenomenon’s pace has been remarkable [31, 40].
GSD appears to have turned into a business need for various reasons, including cost,
shortage of resources, and the need to locate development closer to the customers. In-
deed, the GSD trend is quick turning into a pervasive business phenomenon. In this
manner, effective strategies and practices to effectively organize and manage global soft-
ware development become crucial for the success of any attempt of developing software

in a global context [41].

2.3.2 Software Project Management

Project Management Institute (PMI) “A Guide to the Project Management Body of
Knowledge” (PMBOK) [42] defines project management as the application of knowledge,
skills, tools and methods to project activities to accomplish the project’s goals and

objectives [43]. The effectiveness of project management is basic in guaranteeing the
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success of any significant activity. The project processes may generate information to
enhance the management of future projects. The project management process describes
the purposes and the interactions of activities organized as a series of actions conducing
to a desirable end. SPM tries to gain control over five variables that affect the success of
a project, including scope, time, cost, quality, and risk management. As shown in Figure
2.2, each variable represents a constraint. One constraint cannot be changed without

affecting the others.

FIGURE 2.2: Variables of software project control

SPM dictate a very specific series of process groups that should be performed. These
process groups provide guidance in applying appropriate project management knowl-
edge and skills during the project. Project management processes are grouped into
five categories known as project management process groups. Figure 2.3 illustrates the
project Life cycle categories. These categories have clear dependencies and are usually
performed in the same sequence on each project [42]. They are independent of the areas

of application. Processes are often iterated before completing the project.

SPM as defined in the “Guide to the Software Engineering Body of Knowledge” (SWE-
BOK) [44] presents the application of management activities, planning, coordinating,
measuring, monitoring, controlling, and reporting to ensure that software products and

software engineering services are delivered effectively, efficiently, and also to the benefit
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Initiating

Planning

Monitoring

& Controling

Executing

FIGURE 2.3: Project Life Cycle

of stakeholders. The international standard “ISO/IEC/IEEE 12207 Systems and Soft-

ware Engineering - Software Life-cycle Process” defines eight project processes and their

activities [45], as shown in Figure 2.4.

Project Assessment Decision
Project Planning and Control Risk Management

*Project definition *Project assessment
*Project planning *Project control
*Project activation *Project monitoring

Configuration Information
Management Management
eConfiguration e|Information
management management
planning planning
eConfiguration eInformation
performance management
performance

eDecision planning
edecision analysis planning
edecision tracking *Risk profile

*Risk management

management
*Risk analysis
*Risk treatment

*Risk monitoring

Measurement Quality Assurance
*Measurement *Quality assurance
planning planning
*Measurement *Quality assurance
performance recording

eQuality assurance
reporting

FIGURE 2.4: Activities of ISO/IEC/IEEE 12207 project processes
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2.3.3 Software Cost Estimation

In recent years, software has become one of the most important component of computer
system projects. The estimation of cost of software development depends on the accurate
prediction of human effort, therefore, most cost estimation methods focus on this aspect
and give estimates in terms of person-months [46]. In particular, for both developers
and customers, accurate software cost estimation is the driving force behind generating
request for proposals, scheduling, contract negotiations, monitoring and control [15].
However, software engineering cost estimation involves the determination of one or more

of the following indicators:

- cost (in budget),
- effort (usually in person-months),

- project duration (in calendar time).

In order to establish an accurate cost estimate for software, a structured approach with
a significant amount of work is needed. The software cost estimation can be seen as
a small size project which needs to be carefully planned, managed, and followed up.
The process for software cost estimation data gathered from the NASA’s Handbook for
Software Cost Estimation [47, 48] includes a number of iterative steps summarized in
figure 2.5.

There is no simple way to make an accurate estimate of the cost required to develop a
software system. Furthermore, there is a fundamental difficulty in assessing the accuracy
of different approaches to cost-estimation techniques. Software cost estimates are often
selective. The estimate is used to define the project budget, and the product is adjusted
so that the budget figure is realized [49].

A controlled experiments with project costing where the estimated costs were not used to
bias the experiment. A controlled experiment would not reveal the cost estimate to the
project manager. The actual costs would then be compared with the estimated project
costs. However, such an experiment is probably impossible because of the different costs

involved and the number of variables that cannot be controlled.

Table 2.1 describes the techniques [49, 50] used to make software effort and cost es-
timates. All of these techniques depend on experience-based judgements by project
managers who use their insight into previous projects to land at an estimate of the

resources required for the project.
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Step 1 : Project Definition

1- Receive 3- Define or obtain
customer request & : the software
understand the SRS project technical
software project description

Step 2 : Software Cost methodology

4- Develop 5- Select cost 7- Gather
. : 6- Select cost "
ground rules & estimating Model / Tool &normalize
assumptions methodology data

Step 3 : Software Cost estimate

9- Incorporate 10- Document 11- Present &
the cost risk the cost update the cost
assessment estimate estimate Results

8- Develop the
cost estimate

FI1GURE 2.5: Overview of Software Cost Estimation steps

2.4 Research Approaches

2.4.1 Systematic Reviews

The main goals of a systematic review is to ensure that the review is methodical, re-
peatable, and thorough. It also attempts to minimise the level of bias that can be
prevalent in traditional literature reviews [51]. As the number of published literature
reporting empirical studies grew in Software Engineering (SE) topic, systematic review
has been gaining significant attention from researchers [52]. Both systematic literature
studies, SMSs and SLRs [53], have been emerged as popular methods of Evidence-Based
Software Engineering (EBSE). SMSs and SLRs share some similarities in regard to the
search strategy and the study selection. However, They present contrasts as for the
RQs, search process, search strategy requirements, quality evaluation, and results. The

following subsections describe the two types of systematic studies.

Systematic Mapping Study

An SMS is a literature study that is focused on selecting and synthesising all high

quality research related to a particular topic and providing an exhaustive summary of



Chapter 2. Background 16

TABLE 2.1: Software Cost Estimation Techniques

Techniques Description

Algorithmic cost mod- | A model is developed to provide mathematical equations
elling to perform the estimation. These equations are based on
research and historical cost information that relates cost
drivers. An estimate is made of software metric and the
model predicts the effort required.

Expert judgement Software cost estimation experts are consulted. They each
use their experience and estimate the project cost. These es-
timates are analyzed and discussed. The estimation process
iterates until an concurred estimate is reached.

Estimation by analogy | This technique means comparing project to similar previ-
ously completed project. The cost of a new project is esti-
mated by analogy with data extracted from the completed
projects.

Parkinson’s Law Parkinson’s Law states that 'work expands to fill the avail-
able volume’. The cost is controlled by available resources
instead of by objective assessment.

Pricing to win The estimated cost depends on the price that is necessary
to win the software project contract and not on the software
functionality.

current literature that is relevant to specific mapping questions, using explicit methods
to identify what can reliably be said. The principal goal of an SMS is to provide a formal
means of synthesising the information available from convenient primary studies relevant
to a set of mapping questions [54, 55]. This method is able to cover three main phases:
planning, conducting and reporting [56]. The objective of these phases is to identify,
evaluate and interpret all available research relevant to a particular topic based on the
strength of their evidence, draw conclusions and finally provide recommendations. The

phases of the SMS process are presented in Figure 2.6 [57, 58].

SMSs are designed to identify, evaluate and interpret all available evidence related to
a particular research question [59]. They are generally used to examine the extent to
which empirical evidence supports/contradicts theoretical hypotheses, or even to assist
the generation of new hypotheses. Kitchenham et al. [59] stresses the importance of
identifying and reporting all available research including evidence that does not support

the preferred research hypothesis.
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Research Questions
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Search Strategy

Search Terms Resources
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Search Process
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Study Selection

Criteria

*
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Data Extraction
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Data Synthesis

FIGURE 2.6: Stages of systematic mapping process

Systematic Literature Review

SLR is a means of assessing and interpreting all existing research relevant to a specific
research question, topic area, or phenomenon of interest. The aim of an SLR is to sup-
port the development of evidence-based guidelines for practitioners. The end point of
EBSE is for practitioners to use the guidelines to provide appropriate software engineer-
ing solutions in a specific context, especially the GSD one [16]. The main reasons for

undertaking a systematic literature review are:

e Summarise the existing evidence concerning a treatment or technology and setting

the review questions;
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o Identify relevant work and any gaps in current research in order to suggest areas

for further investigation;

e Provide a framework/background in order to appropriately position new research

activities.

2.4.2 Framework

A framework is a well suitable research methodology for many kinds of software engi-
neering research [60, 61]. A framework is an empirical inquiry that provides a conceptual
foundation by which a researcher and practitioner can understand, conduct and assess
action research, these research approach can also enrich the process of learning beyond

the traditional academic boundary and contribute to theory and practice [62].

The theoretical framework, as distinct from a theory, represents the choice of paradigm
that sets down the intent, motivation and expectations for the research. Kitchenham

and Pfleeger [63] define a framework as a comprehensive system for:

e how to validate a measure;
e how to assess the validation work of others;

e when it is appropriate to apply a measure in a given situation.

2.4.3 Surveys

Survey is a common research approach in academic research and otherwise. Pfleeger and
Kitchenham [64, 65] define a survey as a comprehensive system for collecting information
to describe, compare or explain knowledge, attitudes and behavior. Thus, In order to

be successful, survey research process is divided into seven steps:

Step 1: Setting and planning

Step 2: Designing

Step 3: Collecting data

Step 4: Validating data

Step 5: Administering and managing data

Step 6: Analyzing data
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e Step 7: Reporting results

Survey is an appropriate means of gathering information from a pre-determined pop-
ulation “population of interest” (POI) [66, 67]. The results from the survey are then
analyzed to derive descriptive and explanatory conclusions. Then, these results are gen-
eralized to the population from which the sample was taken [68]. Figure 2.7 provides

the advantages and disadvantages of several survey’s methods.

Face to face Telephone Online Paper
interview interview questionnaire  questionnaire
) e ~ r w )
Interviewer Gainin
. Easy to
is present tems of T Low cost
. administer
for support time
—— \. J \. y, .- J
4 Y 4 N 4 N 4 N
ng?ocrosts Hich costs Confuse as Low
g SPAM return rate
transport
\ WV, \ v, \ 7 \, 7

FIGURE 2.7: Survey methods

There are several types of surveys. Surveys can be either supervised or not, depending
on the objectives and the resources available. If supervised, we can assign one survey
researcher to each respondent, to ensure that the respondent understands each question
and provides an answer. Surveys provide four key characteristics: (1) response rate, (2)

timeliness, (3) data quality, and (4) cost.

2.5 Conclusion

GSD projects suffer greatly from several issues like communication, coordination and
trust. Different challenges are highlighted by different researchers and some of researcher
give solution or to avoid these challenges face by vendor and clients to GSD projects
in off-shoring outsourcing, onshoring outsourcing and near-shoring [32, 69, 70]. In this
regard, GSD Project managers are not only in need of approaches that support the
project processes, but also in need of approaches developed specifically for stakeholders

when it perform different geographical location, cultural differences and time zones.
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In this Chapter, we gave an insight on research areas related to this study, described the
research approaches used and reported on the recent research carried out in this field.

In the next chapter, we give an overview of SPM approaches used in GSD context.



Chapter 3

Overview of SPM approaches
used in GSD

3.1 Introduction

Global software development (GSD) refers to software development that is dispersed over
at least two locations that are separated by national or continental borders [71]. Interest
in GSD is rapidly growing as the software industry is experiencing increasing commercial
globalization. In GSD, stakeholders from different national and organizational cultures
and time zones are involved in software development. In this scenario, tasks at various
stages of the software lifecycle may be separated for development at different geographic
locations, and then coordinated using information and communication technologies [72].
While increasing the scope of organizational operations and opening up opportunities
for a broader skill and product knowledge base, GSD also poses real challenges related
to project diversity and complexity. As such, attention must be given to how to enable
the successful management of software projects. According to the European Space
Agency (ESA) guide to Software Project Management (SPM) [73], SPM is a “process
of planning, organizing, monitoring, controlling, and leading a software project”. To be
successful, software projects must effectively coordinate numerous activities by multiple
organizational actors or units. SPM can also be defined as a system of procedures,
practices, and technologies that address the management and measurement of software
engineering [74]. SPM for GSD, in turn, involves the participation of different globally
distributed managerial and technological resources to produce software of the highest

possible quality with the minimum cost and development time [75, 76].

Organizations are constantly seeking ways to obtain a larger pool of skilled profession-

als, optimize costs, and reduce delivery times. as such, GSD projects have become a

21
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widespread reality [21]. Working in a global context has advantages as well as draw-
backs [77]. On one hand, time-zone effectiveness is gained and cost is reduced in various
countries. On the other hand, working on a globally distributed project [78] means in-
creased operating costs with respect to planning and managing people due to language
and cultural barriers. These differences can also create jbad feelings, as more highly
trained and paid engineers (who are concerned about their own job security) are asked

to train their much less capable and costly counterparts [79].

Identifying the critical aspects that contribute to the success of a software project is
a critical step for successfully solving the problems associated with GSD. Some SPM
approaches (methods, models, frameworks, and processes) for GSD have been identified
for dealing with challenges related to communication, coordination, collaboration, and
performance in GSD [80]. The growing globalization of SPM has attracted a great deal of
attention, and has led to the demand for specific techniques for planning, communication,
coordination, and control in the management of these projects. For a global software
project is to succeed, the challenges related to SPM for GSD must be identified and
insights gained.

The main objective of this chapter was to conduct an exhaustive review and synthe-
size the body of current research addressing GSD project management with respect to
its planning, control, and monitoring practices. The classification of related activities
should be based on the main SPM bodies of knowledge and standards. We conducted a
systematic mapping study (SMS) to facilitate our summary of the approaches proposed
for the management of distributed software projects and to address SPM deficiencies
with respect to GSD [52]. Via the SMS process, we identified the most frequently ad-
dressed SPM approaches in the GSD context. The SMS study results also revealed
whether the authors of selected papers based their solutions on criteria for project man-
agement, decision models, or computational techniques. Our intention in this project
was to help identify suitable results and gain insight into topics to then provide an
overview and a set of leading recommendations. The articles identified in this study
generally present a single SPM topic related to the GSD problem, or covers two to three
types of the areas in question. Moreover, the papers we reviewed address how to deal
with problems associated with SPM for GSD by introducing techniques and methods,

and sometimes by describing these methods and their impact on the project results.

During the life cycle of a globally distributed project, project management and control
activities must be given special consideration by companies to ensure effective prod-
uct development. to achieve the fixed goals of a project, project management must
involve multiple activities, including the planning, scheduling, organizing, controlling,

and managing of tasks and resources. Currently, based on the topics addressed in the
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project management problem area of distributed software development, the most impor-
tant activities identified in GSD projects are planning, controlling, and monitoring, i.e.,
detailed project planning and strict control and monitoring during the project [81]. Re-
search published in the literature highlight this finding, as more than 50% of researchers
have investigated these activities and mention them as being most important for analy-
sis and discussion [82]. This observation prompted our decision to focus on these three

activities.

This chapter is structured as follows: we present related work in Sect. 3.2, and iden-
tify the main SPM bodies of knowledge and standards in Sect. 3.3. We present our
study research method in Sect. 3.4 and report the results we obtained from the SMS in
Sect. 3.5. We discuss our main findings in Sect. 3.6, as well as the resulting implications
for researchers and practitioners. We identify threats to validity in Sect. 3.7 and present

our conclusions and thoughts on future work in Sect. 3.8.

3.2 Related work

Although the topic of SPM for GSD has been studied and discussed for many years, we
found few literature reviews or surveys of SPM approaches for GSD. In this section we

summarize the most relevant work to date.

Hossain et al. [83] studied the use of SCRUM in GSD, having found agile practices
to be extremely popular in the GSD domain. The main conclusion of the authors was
that it is difficult to provide solutions for GSD challenges because of the different types
of development distributionsacross projects. The systematic literature review (SLR) by
Schneider et al. [84] focused on identiyiing challenges in global software projects and
popular research areas. For researchers, in particular, the SLR provides a model on
which to build and provides insight regarding which process areas are well researched.
For industry practitioners, the SLR can serve as a reference framework for avaluating and
improving the SPM development environment by identifying solutions in a structured

manner [85].

Niazi et al. [79, 86] conducted an empirical study to identify SPM barriers in GSD that
may undermine software project implementation initiatives. The authors developed a
model to measure organizations’ project management readiness for GSD activities, and
provided a body of knowledge that can help practitioners design and implement success-
ful SPM initiatives. To avoid the risks associated with software process improvements,

SLRs also suggest key factors regarding which management areas should receive more
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attention. Vizcaino et al. [87] conducted a survey of the opinions of 21 experts in
SPM for GSD. These authors also analyzed the relevant GSD success factors reported

in literature that are mainly related to SPM.

Some SLRs have focused on the challenges and improvements associated with distributed
projects. Jiménez et al. [21] reviewed the available literature to identify the solutions
and improvements proposed up to 2009. Their paper also identifies the interest in mod-
eling software development, and the relative benefits of approaches that dress improving
productivity, quality, and the level of understanding between the team members involved
in the development process. Darja et al. [88] reported their empirical findings regarding
the global software engineering (GSE) related literature in terms of useful practices or

techniques. Seven practices were highlighted and discussed as prerequisites for success.

In an SLR published in 2010, da Silva et al. [89] presented the best practices used
in the management of distributed software development projects and their associated
challenges. This SLR provided a good overview of the SPM landscape and identified
the need to devise experiments to quantify evidence regarding the effect of using best

practices and models.

In summary, after considering the research and publications on SPM for GSD to date,
our work serves as a starting point for determining the current SPM approaches used in
the GSD context. The qualitative insights provided by the above studies are particularly
relevant to our research and must be taken into account when generalizing the findings
of this paper. However, there has been scant work to date to comprehensively synthesize
and summarize the state-of-the-art of SPM for GSD. None of the aforementioned SLRs
provide any classification of activities identified in the Project Management Body of
Knowledge (PMBOK) [90], nor any synthesis of the benefits and limitations of the SPM
for GSD approaches selected. On one hand, studies such as [89] focused on approaches
and practices, but do not go into the issue in any depth or classify them according to
relevant standards, such as PMBOK. On the other hand, a few studies have focused
on SPM challenges but their finding are not sufficiently recent and their coverage of
this issue is limited. To date, literature reviews have focused on specific SPM areas,
such as agile management or estimation [27, 91], but there has been no systematic
review that provides a more complete coverage of the main SPM areas. Given these
observations, we realized the importance of using the SMS framework as a means for
gaining new insights into the specification and the classification of SPM approaches for
GSD. Therefore, using the PMBOK as a framework, our work consisted of collecting,
synthesizing, and classifying the current and most relevant knowledge regarding SPM

approaches for the GSD context.
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3.3 SPM bodies of knowledge and standards

In this section, we present our analysis of the current situation in SPM, based on the
most important project management bodies of knowledge (BOKs) and standards. BOKs,
standards, and related assessments can be viewed as essential building blocks in the for-
mation and recognition of a distinct SPM profession. Various organizations have worked
diligently to identify related software engineering knowledge. Many BOKs and standards
that include SPM content have been established to assist managers to successfully un-
dertake SPM activities. A BOK is defined as a complete set of concepts, terms and
activities that comprise a professional domain [92], whereas standards are the result of a
consensus that has been formally approved by a recognized body with the aim of achiev-
ing the optimum degree of order in a given context [93]. Overviews of the BOK and
standards that contribute to the development of a better SPM structure are presented

in the subsections below.

3.3.1 Bodies of knowledge

e The PMBOK [90] contains the sum of knowledge in the management profession,
and is divided into five basic process groups: initiating, planning, executing, mon-
itoring/controlling and closing. Each process group is divided up into ten manage-
ment knowledge areas: integration management, scope management, time man-
agement, cost management, quality management, human resource management,
communications management, risk management, procurement management, and

stakeholder management .

e The Software Engineering Body Of Knowledge (SWEBOK) [94] describes knowl-
edge in the field of software engineering, and includes ten Knowledge Areas (KAs),
including engineering management, engineering process, configuration manage-
ment, and quality management. The software engineering management KA con-

tains five subareas: initiation, planning, enactment, evaluation, and closure.

3.3.2 Standards

e The IEEE Std 12207-2008 [95] is a guideline that can be used to define, control, and
improve software life-cycle processes. This standard is applied to the acquisition
of systems, software products and services, to the supply, development, operation,
maintenance, and disposal of software products and to the software portion of a

system, whether it is performed within or outside the organization.
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e IEEE Std 15288-2008 [96] is a process standard that is intended to help organiza-
tions and projects establish an appropriate environment for the desired processes.
This standard defines a set of processes and associated terminology for the full
project life cycle, including conception, development, production, utilization, sup-
port, and retirement. It also supports the definition, control, assessment, and

improvement of these processes.

e ISO/IEC/IEEE 16326 [97] is a guideline for project management plans that cover
software projects, and software-intensive system projects. This guideline cancels
out and replaces ISO/IEC TR 16326.

e ESA PSS-05-08 [73] is an ESA guideline describing the software engineering stan-

dards to be applied in the implementation of all ESA’s deliverable software.

e ISO 21500:2012 [98] is a project management standard that provides high-level de-
scriptions of the concepts and processes that constitute good practices in project
management, which can be used by any type of organization, whether public,
private, or community-based, and for any type of project, irrespective of its com-

plexity, size, or duration.

The scope of this chapter with respect to the software project issues of planning, mon-
itoring, and controlling processes point to the PMBOK as being the most appropriate
body of knowledge for area classification. In this SMS, we used the PMBOK process to
group reference categories for classifying software project management proposals. Al-
though other options are available, the PMBOK provides a standard reference with
which to classify project management processes according to the project lifecycle, and
is widely recognized by industry and academia. PMBOK recognizes processes that fall
into five basic process groups, including the three we selected: planning, monitoring,
and controlling. The objective of our study, therefore, is to identify SPM approaches in
the literature that are related to the GSD field and classify them with reference to the
PMBOK.

3.4 Research methodology

SMSs are designed to provide a formal means of synthesizing the information available

from convenient primary studies relevant to a set of mapping questions [99].
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3.4.1 Mapping questions

There are many ways to organize and manage distributed development. GSD can be
conducted via different scenarios and be implemented in different organizational forms.
The aim of implementing GSE scenarios (with respect to cost, resources, communication,

quality, etc.) is to realize SPM success [100].

In this study, our goal is to gain insight into the existing SPM approaches for GSD.
In particular, in this chapter, we focus on mapping questions related to developing and
evaluating a classification scheme for GSE-related studies. To validate and improve the
scheme, we conducted a review, for which we selected studies reported at international
conferences and in professional journals, since these particular conferences and journals
focus explicitly on publishing high-quality work. Furthermore, we sought to understand
existing research directions within the field of GSE and the research specific to this
topic [88]. The latter is particularly important since it provides evidence about what
we actually know. Due to the differing strengths of the studies, findings may vary
with respect to the research methods, types, and approaches. The strength of the
empirical evidence in a field provides important information for making decisions about
future research and how to practice globally distributed development. Thus, this SMS
addresses seven mapping questions (MQs), which are presented in Table 4.1, along with
their principal motivations. These questions allow for the categorization of current
research into SPM techniques for GSD and the identification of future areas of research
in the field, which we used as a basis for defining the search strategy and paper selection
criteria. Therefore, we emphasize the importance of describing the methods used to

gather and analyze empirical data (e.g., survey, case study, experiment, or other).

3.4.2 Search strategy and paper selection criteria

The extracted papers were identified using the specified search terms, and the searches

have been performed in the following sources in January 2016:

e IEEE Xplore digital library !
e ACM digital library 2
e ScienceDirect 3

e SpringerLink *

"http:/ /ieeexplore.icce.org
http://dl.acm.org
3http://sciencedirect.com
“http://link.springer.com
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TABLE 3.1: Mapping questions

ID

‘ Mapping question

Motivation

MQ1

Which publication channels are
the main targets of SPM ap-
proaches for GSD?

To identify where studies on SPM
approaches for GSD research can be
found in addition to the suitable tar-
gets for publications of future studies.

MQ2

How has the frequency of SPM
approaches for GSD publications
changed over time?

To identify the publication trends of
SPM approaches for GSD research over
time.

MQ3

Which approaches have been
used for SPM in the GSD con-
text?

To discover Software Engineering tech-

niques, methods and models used in
SPM for GSD.

MQ4

What research methods are used
in the selected papers?

To identify existing research methods
reported in the existing literature.

MQ5

Into which research type are
SPM approaches for GSD classi-
fied?

To explore the different types of re-
search reported in literature concerning
SPM techniques for GSD.

MQ6

Which SPM activities for GSD
as regards planning, monitoring
and controlling were most fre-
quently addressed?

To discover the most frequently exist-
ing SPM for GSD activities.

MQ7

What are the benefits and limits
of SPM approaches in GSD?

To provide a detailed analysis that
identifies the benefits and limits re-
ported in the existing literature.

e Google Scholar °

These sources were selected on the basis of systematic reviews in the same field with

a similar scope. The researchers involved in the studies [21, 88, 101] used IEEE, ACM

and ScienceDirect libraries.To include more results, we also used two additional search

sources (SpringerLink and Google Scholar), from which we identified a set of profes-
sional software engineering journals and events (such as ICGSE, ICSE, CSCW, CCECE,
APSEC and ESEC).

To answer the MQs, we searched for research papers with a background and main focus

on GSD and SPM. Although the search terms selected for extracting the relevant papers

do not cover all possible research methods, we consider them to be sufficient in their

coverage of in-depth studies related to our research scope, since we were seeking papers

with depths characteristic of those identified in an SMS.

Shttp://scholar.google.com



Chapter 3. Overview of SPM approaches used in GSD 29

We grouped search terms with similar meanings and obtained combined terms using the
OR logical operator between search terms in the same group. To perform automatic
searches in the selected digital libraries, we formulated a search string using the AND

logical operator between combined terms of different groups, as follows:

(Software OR. system™ OR application®™) AND (project®* OR process* OR product™®)
AND (manag* OR improv* OR assess* OR develop* OR monitor* OR plan* OR
control®* OR coordinat* OR perform®™)AND (technique* OR method* OR need* OR
approach™ OR factor* OR model* OR strateg® OR best practices OR measur®*) AND
(Global development OR Global engineering OR distributed development OR out-
sourc* OR Offshor* OR Dispersed development).

This search string was inspired by those used in similar research [89, 102] and also from
author suggestions. We applied this search string to the titles, abstracts, and keywords
of papers to reduce the search results [57]. Each paper was retrieved by the first author

and specific information about each relevant paper was extracted and entered in an MS

I Topic ‘
l Title l Authors I Source ‘I Year ‘l Abstract

I
l Include ‘l Exclude

Excel file, as shown in Fig. 3.1.

l Comments

l Uncertain

FIGURE 3.1: Fields on the selection sheet

Two authors were each responsible for retrieving papers by considering each paper’s
title and abstract. When there was disagreement, the full text was accessed to reach
an agreement. The paper was then included, excluded, or classified as uncertain. Two
other researchers were asked to review the selected papers on the basis of their titles and
abstracts. Paper were included if both researchers agreed that the study was relevant
and was excluded if both researchers agreed that the paper was irrelevant. Papers that
were judged differently were discussed until an agreement was reached. The Kappa
coefficient for this selection process was 0.9, which indicates almost perfect agreement
between the two assessments [103]. The final selection was reviewed by the remaining

authors involved in this study.

The first step after the application of the search string was to eliminate duplicate titles

and papers that were clearly outside the study scope. Potential primary studies were
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then selected using the Inclusion / exclusion criteria. To focus on studies that had pre-
sented management mechanisms, paper selection was accomplished without considering

the development aspect.

We defined the following inclusion and exclusion criteria based on established SMS
guidelines [52]. Note that the inclusion criteria are linked by an “and” to join the main
criteria and thereby ensure the pertinence of the selection, whereas the exclusion criteria
are linked by an “or” to indicate that compliance with only one criterion is sufficient for

the paper to be excluded.

Inclusion criteria

e IC1: Papers related to the SPM aspect of GSD projects.

e [C2: studies which tackle SPM approaches related to the following PMBOK pro-

cess groups: “Planning” and “Monitoring and Controlling”.
Exclusion criteria

e ECI1: Papers that are not published in journals, conferences or workshops.
e EC2: Papers that are a workshop summary.

e EC3: Papers that are not in English.

3.4.3 Quality assessment

Quality assessment in a systematic review is a major focus that increases its depth. To
enhance our study results, we designed a questionnaire to assess the quality of candidate
papers. We used a scoring technique based on those used in previous studies [104, 105].
The scoring plan, as shown in Table A.6 in Appendix A (columns a, b, ¢, and d), is as

follows:

(a) The paper has been published in a recognised and stable journal or conference.
This question was rated by considering the computer science conference rankings
in Computing Research and Education (CORE) 2013 Conference Rankings %, and
the 2013 Journal Citation Reports ” (JCR) lists. The possible answers to this

question were:

Shttp://www.core.edu.au/coreportal
"http://webofknowledge.com/JCR
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e For conferences and workshops:

— "Very relevant (42)” if it is ranked CORE A*,

— "Relevant (+1.5)” if it is ranked CORE A,

— ”"Not so relevant (+1)” if it is ranked CORE B,

— "Not relevant (40.5)” if it is ranked CORE C,

— ”No ranking (+0)” if it is not in CORE ranking.
e For journals:

— "Very relevant (42)” if it is ranked Q1,

— "Relevant (+1,5)” if it is ranked Q2,

— ”Not so relevant (41)” if it is ranked Q3,

— "Not relevant (40.5)” if it is ranked Q4,

— ”No ranking (+0)” if it is not in the JCR ranking.

(b) The main focus of the paper is the SPM approach used in the GSD context. The
main interest of the paper was to discuss SPM approaches in a GSD context. Yes
(+1); Partially (40.5); No (40)

(c) The paper presents and/or explicitly assesses an approach as a solution to deal
with GSD project management challenges. The study obtains the full score if it

presents a new or assesses an existing approach. Yes (+1); No (40)

(d) The study is empirical and presents relevant data for our SMS. The empirical results
involves the use of SPM approaches for GSD. Yes (+1); No (+0)

3.4.4 Data extraction strategy

The data extraction strategy was based on presenting the set of possible answers to the
MQs. A spreadsheet was used to extract data concerning each article which is presented

in Table 3.2. The strategy is explained below:

TABLE 3.2: Paper data extraction form

Paper Id | Authors | Title | Publication Year Approach | Research
source method
| ** | ** || MQL | MQ2 | MQ3 | MQ4
Research Activity | Benefit/
type Limit

| MQ5 | MQ6 | MQ7 |
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MQ1: Publication source and channel were identified for each paper.
MQ2: Articles were classified per year in order to infer the publication trend.
MQ3: Approaches were classified using [1] as a basis:
e Data mining techniques: A number of complex algorithms and techniques are

used to help software companies establish data patterns and trends. Each of these

techniques analyses data in different ways.

e Methods: A means of procedure and series of steps are taken to best match the

characteristics and contexts of SPM for GSD.

e Models: A description of a system or process that allows the inspection of SPM

activities for GSD.

e Process: Series of actions, techniques, or functions leading to SPM result and

performing operations on data.

e Framework: A real or conceptual structure intended to serve as a support or guide
for the building of SPM for GSD.

e Other: e.g. Tool-based techniques and any approach not listed above.
MQ4: The research methods used in SPM for GSD can be classified as in [106]:
e Case study: An empirical inquiry that investigates an SPM phenomenon within a

real GSD context.

e Survey: A method for collecting quantitative information concerning an SPM

technique for GSD.

e Experiment: An empirical method applied under controlled conditions, using sub-

jects to evaluate an SPM approach for GSD.

e Other: e.g. Theory and any research method not listed above.
MQ5: Every research type can be classified into the following categories [52, 107]:
e Evaluation research: Existing or new approaches implemented in practice. An

evaluation or a validation of each technique is conducted including the comparative

studies and analysis of SPM approaches for GSD.
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e Solution proposal: When a solution is proposed, it may be a new SPM approach

for GSD or a significant extension of an existing approach.

e Experience: Papers expressing the author’s personal experience and explaining

what has been done and how this was realised in practice.

e Other: e.g. Theoretical papers or opinion paper.

MQ6: SPM is the part of project management during which software projects are
planned, implemented, monitored, and controlled. After identifying the scope of the
project, estimating the work involved, and creating a project schedule, a project plan is
developed to describe the tasks that will lead to completion. The objective of project
monitoring and control is to keep the team and managers updated on the project’s
progress. Every time a change is required, change control is used to keep track of the
product updates. To ensure the success of the project in a GSD setting, particular care
must be taken in these more challenging areas. We chose the PMBOK since we believed

it would help us to identify a reference model with which to present our work.

The main SPM activities for GSD we selected for the study are the PMBOK areas [108]
related to the process groups of planning, monitoring, and controlling. We excluded
the project risk management knowledge area since there is a wide body of work in the
literature concerning risk management and GSD, which has been reviewed in a number
of studies and SLRs, such as [109] and [110]. The study areas we adopted are shown

below:
e Project Integration Management, whose purpose is to include the processes needed
to identify and coordinate the various project management activities:

— Develop project management plan

— Monitor and control project work

e Project Scope Management, whose purpose is to include the processes needed to
ensure the inclusion of all the work required in the project. In order to complete

the project successfully, the steps followed are:

— Plan and scope management

— Validate and control scope

e Project Time Management, whose purpose is to include the processes required to

accomplish the timely completion of the project:

— Define activities and plan schedule management
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— Control schedule

e Project Cost Management, whose purpose is to include the processes involved in
planning, estimating, budgeting, and controlling the costs of the project. It can
be applied to:

— Plan, estimate and determine costs
— Control costs

e Project Quality Management, whose purpose is to include the organisation ac-
tivities that will determine quality policies, objectives, and responsibilities in the
project:

— Plan quality management
— Control quality
e Project Human Resource Management, whose purpose is to include the processes

that are used to organise and manage the project team by planning human resource

management:
— Plan human resource management

e Project Communication Management, whose purpose is to explore the processes
required to ensure the timely and appropriate generation, collection and distribu-

tion of project information and to reduce gaps between the exchange of people:

— Plan communications management

— Control communications

MQT: A detailed analysis of the qualitative findings of the papers included in the review
is provided by identifying the benefits and limitations of the approaches used in SPM
for GSD, as described by the authors.

3.5 Results

In this section, we present and discuss the findings of this review. First, we present
an overview of the selected studies and then we report the review findings for the MQs
listed in Table 4.1.
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3.5.1 Overview of selected studies

The search string that was applied to the various digital libraries and search engines
returned a high number of results (54,233). These papers were published during the
time period 1998-2015. 84 of these papers were eventually selected and identified as

being relevant to our subject.

Fig. 3.2 shows an overview of the search process and presents the number of studies
remaining after each step of the selection process. In total, after the application of the
inclusion criteria, 239 papers concerning SPM for GSD were identified and placed in the
Excel file. When the same paper appeared in more than one source, it was considered
only once according to the order of sources. The exclusion criteria were then used to
exclude another 155 studies. The final result is therefore 84 selected studies. Table A.1

in Appendix A shows the results per source after the inclusion and exclusion process.

Search phase Selection phase 1 Selection phase 2
# 28596 # 32535 # 84
11 allei ™ Candidate ™ Selected
ACM Digital | # 12083 l 5
Library a i
Science # 8547 -
Direct Relevant
# 497 .
SpringerLink Notes :
a Remove duplicate papers
Google | # 5884 b Apply inclusion criteria
Scholar c Apply exclusion criteria

FIGURE 3.2: Search and selection process

Table A.6 in Appendix A presents the list of the selected papers with detailed information
on their classification results and quality assessment. Note that 70% of the papers have

a score higher than or equal to the average score of 2.5 points.

All systematic reviews emphasise that it is essential to assess the quality of the studies
selected. This quality assessment is a major step as regards obtaining a general view of
the paper’s implication in the subject [52]. Table A.2 in Appendix A shows a five-level
quality classification. Although 18 of the papers selected have a low quality level, they
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contain some useful information, particularly as regards software projects and that which
has an important value in characterising the link between SPM and GSD. The quality
classification scheme of the selected studies shows that 97,6% of the relevant papers have
a score strictly higher than 1. Detailed scores for each of the studies selected are shown
in Table A.6 of Appendix A.

3.5.2 Publication channels (MQ1)

As shown in Table A.3 of Appendix A, 63% of the selected papers are presented in
conferences, which indicates that this is the most frequent source. Table A.4 in Appendix
A presents the journals and conferences in which the papers selected for this SMS were
published. With regard to journals, The IEEE Software journal and the Information
and Software Technology journal are the most recurring publication sources for the
SPM for GSD topic, while in the case of conferences, the International Conference on
Global Software Engineering (ICGSE) is the most frequent source to attract publications

concerning the topic.

3.5.3 Publication trend (MQ2)

According to Fig. 4.1, interest in SPM for GSD began in 1998. Smite et al. [88]
mentioned that globalisation is considered to be a recent field. In fact, the most relevant
studies about the subject have been conducted since 2000. The interest in the topic
increased to reach its peak in 2006, the year of the first edition of the ICGSE conference.
Interest in the subject began to stabilize in 2009.

12
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FI1GURE 3.3: Publication per year
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3.5.4 SPM approaches for GSD (MQ3)

Fig. 4.2 is a representation of the SPM approaches for GSD categories based on the
papers selected. Thirty nine percent of the selected studies fall within the ”method”
category. A closer look at this category shows that the majority of these methods are
agile methods (61%) that rely on communication. There are also several data mining
techniques (14%), mainly those that help to solve the challenges of software cost esti-
mation and effort estimation [25, 111, 112], which are crucial activities in the software
development life cycle. These techniques also help to reduce costs and improve both pro-
ductivity and quality in GSD (e.g. Genetic Algorithms (GA) and Case-Based Reasoning
(CBR)).

We also identified models [113-115] for GSD representation, which standardize and
systematize the requirement specifications of the interaction between work teams that
are physically distant from each other. These models support project planning and
process improvement in GSD. The model approach, which represents almost 19% of the
total categories, takes into consideration the system dynamics and continuous factors and
their interactions, including communication, coordination, cultural issues, the learning
curve, changing staff levels, and dynamically varying productivity [114]. Indeed, the

most frequently used models are estimation models (26,6%).

About 13% of the categories were processes, principally the Delphi process. Finally,
frameworks comprise nearly 7% of the categories, particularly the resource-based view

(RBV) and dynamic capabilities frameworks.

Framework Ll
7% 8%

Fi1cUrE 3.4: SPM for GSD approaches
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3.5.5 SPM approaches for GSD research methods (MQ4)

Almost 94% of the selected studies concerning SPM approaches for GSD belong to one
of the three main research methods: case study (48 papers), survey (10 papers) and
experiments (6 papers), as shown in Fig. 3.5. A type named “other” is used to include

the remaining research methods such as theoretical papers.

Seventy percent of the selected papers include case studies, which demonstrate the fea-
sibility of the approach. Each case is conducted to evaluate a concept. It starts by
evaluating goals and methods, then describing the project and finally executing the
project in order to show results and discuss implications [116]. Fifteen percent of our

selected papers include surveys.

A procedure considering costs and dependencies between projects must be elaborated
[117] if the planning, the scheduling of distributed tasks and the application of corrective
measures and notifications are to succeed. The key to the project’s success lies in making
improvements based on the needs of the company, taking into account the technologies
and methodologies used and establishing an efficient communication mechanism between
the members of the organisation. The development tasks are automated by requesting

a registration of activities with information on pending issues [112].
Other

Experience
paper ? . ®
Research

Solution type

proposal 1 t ® ®

Evaluation 3 13 . .

research

Case study Survey Experiment Other

<
<

v

Research method

FIGURE 3.5: Research methods and research types

3.5.6 Research type of SPM for GSD papers (MQ5)

Fig. 3.5 shows the type of research undertaken in the selected papers. The most frequent
type is evaluation research at 70.5%, followed by solution proposals. Three papers in
the SMS present only a qualitative evaluation by the provision of guidelines and theory

but no empirical data. Although there is a predominance of solution proposals and
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experience reports published from 2000 to 2007, the focus has recently shifted to the
validation and evaluation of SPM approaches in the GSD setting, which indicates that
the main concern of researchers regarding SPM in the GSD domain is to evaluate and

validate techniques with which to enhance SPM for GSD.

This result indicates that the SPM for GSD domain is not yet a mature field [88],
particularly with respect to testing hypotheses and utilizing approaches and tools. Re-
searchers are still seeking approaches that will enhance SPM for GSD and are generating
papers in which software engineering methods, techniques, and tools are evaluated in
industrial environments where GSD is practiced [118]. The typical challenges of GSE
have been identified as task coordination and allocation, collaboration and knowledge
management, and resource estimation and effort [75], [119]. These problems are related
to the communication and coordination between global teams, team performance, and
development costs. To solve these issues, an approach must utilize steps with which to
define and standardize work processes across sites, conduct project retrospectives, and

describe work processes [120].

3.5.7 SPM activities for GSD (MQ6)

Systematic software development is a process in which team members with different
skills perform different activities [117]. We classified the selected papers according to
the activities in which they were mainly involved. To do so, we used the following
PMBOK process groups: planning, monitoring and controlling. These process groups
include the following knowledge areas: (1) Project integration management (19,6%), (2)
Project scope management (15,6%), (3) Project time management (11,8%), (4) Project
cost management (11,8%), (5) Project human resource management (19,6%) and (6)

Project communication management (21,6%).

Table A.7 of Appendix A provides a summary of these activities, in which the second
column specifies the activity of each knowledge area. The fourth column lists the papers
in which these activities are identified. The most important finding is that 21.6% of
the selected papers address project communication management issues, which indicates

that communication plays a critical role in the success or failure of a GSD team [8].

3.5.8 Benefits and limits of the use of SPM approaches in GSD (MQ7)

The literature on SPM mentions many approaches related to GSD. Each approach has

potential benefits which can serve as successful practices to facilitate the management of
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distributed development. Table A.8 in Appendix A provides a summary of the benefits

and limits related to these approaches.

Agile based management methods have been successfully used in distributed projects
[121]. They emphasise explicit communication and provide many useful communication
practices. Many papers deal with methods related to agile approaches: eXtreme Pro-
gramming (XP), Scrum, Feature-Driven Development, and Crystal. Some common goals
of these methods are to help coordination between parties and to lessen the reliance on

heavy upfront planning [122].

The 'model’” approach includes: (1) the constructive cost model (COCOMO), which
minimizes the language gap, (2) the capability maturity model integration (CMMI)
model [81, 123], which identifies best practices that help collaborative organizations
to improve their processes and (3) estimation models [112] to enable the recording of
difficult but necessary decisions made in the management of GSD to guide the project
to success. It is not possible to correlate these estimation models with the number of
locations involved in a distributed project. The results based on an analysis of the
data gathered by the selected papers indicate that estimating the effort expended in
GSD projects remains difficult. Although the results do indicate that some models
were determined to be more appropriate than others, these findings must be analyzed
with caution, as they do not enable researchers to use existing metrics to validate their

perceptions about the models’ estimation accuracies.

The data mining techniques employed can apply GAs to identify project purposes. This
approach also includes CBR [124], which is a technique used to resolve new problems
based on the solutions identified for analogous past problems. CBR is therefore a solution
option that eases the problems associated with the recovery and application of knowledge
in GSD. Unlike GA technology, the CBR methodology indicates how to solve problems
at a particular time using previously stored solutions without the need to specify a

particular technology.

The Delphi process also provides responses to difficult decisions in GSD management
[125], such as choosing coordination mechanisms and tools, selecting a methodology, and
assigning work packages. Table A.8 also highlights the benefits and limitations of the
main frameworks. Despite the limited predictions of RBV, this framework provides a

wealth of in-depth information on offshore application development.
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3.6 Discussion

In this section, we summarize and discuss our main SMS findings and identify some

implications for researchers and practitioners.

3.6.1 Principal results

The goal for this SMS is to provide an overview of the current literature on SPM ap-
proaches for GSD, evaluating the quality of the papers studied and explaining specific

findings according to the seven criteria previously indicated.

e MQ1 and MQ2. The study confirms that SPM for GSD still have a high level
of importance and attracts the attention of researchers and practitioners. The
first study was published in 1998 [117]. The studies have recently been specifically
published in journals and conferences, especially the ICGSE conference, and the
most productive period of SPM for GSD began after the appearance of the first
edition of this conference in 2006. This shows that the progress in the field of
GSE started with outsourcing at the end of the last century, which led companies
to build international corporations and choose to immigrate to the multi-national

companies with development sites in different countries [88].

e MQ3. Literature usually considers the importance of decision support in dis-
tributed project management in the context of task allocation. A careful plan
must be elaborated if the management of the combined use of GSD and agile
methods is to succeed. The development of complex products using Agile Devel-
opment and its methodologies began in the 1990s [113]. These agile methods have
also been used for GSD since they help solve complex problems by effectively rely-
ing on frequent communication and quick feedback and also reduce the emphasis
on documentation. In the GSD context, an agile team is a cross functional team
that has, in its entirety, the complete collection of skills needed to perform software
development activities and deliver values to customers.

The outcomes of the SMS show that the main inspiration for the research into
SPM for GSD has been studies from software engineering research on distributed
software development. In fact global software projects can be categorized in two
dimensions [126]: Relationship structure and geographic location of work. The
former refers to the development of software in an outsourcing versus insourcing
arrangement, while the latter concerns the accomplishment of the project, which
is either carried out offshore (located in a different country to that of the client

organisation), or onshore (located in the same or a nearby country). The types
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generated by these two dimensions determine a simplified matrix of GSD business
models [127]. The selected papers mainly (90%) deal with the offshore case and

outsourcing, which are the existing pillars of the matrix in our case.

e MQ4. Seventy percent of the selected papers were case studies, but only 9% of
them were experiments. This low percentage can be explained by the extra effort
required to evaluate goals in global settings. GSD research is hampered by dis-
tance and the difficulty involved in finding suitable industrial projects [128]. This
result hints that there may be a lack of collaboration between software companies
and researchers. Moreover, only 4% of the selected articles included industrial
experiments in their research. What is more, the authors of 15% of the selected

papers used surveys to collect quantitative information about SPM approaches for
GSD .

e MQ5. The earliest evaluation research selected in this SMS was from 2006, but
the real interest in evaluation research did not start until 2010 [88]. Evaluation
research became the dominant tendency in literature owing to the existence of

previous approaches for SPM that were used to evaluate, validate and compare
[79].

e MQ6. To establish a finding, well-known modelsmust be taken into account.
The PMBOK and SWEBOK knowledge areas constitute classification models and
analysis with which to best match knowledge areas in software engineering man-
agement [75, 88, 129]. Few researchers have based their studies on SPM BOKs and
standards, yet these BOKs and standards represent a lucid, precise and detailed
structure for analyzing results and putting work in its appropriate context. The
flow of information among groups of processes in BOKs and standards should be

taken into account by researchers who wish to see SPM for GSD succeed [75].

e MQ7. GSD has become a dominant paradigm in the software industry [80]. The
needs as regards communication, collaboration and knowledge management among
team members have led researchers to propose approaches that are used for these
purposes. The benefits have been deemed to outweigh the challenges owing to the
impact of one particular benefit [130], “diverse knowledge and market proximity”.
Other benefits include an improved understanding of agile practices and ways of
working, better teamwork, higher product quality, and lower overall project cost
[131]. It was found that this benefit was also critical to the successful performance
of the GSD project.

In an outsourced project, the outsourcer assigns the responsibility of project man-
agement to the project manager from the outsourcing country [123]. That project

manager is responsible for project planning, risk management, time management,
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team management and other issues related to the project. CMMI models have
been proved to minimise and prevent risks, especially in processes that deal with
outsourcing vendors [75]. Various approaches with which to facilitate offshore work
and to achieve good management for GSD are presented: eXtreme Programming
(XP), the Resource Based View (RBV) and its extension “Dynamic Capabilities”.
XP methodologies [132] reduce the communication delay and improve communi-
cation quality. RBV [133] helps identify the key project management capabili-
ties associated with offshore application development. The Dynamic Capabilities
framework extends RBV by adding a time-based capacity in order to either renew
or improve the resources so as to better meet the needs of a changing competi-
tive environment. Our results indicate that in order to fully attain the benefits
of offshore outsourcing, there is a need to know the nature of the project, iden-
tify important inter-organisational challenges that distributed projects confront
during the entire software development life cycle and identify the most effective
approaches that will probably be needed. The limitation of direct communica-
tion in GSD makes the need of effectiveness on indirect communication. Although
indirect communication can vary depending on the used approach, COCOMO,
Flow mapping and QAP minimise and make it easy to plan and manage commu-
nication. Procura and GA are two approaches that helped the project manager
provide optimised planning and scheduling in a hierarchical top-down approach.
There are two sections that need to be covered, which are effective guidelines and
iterative process of modeling. Both of them are done in Multi-criteria decision
model and VT'Manager method but the question is how to make them become live
documents. For that purpose, a template document can be adapted to different
circumstances as the artifact in global software projects. The document layout
consists on changing control and revision section, introducing the document, re-
leasing planning section, complexity estimation section, iteration planning section,
and summary section. The template is developed in casual workflow as like as we
construct software in agile methods [134]. Estimation models provide information
about the estimation for each feature to be developed. It can line of codes (LOC)

estimation, user stories estimation, or simply as development hours estimation

3.6.2 Implications for researchers and practitioners

The outcomes of this SMS have implications for researchers who are working in the SPM
for GSD domain, since this paper will allow them to discover the approaches existing
in literature. With regard to the implications for practitioners, this review has found

that few experimental studies have been conducted in industrial environments. This
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evidence may imply that the application of SPM for GSD in industry is quite limited.
We accordingly suggest that practitioners might cooperate with researchers to investigate
the chance of applying the new approaches in their practices. These findings indicate
that the field is still quite immature in terms of its being more problem-oriented than
focused on solutions and particularly on empirically evaluated solutions. Furthermore,

complementary information is provided by means of the following recommendations.

Practitioners such as software developers, project managers and researchers involved in
GSD project management should read articles published in the proceedings of the ICGSE
conference and its affiliated workshops, in addition to journals that specialise in research
and experience, thus contributing to the improvement of software development practices
in general: The Software IEEE journal provides issues and practices, and includes meth-
ods and techniques with which to better engineer software and manage its development,
while the Empirical Software Engineering journal is useful as regards searching for empir-
ical research published in scientific journals specialising in the software project domain.
This list above represents the main publication sources for studies related to SPM for
GSD. This same list presents sources to which researchers are encouraged to send their

articles.

A much smaller group of papers discusses successful practices and shares the lessons
learned from them [118, 135, 136]. Practitioners could therefore first take these prac-
tices into consideration as a useful path to follow as regards adopting, constructing and
developing SPM approaches for the GSD context [137]. Researchers may benefit from
this paper by choosing the SPM for GSD approaches that best fit their needs. More
studies involving recent SPM for GSD approaches are needed in order to develop skills
that will meet distributed software challenges, particularly the need to focus on this kind

of development as a part of the future of the software development business.

The result of this SMS shows that SPM for GSD related subjects would appear to need
more investigation by researchers, particularly approaches such as solutions to deal with
the challenges related to contextual information management, knowledge management
and performance management in GSD [80]. Researchers should carry out more research
into distributed software project activities, since communication, coordination and the
cost of software applications become increasingly more difficult as the project size in-
creases [21]. The best example that can be used to give an idea of the utility of an
approach and its classification is that researchers may obtain benefits from the result
of the mapping question that deals with the benefits and limits of SPM approaches for
GSD.
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3.7 Threats to validity

Below, we discuss the potential threats to validity and the steps that have been taken

to mitigate or minimize these threats [138].

e Construct validity: The construct threats to validity in an SMS are related to the
identification of primary studies [139, 140]. A high quality SMS should be based
on a stringent search process. A carefully designed search string has been proposed
using an extensive range of terms in order to obtain an exhaustive list of relevant
primary studies. Different terms exist to introduce the key words. Consequently,
the results found might not be complete. This can be attributed to either the
search process or the fact that other terms were missed out of the search string
which may have affected the final list of papers selected. However, we iteratively
built the search string and performed a systematic search using an extensive range
of terms to widen our research scope. The identification of these search keywords

can be identified as a threat to construct validity.

The search was performed by using IEEE Digital Library, ACM Digital Library,
Science Direct, SpringerLink and Google Scholar. Although this may represent a
threat to validity, the primary studies identified (84 papers), the information re-
trieved and the papers analyzed published in the main conference on GSE (ICGSE)
appear to be sufficient to gain a profound understanding of the topic investigated.
The references in the selected studies were not scanned to identify further stud-
ies. Nonetheless, an important number of articles (37968) were identified through
databases. All these papers were checked by at least reading the title in order to

identify relevant papers.

e [nternal validity: Internal validity deals with extraction and data analysis [139,
140]. Two authors performed the data extraction and classification of the primary
studies, while the other authors reviewed the final results. The decision as to
which data to collect and how to classify the papers was therefore performed on
the basis of the judgement of the authors conducting the SMS. These authors,
who were from different cultures and research groups, carried out two different
classifications for reasons of reliability [102]. This threat has been mitigated by
using the Kappa coefficient, thus achieving a score of 0.9, which represents a high
level of conformity. This threat is therefore minimal, and only has a minor influence
on the general classification derived from this study.

When conducting the SMS, articles were not excluded on the basis of a quality

assessment. Although some researchers might find it preferable to exclude those
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articles, including them clarifies and develops the results of our SMS and allows

us to enrich our discussion.

e Conclusion validity: In the case of an SMS, this threat refers to factors such as
missing studies and incorrect data extraction [139, 140]. The aim is to control these
factors so that an SMS can be performed by other researchers who will draw the
same conclusions. Bias both as regards selecting and classifying primary studies
and analyzing data may therefore affect the interpretation of the results. In order
to mitigate this threat, every step performed in the selection and data extraction
activity was clearly described as discussed previously. The traceability between the
data extracted and the conclusions was strengthened through the direct generation
of charts and tables from the data by using a statistical package. In our opinion,
slight differences based on publication selection bias and misclassification would
not alter the main conclusions drawn from the articles identified in our SMS. The

threat to conclusion validity is thus covered.

e FEaxternal validity: External validity is related to the generalization of this study
[141, 142]. This SMS considers the GSD domain, and the validity of the conclusions
drawn in this paper concerns the GSD context. This threat is not therefore present
in this context. The results of this study may serve as a starting point for SPM
for GSD researchers, and practitioners can search for and categorize additional

papers.

3.8 Conclusions

This chapter is an SMS that analyses the literature related to SPM for GSD and the
aspects contributing towards the success of GSD projects. The status of SPM approaches
applied in the GSD arena is now briefly described by means of a SWOT analysis [143].
Strengths, weaknesses, opportunities and threats of the SPM approaches for the GSD
arena, are the four factors that justify the use of SPM approaches within the scope of
GSD, the issues to be resolved, the profitable areas of development, and the measures
to be addressed by the SPM for GSD community.

The baseline is one of the most relevant strengths. It is a quite robust and mature
strength with a large amount of empirical evaluation of methods, techniques and tools
in an industrial context. It provides and combines multiple data sources for cross-
validation. Furthermore, it explores the issues raised by the initial studies. In addition,
SPM for GSD is a productive field where achievements are disseminated and new research

projects are encouraged.
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With regard to weaknesses, SPM for GSD is an emerging research field with problems
that are borne on few shoulders. Most of studies were not published until 2006, with
the appearance of the ICGSE conference that specializes in distributed projects. Most
of the SPM for GSD approaches represent the implementation of processes exploring

theoretical issues, rather than contributing towards extending the field.

Opportunities for SPM for GSD are huge. Software developers are using software engi-
neering management approaches to deal with proximity and inadequate process. Devel-
opers have proposed approach usage patterns that are not enforced by processes. They
are adapting the approaches and applying social interaction processes and emergent

processes, thus making the approaches available to meet their coordination needs.

Threats consist of the constraints that prevent, delay, and obstruct the rational and
formal development of SPM for GSD. These obstacles are mainly represented by the
natural shortages that an incipient discipline has to confront. SPM for GSD must
therefore confront the lack of a relationship between academy and industry. An extra
effort should be developed to make the transfer of technology from academy to industry
possible. An additional threat to the topic is the lack of visualization and dissemination
of contextual information based on the objective, profile, context and format of the

software project.

The results obtained from this SMS have led us to a global view of a relatively new topic
which should be investigated in detail. However, each distributed project has real needs
which basically depend on its distribution characteristics, its activity and the approaches
it employs. These factors make this subject extremely large and complex, leading to
the need to adapt both technical and organizational procedures according to each of the
specific needs of GSD.



Chapter 4

Overview of software cost

estimation for GSD

4.1 Introduction

Global Software Development (GSD) refers to software work starting at geographically
separated areas across national boundaries considering synchronous and asynchronous
interaction. GSD has been adopted by numerous companies. However, these global
projects confront a number of problems, which are particularly linked to the gap between
different participants: physical distance between the groups of developers causing a lack
of trust, time-zone differences, communication problems among teams, effort estimation
problems, cultural differences, and others. Current research tends to characterise these
problems, but if success is to be achieved in GSD, companies must minimise challenges

by adjusting their processes and rearranging their tools and organisational structure.

GSD projects can increase requirements as regards development processes, project man-
agement practices, architecture, quality, collaboration tools and so on. These challenges
may exceed the advantages of the lower labour rates in the developing country since
they could lead to substantial overheads in the day-to-day operations of a GSD project.
This reasoning shows that it is vital to understand and estimate the total costs of GSD
in order to help evaluate the comparison with local software development in terms of

efficiency.

A large range of software cost estimation techniques had already been developed before
the GSD trend began [144]. Early research on the topic was conducted in 2006 [25],
when researchers were able to promote analyses of project factors in order to gain in-

sights into the comparison of development costs for distributed software development

48
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projects and collocated projects. In a study published in 2012 [145], researchers advance
the question of cost estimation for distributed software projects by identifying challenges
and proposing solutions with which to better drive estimates. Britto et al. [91] present
a systematic literature review on effort estimation in GSD. In their study, only 5 pa-
pers were selected, which allowed the extraction of only 10 estimation methods. It is
important to note that the study of Britto et al. did not consider software maintenance
effort/cost estimation; it only concerned software development effort/cost estimation.
What is more, the study did not classify the techniques according to their contribution
type. Considering the importance of the above limitations, the objective of this chapter
is to carry out a systematic review which: 1) includes 16 selected papers among them
the 5 ones of Britto et al., 2) considers software development as well as maintenance

effort estimation, and 3) discusses effort/cost estimation performance.

The chapter is structured as follows: Sect.4.2 presents the research method used in the
study. Sect.4.3 reports the results and findings obtained from the SMS. Sect.4.4 outlines
threats to validity. Sect.4.5 discusses the main findings and presents implications for

researchers and practitioners, while our conclusions are presented in Sect.4.6.

4.2 Research methodology

4.2.1 Mapping questions

The SMS was performed to obtain the current research on software cost estimation for
GSD. This study answers nine mapping questions (MQs). These questions are presented
in Table 4.1.

4.2.2 Search strategy and paper selection criteria

The articles were identified by consulting the following sources: IEEE Xplore digital
library, ACM digital library, ScienceDirect and Google Scholar. The following search

string was used in order to perform the automatic search in the digital libraries selected:

(Software OR system™ OR application®) AND (cost OR effort OR resource) AND
(estimat®* OR plan* OR predict* OR measur® OR calcul* OR manage* OR control*)
AND (Global development OR distributed development OR. outsourc* OR Offshor*
OR Dispersed development). This search string was applied to the title, abstract and
keywords of the papers to reduce the search results. Each paper was retrieved by the

first author and specific information of each relevant paper was filled in an Ms Excel file.
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TABLE 4.1: Mapping questions

1D ‘ Mapping question

MQ1 Which publication sources and channels are the main targets
for software cost estimation for GSD research?

MQ2 How has the frequency of software cost estimation for GSD
research changed over time?

MQ3 What are the research types of software cost estimation for
GSD studies?

MQ4 Which research approaches are used in software cost estimation
for GSD studies?

MQ5 What are the contribution types of software cost estimation for
GSD research?

MQ6 Which cost estimation techniques are most frequently used for
GSD projects?

MQT7 Which software cost estimation activities have been addressed
by GSD research?

Which cost drivers affect GSD projects?

| MQ8

MQ9 Which cost estimation performances have been obtained from
GSD projects?

The aim of the selection process was to identify the most relevant studies for this mapping
study. Each paper was retrieved and evaluated by one author who decided whether it
should be included by considering its title, abstract and keywords. The final selection
result was reviewed and approved by the remaining authors. The first step after the
articles had been identified was to eliminate duplicate titles, and titles which were clearly
not related to the review (16 selected studies out of 103 relevant studies). The inclusion
criteria were limited to those studies that focused on software cost estimation for GSD
projects, and any studies that met at least one of the following exclusion criteria (EC)

were excluded:

e ECI1: Papers that are not published in journals, conferences or workshops.

e EC2: Papers that are not in English.

4.2.3 Quality assessment (QA) process

The QA in an SMS is a major focus that increases the depth of a study. In order
to enhance our study, a questionnaire was therefore designed to assess the quality of
candidate papers. The scoring used in this questionnaire was determined on the basis
of previous studies [104, 146, 147].
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(a) The paper has been published in a recognized and stable journal or conference. This
question was rated by considering the computer science conference rankings in the
Computing Research and Education (CORE) 2013 Conference Rankings, and the

2013 Journal Citation Reports. The possible answers to this question were:

e For conferences: (+2) if it is ranked CORE A*; (41.5) if it is ranked CORE
A; (41) if it is ranked CORE B; (+0.5) if it is ranked CORE C; (40) if it is
not in CORE ranking.

e For journals: (+2) if it is ranked Q1; (41,5) if it is ranked Q2; (41) if it is
ranked Q3; (40.5) if it is ranked Q4; (+0) if it is not in JCR ranking.

(b) The main focus of the paper is software cost estimation activities used to deal with
GSD challenges. Yes (+1); Partially (+0.5); No (+0)

(¢) The study is complete and discusses the results obtained. Yes (+1); Partially
(40.5); No (+0)

(d) The study is empirical and presents relevant results for our SMS. Yes (+1); No
(+0)

4.2.4 Data extraction strategy

The data extraction strategy was based on providing the set of possible answers to the

MQs. The strategy is explained below:

MQ1: In order to answer this question, it is necessary to identify the publication source

and channel for each paper.

MQ2: In order to discover the publication trend, the articles should be classified per

publication year.
MQ3: A research type can be classified into the following categories:
e Evaluation research: existing software cost estimation for GSD approaches are
implemented in practice and an evaluation of them is conducted.

e Solution proposal: a solution for software cost estimation for GSD is proposed.
This solution may be a new software cost estimation for a GSD approach or a

significant extension of an existing approach.

e Other, e.g. opinion paper, experience paper.

MQ4: The research approach can be classified as being;:
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e A case study: an empirical inquiry that investigates a software cost estimation

approach for GSD within its real-life context.

e A survey: a method used to collect quantitative software cost estimation for GSD

information.

e A experiment: an empirical method applied under controlled conditions in order

to observe its effects on software cost estimation in the GSD context.

e A review: an analysis of software cost estimation for existing GSD literature.
MQ5: A contribution can be classified as being:
e A technique: a procedure used to accomplish a software cost estimation for a GSD

task. e.g. a data mining technique.

e A model: a representation of a system that allows software cost estimation for

GSD properties to be investigated.

e Other, e.g. process, tool.

MQ6: Several cost estimation techniques for GSD projects have been used in the last

few decades. These techniques can be classified as [58, 148]:

e Expert judgment: this involves consulting a group of experts in order to use their

experience to propose an estimation of a given project [149].

e machine learning models: Approaches that are based on soft computing such as

artificial neural networks, fuzzy logic models and genetic algorithms [150].

e non-machine learning models: these provide linear and non-linear regression mod-

els to establish equations with which to perform software estimation. [151].

MQT: Software cost estimation activities that were addressed by GSD research can be

categorised as:

e Software development cost: Performed by managers and software system engineers
for activities such as functional design, software requirement, development code,

development tools, integration of software and finally the test procedures.

e Software maintenance cost: Related to the control and the monitoring of the
software after it has been delivered to the final user, since there will always be

problems with the software as it gets older
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e Other, e.g. Reengineering cost

MQ8: Cost drivers that affect GSD projects are divided into 4 categories, namely

Product, Platform, Personnel and Project factors [49].

MQ9: In this paper, we focus on the two main criteria that affect GSD projects: geo-
graphical and temporal challenges and their influence on cost performance. According
to the PMBOK Cost Management knowledge area, cost performance is included in three

main outputs of a GSD project:

e Cost Performance Baseline: An authorised time-phased budget at completion used

to measure, monitor, and control overall cost performance on the project.

e Work performance measurements: The calculated cost variance for work packages

and control accounts

e Basis of estimates: The amount and type of additional details supporting the cost

estimate vary according to the application area.

4.3 Results

4.3.1 Quality Assessment

SMSs generally emphasise the quality of selected studies. This QA is usually carried
out to discover the general view of the paper’s implication in the subject. However,
Kitchenham et al. [16] specify that even if some researchers use QA as a selection
criterion in their systematic review, this assessment is not mandatory for an SMS. Table
4.2 provides information about the total score of the selected studies. The majority
of the selected papers (66.25%) have at least a medium score for quality, which shows
that they contain useful information, particularly as regards information on software
cost estimation and the impact of GSD projects on the cost estimates. No studies were

discarded from these inputs during the QA process.

Table 4.3 shows the number of articles based on the ranking of the conference or journal

at/in which they were published.

4.3.2 MQ.1: Source and Channel of Publications

Table 4.4 provides a schematic representation of publication channels and the number

of articles per publication source. Table 4.5 presents the journals and conferences at
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TABLE 4.2: Quality levels of relevant studies

‘ Quality level ‘ Papers ‘ Percent (%) ‘
‘ Very high ( 4 < score < 5) ‘ 1 ‘ 6,25 ‘
‘ High ( 3 < score < 4) ‘ 1 ‘ 6,25 ‘
‘ Medium ( 2 < score < 3) ‘ 7 ‘ 43,75 ‘
| Low ( 1 < score < 2) |5 | 31,25 |
| Very low (0 < score < 1) | 2 | 12,50 |

TABLE 4.3: Articles by their journal or conference rank

‘ Journals ‘ Number H Conferences ‘ Number ‘
| Q1 |1 | CORE A* |1 |
| Q2 | 2 | CORE A |1 |
| Q3 |0 | CORE B |0 |
| Q4 B! | CORE C | 6 |

which the papers selected for this SMS were published. This result clearly shows that

the International Conference on Global Software Engineering (ICGSE) is the main pub-

lication source for our topic. With regard to journals, systems, software and computer

science journals are the targets of researchers in the field.

TABLE 4.4: Publication channel

‘ Publication channels ‘ Selected papers ‘ Percent ‘
‘ Conference ‘ 11 ‘ 68,75% ‘
| Journal |5 | 31,25% |
| Total | 16 | 100% |

4.3.3 MQ.2: Publication Distribution Per Year

Fig. 4.1 shows the number of publications per year. The amount of publications in-

terested in software cost estimation for GSD projects has increased since 2006. This

year corresponds to the outset of the increasing concern about the effect of globalization

on the software industry in general [89] and is also the year in which the first ICGSE

conference took place.
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TABLE 4.5: Journal (J) and Conferences (C) of selected studies

‘ Publication channels ‘ Type ‘ Total ‘

International Conference on Global Software Engineering | C 4
(ICGSE)

‘ Computer Science and Information Technology (CSIT) ‘ C ‘ 2 ‘

‘ Software Engineering International Conference (ICSE) ‘ C ‘ 1 ‘

‘ SRII Global Conference (SRII) ‘ C ‘ 1 ‘
Software Engineering, Artificial Intelligence, Networking | C 1
and Parallel/Distributed Computing (ACIS)

‘ Services Computing, IEEE International Conference (SCC) ‘ C ‘ 1 ‘

‘ Innovations in Information Technology Conference ‘ C ‘ 1 ‘
International workshop on Economics driven software engi- | C 1
neering research (EDSER)

‘ IEEE Software ‘ J ‘ 1 ‘

‘ Advances in Software Engineering ‘ J ‘ 1 ‘

‘ Systems and Software ‘ J ‘ 1 ‘

‘ European Journal of Scientific Research ‘ J ‘ 1 ‘

-

3
2
Selected
B papers

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
FIGURE 4.1: Publication per year

4.3.4 MQ.3: Research Type

Sixty two percent of the selected articles are evaluation research, while 25% of the
selected papers are solution proposals. 12,50% are contained in the ”Other” category,
which comprises theoretical papers and experience papers. Fig. 4.2 divides the selected
articles by their publication date. The first column shows articles published before the
year 2009, the second shows those published between 2009 and 2011 and the last shows
those published since 2012.

According to the data shown in Fig. 4.2, the number of evaluation research papers is

low in comparison to the number of solution proposals up until 2009. In this period,
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FIGURE 4.2: Research Type

estimation cost for GSD projects was a relatively new subject that needed more investi-
gation and exploration. From 2012 on, the focus shifted to the validation and evaluation

of existing software cost estimation methods for GSD projects.

4.3.5 MQ.4: Research Approach

Four of the selected papers are solution proposals. Two of them were validated using
experiments, while the other two were not empirically validated. Five out of 10 of the
selected evaluation research studies were based on theoretical approaches and 4 out of
10 were based on case studies, while not a single article was based on an experiment.
This situation may result from the difficulty involved in observing the effects of meth-
ods on software cost estimation under controlled conditions, particularly in the case of
distributed projects in the GSD context. More details on MQ.3 and MQ.4 are provided
in Table 4.6.

TABLE 4.6: Research Types and Approaches

‘ ‘ Case study ‘ Experiment ‘ Survey ‘ Theory

|
‘ Evaluation ‘ 4 ‘ 0 ‘ 1 ‘ 5 ‘
| Solution |1 ! |0 | 2 |
‘ Other ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘

4.3.6 MQ.5: Contribution types

Fig. 4.3 presents the distribution of the selected studies’ contribution types. Thirty
eight percent of the categories are models. Techniques [120] for the cost estimation of
GSD represent 50% of the selected studies’ types. These models gather data mining

techniques used to help researchers and software companies establish data by providing
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a number of algorithms and methods with which to deal with software cost and effort
challenges. Each of these data mining techniques analyses data and provides results with
which to best match the software cost of a GSD project. The third partition ” Other”

represents only twelve percent split between processes and tools.

F1GURE 4.3: Contribution types

4.3.7 MQ.6: Software cost estimation techniques

Several software estimation techniques can successfully be used to estimate costs. non-
machine learning models (7 out of 16 selected studies) include COCOMO (II) [25], SLIM
[28], Use Case Points [29] and Function Points [112]. The use of expert judgment (3
out of 16 selected studies) consists of asking the opinion of multiple experts who use
their experience and knowledge of the project to provide an estimation of the cost. An
objective estimation is secured by obtaining as many values as possible from different
experts. Indeed, the objective of the Delphi technique [112] is to repeat the estimation
process until an agreement is established. Table 4.7 presents details of the cost estimation

techniques used for GSD projects.

4.3.8 MQ.7: Software cost estimation activities

About 80% of the selected studies discuss the software development costs of GSD
projects. These studies show the strong link between the software life cost and its

development phase. The second most frequent topic after development cost is contained
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TABLE 4.7: Estimation techniques for GSD projects

‘ Type technique ‘ Estimation techniques ‘ Papers ‘ Percentage‘
non-machine learning | COCOMO(2) [25, 27— | 85,7%
models 29, 145, 152]

| | SLIM | 28, 152] | 285% |

‘ ‘ Function points ‘ [112, 152] ‘ 28,5% ‘

| | Use case points | [29, 112, 152] | 42,8% |

Multiple Linear Regres- | [152] 14,2%

sion

‘ Expert judgment ‘ Delphi ‘ (112, 152] ‘ 28,5% ‘

| | ISBSG | 28, 152] | 285% |

‘ ‘ Planning Pocker ‘ [112] ‘ 14,2% ‘

‘ ‘ Epert Judgement ‘ [112] ‘ 14,2% ‘

’ machine learning models ‘ Artificial Intelligence ‘ [153] ‘ 14,2% ‘

‘ ‘ Case-based reasoning ‘ [145, 154] ‘ 28,5% ‘

| | Regression trees | [153] | 14,2% |

‘ ‘ Neural Network ‘ [152] ‘ 14,2% ‘

| | Genetic Algorithm | [153] | 142% |

in the few studies that concentrate on the maintenance phase. This phase focuses prin-
cipally on the extraction and consideration of factors that affect software maintenance.
If the software maintenance cost is to be properly applied, it is essential to estimate the

cost and reduce it by controlling certain factors.

Table A.8 summarises the elements that affect software cost development and mainte-
nance in the GSD context. Software development and maintenance are the major issues
to affect a GSD project. The study is based on the analysis of data collected from
selected papers. Software activities have been shown to have significant costs. The de-
velopment cost resulting from the overall estimate and the estimation of the benefits of
strategies and the networking remain highly uncertain and open to improvement, as do
the costs incurred as the results of maintenance, particularly modification, improvement
or enhancement along with reengineering costs. These costs have been known to erode

whatever benefits the GSD model may provide.

4.3.9 MQ.8: Software cost drivers

There are 16 cost drivers, which are divided into the four categories depicted in Table

4.9: Product, Platform, Personnel, and Project Factors. As this table, shows some
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TABLE 4.8: Software cost estimation activities

‘ Activities Elements ‘ Descriptions ‘ Papers ‘
Software devel- | Development Costs resulting from the over- | [29, 152]
opment cost budget all estimate to software devel-

opment
Software im- | Costs resulting from estimat- | [145]
provement ing the benefits of strategies
such as tools, reuse, and pro-
cess maturity
Project planning | cost of schedule and con- | [27, 155]
and control trol breakdowns by compo-
nent and activity
Project con- | Costs resulting from the net- | [28, 112]
straints working, communications, de-
lay in Response and different
Time Zone
Software main- | Corrective main- | Costs resulting from the mod- | [145]
tenance cost tenance ification of software into cor-
rect issues detected after ini-
tial deployment
Adaptive main- | Costs resulting from the mod- | [145]
tenance ification of a software solu-
tion to help it stay effective in
a changing business environ-
ment
Perfective main- | Costs resulting from the im- | [145]
tenance provement or the enhance-
ment of a software solution to
improve overall performance
Reengineering Enhancements Costs resulting from the se- | [26]
cost quence innovations

cost drivers are common to all types of software projects while others are specific to
GSD projects. The majority of cost drivers that impact on GSD projects are related
to factors in distributed software projects: time zone, language (communication) and
cultural differences (team culture). Note that the most frequently used cost drivers are
project effort (44,4%), process model (33,3%) and time zone (22,2%).

In order to establish trust in distributed projects, researchers recommend bringing about
cultural understanding, creditability, capabilities, pilot project performance, personal
visits and investments in the field of GSD. These studies also suggest cultural under-
standing, capabilities, contract conformance, quality, timely delivery, development pro-

cesses, managing expectations, personal relationships and performance as the key factors
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for better achievement particularly as regards good communication.

TABLE 4.9: Software cost drivers

‘ Category ‘ Cost drivers ‘ Papers ‘
‘ Product ‘ Code size ‘ [28] ‘
‘ ‘ Reuse ‘ [145] ‘
‘ ‘ Product complexity ‘ [25] ‘
’ Platform ‘ Design and technology newness ‘ [26, 145] ‘
| | Time zone | [27, 155] |
‘ ‘ Platform volatility ‘ [25] ‘
’ Personnel ‘ Team size ‘ [145] ‘
‘ ‘ Team culture ‘ [29] ‘
‘ ‘ Team trust ‘ [28, 29] ‘
| | Communication | [25, 155] |
‘ ‘ Development productivity ‘ [27, 145] ‘
’ Project ‘ Project effort ‘ [27, 28, 112, 145] ‘
‘ ‘ Project management effort ‘ [27, 112, 145, 152] ‘
‘ ‘ Process model ‘ [28, 29] ‘
‘ ‘ Task allocation ‘ [27, 155] ‘
‘ ‘ Work Pressure ‘ [28] ‘
‘ ‘ Client involvement ‘ [145] ‘
‘ ‘ Work dispersion ‘ [25, 145] ‘

4.3.10 MQ.9: Software cost performances

The main reason for studying cost performances in the GSD context is to reduce costs.
Five different cost performance variables were included to quantitatively characterise
GSD projects: Distributed work, client control and behavior, project team, project

methodology and technology variables [145].

Cost performance is principally evaluated in three ways, as can be seen in Table 4.10
[145]. The direction of distributed development as regards cost performance is decided
by the direction of the methods in a statistical test model created using quantitative
data or grounded conclusions from qualitative data obtained from primary studies. In
summary, only 3 studies provide estimates derived from empirical data obtained from

cost performance methods applied in different projects of different companies.
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TABLE 4.10: Software cost performances

‘ Evaluation type ‘ Cost performance method ‘ papers ‘
‘ Baseline comparison ‘ Historical project databases ‘ [28] ‘
‘ Variation reduction ‘ MRE , Prediction level ‘ [145] ‘
‘ sensitivity analysis ‘ CCNN ‘ [152] ‘

4.4 Threats to validity

The results of this SMS may have been influenced by the coverage of the study search,
bias in study selection, and inaccuracy in study data extraction. Four types of threats to

the validity [156] of the study results are therefore discussed in the following subsections.

Construct validity is concerned with the exactitude of the interpretation of the concepts
studied and the completeness of the relevant studies collected. In this mapping study,
the key concepts under consideration are contributions towards software cost estimation
for GSD projects. To ensure the correct interpretation of these key concepts, we verified
the definitions of the concepts in related literature and all the authors discussed these

definitions in order to reach a consensus as to their understanding of them.

Internal validity is concerned with the analysis of the data extracted. The threats to
internal validity are minimal considering that only descriptive statistics were used during

the data analysis in this SMS.

Conclusion validity is concerned with the search terms used in the automatic search
and the search sources are presented in order to make the results of this mapping study

reproducible.

External validity is concerned with the representativeness of the selected studies as re-
gard the overall goal of the mapping study. The results of this mapping study were
considered with regard to the software cost estimation for distributed projects. These
results and representative venues can serve as a starting point for researchers and prac-

titioners working in this field.

4.5 Discussion

This mapping study indicates that the application of software cost estimation techniques
for GSD projects is a fairly immature area in both research and practice. First, about
two thirds of the selected studies (11 studies out of 16) were published at conferences and

workshops, while only 31.2% (5 out of 16) of the selected studies attained the maturity
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needed to be published in a journal. Furthermore, only one of the selected studies [145]

attained a very high quality level (i.e., evidence obtained from QA).

The fact that the number of selected studies increased over the last decade shows that
the application of software cost estimation knowledge is receiving increasing attention
from the software research community. The selected studies were published at 12 dif-
ferent venues, indicating that extensive attention is being paid to this study topic by
researchers with a broad range of different research interests in software cost estimation.
All of the above indicates that this study topic is likely to remain attractive. However
we would urge the research community to strive for high-level evidence in future studies.
The results of this SMS also highlight a number of implications for further research in
the field:

(1) Challenges associated with software cost and effort estimation in GSD are not new.
One of the main reasons for the growth in GSD is the cost of reducing software devel-
opment, and effort estimation is a key component of this cost. Good effort estimation is
thus important for the success of any GSD project. The results of this mapping study
show the need for more research into techniques that can be used to improve software
cost estimation analysis. An adaptation of techniques and models that takes into ac-
count the challenges and factors associated with GSD must also be investigated.

(2) This mapping study also shows that the application of the knowledge recovery ap-
proach in various forms needs to be explored seriously. In many software cost estimation
cases, practitioners need to recover the knowledge about software characteristics, espe-
cially when developing or maintaining a global software project that is not well described
and documented. But little work has been done on the application of knowledge recov-
ery in software cost estimation activities for GSD.

(3) The quantification of the cost drivers’ impact on productivity implies a high degree
of objectivity and accuracy. However, concepts such as the impact of communication
or team trust and team culture on productivity are very difficult to quantify, and the
results should be treated with care. This is owing to the complexity and unpredictability
of personnel behaviour which has the greatest impact on estimation costs, particularly

in distributed development.

4.6 Conclusions

This chapter presents the outcomes of an SMS of cost estimation in the context of
GSD projects, in order to serve both research and practice. This SMS has shown a wide
spectrum of software estimation techniques, activities and cost drivers for GSD projects.

Most of the selected studies present cost contribution as regards cultural, language and
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time zone differences, which are directly related to making the achievement of globally

performed software projects more stimulating.

Upon considering the lack of primary studies identified in this SMS, we believe that
further research is required into the approaches used in the GSD context. We are also
of the opinion that the adaptation of those techniques based on the specific aspects of
GSD, in addition to the inherent uncertainty of the data, could provide more faithful
estimates of effort. The globally distributed environment implies many challenges and
elements. The GSD sourcing strategy and cost estimation process topology could have
a great influence on cost estimates. Future research should therefore be carried out to

explore how these challenges and factors affect cost estimation techniques.



Chapter 5

Identifying software cost
attributes of software project
management in global software
development: An Integrative

Framework

5.1 Introduction

Identification of software cost attributes is one of the most important processes of SPM
and has been widely discussed in literature [157, 158]. Interest in GSD is rapidly growing,
identifying the new challenges associated with this phenomenon has push researchers to
investigate more to select relevant list attributes adapting to a specific framework and
then compiled using survey researchers and practitioners of software project managers
involved in GSD.

This chapter gives the investigation of software cost factors used to address the software
cost estimation related to the management of GSD projects that are available in litera-
ture. The aim of this chapter is to develop a framework encompassing these attributes
using a list of software cost attributes that answer the question of “what” is to be built

in the GSD context.

In this chapter, we present the results of our study in identifying challenges related to
SPM in GSD and categorizing them according to the selected model. The list of software

cost attributes has been acquired through an SLR of studies focusing on the approaches

64



Chapter 5. Identifying software cost attributes of software project management in
global software development: An Integrative Framework 65

facing project managers of GSD projects. To do this, we intend to address the following

research question (RQ):

RQ1: What are the software cost attributes of software project management in GSD

context?

The chapter is structured as follows. Sect. 5.2 discusses related work. The research
methodology is explained in Sect. 5.3. Results from the SLR are presented and discussed
in Sect. 5.4. Threats to Validity are presented in Sect. 5.5. Finally, conclusions are

presented in Sect. 5.6.

5.2 Related work

One of the earliest researchers in software cost estimation has been carried out by Heem-
stra [159] prior to the emergence of GSD context. He emphasized the reasons for over-
runs of cost, and the prerequisites for estimating in the development software life-cycle to
lessen software budgets, and avoid software cost estimation challenges. He presented an
overview of software cost estimation models with a framework listing the factors which
are commonly regarded as important structured in five categories. The emergence of
GSD has profoundly changed the way software cost approaches are developed. Some
of the factors that are present in collocated software development have a more critical
impact on the outcome of GSD projects while they also face new challenges innate to
their distributed setting. This change highlights the need of new tailored approaches to
the software cost estimation for GSD projects [29].

Keil et al. [25] presented in 2006 an additional cost drivers of distributed development,
and examined the significance of each of these factors as a contributor to the overall
cost of a software development project. The paper aims to identify 18 effort-multiplier
cost drivers related to SPM for GSD. It classifies drivers into four categories (product,
platform, personnel, and project factors) and was inspired from previous study carried
out by boehm et al. [160].

In 2006, Smite et al. [161] published an article presenting a framework for overcoming
threats in global projects. The research aims to investigate the nature of global risks
and build a comprehensive framework presenting global factors and threats that distin-
guish distributed projects. The data was gathered from literature [162], and analyzed
according to principles prescribed by a grounded theory through applying open, axial,
and selective coding techniques [163]. The study derived several global factors from the
performed taxonomy of software development risks, developed by Software Engineering

Institute [164]. The results of this chapter show that these frameworks fail to cover
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all software cost factors presented in literature mainly because the lack of investigation
tackled by researchers. In this chapter, we aim first to lay out an updated check-list of
software cost factors related to managing GSD projects and then to provide an integra-

tive framework for identifying and classifying these factors.

5.3 Methodology

An SLR is a means of identifying, evaluating and interpreting all available research
relevant to particular RQ [16]. One of the most common reasons for undertaking an
SLR aim to provide a framework/background in order to appropriately position new
research activities. Protocol of this systematic review has been written based on the
recommendations of Kitchenham and Charters [16] to describe the review process, three

main points are then extracted:
1- Search strategy: Identification of RQs, construction of search string and definition
of relevant libraries.
2- Study selection: Conduct the review and perform the selection criteria.

3- Data extraction and analysis: extraction, monitoring and synthesis.

5.3.1 Search strategy

This SLR aims to answer the following RQ:
RQ: What are the relevant software cost attributes in GSD context?

Using the PICO method (Population, Intervention, Comparison, Outcome) on the RQ,

the search string have been identified:

e Population: Global Software Development
e Intervention: Cost estimation

e Outcome: Attributes

Synonyms for each of search terms are identified based on previous studies. They are

presented in Table 5.1.

The search string used to perform the automatic searches in the digital libraries selected

was formulated using the OR logical operator between synonyms and using the AND
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TABLE 5.1: Synonyms of the initial search terms

‘ Population ‘ Intervention ‘ Outcome ‘
‘ global software development ‘ cost estimat™® ‘ attribute ‘
‘ distributed project ‘ cost plan* ‘ driver ‘
‘ dispersed development ‘ cost predict* ‘ factor ‘
‘ offshor* ‘ cost measur*® ‘ ‘
‘ outsourc* ‘ cost calcul* ‘ ‘

logical operator between combined terms of the PICO method. The search string used

is:

(Global software development OR distributed project OR Dispersed development OR
outsourc* OR Offshor*) AND (cost estimat™ OR cost plan* OR cost predict* OR
cost measur® OR cost calcul®*) AND (attribute OR driver OR factor)

The extracted papers were identified using the specified search terms, and the searches

have been performed in the following sources in January 2018:

IEEE Xplore digital library !

Association for Computing Machinery (ACM) digital library 2

ScienceDirect ?

SpringerLink 4

5.3.2 Study selection

This search string was applied to the titles, abstracts, and keywords of papers to reduce
the search results. Each paper was retrieved by two researchers separately who each
identified relevant studies. When there was disagreement between the two researchers,
in a meeting between all the researcher involved in this study, the full text was accessed
to reach an agreement. We defined the following inclusion and exclusion criteria based
on established SLR guidelines [56]:

Inclusion criteria

"http://ieeexplore.ieee.org
http://dl.acm.org
3http://sciencedirect.com
“http://link.springer.com



Chapter 5. Identifying software cost attributes of software project management in
global software development: An Integrative Framework 68

e [IC1: Papers related to software cost aspect of managing GSD projects.

Exclusion criteria

e EC1: Papers that are not in English.

e EC2: Papers that are published before 2010.

The quality assessment process was not carried out in this SLR. The main reason behind
this is to propose an exhaustive list of software cost attributes related to SPM in GSD

context found in academic literature.

5.3.3 Data extraction

The data extraction strategy was carried out by the main author in June 2017 and
reviewed by the remaining authors. The following data was extracted from each paper

by obtaining a set of possible answer to the RQ.

Software Engineering Institute (SEI) taxonomy is developed to support software cost
management in different kinds of software development projects, while our aim was to
facilitate cost estimation in GSD [165-167]. Taxonomy organizes software cost esti-
mation threats into three major classes: Product Engineering, Project Personnel, and
Development Environment. We used a SEI taxonomy to classify the identified and un-
covered global software cost attributes. Boehm et al. [168] defines these three categories

as follows:

e Product Engineering: focuses on the nature of product engineering and process,

product requirements, and project constraints.

e Project Personnel: focuses on the resources and skills for managing the software

project.

e Development Environment: deals with how project development tasks can be
achieved. Typical concerns are: operating system, software development tools,

project time, and how tasks are allocated in developing the project.
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5.4 Results and discussion

5.4.1 Study selection results

In total, after the application of the search string to the digital libraries, we identified
268 papers. The list of identified studies in the initial selection phase was comprised of
45 articles. After the full text reading during the final selection phase 12 studies were

finally selected. Table 5.2 summarizes the results per each of the digital libraries used.

TABLE 5.2: Search Results

Digital Library Returned Initial ~ Selec- | Final Selection
studies tion
| IEEE Xplore | 54 | 19 G |
| ACM | 32 | 10 | 2 |
‘ Science Direct ‘ 179 ‘ 15 ‘ 4 ‘
‘ SpringerLink ‘ 3 ‘ 1 ‘ 0 ‘
| Total | 268 | 45 | 12 |

To answer our RQ, the data was extracted and synthesized from the 12 finally selected
studies. The final list of cost attributes identified in this study comprises 39 cost at-
tributes related to GSD project. The attributes have been classified into the three

categories and are presented in the following subsections:

5.4.2 Cost attributes within “Product Engineering”

The software cost attributes derived from Product Engineering mainly relate to the
complexity, reusability and reliability required to carry out the specified product, they
are presented in Table 5.3

Nine software cost attributes have been identified to fit into this category, they deal with
processes for handling product, description and documentation. The most commonly
mentioned software cost attributes in this category is “Reusability”. Reusing experiences
and lessons learned in distributed software projects help to understand the characteristics
and problems of distributed development, which might increase the project planning

task.
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TABLE 5.3: Software cost attributes related to “Product Engineering”

‘ Cost attributes ‘ Reference ‘
| Reusability | [25, 27, 29, 30, 91, 145, 169]

| Complexity of the software | [25, 27, 29, 169] ‘
| Portability | [27, 29, 169]

’ Documentation ‘ [25, 27, 30] ‘
| Code size | [25, 145, 169 |
| Reliability | [25, 27, 170]

’ Requirement legibility ‘ [29, 91] ‘
’ Defect density ‘ [91, 145] ‘
’ maintainability ‘ [27] ‘

5.4.3 Cost attributes within “Project Personnel”

Personnel factors focus on the cultural fit, the closeness of team members and also the
experience of the teams. It concerns educational level, language skills and knowledge
management aspects of GSD projects. Nine software cost attributes that fall within this

category have been identified in literature. They are presented in Table 5.4.

Software cost estimation in GSD projects includes specific cost overheads drivers and
site-specific characteristics. The most reported cost drivers that fall into this category
are associated to language skills and cultural differences which strongly affect distributed
software development. Keil et al. [25] identified formal personnel factors, called “soft
skills”, to be a key success factor in distributed projects and provided mechanisms to

coordinate cross-site work,

TABLE 5.4: Software cost attributes related to “Project Personnel”

‘ Cost attributes ‘ Reference ‘

| [27, 91, 145, 169, 171-173] |

| [27, 91, 145, 169, 171-173] |

| Communication | [27, 91, 169, 171-173]

| Trust | [91, 169, 171-173] |

’ Team structure ‘ [91, 171-173] ‘
[ |
[ |
[ |
[ |

‘ Language

’ Cultural differences

91, 145, 169, 170]
25, 27, 145, 172]
25, 91, 145, 169]
25, 27, 171]

’ Team size

’ Personnel experience

’ Development productivity

’ personnel relationships
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Another strongly cited cost attributes in this category is related to communication
among teams working. Communication costs arise when there are communication re-
lated issues between the sender and recipient sites. Principally these are related to
difficulties arising due to telephonic and electronic communication, instead of face-to-

face communication [155].

5.4.4 Cost attributes within “Development Environment”

Twelve cost attributes have been identified in the “Development Environment” category.
It is by far the category holding the largest number of cost attributes. They are presented
in Table 5.5.

TABLE 5.5: Software cost attributes related to “Development Environment”

‘ Cost attributes ‘ Reference

| Design and Technology Newness | [25, 30, 91, 145, 169, 171, 172]
| Time zone | [27, 91, 145, 169, 171-173]

’ Process model 91, 145, 169]

’ Response delay 91, 173]

| Client involvement 91, 145, 169]

’ Project effort

|
|
|
|
|
|
30, 91, 145, 169, 170, 172] |
|
|
|
|
|
|

[
[
[
[
[
’ Project management effort ‘ [25, 30, 91, 145, 169, 172]
[
[
[
[
[

| Task allocation 155, 169, 172]
| Work pressure 27, 169, 172]
| Work dispersion 145, 169, 172]
’ Requirement volatility 25, 27, 171]

’ Travel cost 30]

The most frequently mentioned cost attribute is “Design and Technology Newness”.
Lack of knowledge on the required new technologies and lack of experience on the used
effort estimation technique lead to wrong assumptions, which affect the accuracy of the
cost estimates. Another relevant cost attribute presented by the study was the “Time
zone” that in many cases makes harder the process of hand off between sites, which also

leads to wrong assumptions, compromizing the accuracy of the effort estimates.
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5.5 Threats to Validity

5.5.1 Construct Validity

Since the results of this study are drawn from an SLR, the search string used and the
libraries queried can be identified as a threat to the construct validity. To minimize
these threats we used the "PICO” method to extract initial search terms from the
RQ and added synonyms drawn from similar research. We limited our SLR study to
four research publication sources that are most common in software engineering (i.e.,
IEEE Xplore, ScienceDirect, ACM and SpringerLink). However, there are other related

research sources that we did not consider in our study that may include relevant studies.

5.5.2 Internal Validity

Internal validity deals with data extraction and analysis. When conducting the SLR,
we excluded no articles on the basis of their quality. Although some researchers might
prefer to exclude articles of poor quality, including them served to clarify and develop

the results of our SLR and allowed us to enrich our finding.

5.5.3 Conclusion Validity

Bias in the selection of software cost attributes in GSD context and data analysis may
therefore affect the interpretation of the results. To mitigate this threat, every step in
the selection, extraction and analysis of data was validated by means of the systematic

process and periodic reviews carried out by the researchers involved in this work.

5.5.4 External Validity

It is unknown if the classification scheme used reflects the actual situation in industry.
Interviews or surveys of industry practitioners involved in GSD projects to validate

results were not conducted and represents one of the limitations of this study.

5.6 Conclusions

In this chapter, we proposed an up to date framework encompassing 30 cost attributes
inherent to GSD projects derived from an SLR comprising 12 primary studies. The

framework is divided into three categories based on the SEI taxonomy. The framework



Chapter 5. Identifying software cost attributes of software project management in
global software development: An Integrative Framework 73

is intended for project managers engaging in the development of distributed software
projects. However, this framework can only serve as a base for software cost area and
must be adapted for each project. In the next chapter, we assess the relevancy of the
items presented in the framework using a survey of researchers and industry practition-

ers.



Chapter 6

Evaluating the proposed Software
cost attributes framework for

Global Software Development

6.1 Introduction

Developing software in highly distributed environment is becoming a growing trend in
the software industry [174]. Global distribution of software projects impacts mainly
the software product quality and the software project management process. Managing
software in distributed environments comes with great challenges [175]. Cost estimation
is one of these challenges that are critical for global software development (GSD) project
success [176]. Interest in software cost estimation in GSD has increased in recent years
[169]. To better address software cost estimation, software cost attributes (CAs) should
be determined. It is now acknowledged that a good software cost estimation that meets
distributed project requirements involves the determination of software CAs in early

stages of software development.

There is currently a lack of understanding of the role of software CAs in GSD projects
in industrial practice [177]. To deal with GSD challenges, a good understanding of how
Software CAs interfere on GSD is required. Software CAs are used for the assessment
and identification of appropriate project parameters that are inevitable for each model as
a preprocessing step. Carrying out relevant project attributes that will guide cost models
to better effort approximations could also lead to reduced time and effort required by
project managers [176]. According to several studies [169, 178], no thorough empirical

studies on the role of software CAs in GSD context has been conducted. In this paper,
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we therefore elaborate a survey to define the position of software CAs in the design of

GSD projects.

This aims of this chapter is to update the results of the entire cost estimation process in
distributed projects, by considering the role of software CAs in GSD. To reach this goal,
we have collected, analyzed and discussed information from participants with practical
experience in software engineering [66]. Software engineering researchers and practition-
ers can offer a significant knowledge about how CAs are addressed during GSD projects.
Therefore, this survey identifies the impact of software CAs on the GSD projects and the
manner researchers and practitioners with practical experience use to deal with software
CAs [179]. The main target audience of this survey are researchers interested on how
the software CAs are handled in GSD projects. We target also practitioners who are
interested in discovering which software CAs are important compared to others and how

these attributes can be exploited [180].

This chapter is structured as follows: the related work is presented in Sect. 6.2. Sect. 6.3
presents the research method and the details research questions. Sect. 6.4 introduces the
results of our study. Sect. 6.5 discusses the results, while Sect. 6.6 presents the paper

limitations. Conclusions are presented in Sect. 6.7.

6.2 Related work

In spite of the fact that software cost topic has been considered and discussed for a long
time, we have discovered few literature reviews and case studies concerning CAs for GSD
[169]. In this section, we present the most relevant work about CAs in literature. Keil et
al. [25] have studied the extra cost drivers of global development and have analyzed the
importance of each of factors, such as knowledge transfer and effort expended in team
building, as a supporter to the general cost of a software development project. They
have concluded that project factors should be analyzed to gain insights into comparing

development costs for GSD projects as compared to collocated projects.

Peixoto et al. [112] have presented preliminary results from a survey to understand effort
estimation in GSD projects. Results have shown that the teams involved in the survey
do not have clear criteria to control the choice of an effort estimation technique for a
specific project. Moreover, they have found that they can not correlate the cost and time
estimation with the number of locations required in the distributed project. Raymond
[181] has focused on the estimation models for distributed software development projects.
Lamersdorf et al. [27] have developed a model for estimating the cost overhead in GSD

projects in view of a set of influencing factors. However, their study represents only one
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particular environment and can not be easily summed up to different organizations and
contexts. After analyzing existing research and studies on software CAs in GSD, we
deduce that there is a need to identify the impact of software CAs in GSD context. Our
work is thus a beginning stage that contributes towards determining current software

CAs in distributed environment.

6.3 Research methodology

A “survey” is a systematic method for gathering information from entities for the pur-
poses of constructing quantitative descriptors of the larger population attributes of which
the entities are members [182]. To ensure rigor of our study, and to reduce researcher
bias when conducting the survey [183], we have designed a survey protocol. The study
follows the five distinct steps of the survey process [184]. Moreover, the paper itself
follows the study [66] presenting a detailed structure of a survey in software engineering:
Design survey process, develop questions, test & train, collect Data, and finally analyse
Data.

6.3.1 Research questions

To better match the goal of our study, we extracted from the questionnaire:

(https://goo.gl/forms/SOINMmuZXf2vnDL62) two main research questions [141], each

one was divided into two sub-questions as shown in Table 6.1.

TABLE 6.1: Research questions

‘ 1D ‘ Question ‘
‘ RQ1 ‘ How important are software CAs? ‘
RQ1.1 How important are software CAs in the context of global

software projects?

RQ1.2 Are some software CAs more important in distributed
project than others?

RQ2 How are software CAs treated in global software projects
context?
‘ RQ2.1 ‘ What types of outcomes are used to treat software CAs? ‘

RQ2.2 What is the impact of these outcomes on different software
CAs?
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6.3.2 Survey design

The survey is an appropriate means of gathering information. Three survey types exist
[66]: Descriptive, Explanatory and Exploratory surveys. In this study, we have chosen to
conduct a descriptive survey to study how software CAs are treated during GSD projects
[185]. We have targeted the general community of software engineering practitioners,
as well as researchers with practical experience and knowledge about software project
management for distributed project. The duration of practical experience was not a

restriction factor as long as participants had experience from real projects.

To select relevant participants, we have published the survey on a mailing list encompass-
ing computer engineers. We have also advertised the survey to certain ICGSE conference
and workshop participants. Finally, we checked the interest with our personal contacts
who, in their turn, spread the survey to other individuals that might be interested in

participating in the survey.

6.3.3 Questionnaire description

We have used either interviews or paper based questionnaires depending on the category
of the participant. We have used an electronic questionnaire for the rest of participants.
In this survey, we have collected informations about the location, practical experience,
distribution, educational background, the role of participants, and also the size of par-

ticipants’ organization [186].

Each participant has to choose and specify one project and then answer the questionnaire
based on his/her experience on that specific project. Answers can be biased by the
perception of each participant depending on his/her evolvement in the project. However,
since participants are well targeted, we believe that they have actively participated
in the referent project, which make this risk minim. Some questions were optional
and others were obligatory [187]. For multiple choice questions, participants chose the
answer that suits them best. There are also free text questions. And in most questions,
participants can provide additional comments to complete their thoughts. The survey

contains different types of questions [66].

6.3.4 Data analysis

To analyze the data, descriptive statistics and qualitative analysis were conducted [188].

Specifically, we have analyzed the variables using correlation analysis and frequency
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analysis with Fisher’s exact test [189] and cross-tabulation. Free text answers were

analyzed and coded by all authors.

6.4 Results

6.4.1 Demographic data of respondents

Thirty participants, who have participated in the survey, belong to different organi-
zations and have worked in different projects. The participants were from different

countries all over the world.

The countries with the higher participation were Morocco (50%), Spain (33,3%), New
Zealand (6,6%), Germany (6,6%), and France (3,3%). Participants were from 3 different
continents: Africa (50%), Europe (43,3%), and Australia (6,6%).

6.4.1.1 Participants background

53.3% of participants were engineers (e.g., industrial consultants), while researchers
represent 20% of the participants as shown in Table 6.2. Researchers with practical
experience had, on average, 3.27 years on research related to GSD. Practitioners had,

on average, 4.24 years of experience in IT outsourcing industry.

TABLE 6.2: Distribution of researchers and practitioners with practical experience

Researcher ‘ Practical experience ‘

‘ No ‘ Yes ‘

[ No [0 (0%) | 8 (26.7%) |
| Yes | 6 (20%) | 16 (53.3%) |

Academic background of participants was principally a degree in Computer Science
(Bachelor, Master or Engineering degree) for practitioners and a PhD for researchers
(see Fig.6.1). All participants had received training in computer science and software

engineering.

6.4.1.2 Role of participants

The majority of the 24 practitioners (also practitioners that were at the same time
researchers) were developers or project managers (see Fig.6.2), also there were software

analysts, and participants with other responsibilities (e.g., architects and designers).
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Academic background (n=30)

Bachelor [N 1(3.3%)
Master [N : (10%)
PID  iee—————————————— © {30%)
engineer |, 17155.7%)

0 2 4 6 8 10 12 14 16 18

FIGURE 6.1: Academic background

Practitioners, who are neither developers nor project managers in their main role, had

based their answers on project they took management responsibilities for.

Practitioner role (n=23)

other [ 2 5.7%)
software analyst [N 2 (s.7%)
Project managers | o (39.1%)
Developers I o

0 2 4 6 8 10 12

FIGURE 6.2: Role of practitioners

6.4.1.3 Size and number of sites around the world of participants’ organi-

zation

The majority of answers are provided from participants working in large organizations
as shown in Fig.6.3. This figure includes only responses from the 23 practitioners as one
practitioner did not give a valid response. Fig.6.3 shows that all practitioners belong to

entities with at least 2 sites around the world.

Company size (n=23)

Less than 10 employees _ 3(13%)
Between 10 and 50 employees _ 10 (43.7%)
Between 50 and 150 employees _ 2 (8.7%)
More than 150 employees _ 8 (34.6%)

FIGURE 6.3: Company size
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6.4.1.4 Context of projects

Participants fill out a brief description of the project they have chosen in their answers.
Participants offered a high diversity of projects, e.g., software engineering, telecommu-
nication, e-Government and finance. The quality of responses in many cases did not
enable a proper interpretation. For this reason, we have considered all details that con-
cern each project in the analysis of this question’s results. Fig.6.4 shows the frequency
distribution of project domains (participants’ answers were based on their experiences
in one specific project). The category “Other” includes domains such as transportation

and e-Government.

Frequency distribution of domais {n=29)

Other NN 2 (6.9%)

Healthcare [N 2 (6.9%)

E-commerce NN 2 (6.9%)

Entreprise computing NN 2 (6.9%)

Finance [N 2 (6.9%)

Telecommunication NN 3 (10.3%)
Research & dev [N 4 (13.8%)

Software engineering I 12 (41.4%)

0 2 4 6 8 10 12 14

FI1GURE 6.4: Frequency distribution of domains

6.4.2 RQ1l: How important are software CAs?

6.4.2.1 RQ1.1: How important are software CAs in the context of global

software projects?

Time and resources [190] of the system development are the most important requirements
besides cost in GSD projects. The research question RQ1.1 compares how CAs are
treated compared to both, time and resources. The results are presented in Fig.6.5
(three respondents did not give an answer). The majority of participants indicated that
CAs and resources/ time development were considered equally important in a global
context. Furthermore, in most projects, CAs were made implicit (63.0%), but still a

significant amount of respondents stated that CAs were treated explicitly (37.0%).

To study the dependency between the importance of CAs and the implicit or explicit
nature of CAs, we created a cross-tabulation (see Table 6.3). Fisher’s exact test led
to P=0.28 ( superior of 0,05) which signifies that there is no statistically significant

relationship between the importance of CAs and their implicit or explicit nature. The
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result that CAs are implicit shows that special attention is paid to CAs because they

represent a major challenge.

CAs importance (n=27)

CAs were more important than resources and time development - 3(11.1%)

CAs were less important than resources and time development _ 4(14.8%)

Resources/Time development and CAs were equally important _ 20 (74.1%)

"] 5 10 15 20 25

FIGURE 6.5: Role of software CAs

TABLE 6.3: Cross-tabulation of the importance of software CAs and their implicit or
explicit nature

‘ ‘ CA explicit ‘ CA implicit ‘ Total ‘

Resources/Time development and CAs | 9 (33.3%) 11 (40.8%) | 20 (74.1%)
were equally important

CAs were less important than resources | 1 (3.7%) 3 (11.1%) 4 (14.8%)
and time development

CAs were more important than re- | 0 (0.0%) 3 (11.1%) 3 (11.1%)
sources and time development

Total | 10 (37.0%) | 17 (63.0%) | 27 (100%) |

6.4.2.2 RQ1.2: Are some software CAs more important in distributed project

than others?

The attributes selected and used in the questionnaire are extracted from the attributes
of ISBSG dataset [19] that includes a vast number of project attributes related to the
application domain, programming language used, language type, development technique,
resource level, functional size of the software produced among others [185]. We have
mapped all software CAs stated by participants. This was done through content analysis

of CAs scenarios.

Fig.6.6 presents the frequency distribution of software CAs in distributed project. All
participants did specify a valid software CA. In Fig.6.6, we have grouped data related
software CAs. Fig.6.6 shows that team size, development methodologies, design and

technology newness are the most frequently addressed software CAs.
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Frequency distribution of CAs (n=30)

Time zone N 1 (3.3%)
Language barriers N 1 (3.3%)
Team trust  IEEEEGEG—_—— 1 (3.3%)

Database size IE—— ? (6.7%)

Project effort GG 2 (6.7%)

Team involvement NN 2 (6.7%)

Design & technology newness I 4 (13.3%)
Work dispersion I 5 (16.7%)

Development methodology N 5 (16.7%)

Team size 7 23.3%)

0 1 2 3 a4 5 6 7 8

FIGURE 6.6: Frequency distribution of software CAs

6.4.3 RQ2: How are software CAs treated in global software projects

context?

6.4.3.1 RQ2.1: What types of outcomes are used to treat software CAs?

We have asked the participants about the most important benefit of using CAs on GSD
project. CAs in GSD project allow companies to save cost, remain focused on building
internal core competencies, and solve local IT skills shortage. This research shows that,
cost saving remains important in outsourcing decision. The results are shown in Fig.6.7
(three respondents did not provide an answer). The category “Other” includes reasons

such as flexibility and time-to-market.

Decision types (n=27)

Other 2 (7.4%)

Solving local IT skills shortage 4 (14.8%)

Remain focused on core competencies 9(33.3%)

0 2 4 6 8 10 12 14

FIGURE 6.7: Decision classification

6.4.3.2 RQ2.2: What is the impact of these outcomes on different software
CAs?

We have asked participants what situations had to happen to make these CAs evident or

visible to the end users. We obtained 30 responses to this question. Fig.6.8 shows that
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delays, communication problems and slow performances are the main problems when
CAs are no taken into consideration. We have also detected difficulties in establishing
a common ground for all stakeholders, and problems on different interpretations of the
requirements depending on the location. Two participants stated that they do not

consider the CAs in their projects.

(n=30)
Don't aware about it — 2(6.7%)
Time solving _ 2(6.7%)
Different interpretations _ 3 (10%)
slow performances [N £ (13.3%)
Communication problems _ 7(23.3%)
Deiays I 12 (10%)

0 2 4 6 8 10 12 14

FIGURE 6.8: Cost attributes impact

6.5 Discussion

Cost requirements for GSD projects are the subject of several studies. The larger a
software development project is, the higher is the cost required for communication and
collaboration between teams. These cost requirements are applicable to any software
development projects including GSD projects [25]. Solving local IT skills shortage rep-
resents the least significant software cost development requirement, while saving cost
represents the main purpose to develop software project globally. Nevertheless, cost-

savings in GSD context remain below expectations [191].

Our previous work on GSD [169] contains thoughtful cost estimation requirements and
offers attributes to estimate the cost. The results of this survey confirm that the most
important CAs are team size and development technologies. The project team size af-
fects cost and schedule decisions, which are also acknowledged as an important factor
in project success. Furthermore, development technologies used are important when
making decisions about software cost estimation and also the eventual partition of tasks
into distributed teams. CAs represent a major challenge for the conception and comple-
tion of distributed projects as demonstrated by previous research [22]. Our study does
not confirm these results, but it shows that 37% participants indicated that CAs were
addressed explicitly. We have shown that CAs are important to address cost require-
ments and cost factors. The analysis of development methodologies, such as models, is
considered a major indicator that helps choose solutions. This consideration could be a

driver to consider CAs as management decisions [192].
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6.6 Limitations

Failure to evaluate the CAs and their application to estimate cost can bias our study
results and lead to erroneous conclusions [65]. Study process includes the determination
and involvement of attributes. Controlling the survey sources is a very complicated
task to accomplish while designing surveys [68], especially in online questionnaires [66].
Exclusion criteria have been applied to choose relevant answers. Participants with no

sufficient experience in software engineering related to GSD are excluded from the study.

Amon the limitations of this study can be the ambiguity of questions. To address this
limitation, we have explained the questions several times until our intentions and ques-
tions were understood by the selected participants. However, the answers of questions
are not only impacted by the understanding of participants, but also the categories of
companies and global software projects in which practitioners and researchers worked
on. Another limitation can be that participants might answer the questions untruthfully
[193]. To solve this problem, we have left the fact of reply voluntary and anonymously.
The participants devoted their own time to answer the questionnaire which makes us
assume that they have no reason to be inexact [193]. The main limitations are concerned
with the issue of generalizing the findings to the software engineering population as our
survey involves only a very limited population (30 participants) with GSD projects ex-
perience. However, we do believe that our findings apply to a large population that

answers the criteria of our survey.

6.7 Conclusions

This empirical study has presented the role of CAs in GSD projects. Using a survey, we
have collected data from practitioners involved in I'T industry and software engineering
projects. We have extended interpretation and discussion of results according to the
involvement degree of the researchers and practitioners. For a better judgment, we have
measured our results to existing research on software cost field. Our findings not only
show how CAs are treated by participants, but also how projects and organizations deal
with CAs.

We have noticed that CAs are basically implicit and mainly considered as important
as resources and time development of the distributed project. The most important
CAs in the GSD context are the team’s size and work’s dispersion. We have found
that CAs are specifically relevant for a GSD project than for a located project. Cost
requirement is wrongly treated in practice even more in distributed projects context

[194]. Future studies should investigate CAs and their involvement to estimate the
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software cost in GSD. Moreover, we have noticed that the saving issue is the prime
criterion for the majority of decisions taken to supply CAs. Furthermore, we have found
that bad estimation was affected mostly by these CAs. Make a saving decision should

always take into consideration its influence on CAs.



Chapter 7

Building a software cost
estimation taxonomy for GSD

projects

7.1 Introduction

Software development effort estimation for Global Software Development (GSD) con-
cerns the prediction of the effort needed to develop a global software project [112].
Development effort is considered to be one of the major components of software costs,
particularly as regards global development, and is usually the most challenging effort to
predict [27].

To get a more comprehensive understanding of how software cost estimation is practiced
by distributed teams, a follow-up study is carried out to elicit the state of the practice on
cost estimation in GSD projects [169]. This study identified and aggregated knowledge
on cost estimation in GSD from the literature by mean of an SLR and the industry by
mean of the survey. The knowledge includes aspects such as approaches used to estimate
cost in GSD employed size measures, cost drivers and the context in which estimates
are carried out in GSD context. This body of knowledge on cost estimation in GSD
must be organized in order to facilitate both future research and practice in this field. A
taxonomy is a classification mechanism used in Software Engineering (SE) to organize
the body of knowledge [195].

The main purpose of this chapter is to design a software cost estimation taxonomy

for GSD projects that will allow managers to rapidly and accurately enact and assess

86
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proposed changes. Figure 7.1 illustrates the cost estimation process to build the cost

estimate taxonomy.

Build cost
estimate
taxonomy

Cost drivers Collect data /

knowledge

FI1GURE 7.1: Cost estimation process

7.2 Related work

Gumm [196] developed a taxonomy of distribution to classify GSD projects dimensions.
In this work the taxonomy is used to provide a basis for discussing the challenges related
to GSD projects and was based on an earlier study performed by the same author
[197]. The proposed taxonomy uses four different dimensions (physical distribution,
organizational distribution, temporal distribution and distribution among stakeholder
groups measured on a high- medium- low scale) to classify the distribution of people

and artifacts in GSD context.

Laurent et al. [198] proposed a taxonomy and a visual notation to address globally
distributed requirements engineering projects. The main goal of the authors was to
design the modeling language, including site locations, stakeholder roles, communication
flows, critical documents, and supporting tools and repositories. The proposal was based
on the findings of eight in-depth interviews with requirements analysts who worked on
requirements elicitation, analysis, and specification tasks in globally distributed projects.
These Interviews were performed with the team leaders responsible for eliciting and

gathering the requirements in each project.

Smite et al. [70] carried out a study specifically focused on evidence of empirical global
software engineering. The study proposed a classification scheme to extract data from
empirical studies and systematize existing empirical global software engineering studies.
The proposed classification scheme helped to categorize the data extracted from the
study population, empirical background and results. The study revealed that the collec-
tion of papers with empirical data on the subject of the desired systematic review was
one of the main challenges, since globally distributed project is at the cutting edge of

cross-disciplinary research. The process of deducting and collecting information about
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empirical background work was another difficulty reported. These highlight the need

for thorough descriptions of contexts in which empirical studies are conducted.

More recently, Smite et al. [199] have proposed a taxonomy of sourcing procedures.
The taxonomy proposed gives a typical terminology and takes into consideration the
classification of GSD projects with spotlight on the sourcing strategies (e.g., Offshore
outsourcing, offshore insourcing). The result provided a systematically accumulated set

of terms categorized in the form of a taxonomy.

The taxonomy proposed by Smite et al. [199] is considered as knowledge classification
approach. These taxonomy of sourcing strategies is the most closely related work to
ours, hence our decision to use these taxonomy to understand the GSD project setting.
The base of these taxonomy is more exhaustive, giving a more extensive scope of relevant
dimensions and clear criteria to classify GSD projects. Furthermore, this taxonomy was
also developed with the participation of several GSD experts, which gives the taxonomy
more credibility and validity. Therefore, our goal is to propose a taxonomy to classify
all dimensions of cost estimation for GSD, and include categories related to empirical

focus, subjects of investigation and sources of data collection.

7.3 Research methodology

This section describes the research question and methodology used to design and evaluate

the proposed taxonomy.

7.3.1 Research questions

This chapter addresses one Research Question (RQ), which is presented below:
RQ: How to organize the knowledge on cost estimation for GSD projects?

The RQ is answered by organizing the cost estimation knowledge for GSD projects as a

taxonomy.

7.3.2 Taxonomy design

The focus of this subsection is to present the method to design the software cost esti-
mation taxonomy used in this study. Usman et al. [200] present a revised and updated
method on taxonomies in the field of software engineering. As shown in Table 7.1, these

method consists of four phases and thirteen activities .
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TABLE 7.1: Taxonomy design method

Phase Activity

Planning Al. Define SE knowledge area

A2. Describe the objectives of the taxonomy
A3. Describe the subject matter to be classified
A4. Select classification structure type

Ab5. Select classification procedure type

A6. Identify the sources of information

Identification and ex- | A7. Extract all terms
traction A8. Perform terminology control

Design and construction | A9. Identify and describe taxonomy dimensions

A10. Identify and describe categories of each dimension
A11l. Identify and describe the relationships

A12. Define the guidelines for using and updating the tax-
onomy

Validation ‘ A13. Validate the taxonomy

Phase 1: Planning

Planning represents the first phase wherein basic decisions about the taxonomy imple-

mentation and design are made. In this phase, six activities are defined as shown in
Table 7.1.

In activity A1, the SE knowledge area is selected and described to make easier the
understanding of the context of the taxonomy and thus there application. The taxonomy
proposed in this chapter is about cost estimation for GSD context. Cost estimation plays
an important role in managing distributed projects during release and planning. Cost
estimation falls within the scope of the ”Software engineering management” knowledge
area in SWEBOK version 3 [44].

In activity A2, the main objectives and scope of the taxonomy is to propose a classifica-
tion scheme that can be used to characterize cost estimation activities for GSD projects.
A number of studies, included in the SMS on software cost estimation for GSD in Chap-
ter 4, have not reported important information related to the context, techniques and
predictors used during cost estimation. therefore, the proposed taxonomy could be used
by researchers and practitioners to consistently report and remind important aspects

related to software cost estimation for GSD projects.

In activity A3, the subject matter for the classification defines what exactly is classified
in the taxonomy. Cost estimation activities of the projects that are globally developed

is the subject matter of this taxonomy.
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In activity A4, an appropriate classification structure type is selected. Four basic classi-
fication structures are defined: hierarchy, tree, paradigm and faceted analysis [201]. To
structure our taxonomy, faceted classification is selected, since it is suitable for evolving
areas, such as software cost estimation for GSD. In faceted classification-based tax-
onomies, the subject matter is classified from multiple perspectives (facets). Each facet
is independent and has its own attributes, making the facet-based taxonomies easily
evolvable [201].

In activity A5, an appropriate classification procedure is determined. These type can
be qualitative, quantitative or both. Each facet of our taxonomy has a set of possible
values. Based on extracted data, the qualitative procedure is used to select relevant
facet values to characterize a specific estimation activity. In some cases, to assign a

value is impossible simply due to insufficient data.

In activity A6, the data sources and data collection methods are identified to facilitate
the prospection of knowledge related to the subject matter and taxonomy. These data
sources are selected from peer-reviewed empirical studies on cost estimation for GSD

published in literature.

Phase 2: Identification and extraction

In this phase the relevant data required by the organization is identified and extracted.

Two activities are defined as shown in Table 7.1.

In activity A7, the terms and concepts relevant to the taxonomy are extracted from the

sources identified in the first phase “planning”.

In activity A8, inconsistencies in the extracted data are identified and removed.

Phase 3: Design and construction

In this phase, the taxonomy is designed and constructed by mean to identify dimensions
and categories therein along which the extracted data items could be organized. Four

activities are defined as shown in Table 7.1.

In activity A9, the taxonomy dimensions are identified and described. They represent
the main dimensions or perspectives under which subject matter entities are classified.
Facet-based classification taxonomy structure must have multiple dimensions (at least

two dimensions).
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In activity A10, the categories for each of the dimensions are identified and described,

each dimension must have at least two categories.

In activity A11, the relationships between dimensions and categories are identified and
described. Note that in some cases there is no relationship between dimensions, i.e. this

activity might be skipped.

In activity A12, the guidelines are provided to facilitate the adoption and evolution of

the taxonomy.

Phase 4: Validation

Validation represents the last phase of this method to ensure that the designed taxonomy
useful for users to achieve their goals. In this phase, only one activity is defined as shown
in Table 7.1.

In activity A13, the taxonomy can be validated through benchmarking. Since there is
no existing taxonomy on software cost estimation for GSD, benchmarking our taxonomy

against existing ones is impossible.

7.4 Results

In this section, we present the software cost estimation taxonomy to answer the proposed

RQ.

7.4.1 RQ: Organizing the knowledge on cost estimation in GSD

Taxonomies represent an effective tool to organize and communicate the knowledge in an
area [195]. We have organized the identified knowledge on cost estimation for GSD as a
taxonomy. The proposed taxonomy was developed according to the method presented in
Section 7.3. In this subsection, we describe the results of this method, i.e. the software

cost estimation taxonomy.

Four dimensions are extracted and placed at the top level of the taxonomy, as shown in
Figure 7.2. A dimension consists of all facets that are interrelated. These four dimensions
characterize the first level of taxonomy, and give an outline of the taxonomy at a more

extensive level.

The estimation context represents the collection of those facets that define and charac-

terize the context in which the estimation activity in a distributed project is carried out.
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Cost estimation
for GSD

Estimation
technique

Cost estimate

Cost estimation .
Cost estimators - Dimensions

FIGURE 7.2: First level of cost estimation taxonomy for GSD

So as to fully characterize a specific software cost estimation activity of GSD project,
facets of all dimensions should to be described. Each of these four dimensions and their

facets are described in detail below.

7.4.1.1 Cost estimation context

The context is a central concept in empirical software engineering. It is one of the
distinctive features of the discipline and it is an inseparable part of software practice.
Context refers to a broad perspective, and it needs to be properly captured, reported
, and contextualized in the empirical SE studies to communicate the applicability of
the research findings. Thus, context draws attention to what resources are nearby, and

when and where to use the reported findings [202], [203].

Seven facets are extracted from context dimension. These facets and their possible values

are presented in Figure 7.3. They are described below:

e Planning: Estimation supports planning at various levels in GSD context. This
mainly includes release and sprint planning [83], while some teams may also make
estimates during daily meetings. Project bidding is another level at which compa-

nies must estimate the total development cost in advance to bid for the projects.

e Project activities: This facet describes which development activities are accounted
for in software cost estimation. For example, The product life cycle describes
maintenance activity, or the total cost estimate do not include the time spent on

maintenance.

e Project domain: This facet represents the domain of project for which the software
cost development is being estimated. Different domains could lead to different sets
of cost estimation. We have used the categories from the project domains reviewed

in Chapter 6.

e Project setting: This facet represents the setting in which the global software

teams are developing the project. Smite et al. [199] proposed a global software
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FIGURE 7.3: Cost estimation context dimension

Dimension

Facets

—  Facet values

engineering taxonomy that characterizes two broad settings of the global teams:

onshore and offshore.

e Planning approaches: This facet documents the planning approach practiced by

GSD team.

o Number of sites: It records the number of sites for the GSD project, and thus

conveys important information related to the different site across the world.

o Team size: It documents the team size which is responsible for developing the

estimated tasks.

7.4.1.2 Estimation technique

This dimension includes the facets that are related to estimation techniques. those

facets should be reported to characterize a GSD team’s estimation activity. Figure 7.4

describes the facets of this dimension and their corresponding values.

o FEstimation technique: This documents the estimation techniques applied for GSD

projects. According to the SMS results presented in Chapter 4, the cost esti-

mation techniques for GSD projects are expert judgment, machine learning and

non-machine learning.
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Dimension
Estimation Use " Facets
technique technique
Expert Non-machine .
judgment learning Individual
Facet values
Machine | | |Group-based
learning estimation

FIGURE 7.4: Estimation technique dimension

o Use technique: In GSD, there are different types of cost estimation techniques.
An individual or a group of experts can use these techniques. This facet docu-
ments whether the effort was estimated using an estimation technique based on

individuals or groups.

7.4.1.3 Cost estimate

The main output of the estimation activity is cost estimates. The facets proposed in
this dimension define cost estimate. Those facets with their corresponding values are

presented in Figure 7.5.

o FEstimated cost: This facet documents the estimated cost that represents the main

output of the estimation activity.

e Actual cost: It is important to have the actual cost at the end of planning, to

enable comparison with the estimated cost.

o Estimation dimension: This facet documents the important and critical dimen-

sions of estimation, e.g. estimation of development effort as total effort hours.

o Accuracy measure: This facet records cost performance ways to assess the accuracy

of the applied estimation technique.
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FIGURE 7.5: Cost estimate dimension

7.4.1.4 Cost estimators

Cost estimators play an important role in calculating costs. They consist of cost drivers
such as size, team capabilities, product requirements, etc. One of the most required
development cost is related to project size. Five facets are collected regarding the cost

estimators dimension. These facets and their possible values are presented in Figure 7.6.

e Product size: In general, the development cost is strongly correlated with product
size [204]. This facet documents whether distributed teams use size as an estimator

and which statistical analysis is used to represent this size.

o Team experience: A development team experiences with global software develop-
ment projects impact the required cost [205]. This facet describes whether a team

experience was considered or not in arriving at the cost estimates.

o Team structure: Distribution of skills and team structure impact the required
effort [206]. This facet documents whether the structure of the team members was

considered or not during the cost estimation session.

e Product requirement: Strict product requirements increase the development cost
[207]. This facet records which product requirements were considered in arriving

at cost estimates.
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FIGURE 7.6: Cost estimators dimension

o Distributed teams’ distances: The geographical, temporal, and socio-cultural dis-
tances between global development teams increase the development cost due to

the increased complexity of the collaboration and communication [4].

7.5 Threats to validity

The results of the proposed taxonomy may have been influenced by the coverage of the
study search, and also the inaccuracy in study data extraction. Four types of validity

threats [156] of the study results are therefore discussed in the following subsections.

Construct validity is concerned with issues that may arise due to poor gathering and
recording of data, also, exactitude of the interpretation of the concepts studied and the
completeness of the relevant studies collected. In this study, the data identified and
aggregated are extracted from the previous SLR (Chapter 4) and survey (Chapter 6).
The extracted data was used as main input to the taxonomy designed in this study.
To ensure the correct interpretation of these data, we checked the contributions of the
concepts in related literature and all the authors discussed these data in order to reach

a consensus as to their use and contribution.
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Internal validity is concerned with analyzing extracted data. Threats to internal va-
lidity are important as our study does not present an evaluation of the taxonomy. In
future studies, we plan to evaluate and assess the taxonomy by using it to characterize

estimation cases from the literature and the industry.

Conclusion validity is to ensure that reasonable conclusions are drawn on the basis of
data collected and that problems such as the bias of researchers do not lead to incor-
rect conclusions. We used a taxonomy design method to systematically organize the

knowledge on software cost estimation for GSD as taxonomy in a systematic manner.

External validity is concerned with the representativeness of the selected studies as
regard the overall goal of the study. The results of this study were considered with regard
to the cost estimation for GSD projects. These results can serve as a starting point for
researchers and practitioners working in this field to further improve the completeness

and usefulness of the proposed taxonomy.

7.6 Conclusion

The development of taxonomies helps to structure, generalize and share existing knowl-
edge and to advance research [195]. We have organized the existing body of knowledge
on cost estimation in GSD as a taxonomy. The taxonomy has been systematically devel-
oped by following a taxonomy design method. One research question was addressed by
incorporating five dimensions to organize knowledge on cost estimation for GSD projects.
The main usage for our taxonomy is to provide a basis for researchers to classify their
own studies and related studies on cost estimation for GSD field. These taxonomy could
therefore be used as a tool to develop a cost estimation knowledge repository to better
understand and improve the cost estimation practice in the global development context

in the long term.

The usefulness of the taxonomy has not been demonstrated in the study. We plan
to apply the developed taxonomy on data extracted and reported in the literature to

characterize cost estimation cases.



Chapter 8

Conclusion and perspective

This chapter analyses the work presented and its limitations and summarizes the research
findings. Section 8.1 details the research carried out during this thesis, section 8.2
presents the contributions of this thesis to the fields of GSD, SPM and SCE and section

8.3 concludes this thesis by pointing out future areas of research.

8.1 Summary of carried out research

In Chapter 3, we reported an SMS that explored what approaches support SPM activ-
ities in GSD. The study provided first an overview of the research area and identified
84 relevant studies related to SPM approaches used in GSD. The study identified the
publication source and frequency of relevant literature and determined its research type
and approach. The selected studies provided a list of SPM activities for GSD projects
which were classified according several knowledge area. A list of benefits and limits of
the use of approaches in SPM for GSD were classified according each type approach.
The study determined a lack of approaches that support communication, coordination,

collaboration and performance in GSD projects.

In Chapter 4, we conducted an SMS of cost estimation in the context of GSD projects.
The study served both research and practice. The SMS identified a wide spectrum
of software estimation techniques, activities and cost drivers for GSD projects. The
selected studies provided software cost contribution as regards cultural, language and
time zone differences, which are directly related to making the achievement of globally

performed software projects.

In Chapter 5, we conducted an SLR to identify software cost attributes for GSD available

in literature. We applied a refined search strategy by (i) expanding the search terms
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used, (ii) including digital libraries to be queried and (iii) using quality assessment as a
study selection criteria. The list of identified cost attributes provides an initial validation
of the results. The proposed framework was divided into three categories based on the

SEI taxonomy.

In Chapter 6, we assessed the relevancy of the items composing the framework proposed
in Chapter 5 using a questionnaire based survey. The results of the survey ranked the
importance of each according to practitioners while interpreting results differences be-
tween project managers and developers. The framework still can be further ameliorated

through iterative surveys and feedback from case studies.

In Chapter 7, we built a taxonomy to organize the knowledge on software cost estimation
for GSD projects. The proposed taxonomy offered a faceted classification scheme to

characterize cost estimation activities of distributed projects.

8.2 Contributions of the thesis

In a GSD context, this work investigated the state of research in the area of SPM and
more specifically software cost estimation activities. A framework to identify software
cost attributes in a GSD context was subsequently proposed. The framework was pop-
ulated through an SLR and validated by researchers and industry practitioners through
a questionnaire - based survey. This thesis has made the following contributions to the
fields of GSD, SPM and SCE:

1. A summary of research knowledge concerning the usage of approaches
when managing GSD projects:
The emergence of GSD as a new software development paradigm has prompted
many researchers to investigate the use of approaches in GSD context manage-
ment. Researchers analyzed existing approaches to investigate their impact on co-
ordination and collaboration. By using a systematic study and a carefully crafted
search strategy, we were able to identify a significant number of relevant publi-
cations ranging from the year 1998 to the year 2015 and report on this research
area’s landscape. On one hand, the information provided can be help academi-
cians wishing to expand their research to GSD by pointing out relevant venues for
publication and involving collaborative research groups. On the other hand, it can
be beneficial to industry practitioners wishing to get involved in GSD activities.

It highlights and describes the benefits and limits that can be faced by software
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companies. In particular, project managers are advised to consider the list of ap-
proaches and their characteristics when selecting the approaches to be used when

carrying out SPM activities.

2. A comprehensive software cost attributes framework intended for GSD
context:
Concerned by the lack of approaches supporting SCE activities in the context of
GSD, we intended to develop a framework for this purpose. First, through a sys-
tematic approach, we collected software cost attributes included in the literature.
Then, we classified the various items into easily manageable categories. Next, we
validated the proposed framework using a survey of researchers and practitioners.
Finally, we used the resulting software cost attributes framework to construct a
SCE taxonomy for GSD context. In our opinion, and to the greatest extent of our
knowledge, there are no other taxonomies that use the latest research evidence
and are intended by project managers for GSD use. We believe this taxonomy, to

be a well welcomed addition to the arsenal knowledge by GSD project managers.

8.3 Future work

The results of this research can be used specifically in relation to software cost estimation
as an essential basis for further research in the area surrounding GSD. We identified the

following probable future studies:

1. Assess the effects of software cost attributes:
While there are definitely some occurrences of empirical evidence of the effect of
attributes in software cost estimation, there are almost none that document the
effect of the appropriate software cost attributes on GSD context. In order to en-
hance the contribution of the proposed software cost attributes, it is recommended
to keep assessing the list of appropriate attributes using either the evidence pro-
vided in relevant literature, by conducting experiments or using reports of case
studies. In this regard, the authors intend to keep using empirical data to further

enhance the accuracy of software cost estimation approaches.

2. Extend a software cost estimation taxonomy for GSD:
The list of dimensions in our taxonomy does not represent an exhaustive list of
relevant dimensions related to software cost estimation for GSD. Therefore, we
intend to conduct further investigation to identify other dimensions that could be
incorporated into the taxonomy, so that GSD projects could be classified in a more

comprehensive way. More specifically, we intend to identify dimensions related to
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how software cost estimation approaches are framed in GSD projects and how

these factors relate to the cost of GSD projects.
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Appendix A

Detailed results of the SMS
presented in Chapter 2

Appendix A provides detailed results of the SMS presented in Chapter 2.

Table A.1 shows the results per source after the inclusion and exclusion process.
Table A.2 shows a five-level quality classification.

Table A.3 shows the publication channels.

Table A.4 presents the journals and conferences in which the papers selected for this
SMS were published.

Table A.6 presents the list of the selected papers with detailed information on their

classification results and quality assessment.
Table A.7 provides a summary of SPM activities for GSD.

Table A.8 emphasises the benefits and limits of the main approaches in SPM for GSD.

TABLE A.1l: Source results

‘ Sources ‘ Relevant studies ‘ Selected studies ‘
| IEEE Digital Library | 133 | 52 |
| ACM Digital Library | 52 | 15 |
‘ Science Direct ‘ 28 ‘ 9 ‘
‘ SpringerLink ‘ 5 ‘ 3 ‘
‘ Google scholar ‘ 21 ‘ 5 ‘
| Total | 239 | 84 \

128
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TABLE A.2: Quality levels of relevant studies

‘ Quality level ‘ Papers ‘ Percent (%) ‘
‘ Very high ( 4 < score < 5) ‘ 13 ‘ 15.5 ‘
| High ( 3 < score < 4) | 26 | 30.9 |
| Medium ( 2 < score < 3) | 24 | 28.6 |
‘ Low (1 < score < 2) ‘ 19 ‘ 22.6 ‘
‘ Very low ( 0 < score < 1) ‘ 2 ‘ 2.4 ‘

TABLE A.3: Publication channel

| Publication channels | Selected papers | Percent (%) |
‘ Conference ‘ 50 ‘ 59.5 ‘
‘ Journal ‘ 29 ‘ 34.5 ‘
‘ Workshop ‘ 5 ‘ 6 ‘

|

| Total | 84 | 100
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TABLE A.4: Distribution of selected studies: Journal (J) and Conferences (C)

‘ Publication channels ‘ Type ‘ Papers ‘ Total ‘
IEEE Software J [208], [209], [210], | 6
[77], 211 212]
Information and Software Technology | J 8], [ 213 [101], [87], | 5
[214],
| Empirical Software Engineering | J | [88], [215], [216] |3 |
‘ Information Systems Management ‘ J ‘ [125] , [217] ‘ 2 ‘
International Conference on Global | C [113], [218], [219], | 20
Software Engineering (ICGSE) [220], [89], [221],
112], [130), [222),
[116], [228], [131],
224, [225), [81],
[72], [121], [226],
[218], [178]
Electrical and Computer Engineering | C [132], [122] 2
(CCECE)
Annual Hawaii International Confer- | C [129], [133] 2
ence on System Science
International Conference on Software | C [135], [118] 2
Engineering (APSEC)
Science and Information Conference | C [227], [228] 2
(SAI)
‘ Others ‘ — ‘ — 15
TABLE A.5: Acronyms used in Table A.6
‘ Acronyms ‘
‘ Research Type H Research Method H Approach ‘
Evaluation Research | E.R. || Case Study | C.S. || Data Mining Technique | D.M.T.
Solution Proposal S.P. || Experiment | Exp. || Framework F.

Experience Expe.|| Survey Sur. || - -
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TABLE A.6: Mapping questions and quality assessment

Paper | Classification ‘ Quality assessment ‘

Ch.  Year Research Research  Approach (a) (b) (c) (d) Score

Type method

[101] || J. 2013 Review C.S. Method |2 1 1 1 5 |
[210] || J. 2006 ER. Review  Model 2 11 1 5 |
[209] || J. 2004 S.P. C.S. Process |2 1 1 1 5 |
[212] || J. 2005 S.P. Cs. Process |2 1 1 1 5 |
[77) || J. 2001 Expe. C.S. Method |2 1 1 1 5 |
[24] || J. 2003 ER. Sur. Method |2 1 1 1 5 |
[87) || J. 2013 ER. Sur. F. 2 1 1 1 5 |
[214] || J. 2011 ER. CsS. Method |2 1 1 1 5 |
[84] || J. 2013 S.P. CS. Model 151 1 1 45 |
[135] || C. 2005 Expe. C.S. Method |15 1 1 1 45 |
[71] || J. 2014 S.P. C.S. Method |15 1 1 1 45 |
[199] || J. 2014 Expe. CsS. Method |15 1 1 1 45 |
215] || J. 2010 S.P. CS. Method |15 1 1 1 45 |
8] || J. 2006 Expe. C.S. Method |2 1 0 1 4 |
[208] || J. 2006 Expe. C.S. F. 2 1.0 1 4 |
[111] || €. 2007 S.P. CsS. D.M.T. 11 1 1 4
229] || C. 2010 E.R. CsS. Method |1 1 1 1 4 |
[230] || C. 2012 ER. C.S. Method |1 1 1 1 4 |
213] || J. 2012 ER. Review  F. 2 1 1 0 4 |
231] || J. 2008 ER. C.S. Method |1 1 1 1 4 |
216] || J. 2014 S.P. C.sS. Model 11 1 1 4|
232] || J. 2014 Expe. CsS. Method |2 1 0 1 4 |
232] || J. 2014 Expe. CsS. F. 2 1.0 1 4 |
[226] || C. 2006 Expe. C.S. D.M.T. 051 1 1 35 |
[124] || W. 2012 ER. C.S. D.M.T. 051 1 1 35 |
[113] || C. 2011 S.P. CsS. Method |05 1 1 1 35 |
[72] || C. 2006 ER. CsS. Process |05 1 1 1 35 |
[121] || C. 2006 E.R. C.S. Method |05 1 1 1 35 |
223] || C. 2008 ER. C.S. Process  [051 1 1 35 |
[131] || C. 2011 Expe. Exp. Method |05 1 1 1 35 |
[133] || C. 2006 ER. C.S. F. 151 0 1 35 |
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Paper ‘ Classification ‘ Quality assessment ‘

Ch.  Year Research Research  Approach (a) (b) (c) (d) Score

Type method

[112] || C. 2010 ER. Sur. D.M.T. (051 1 1 35 |
[116] || C. 2011 ER. C.S. Method |05 1 1 1 35 |
220] || C. 2007 E.R. CsS. Other 051 1 1 35 |
[122] || C. 2006 S.P. CsS. D.M.T. (051 1 1 35 |
233] || W. 2009 ER. Sur. Method |15 1 0 1 35 |
[89] || C. 2010 ER. Sur. Model 051 1 1 35 |
[234] || C. 2012 S.P. CS. F. 051 1 1 35 |
[114] || C. 2006 ER. Sur. Model o 1 1 1 3 |
[136] || J. 2010 ER. Exp. Method |1 1 0 1 3 |
235] || C. 2006 Expe. C.S. Method |1 1 0 1 3 |
211] || J. 2001 ER. C.S. F. 2 0 0 1 3 |
[29] [ C. 2013 S.P. CsS. D.M.T. o 11 1 3 |
236] || C. 2001 ER. C.S. Model 11 1 0 3 |
[228] || C. 2015 ER. CS. F. o 1.1 1 3 |
[227] || C. 2015 Review  Theory  Other o 11 1 3 |
[79] || J. 2010 ER. Sur. Process |2 0 0 1 3 |
[115] || W. 2012 S.P. Exp. Model o 1.1 1 3 |
237] ||J. 2013 ER. C.S. Method ~ [150 0 1 25 |
[178] || C. 2015 ER. Exp. Method |05 1 0 1 25 |
[218] || C. 2009 ER. CS. Model 051 1 0 25 |
219] || C. 2009 E.R. Sur. Method |05 1 0 1 25 |
238] || C. 2002 ER. C.S. Other |1 050 1 25 |
[88] || J. 2010 ER. Theory ~ Process  [150 0 1 25 |
239] || C. 2007 S.P. C.S. Method |05 1 0 1 25 |
21] ||J. 2009 ER. Theory ~ Model 150 0 1 25 |
25] || C. 2006 ER. CsS. D.M.T. 051 0 1 25 |
[240] || C. 2013 ER. CsS. Model 051 0 1 25 |
[132] || C. 2004 ER. CS. Method |05 1 0 1 25 |
224] || C. 2011 Expe. C.S. Process ~ [051 0 1 25 |
[81] || C. 2011 ER. CsS. Model 051 0 1 25 |
[118] || C. 2000 ER. Theory ~ Method  [051 1 0 25 |
[241] | C. 2010 E.R. C.S. D.M.T. o 1.0 1 2 |
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Paper ‘ Classification ‘ Quality assessment ‘

Ch.  Year Research Research  Approach (a) (b) (¢) (d) Score

Type method

[113] || C. 2011 ER. C.S. Model o 1.0 1 2 |
[162] || C. 2005 ER. CsS. Method |1 0 0 1 2 |
[221] || C. 2009 ER. Sur. Process |05 050 1 2 |
242] || C. 2009 E.R. C.S. Method [ 05050 1 2 |
[120] || C. 2008 ER. C.S. Other 05050 1 2 |
[243] || W. 2012 ER. Exp. Method |0 1 0 1 2 |
[244] || C. 2012 ER. C.S. Other o 1.0 1 2 |
[123] || C. 2009 E.R. C.S. Method [0 1 0 1 2 |
[129] || C. 2003 S.P. CsS. Model o 1.0 1 2 |
[117] || C. 1998 ER. CsS. Model o 1.0 1 2 |
[245] || J. 2015 E.R. C.S. Method |1 1 0 0 2 |
[125] || J. 2010 ER. CS. D.M.T. 050 0 1 15 |
[130] || C. 2008 ER. C.S. Other 050 0 1 15 |
[246] || J. 2013 ER. Exp. Method |05 1 0 0 15 |
218] || C. 2009 Other  Theory  Other 051 0 0 15 |
222] || C. 2009 E.R. C.S. Method ~ [050 0 1 15 |
[225] || C. 2012 S.P. CsS. D.M.T. 051 0 0 15 |
[80] || W. 2007 ER. Exp. Process |05 0 1 0 15 |
[247] || C. 2008 E.R. Sur. Method [0 1 0 0 1 |
[75] || C. 2009 ER. C.S. Model o 1.0 0 1 |
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TABLE A.7: SPM activities for GSD
Knowledge area Activities No of | Papers
papers
Project integration Coordination 13 [124], [239], [221],
management Organization [231], [122], [234],
Decision management [81], [162], [247],
21), [231], [223],
[228]
Project scope management | Knowledge management 8 [80], [209], [210],
Requirement management [230], [210], [237],
[242], [233], [246]
Project time management | Planning and scheduling 7 [208], [113], [114],
Time estimation [120], [232], [117],
[248],
Project cost management | Cost estimation 8 [112], [25], [226],
Effort estimation [248], [178], [214],
[211], [29]
Project human resource Collaboration 10 [219], [130], [222],
management Team management [133], [136], [77],
[115], [131], [244],
[125]
Project communication Communication 19 [218], [220], [238],
management Cooperation [223], [224], [215],
[135], [241], [24],
243], [118], [116],
[72],  [8], [121],
[132], [101], [236],
[
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TABLE A.8: Benefits and limits of the use of approaches in SPM for GSD (MQ7)

Type Approach ‘ Benefits (4) and limits (-) Papers ‘
Method Agile based management (+) Facilitates task coordination and allocation decisions. [113], [243],
method: (+) Brings transparency of work progress to all partners and [230], [122],
Scrum provides a good picture of how the project is progressing. [246], [215],
Extreme programming (-) Difficulties in transferring the context to different projects [8], [121],
Feature Driven Development even within the same organisation. [132], [237],
Crystal [217]
Flow mapping (4) Incorporates communication at all stages of the project. [116]
(4) Makes it easy to plan and manage communication, espe-
cially when team building takes place.
(-) Becomes out of date (as regards maintaining the visual-
isation of the Flow map) and the execution of conformance
analysis is very expensive.
Change management method (4) Helps to organise and track development work. [24]
(4) Provides mechanisms with which to version the code and
some ability to manage concurrent changes in a structured
way.
(4) Makes it easy to find and contact an appropriate expert,
using change history data.
(-) Slows the work down.
VTManager (+) Provides a set of effective guidelines and activities for [136]
training, developing and managing.
(+) Can be adapted to different circumstances that usually
arise in global software projects.
(4+) Determines effectiveness and efficiency: gathers and
analyses data in the time needed for preparation and launch
(-) Difficulties in applying it to different types of teams.
Knowledge Management (+) Simplifies the process of sharing, distributing, creating, [233], [230]
capturing and understanding the company’s knowledge
(4) Allows team members to revisit and further understand
the data at a later time.
(4+) Provides correct and complete understanding of the
needs, and effectively contributes to the growth and utili-
sation of knowledge.
(-) The uninterrupted commitment of the team is vital for
cooperation.
Earned value management (4+)Measures project performance and progress. [123], [249]
(EVM) (4+) Presents important participants to administration of
project contracts.
(-) Requires sufficient project management knowledge, train-
ing and experience.
Model Estimation models: (4) Permits the recording of difficult decisions that must be [112], [29]
Planning Poker based model made in the management of GSD.
Function points based model (-) It is not possible to correlate the estimation model in
Use case points based model use with the number of locations involved in a distributed
project
Multi-criteria decision model (4) Describes the interactive process of modelling used to [113], [248]
develop the project in detail.
(4) Helps to facilitate forward movement during group dis-
cussions.
(-) There is a lack of information on the globality of the tasks
when dividing the project into independent tasks.
CMMI (4) Analyses potential Causes of Weaknesses and defines Im- [75], [123],
provement Goals. [81]
(-) Needs good awareness of the problems to find solutions
and design a new model.
COCOMO (4+) Minimises cross-site communication and facilitates [111], [25]
communication among remote collaborating teams.
(+) Widely used and accepted internationally and by
organisations of all sizes for estimating cost of software
projects.
(-) Needs an extra effort for the understanding of what is
behind the data.
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Type

Approach

| Benefits (+) and limits (-)

| Papers

Procura

(+) Allows planning and scheduling of agent-based design
projects in a hierarchical top-down approach.

[117]

CoMo-Kit

(+) Improves the processes by means of descriptive modeling
and implements methodologies for project planning.

[117]

Global Teaming Model

(+) Ensures consistency and compatibility among recom-
mendations, and avoids conflicting strategies.
(-) The knowledge base of the model needs more refinement.

[115]

GSD model

(+) Provides the ability to explicitly represent the process
structure and mechanisms used to transfer work products
and to coordinate activities in GSD.

[242]

Hybrid simulation model

(4) Exploits the efficiencies of standard schemas and repre-
sentations to support project planning and process improve-
ment in distributed projects.

(-) Needs real-world data in order to calibrate the model to
a specific project.

[210], [114]

Process

Delphi

(+) Collects responses and factors from the difficult deci-
sions identified in GSD management (assigning work pack-
ages, choosing coordination mechanisms and tools, selecting
internal personnel).

(4) Attempts to obtain a consensus from a group of experts
using repeated responses from questionnaires and controlled
feedback.

(-) A meaningful group of experts must be identified and
managed in time.

[125]

Software Process

ment

Improve-

(4) Helps organisations to develop higher-quality software.

[230]

Data
mining
technique

quadratic assignment proce-

dure (QAP)

(+) Runs the correlations and multiple regression analyses
as regards communication.

(-) Provides sensitive results for particular methods and op-
tions implemented in standard software packages.

[226]

GA and MOEA

(+) Evolve the most optimum allocation pattern considering
the project goals.

(+) Help the project manager by balancing various objectives
and generating sets of optimised schedules for each individual
team member.

(-) Need to be enhanced for multiple project situations

[122], [225]

Fuzzy similarity

(4+) Determines the similarity score among the knowledge
components.

(-) Similarity measures are affected by irrelevant factors, thus
decreasing the estimation accuracy.

[241]

Case-Based Reasoning (CBR)

(4) Solves problems of application of knowledge in GSD us-
ing previous solutions stored in the system
(-) Lack of flexibility of the knowledge representation.

[124]

Framework

Resource Based View (RBV)

(+) Identifies the key project management capabilities asso-
ciated with offshore application development.

(4) Provides richness and depth of information.

(-) Has a limited ability to provide any reliable predictions.

[133]

Dynamic Capabilities

(4) Improves the resources to better meet the needs of a
changing competitive environment.

[133]

Information Quality Manage-
ment Framework (IQMF)

(4) Assessment and improvement of the data/information
quality within the GSD Project Management

[75]
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