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1. INTRODUCTION

During the past decades, software engineering has undergone several changes each of which has
opened a new avenue to the software development process. Meanwhile, the advent of the Internet and several
Internet-based software services caused the demand for software products to increase significantly. Over
recent years, the software market has tended toward the fast delivery of software products. Accordingly, the
application of new approaches, as well as efficient technical techniques has received lots of attention from
software teams and companies.

In recent years, two new approaches have been considered in software development. The first
approach is Agile software development (ASD) and the second is GSD. In the early 21% century, new methods
of software development called Agile methods were introduced to the industry [1]. Unlike traditional methods,
these methods created completely different values and characteristics in software development [2]. Agile values
remove precise agreements and replace them with flexibility in changes acceptance.

Additionally, they put individuals and human interactions versus processes and tools and replace heavy
documentations with workable software. In these methods, not only the customer is not against the team, but also
as a member of the development team and besides them helps with high-quality product development.

On the other hand, with the advent of the Internet and the possibility of remote accesses, development
processes have also undergone changes. The development teams, which were busy with performing their duties
in a place, were dispersed, and the possibility to use the capabilities and expertise of individuals in a team, each
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of them lived in a corner of the world, was provided. This way, the possibility of remote production of software
was provided and the global and distributed development methods were created [3]. The advantages of GSD
methods, such as employing individuals with various skills and capabilities, the reduction of development costs
and time have encouraged software teams to use these methods.

The advantages of GSD methods have led to the interest of software development companies in this
approach, and as developers are highly interested in Agile methods, the use of Agile methods in the GSD was
proposed [4]. Considering differences and sometimes the contradictions of these two categories in nature and concept,
the combination of them has received attention as a challenge. For example, the Agile approach has emphasized the
deployment of a development team in a place, while this is exactly the basis of the GSD definition. Therefore, at the
first glance, the composition of this contradiction seems impossible [5], but researchers and professionals in this area
have made attempts to put in practice the solutions for Agile deployment and proposed various methods.

After presenting strategies and methods for GSD using Agile methods, the need to study the quality
level of Agile methods deployment and the rate of adaptation to them was proposed in the GSD so that
companies and development teams can assess the rate of their success in adapting and using Agile methods in
global teams and try to make the deployment process better. Research studies conducted in this area show
that there is no qualitative model or tool to measure the degree of companies' adaptation to these methods in
distributed settings or the success of deploying these methods in these settings. Therefore, attempts were
made in this study to propose an appropriate assessment model in this area in order to resolve this challenge.

The rest of this paper is organized as follows: Section 2 has to do with the introduction of GSD and
ASD and their important aspects. Section 3 is dedicated to the introduction of the most important related
works. Section 4 presents the performed stages of this study. The obtained results and the proposed model are
analyzed in Section 5. Finally, a brief conclusion of the study is presented in Section 6.

2. BACKGROUND

The GSD and Agile global software development (AGSD) are two concepts that have somehow
received attention over the past years. In the following, these two approaches are introduced and their
different aspects are shown.

2.1. GSD

Over recent years, the software has become an integral part of businesses and the lives of
communities' individuals. About one decade ago, following the endeavor to reduce costs and access to
individuals' skills, software development companies turned to remote software development. Companies can
now use the skills of specialists and professionals all around the world.

The GSD was proposed in the early 21% century and caused changes in the software industry area
[6]. Software companies and organizations tended to use global resources and time intervals to improve
productivity and efficiency. Resources such as high-level synchronous communication tools, including
phones and instant messages [7], or non-synchronous tools such as email, as well as recent technologies to
develop offsite communications as quickly as possible have become available in recent years [8]. This
encourages companies and organizations to make use of the benefits of GSD. The aim of software companies
is to produce higher quality products with lower development costs and increase business productivity, and
the GSD will make it faster and easier to attain this goal.

There are several advantages to GSD, most notably the reduction of costs, access to a wide range of
multi-skilled workforce, reduction of market-entry time, proximity to market and customer, and sharing
knowledge and experiences [9]. In addition to the above-mentioned advantages, several challenges have been
mentioned in this regard. The most important of these challenges are the geographical distance, cultural
differences, inappropriate interactions, and language differences [10, 11].

2.2. AGSD

In the 21% century, the software was seriously affected by globalization. The computer companies
were quickly interested in this area and set targets such as the reduction of costs, access to a skilled
workforce, etc., and began their endeavor to resolve the inherent challenges of this paradigm [6]. Parallel to
the tendency toward GSD, the software industry has also tended toward Agile methods in recent years and
with the introduction of Agile methods [12]. GSD and ASD are two approaches in the area of software in the
21st century. Considering several advantages of the above-mentioned approaches, the use of Agile methods
and their practices in the area of GSD was introduced as AGSD [13, 14]. Some researchers have investigated
the application of Agile practices in the area of GSD and stated its strengths and weaknesses [15].

The GSD achievements in software development had to a large extent embraced the concepts of
lightweight techniques. The characteristics of Agile methodologies such as lightweight documentation, short

Indonesian J Elec Eng & Comp Sci, Vol. 21, No. 1, January 2021 : 367 - 376



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 ) 369

iterations, rapid broadcasting, sprints, the use of evolutionary concepts, and support for constructive
interactions in GSD settings lead to better results [16]. The above-mentioned characteristics for Agile
methods on the one hand, and the advantages offered by GSD to the software production industry like e.g.,
employing skilled workforce, reduction of costs, knowledge sharing, etc., on the other hand, led to a tendency
toward taking advantage from both concepts simultaneously.

From another perspective, in GSD methods, team’s individuals are not only geographically away, but
also differ in terms of time delay, and socio-cultural and sometimes political differences. These are inconsistent
with Agile principles which always emphasize on integrated setting and the team deployed in a place [17]. Agile
teams believe in the presence of team members in a commonplace with small numbers because Agile thought
believes in face to face interactions, but in global development teams, this is simply not possible because
geographical distances of members inhibit the incidence of this important issue. Additionally, these
geographical distances challenge the possibility of forming a team at a common place [18]. In addition to these
cases, it is necessary to consider challenges caused by time, geographical, and cultural differences which may
lead to the uncertainty felt by team members on the one hand, and the difficulty in establishing a relationship on
the other hand. Despite the above, some researchers believe that the combination of these two categories and the
use of the added value resulting from the combination of these two concepts are difficult [19].

Agile methodologies believe in continuous iterations and the production of multiple versions of
software products, and this may make it difficult and complicated the possibility to use these methods globally
[11, 20]. It is difficult to hold regular daily meetings to control the ready to release version in a distributed team
because the coordination between team members to participate in daily meetings is very difficult due to time
differences. This is felt more when there are many time differences. In the view of Leffingwell [21], the use of
Agile methods in the global and large teams working on projects with a long life span is not suitable.

Certainly, there are some problems and limitations to the use of Agile methods in GSD teams
[11, 22], but a large number of companies tend to use this opportunity despite these challenges, and some of
them have used these opportunities and good results have been achieved [8, 13, 21]. What is important is that
in what areas the companies should try to achieve better success.

3. RELATED WORKS

At first glance, the integration of Agile methods and GSD may seem strange and impossible, and
many challenges may lie ahead of this path [3]. For example, one of the challenges is that Agile methods
emphasize the close interactions and communications of team members with each other and the customer,
while GSD points to the lack of team deployment and focus in a region. Besides several studies pointing to
the challenges of AGSD [23-25], some researchers have also proposed solutions to use the Agile approach in
GSD. It should be noted that AGSD is subject to the challenges reported for ASD too and providing the
facilitators proposed for ASD would be beneficial for AGSD too [26-29].

Among research studies done in the area of employing the Agile approach in distributed development
teams, we can refer to [30]. In this study, the authors did a comparative study in Agile methods. Among this
paper's achievements were the presentation of some practices for Agile deployment in the GSD. These practices
include certain working hours, the use of multiple strong communication channels between team members in
order to strengthen interactions such as social networks and written, audio, and video conversation
infrastructures, and formation of working teams with the close geographical area for maximum coordination.

In another study, the authors investigated the problems under discussion in the GSD using the Agile
method and discussed this problem from the perspective of geographical distances [3]. At first, they
addressed some challenges such as limited interactions, failure to communicate in the face to face form, etc.,
and then, presented a framework to solve these problems. They suggested that translation and interpretation
tools are used to resolve the problems caused by language differences, and electronic tools such as chat
panels are used to resolve reaction problems.

Vallon et al. [31] conducted a systematic review in order to investigate practices affecting the
AGSD from 1999 until 2016 and determined the most important of them. The results of their study showed
that scrum methods and the combination of scrum and XP are the most popular Agile methods. Additionally,
from 1999 to 2009, XP exercises have been the most widely used Agile practices, while in a period between
2010 and 2016, scrum as the most important Agile method has been used in the area of GSD, and some of its
practices were used toward Agile deployment in the GSD.

In their research study, Kalluri et al. [32], investigated the role of Agile methods in the GSD and
studied the advantages and challenges in this regard. In his study, they have expressed some effective
practices in the deployment of Agile in global development teams. Some of the effective practices are pair
programming, short broadcasting, customer feedbacks, and requirements gathering.
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In another study conducted by Vallon et al. [33], a framework was proposed for AGSD. The
framework mentioned in this study has been presented in three categories, and in sum, it has used 29 Agile
practices. Additionally, this framework includes 10 guidelines. Based on geographical regions, the
classification intended by this study includes three groups of 1- two sites in a city, 2- two sites in different
cities of one country, and 3- three sites in different countries of the Europe continent.

In their research study conducted in 2018, Lampropoulos and Siakas [34] introduced the best
practices toward Agile distributed teams with a communication approach. In their research study, they
pointed to self-organization, short broadcasting, small teams, the use of social networks and communication
applications and acceptance of multicultural education as practices that are suitable for the configuration of
global development teams. They also pointed to challenges lying ahead of communication in global Agile
development teams and proposed some solutions to resolve them like e.g., holding daily meetings using
audio and video tools in the social networks to make the team members more familiar with each other and to
create the feeling of being in a single team.

Estler et al. [35] conducted an experimental study on global industrial projects. They divided the
projects into two groups of Agile and structured groups and investigated their related data. They found that the
project and development team will face no challenge by the use of Agile methods instead of structured methods.
Their criteria in this comparison were synchronous interactions, team motivation, and the costs of the project.

As countries such as Pakistan, India, and Malaysia are countries active in the area of GSD, Tahir and
Menarvi [36] investigated the GSD challenges in their study using the Agile method and proposed a solution to
resolve the problems. In their solution, they considered cultural, geographical, and structural similarities and
general grounds to reduce the effect of challenges. Some of the studies are expressed in brief in Table 1.

Table 1. The most important studies conducted on the improvement of GASD deployment

Ref. Research topic Research achievement Weaknesses
[23] challenges of integration of Agile investigation of challenges in Agile software failure to present solutions to
and GSD development, such as face-to-face communication resolve the challenges

versus telecommunications
proposing a solution to reduce the effect of
challenges given the cultural and geographical
aspect
proposing effective Agile practices in the area of
interactions and communications

lack of attention to all aspects of
GASD

[36] investigation of GSD challenges

failure to propose a framework
showing how to use practices

[30] comparative study on Agile
practices in the GSD using
communication approach

the paper is only a literature
review and has no practical
achievement
failure to determine how to apply

[31] investigating Agile effective
practices in the GSD

presenting the most important and most popular
Agile methods used in the GSD

[32] the role of Agile methods in the proposing effective practices in the research area

GSD Agile practices
[33] proposing a global framework for  aconceptual framework applicable in AGSD lack of framework validation in
AGSD real environments
[34] AGSD using social networks proposing Agile communication-related practices failure to refer to the negative
using communication tools of social networks points of using social networks in
the workplace
[35] experimental study of global classifying projects into an Agile group and a limitation of the comparison

industrial projects

structured group and making a comparison between

criteria

them

As it has been shown in the existing research studies, all researchers have presented a solution for
Agile deployment in the GSD, and have proposed models or frameworks in this regard, but none of them has
investigated the quality and the way of deployment and adaptation to the AGSD. Obviously, presenting a
solution alone regardless of how effective and successful it can be in deploying Agile in global teams will
confuse teams in their next choices and application of different methods. The aim of the current research is to
propose a solution to assess the quality of deployment and adaptation to the Agile methods in the GSD.

4. RESEARCH METHODOLOGY

In order to obtain the assessment model of Agile adaptation quality in GSD, the steps shown in
Figure 1 were performed. First, the qualitative features that were applicable in this area in the view of
previous researchers were extracted by reviewing the literature. Then a questionnaire containing these factors
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was provided and a community of professionals was asked to give their opinions to confirm or reject these
factors in the form of a five-point Likert scale (1 to 5). After the final list of factors was determined, 13
software professionals with the experience of deploying Agile in distributed settings were asked to participate
in a survey and weigh the selected features based on the analytic hierarchy process (AHP). In the next stage,
the final model was developed and used in a case study.

Literature Feview

)\

CQuality Features
Extraction

)\

Features Valdation

)\

Weighing Features

\

Develop the Model
Structure

)

Model Validation

N

Uszing i a Case Study
and recefving feedback

Figure 1. The research steps

5. DATA ANALYSIS
The review of the literature showed 20 qualitative factors in assessing the quality of adaptation to
Agile in GSD. These factors can be divided into four main groups, as shown in Figure 2.

‘ Quality of Agile
Adoption in GSD
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Figure 2. The appropriate qualitative criteria to assess the rate of success in adaptation to the AGSD
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5.1. Features validation

In order to validate the above-mentioned features, an electronic questionnaire was used and about
140 professionals with the experience of participating in ASD in the distributed settings were invited. The
respondents gave their opinions on the validity of each of the criteria in the form of a number between 1 and
5. Following up repeatedly, finally, 103 responses were received. In order to investigate the questionnaire
reliability, Cronbach’s alpha test was used. According to this test, the alpha coefficient >0.7 indicates that the
questionnaire reliability is acceptable. Table 2 shows the values of this coefficient for the selected factors.
These values indicate the proper reliability of the questionnaire. The analysis of the received responses using
SPSS showed that all qualitative factors have a mean higher than 3, indicating their approval by the research
participates. Table 3 presents these values.

Table 2. Cronbach’s alpha coefficient for selected features

NO Feature category Cronbach’s alpha
coefficient
1 process 0.83
2 organization 0.78
3 culture 0.89
4 physical infrastructure 0.92
5 all Features 0.83

Table 3. The mean and standard deviation of the value of qualitative features

Category Feature Mean  Std. Dev
process group decision making 4.1 0.31
external evaluations 4.0 0.43
identical iterations 4.4 0.32
global retrospective meeting 4.5 0.32
task dependency 3.7 0.54
continuous integration 4.1 0.45
identical methodology 3.7 0.65
proximity to customer 4.3 0.62
work experience between teams 3.3 0.29
organization communications between teams 4.3 0.23
unified organizational management 3.8 0.43
global management 3.6 0.33
the maturity of teamwork 3.7 0.2
culture trust between teams 45 0.13
different organizational culture 41 0.14
different social culture 4.3 0.44
physical team geological distance 4.1 0.33
infrastructure  infrastructure of team communications 36 0.42
different time offset 3.7 0.32
different human language 3.4 0.44

5.2. Features weighing

Features were weighed using the professionals' opinions after confirming features validation. This
stage was performed using the AHP technique. To this purpose, 13 professionals with proper experience in
the research area were asked to help. Considering features classification, it was required to assign specific
weight to each of the variables in their group. This weight was assigned due to the pair-wise comparison of
each variable with members of its family by professionals. According to multi-criteria AHP principles, the
weight of the comparison between the two variables was between 1 and 9. Data received from these
researchers were analyzed using expert choice software. The above-mentioned software used to analyze the
received data is one of the most well-known tools in this area. The proposed classifications, and after that, the
validated features were asked from professionals like the following example.

[ALefel7els[#]]2]t[2[2]4[s[e[7[8]°]®]

In order to validate the obtained results from the AHP technique, an index called “inconsistency
rate" is considered. If this index is less than 0.1, there is an acceptable consistency between data and the
results of the analysis. The received data analysis showed that the above-mentioned index is less than 0.1.
Table 4 displays the groups' weights and qualitative model factors.
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Table 4. Weighing features of the assessment of agile processes deployment in distributed settings

Category Weight Feature Weight
process 0.076 group decision making 0.03
external evaluations 0.05
identical iterations 0.203
global retrospective meeting 0.122
task dependency 0.143
continuous integration 0.313
identical methodology 0.028
proximity to customer 0.049
work experience between teams 0.063
organization 0.153 communications between teams 0.396
unified organizational 0.271
management
global management 0.242
the maturity of teamwork 0.091
culture 0.387 trust between teams 0.78
different organizational culture 0.14
different social culture 0.08
physical 0.385 team geological distance 0.09
infrastructure the infrastructure of team 0.644
communications
different time offset 0.212
different human language 0.053
sum 1.00

5.3. Developing the qualitative model

According to the calculated weights in the previous step, the qualitative assessment model under
investigation can be developed. This model can be used in the form of a team self-declaration or by an
external assessor. Table 5 shows the proposed model in this research and how to use it.

Table 5. The proposed model of qualitative assessment

Category Weight Feature Weight Self- Final
Declaration ~ Weight
Score
Process 0.076 group decision making 0.03
external evaluations 0.05
identical iterations 0.203
global retrospective meeting 0.122
task dependency 0.143
continuous integration 0.313
identical methodology 0.028
proximity to customer 0.049
work experience between teams 0.063
Organization 0.153 communications between teams 0.396
unified organizational management 0.271
global management 0.242
the maturity of teamwork 0.091
Culture 0.387 trust between teams 0.78
different organizational culture 0.14
different social culture 0.08
Physical 0.385 team geological distance 0.09
infrastructure the infrastructure of team 0.644
communications

different time offset 0.212
different human language 0.053

Total Weight Score

5.4. Application of the model in a case study and receiving feedback

The above-mentioned model was used in a software company with three different sites. Though due
to limitations to the selection of such companies, this company was not a multinational company and acted
only in three different sites in the country, the results and received feedbacks were however important,
indicating that this assessment model is properly welcomed. These cases are mentioned in the following.

One of the senior professionals of the company was asked to comment on the status of the company
regarding the deployment of Agile processes. Of course, this comment merely investigates factors associated
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with GSD and does not embrace items and factors related to inter-team and inter-organization cases. The
result of this assessment is shown in Table 6.

The final weight is obtained by multiplying the weight of the group * the weight of criteria * the
weight of self-declaration. As shown in the above table, the self-assessment score of this company is 7.028
out of 10, indicating the relative success of this company in the Agile processes deployment in its three sites.
In the following, the obtained table was given to 5 cases of the company members (3 scrum master and 2
technology managers) who somehow navigated three sites, and they were asked to give their opinion with
regard to the self-assessment results. Considering the reality of the obtained assessment score, all five
persons believed that the score obtained from self-assessment indicates the reality of the quality level of the
Agile processes deployment at their company level. In their view, if the ideal conditions are considered, the
obtained score is fair and shows the current reality in that organization.

Table 6. A self-assessment of agile deployment quality in a multi-sites company

Category Weight Feature Weight Self- Final

Declaration ~ Weight
Score

Process 0.076 group decision making 0.03 8 0.018
external evaluations 0.05 3 0.011

identical iterations 0.203 10 0.154

global retrospective meeting 0.122 8 0.074

task dependency 0.143 5 0.054

continuous integration 0.313 0 0

identical methodology 0.028 10 0.021

proximity to customer 0.049 5 0.019

work experience between teams 0.063 10 0.048

Organization 0.153 communications between teams 0.396 10 0.606
unified organizational 0.271 10 0.415

management

global management 0.242 8 0.296

the maturity of teamwork 0.091 8 0.111

Culture 0.387 trust between teams 0.78 6 1.811
different organizational culture 0.14 10 0.542

different social culture 0.08 10 0.31

Physical 0.385 team geological distance 0.09 8 0.277

infrastructure infrastructure of team 0.644 5 1.24

communications

different time offset 0.212 10 0.816

different human language 0.053 10 0.204

Total weight score 7.028

6. CONCLUSION

The assessment of teams' success in adapting to Agile is one of the concerns of software teams and
companies. This is particularly considered in the GSD in which the teams are in sites and sometimes different
countries. The environmental conditions of the GSD make it difficult to adapt to Agile due to its inherent
characteristics. Therefore, the existence of the assessment model to measure the success rate of adaptation to
Agile in GSD can help teams measure the quality of Agile deployment. In the current research, at first, the
main qualitative factors of the assessment of Agile adaptation in distributed settings were identified, and
then, were classified in four classes of process, organization, culture, and physical infrastructure. These
features were approved by professionals in a survey, and in the next step, the weight of each feature was
extracted using the AHP technique. This way, a qualitative model was developed to assess the quality of the
adaptation to Agile in global development and was used considering the positive feedback from ready
professionals. In the last step of the study, this model was applied in a case study.
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