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ABSTRACT Software organization always aims at developing a quality software product using the
estimated development resources, effort, and time. Global Software Development (GSD) has emerged as an
essential tool to ensure optimal utilization of resources, which is performed in globally distributed settings
in various geographical locations. Global software engineering focuses on reducing the cost, increasing
the development speed, and accessing skilled developers worldwide. Estimating the required amount of
resources and effort in the distributed development environment remains a challenging task. Thus, there is
a need to focus on cost estimation models in the GSD context. We nevertheless acknowledge that several
cost estimation techniques have been reported. However, to the best of our knowledge, the existing cost
estimation techniques/models lack considering the additional cost drivers required to compute the accurate
cost estimation in the GSD context. Motivated by this, the current work aims at identifying the other cost
drivers that affect the cost estimation in the context of GSD. To achieve the targeted objectives, current state-
of-the-art related to existing cost estimation techniques of GSD is reported. We adopted SLR and Empirical
approach to address the formulated research questions. The current study also identifies the missing factors
that would help the practitioners improve the cost estimation models. The results indicate that previously
conducted work ignores the additional elements necessary for the cost estimation in the GSD context.
Moreover, the current work proposes a conceptual cost estimation model tailored to fit the GSD context.

INDEX TERMS Global software development, distributed development, cost estimation, systematic review.

I. INTRODUCTION

The Globalization of software companies is increasing
rapidly. Many software industries are trying to adopt it due
to the advantages that it provides. As technology advances
and new communication mediums are introduced, the devel-
opment’s Globalization also emerged [1]. This emergence
of Globalization increases global software development
projects. However, the studies predict that the number of
offshore projects will increase with time over time. Global
Software Development (GSD) projects are expected to grow
from 20 to 30% in countries, including India and China. Many
western software industries are developing in Eastern Europe
and Asia due to the lower labor rates in these countries. There
are many other reasons for adopting GSD, such as improving
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time to market through time zone differences, using virtual
teams with vast skills [1], [2].

However, there are different reasons for adopting GSD that
fit the purpose, but this research mainly focuses on the lower
cost, which is among the most crucial factors. Globalization’s
primary goal is to lower the cost of development; this is con-
sidered the primary justification for not developing locally.
It can be misleading if we do not consider the challenges of
this type of development, i.e., the difference in time zone and
culture [3]. Thus, it can also take additional time and effort if
we do not consider GSD’s factors. One of the crucial issues
is to estimate the effort and cost in GSD [4] to assess whether
this will benefit us or attain significance through local pro-
duction. There are many tools and techniques available for the
estimation of the cost. Many models are developed before the
GSD concept, so these techniques lack the factors and the cost
drivers associated with this development [5]. We are uncertain
about the applicability of these techniques in GSD. However,
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if we identify the factors that influence GSD estimation,
we can only crosscheck those with the existing techniques
for the amplification.

The cost is the main driving factor for any project only
if it is done correctly. For software development, effective
investment is achieved when it is accurately estimated [3].
The basic idea of GSD is described in Figure 1.
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FIGURE 1. Basic Idea of Global Software Development.

Figure 1 represents the virtual teams working from remote
locations and collaborating the communication infrastruc-
tures to achieve the end product. GSD’s primary purpose is
cost-effectiveness, in which the base organization hires devel-
opers from countries with low labor rates. GSD is widely used
for the cost-effectiveness objective. However, many project
management challenges are associated with planning, execut-
ing, and managing disperses resources [6].

Cost estimation is one of the primary issues for project
managers. It is even more crucial in the GSD context, where
the task allocation and predicting the resources are way more
difficult due to its dispersed nature [7]. The current state-of-
the-art lacks in considering additional cost drivers effective to
enhance the estimation accuracy for GSD. Motivated by this,
current work aims at identifying the cost drivers that affect the
cost estimation process in GSD. Evaluating these cost drivers
can improve GSD’s cost estimation process and help prac-
titioners handle these cost drivers through implementation.
Thus, this research aims at addressing the following research
objectives:

RO1: To extensively review the factors affecting cost esti-
mation in the GSD context

ROI1.1: To identify the key categories of cost drivers in
GSD

RO1.2: To obtain the industrial perspective regarding the
identified cost drivers

RO1.3: To identify the critical cost drivers that affect the
cost estimation process in GSD

RO2: To identify the supporting metrics or techniques for
cost estimation in the GSD context

RO2.1: To identify the cost estimation models from the
practitioner’s perspective

RO3: To analyze the shortcomings of the existing cost
estimation techniques in GSD
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TABLE 1. Sections Distribution.

Section(s) Agenda

Section 2 Research Motivation

Section 3 Research Methodology

Section 4 Results and Findings

Section 5 Discussion (Summarized Re-
sults)

Section 6 Proposed Conceptual Model

Section 7 Future Directions

Section 8 Threat to Validity

Section 9 Conclusion

As the current state of the art lacks in the identification
and categorization of the cost drivers of GSD, our research
contributes to the identification of the hidden cost drivers
that are not considered in the estimation process of GSD
projects. Therefore, this research focuses on providing a the-
matic taxonomy of cost estimation’s identified factors in the
GSD context. Meanwhile, based on the results and analysis,
a conceptual model is developed to assist practitioners in
estimating in the GSD context.

The remaining of work is categorized as follows:

Il. RESEARCH MOTIVATION

Many researchers focused on developing the techniques and
models for cost estimation in the GSD context. The estima-
tion techniques are high-level approaches adopted to estimate
a project, i.e., automated, semi-automated, model-driven,
or regression-based [4]. Simultaneously, the estimation mod-
els are more specified, corresponding to the particular mech-
anism for accurate estimation like COCOMO II based, cobra
based, or machine learning-based [5]. Based on selected esti-
mation techniques, the estimation models are created. The
reported cost estimation models could assist the practitioners
through improved estimates as they are amplified for GSD’s
need. The models include Cost overhead [8], SOCEM [9],
and Analogy-based [10]. However, regardless of these var-
ious models, we are not achieving the desired results. The
author [11] justifies that we’re still lacking in considering the
cost drivers that affect GSD’s overall cost. The attention given
to cost estimation in the GSD context is still limited.

The challenges in collocated and distributed development
are different due to the characteristics that these development
types exhibit. Moreover, project management challenges are
of great importance because the challenges associated with
project management can directly impact the overall project,
and their negative consequences could lead to project fail-
ure. The initial challenges that we counter in any project
are related to cost estimation. In this phase, we calculate
the project profit by estimating the resources and the time
required to complete the desired task. The existing studies
do not explicitly mention the cost drivers that could impact a
GSD project.

Jain and Suman [12] reported more GSD complications,
i.e., geographic dispersion, time zone difference, competence
level, and hidden cost. The author [12] termed it as hidden
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Out of 116 offshoring decisions found that
38 percent of these arrangements were
successful, 35 percent were failures,and
27 percent had mixedresults relative to

cost, quality, flexibility and other
considerations

Only 54 percent of offshore agreements realized
the expected cost savings [8]

FIGURE 2. Statistics regarding Cost of Offshoring Projects [5].

cost drivers because these factors are not considered during
the estimation but affect the project in terms of cost, time,
or effort. So, it is suggested to identify the hidden cost drivers
and consider them in cost estimation to achieve precise and
accurate results. If neglected, then these cost drivers could be
problematic for the project.

Prikladnicki et al. [13] reported that the companies adopted
GSD to lower the cost. Still, they do not meet the expec-
tations because the additional factors of GSD are not being
considered. Figure 2 represents some statistics regarding the
cost of Offshoring that how these additional factors could
be misleading for the overall development if not properly
analyzed and evaluated. The statistics are extracted from the
existing literature [5].

The statistics depicted in Figure 2 provided us motivation
to work in this area and to improve the aspects that are
lacking to save the cost of Offshoring. In summary, little
research has been carried out in the targeted context, and
no study has been found that has identified the additional
cost drivers of GSD systematically. However, it is of great
importance to identify the factors that affect the cost of GSD
projects. By classifying these cost drivers, we would assist the
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One in every three offshoring contracts targeting
cost reductions failed to meet expectations

Only 50 percent of offshoring in the near
future will be successful

practitioners in accurately estimating the cost. Moreover, this
classification of cost drivers could serve as a guideline for the
project managers to estimate the GSD projects by considering
the critical cost drivers.

lll. RESEARCH METHODOLOGY

To achieve the targeted research objective, we adopted the
Systematic Literature Review (SLR) technique to identify
the cost drivers and conducted an empirical study to val-
idate identified cost drivers. Notice that SLR is different
from a literature review because it is performed planned
and systematically. The results obtained through SLR are
more comprehensive as compared to an informal literature
review. SLR helps us identify the factors systematically in
an unbiased manner, evaluate the specified results, and cat-
egorize the elements accordingly [14], [15]. To conduct the
SLR efficiently, the guidelines presented by Kitchenhem [16]
are followed. SLR consists of three main phases, ‘“Planning
the review,” ““Conducting the review,” and ‘“‘Reporting the
review.” All these phases are briefly discussed in the next sec-
tions. Figure 3 illustrates the adopted research methodology.
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FIGURE 3. Adopted Research Methodology.

Figure 3 depicts the overall research flow of our study.
Initially, we started with the problem formulation by con-
ducting a general literature review. Cost overhead in the
context of GSD is selected as a base problem. Then we
performed a planned SLR to extract the cost drivers and
GSD-Specific cost estimation models. The obtained results of
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SLR are then validated through an empirical study targeting
the project managers of GSD. Through this multi- perspec-
tive, we highlighted the critical cost drivers by applying
various statistical tests. Finally, we presented a conceptual
model based on our findings. The ultimate aim and future
direction of this research are to formalize the proposed model
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to assist the practitioners by considering cost estimation’s
additional challenges. The subsequent sections present three
main phases of SLR.

A. PHASE 1: PLANNING THE REVIEW

This phase includes the primary steps that are required to
conduct an SLR. To initiate an SLR, several pre-requisite
activities are necessary to build its foundation. These steps

are given below:
o Formation of the research question
« Selection of appropriate research repositories
« Developing a search string for the extraction of articles
o Defining inclusion and exclusion criteria for the article
o Defining quality criteria
The subsequent sections provide a detailed discussion of the
activities mentioned above.

1) RESEARCH QUESTIONS
Based on the targeted objectives, a set of Research Ques-
tions (RQs) are formulated and described as:

RQ1: What are the cost drivers that could affect the cost
estimation in GSD?

RQ1.1: How can the identified cost drivers be categorized?

RQ1.2: What are the critical cost drivers in each identified
category?

RQ1.3: What are the additional factors, according to prac-
titioners, that may affect the cost estimation in GSD?

RQ2: Are there any supporting cost estimation met-
rics/techniques to handle the identified cost drivers?

RQ2.1: What are the GSD specific cost estimation models
according to the industrial perspective?

RQ3: What are the factors that current cost estimation
techniques lack?

2) DATA REPOSITORIES
Search repositories are selected based on the previous expe-
rience and the recommendations provide by Chen et al. [17].
The digital libraries that are accessed for this research are
IEEE Xplore Digital Library, ACM digital library, Science
Direct, Google Scholar, Wiley Inter-Science, and Springer
Link.

The search mechanism in data repositories differed,
so search queries were tailored accordingly.

3) SEARCH STRING
The search strings that we applied are based on the pri-
mary and alternative keywords of our research questions. The
keywords and their alternatives were chosen based on the
available literature in the context of Software cost estimation
and Global software development [4]—[7]. We categorized the
search terms in our research into two groups; the first group
includes the Cost Estimation terms. The second group com-
prises the terms related to the Global software development
context.

Finally, we applied the content analysis technique on the
data extracted to obtain the categories’ frequency.
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TABLE 2. Search String.

Group
Cost estimation

Search String
("Cost estimation" OR "cost predic-
tion" OR "cost evaluation" OR "effort
prediction" OR "effort estimation")

AND

(“Global software development” OR
“global software engineering” OR
“GSD” OR “GSE” OR “distributed de-
velopment” OR “collaborative devel-
opment” OR “Outsource” OR “Off-
shore”)

Global Software devel-
opment

TABLE 3. Quality Assessment Questions.

S.no Checklist Question

Q1 Do the objectives of the proposed study discussed?

Q2 Is the research method clearly defined and documented?

Q3 Does the study explicitly focus on cost estimation for
GSD?

Q4 Does the study address cost drivers of GSD?

Q5 Do the results of the proposed study answer the research
question s and research objectives?

4) INCLUSION CRITERIA
The inclusion and exclusion criteria of our study were formed
based on the guidelines presented by Kitchenham ez al. [15]
and Kitchenham [16]. Following were the inclusion criteria
for primary study selection:

IC1: The selected primary study should be a journal, con-
ference, or book chapter

IC2: The studies that focused on cost estimation in the GSD
context

IC3: The studies that discuss the challenges or cost drivers
affecting cost estimation in GSD

IC4: The studies that present GSD specific cost estimation
models or techniques

IC5: The selected studies must be available full-text arti-
cles, specifically in the English language

IC6: The studies that were published between 2010 and
2020

5) EXCLUSION CRITERIA
Following exclusion criteria were applied for primary study
selection:

EC1: The studies that do not answer the questions defined
in Section 1

EC2: The studies that do not discuss the cost estimation
process in the GSD context

EC3: The studies that do not highlight the challenges or
cost drivers of cost estimation in GSD

EC4: The studies that were not written in English

ECS5: The studies that are published before 2010

6) QUALITY ASSESSMENT OF SELECTED STUDIES

Quality assessment of the selected studies plays an essential
role in quality research. The following questions were used
to assess the quality of the studies:
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TABLE 4. Total Selected Studies using Tollgate Approach.

E-databases Papers extracted | Inclusion/\exclusion | Inclusion/exclusion | Inclusion/exclusion | Total selected | Percentage of
through Search based on title and based on introduc- | the basis of the full | articles for the final se-
Terms abstract tion and conclu- text the primary lected article
sions study (n=23)
IEEE Xplore 1187 125 22 7 7 30.44
ACM Digital 68 29 12 3 3 13.04
Library
Science Direct 283 38 13 3 3 13.04
Google Scholar 1360 114 59 10 10 43.57
Springer Link 277 45 3 0 0 0
Wiley Inter Sci- 44 30 2 0 0 0
ence
Total 3219 381 111 23 23 100
For the checklist questions mentioned above, the assess- _ _
IEEE Xplore Science Direct
ment we have done is as follows: (1187) (283)

o The papers addressing the appropriate answer to the
checklist question are given 1 point

o The papers addressing the partial answer to the checklist
question are given 0.5 point

o The papers not addressing the desired checklist ques-
tions are given 0 points

B. PHASE 2: CONDUCTING THE REVIEW

In this phase of SLR, we conduct our review by applying
the devised query and selecting the primary studies. Standard
approaches are used for the extraction of the articles. Once
the papers are extracted, they are synthesized according to
the formulated criteria. The subsequent sections discuss these
activities in detail.

1) PRIMARY STUDY SELECTION

During the primary studies selection process, various
research articles were found, and the tollgate approach pro-
posed by Afzal et al. [18] was used to refine the selection
process. Tollgate approach is comprised of five phases and is
shown in Fig. 4 and described in Table 4.

In the first phase of the tollgate approach, 3219 articles
are extracted from all databases based on the keywords and
search terms.

In the second phase, 381 articles were selected by applying
the title and abstract inclusion and exclusion criteria.

In the third phase, only those articles were selected whose
introduction and conclusion involves the answers to our pro-
posed questions. The resulted articles were 111.

After the third phase, we included a secondary phase of
duplication removal in which the articles with duplicated
content were removed. After the elimination of duplicate
articles, the resulted studies were 80.

Finally, after applying the inclusion and exclusion crite-
ria based on full text, only those papers were selected that
included cost drivers or presented some cost estimation model
in the GSD context. The resultant primary studies were 23.
Figure 4 contains the pictorial representation of the phases of
the tollgate approach.
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FIGURE 4. Tollgate Approach for Article Selection.

The result demonstrated that most of the studies related to
software cost estimation (GSD) are extracted from Google
scholar (43.57%) and IEEE (30.44%). Google scholar and
IEEE are the most relevant and active digital libraries asso-
ciated with cost drivers and GSD-specific cost estimation
techniques. The lists of selected primary studies are presented
in Table 6.

2) DATA EXTRACTION
The articles were selected based on the parameters, i.e., study
id, author name, publication year, research method, study
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TABLE 5. Quality Score of Selected Primary Studies.

Primary | Q1 Q2 Q3 Q4 Q5 Total
Study Score
PS1 1 0.5 1 1 0.5 4
PS2 1 1 1 0.5 0.5 4
PS3 1 1 1 1 0.5 4.5
PS4 1 1 0.5 0.5 0.5 3.5
PS5 1 1 0.5 0.5 1 4
PS6 1 1 0 0.5 0.5 3
PS7 1 1 0 0.5 1 3.5
PS8 1 1 1 0.5 1 4.5
PS9 1 1 1 1 0.5 4.5
PS10 1 1 0.5 0.5 0.5 3.5
PS11 1 1 0.5 0 1 3.5
PS12 1 0.5 1 0.5 1 4
PSI13 1 0.5 1 0.5 1 4
PS14 1 1 0.5 0.5 0.5 3.5
PS15 1 0.5 0.5 0.5 0.5 3
PS16 1 1 1 0.5 0.5 4
PS17 0.5 1 1 0 0.5 3
PS18 1 1 0.5 0 0.5 3
PS19 1 1 1 0 1 4
PS20 1 0.5 0.5 0 0.5 2.5
PS21 1 1 1 0 0.5 3.5
PS22 1 1 1 0 0.5 3.5
PS23 1 1 1 0 1 4

type, and limitations associated with each article. The
selected list of articles is presented in Table 6. Moreover,
the formulated research questions were mapped with the
identified studies to ensure relevancy.

3) DATA SYNTHESIS

In this phase, the data extracted from the primary studies are
formed and evaluated against the formulated research ques-
tions. Moreover, the articles were filtered through the levels
of the tollgate approach for synthesizing the data, as shown
in Figure 4. From a total of 23 articles, 41 cost drivers and
9 GSD-specific cost estimation models were identified.

C. PHASE 3: REPORTING THE REVIEW

In this phase, the selected primary studies are evaluated
against the devised quality questions, and a list of primary
studies is formulated. Along with the study type, the section
also discusses the studies’ temporal distribution to identify
the trend. The detail of the phases is provided in the subse-
quent sections.

1) QUALITY ATTRIBUTES
All the selected studies were assessed and reviewed to cross-
check their quality to be included in SLR Table 5 contains
each primary study’s quality score corresponding to the for-
mulated quality questions presented previously in Table 2.
As the average quality score presented in Table 5 is greater
than 2.5. This high-quality score depicted that the selected
articles fulfilled the quality criteria and were most relevant to
our topic. The chosen studies targeted cost estimation, specif-
ically in the GSD context. Some primary studies focused on
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the cost drivers whereas, some presented models in the GSD
context.

2) TEMPORAL DISTRIBUTION OF SELECTED STUDIES

Of the total 23 primary studies, 50% of research papers were
published in the years (2010-2014), and the same percent of
articles (50%) were published in the years (2015-2020). This
represents the constant interest of the authors in this particular
domain. The noticeable work has been carried out in the
context of cost estimation of the GSD projects. Furthermore,
we applied the snowballing technique for the extraction of
relevant work through citations. The additional studies found
were three that were included in our primary studies. The
rationale behind the inclusion is that these studies were able
to answer our formulated research questions.

IV. RESULTS AND FINDINGS

In this section, the results and findings of each formulated
research question are discussed. Furthermore, analysis and
empirical evaluation are performed for the legitimacy of the
obtained results.

RQ1: What are the cost drivers that affect the cost estima-
tion in global software development?

Cost drivers are the factors that influence global software
development in a multi-dimensional way; that may be pos-
itive or negative. In GSD, these cost drivers are hidden in
nature because of the distributed characteristic of this devel-
opment type. Due to the dispersed nature of GSD, these cost
drivers are often neglected and cause cost overhead later in
the project. These factors should be considered during the
estimation process for a realistic prediction of the effort and
resources. A total of 17 out of 23 articles were targeting
the cost drivers, while some articles specifically discussed
GSD-specific cost estimation models. The existing studies
discussed cost drivers but lacked empirical evidence to val-
idate these cost drivers. Initially, we obtained a list of cost
drivers from the literature, and the analyses have been per-
formed. The resultant cost drivers are validated through the
empirical study to overcome the shortcomings of the existing
work. The cost drivers extracted through the literature are
presented in Table 7. The labels include the cost driver name,
its frequency, percentage, and the reference.

A total number of 41 cost drivers were identified that are
further discussed in the following sections:

A. FACTORS HAVING A CRITICAL IMPACT ON COST

To analyze each cost driver’s importance, we have adopted
the criteria of frequency > 50% as critical cost drivers.
The same criteria are followed in various similar stud-
ies [34], [34], [36]. Using the mentioned criteria, we identi-
fied eight critical cost drivers. These critical costs drivers are
[CD1-CD3], [CD6], [CDS], [CD10], [CD25], and [CD31].

B. FACTORS WITH MODERATE IMPACT ON COST
We adopted the criteria to categorize the cost drivers with
moderate impact as the frequency was between 25 and
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TABLE 6. List of Selected Primary Studies using SLR.

S.no Reference Study type

[PS1] [4] N. Ramasubbu and R. K. Balan, “Overcoming the challenges in cost estimation for distributed software projects,” Proc. | Factor-based
- Int. Conf. Softw. Eng., pp. 91-101, 2012, doi: 10.1109/ICSE.2012.6227203.

[PS2] [7] J. Koskenkyla, “Cost estimation in global software development - Review of estimation techniques,” p. 109, 2012. Factor-based

[PS3] [5] D. Wickramaarachchi and R. Lai, “Effort estimation in global software development - a systematic review,” Comput. Factor-based
Sci. Inf. Syst., vol. 14, no. 2, pp. 393-421, 2017, doi: 10.2298/CSIS160229007W.

[PS4] [19] M. Usman and R. Britto, “Effort estimation in co-located and globally distributed agile software development: A com- | Factor-based
parative study,” Proc. - 26th Int. Work. Sofiw. Meas. IVSM 2016 11th Int. Conf. Softw. Process Prod. Meas. Mensura
2016, pp. 219224, 2017, doi: 10.1109/IWSM-Mensura.2016.042.

[PS5] [20] M. Muhairat, S. Aldaajeh, and R. E. Al-Qutaish, “The impact of global software development factors on effort estima- | Factor-based
tion methods,” Eur. J. Sci. Res., vol. 46, no. 2, pp. 221-232, 2010.

[PS6] [21] T. F. C. Tait and E. H. M. Huzita, “Software project management in distributed software development context,” ICEIS | Factor-based
2013 - Proc. 15th Int. Conf. Enterp. Inf. Syst., vol. 2, pp. 216-222, 2013, doi: 10.5220/0004442402160222.

[PS7] [22] A. Lamersdorf and J. Munch, “Studying the Impact of Global Software Development Characteristics on Project Goals: | Factor-based
A Causal Model~!2009-09-25~12010-05-03~12010-05-17~!,” Open Sofiw. Eng. J., vol. 4, no. 2, pp. 2-13, 2010, doi:
10.2174/1874107x01004020002.

[PS8] [23] M. El Bajta, A. Idri, J. L. Fernandez-Aleman, J. N. Ros, and A. Toval, “Software cost estimation for global software Factor-based
development: A systematic map and review study,” ENASE 2015 - Proc. 10th Int. Conf. Eval. Nov. Approaches to Softw.

Eng., pp. 197-206, 2015, doi: 10.5220/0005371501970206.

[PS9] [24] R. Britto, E. Mendes, and M. Usman, “Effort Estimation in Global Software Development : A Systematic Literature Factor-based
Review,” 2014 IEEE 9th Int. Conf. Glob. Sofiw. Eng., pp. 135-144, 2014, doi: 10.1109/ICGSE.2014.11.

[PS10] [25] S. Ramacharan and K. V. G. Rao, “Parametric Models for Effort Estimation for Global Software Development,” Lect. Model and
Notes Softw. Eng., vol. 1, no. 2, pp. 178-182, 2013, doi: 10.7763/Inse.2013.v1.40. Factor-based

[PS11] [26] M. El Bajta et al., “Software project management approaches for global software development: A systematic mapping | Model and
study,” Tsinghua Sci. Technol., vol. 23, no. 6, pp. 690—714, 2018, doi: 10.26599/TST.2018.9010029. Factor-based

[PS12] [27] S. Ramacharan and K. V. G. Rao, “Scheduling based cost estimation model: An effective empirical approach for GSD | Model and
project,” IFIP Int. Conf. Wirel. Opt. Commun. Networks, WOCN, vol. 2016-Novem, pp. 04, 2016, doi: Factor-based
10.1109/WOCN.2016.7759881.

[PS13] [8] A. Lamersdorf, J. Miinch, A. Fernandez-Del Viso Torre, C. R. Sanchez, and D. Rombach, “Estimating the effort over- Model and
head in global software development,” Proc. - 5th Int. Conf. Glob. Softw. Eng. ICGSE 2010, pp. 267-276, 2010, doi: Factor-based
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50%. Through literature, we identified a total of 16 cost
drivers with moderate impact on cost estimation. These cost
drivers are [CD4], [CD5], [CD7], [CDY], [CD12], [CD15],
[CD18-CD21], [CD24], [CD26], [CD30], [CD39].

C. FACTORS WITH LOW SIGNIFICANT IMPACT ON COST

We adopted the criteria of factors with frequency < 25% for
the least significant cost drivers to be categorized as the least
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significant factors. These cost drivers have a very negligible
impact on the cost. The same criteria are followed in a sim-
ilar study [37]. These cost drivers could be neglected based
on their low significance value. A total number of 17 cost
drivers are included in this category. The cost drivers lying in
this category are [CD11], [CD16], [CD17], [CD22], [CD23],
[CD27], [CD28], [CD29], [CD32], [CD33], [CD34], [CD35],
[CD36], [CD38], [CD40], [CD41].
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TABLE 7. Identified Cost Drivers of Cost Estimation (GSD).

Sr. Cost Driver Reference Frequency Percentage
(n=17) (%)
CD1 Time zone difference [PS1],[PS2],[PS3],[PS4],[PS5],[PS7],[PS8],[PS9],[PS10],[PS12], 14 82.35
[PS14],[PS15],[PS16],[PS17]
CD2 Language and Cultural Dif- [PS1],[PS2],[PS3],[PS4],[PS7],[PS8],[PS9],[PS10] ,[PS11],[PS12], 15 88.24
ferences [PS13],[PS14], [PS15],[PS16],[PS17]
CD3 Communication infrastruc- [PS1],[PS2],[PS5],[PS6],[PS7],[PS8],[PS9] ,[PS11],[PS13],[PS14], 12 70.59
ture and process [PS15],[PS16]
CD4 Process model [PS1],[PS2],[PS3],[PS8],[PS9],[PS11],[PS16] 7 40.18
CD5 Travel cost [PS1],[PS3],[PS2],[PS7],[PS9],[PS16] 6 35.38
CD6 Competence level [PS1],[PS2],[PS4],[PS7],[PS8],[PS9],[PS10],[PS11], 10 58.82
[PS16],[PS17]
CD7 Requirements legibility [PS1],[PS2],[PS4],[PS8],[PS9],[PS14],[PS15],[PS16] 8 47.15
CD8 Process compliance [PS1],[PS2],[PS3],[PS4],[PS9],[PS13],[PS14],[PS15], 9 52.94
[PS16]
CD9 Response delay [PS1],[PS2],[PS3],[PS9],[PSS5] 29.41
CD10 | Team trust [PS1],[PS2],[PS5],[PS7],[PS8],[PS9],[PS11],[PS14], 52.94
[PS15]
CDI11 Client Unawareness [PS1],[PS5],[PS9] 3 17.65
CDI12 Shared resources [PS1],[PS5],[PS6],[PS7],[PS9] 5 29.41
CD13 | Team structure [PS1],[PS5],[PS8] ,[PS9],[PS11] 5 29.41
CD14 | Work dispersion [PS1],[PS2],[PS8],[PS9],[PS16] 5 29.41
CDI15 Work pressure [PS1],[PS5],[PS8],[PS9],[PS13] 5 29.41
CDl16 Range of parallel sequential [PS1],[PS2],[PS9],[PS16] 4 23.53
work handover
CD17 Client Specific knowledge [PS1],[PS2],[PS9],[PS16] 4 23.53
CD18 | Lack of Client involvement [PS1],[PS2],[PS4],[PS8],[PS9],[PS14],[PS16] 7 40.18
CD19 | Design and technology new- | [PS1],[PS2],[PS8],[PS9],[PS16] 5 29.41
ness
CD20 | Team size [PS1],[PS2],[PS8],[PS9],[PS16] 5 29.41
CD21 Project effort [PS1],[PS2],[PS3],[PS9],[PS16] 5 29.41
CD22 | Development productivity [PS1],[PS2],[PS8],[PS9] 4 23.53
CD23 | Defect density [PS1],[PS2],[PS9],[PS16] 4 23.53
CD24 | Rework [PS1],[PS2],[PS3],[PS9],[PS16] 5 29.41
CD25 | Project management effort [PS1],[PS2],[PS3],[PS4],[PS6],[PS8],[PS9],[PS10],[PS16],[PS17] 10 58.82
CD26 | Reuse [PS1],[PS2],[PS8],[PS9],[PS16] 5 29.41
CD27 | Code size [PS1],[PS2],[PS8],[PS9] 4 23.53
CD28 | Product Complexity [PS8],[PS9],[PS13] 3 17.65
CD29 | Platform Volatility [PS8],[PS9] 2 11.76
CD30 | Task allocation [PS6],[PS8],[PS9],[PS14],[PS15] 5 29.41
CD31 Geographic distance [PS2],[PS3],[PS4],[PS6],[PS7],[PS10], 9 52.94
[PS12],[PS14],[PS15]
CD32 Social factors [PS3],[PS12] 2 11.76
CD33 Product architecture [PS3] 1 5.88
CD34 Unavailability of concerned [PS5],[PS6] 2 11.76
personal
CD35 Exchange rate fluctuation [PS3],[PS14] 2 11.76
CD36 | Unrealistic Milestones [PS5],[PS9] 2 11.76
CD37 Training meeting/Sessions [PS3],[PS6],[PS14] 3 17.65
CD38 | Rules/Laws [PS6],[PS7],[PS14] 3 17.65
CD39 | Process maturity [PS3]1,[PS4],[PS2],[PS7],[PS10],[PS13] 6 35.38
CD40 | Organizational differences [PS2],[PS7],[PS14] 3 17.65
CD41 Overoptimism [PS4],[PS8] 2 11.76

RQ1.1: How can the identified cost drivers be categorized?

Most of the studies lack proper categories to define the
factors, whereas some use a standard grouping scheme to
represent it. Approximately 70% of the articles lack the cate-
gorization of the factors. The remaining 30% of the papers
categorized the elements based on 4P’S (Process, project,
personnel, and product) or PMBOK (Project management
body of knowledge) Standard. PMBOK is a grouping of the
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practices of project management [12], [38]. These categories
can be used to compensate for the additional cost drivers
of GSD.

For this research, we selected 4P’s for categorizing the cost
drivers because the identified factors mapped with all the
categories of 4P’s, whereas if we talk about PMBOK, then it is
more generalized and does not contain the specific sub-areas
of cost estimation [38].
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FIGURE 5. Thematic Taxonomy of Identified Cost Drivers.

Representation of cost drivers in 4P’s could help the project
managers understand better how knowledge areas require
consideration of cost estimation factors to achieve better
estimates.

D. EMPIRICAL EVALUATION OF COST DRIVERS

This section includes details regarding the design and execu-
tion of our empirical study. Moreover, it contains the analysis
performed on the results obtained from the GSD organization.
Finally, a comparison has been drawn between literature and
industry for the identification of critical cost drivers.

1) SURVEY DESIGN

An online questionnaire was designed to acquire the indus-
trial perspective regarding the obtained cost drivers from
literature. The targeted respondents of the questionnaire were
the project managers of global software organizations. A total
number of 175 project managers were targeted, with all
belonging to the different multinational companies. More-
over, the questionnaire was distributed in more than 20 coun-
tries for the legitimacy of the results. Five points Likert
scale was used in the questionnaire with each identified cost
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driver (Strongly agree, Agree, Neutral, Disagree, Strongly
disagree). The obtained responses were then converted into
percentages and further refined with data analysis techniques.
The demographics of targeted GSD organizations are repre-
sented in Figure 6.

2) DATA ANALYSIS

For data analysis, we performed a T-test and Spearman cor-
relation test. All these statistical tests were used to ensure the
result’s legitimacy and distinguish the cost drives that either
identified cost drivers are as critical as the literature indicates.

3) LEVENE'S TEST FOR RQ1

Levene’s test is applied to check the homogeneity of variance
between the results obtained from SLR and the Empirical
study. The resultant values of variance and the percentages
obtained from literature and industry are presented in Table 8.

4) T-TEST FOR RQ1

In addition to Levene’s test, the t-test is also applied to
check the mean differences between SLR and Empirical study
data. The results of the t-test were t= —1.61 and p= 0.05,
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FIGURE 6. Demographics of Targeted Survey.

TABLE 8. Levene’s Test for RQ1.
SUMMARY
Groups Count Sum Average Variance
Percentage (Literature) 24 1039.42 43.3091667 318.772825
Percentage (Industry) 24 1226.81 51.1170833 241.407065
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 731.562752 1 731.562752 2.61188509 0.11290425 4.05174869
Within Groups 12884.1375 46 280.089945
Total 13615.7002 47

demonstrating that there is no significant difference between
the rankings of SLR and Empirical study.

Figure 7 represents the comparison of the percentages of
Cost drivers obtained from SLR and the Empirical Study.
Only the cost drivers having a moderate or critical impact are
considered in the comparison. The cost drivers having a low
impact on estimation are neglected due to their low significant
impact.
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5) SPEARMAN TEST FOR RQ1

In addition to the t-test, the spearman correlation test is also
applied. The comparison of the ranks obtained from SLR and
Empirical study are presented in Table 9.

For the evaluation of the significance of the differences
between the results of SLR and Empirical study, we per-
formed spearman’s rank-order correlation test. For the Spear-
man correlation test, the value of coefficient (Rs) closer
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FIGURE 8. Critical Cost Drivers.

TABLE 9. T-test for RQ1.

to 1 represents the positive correlation, whereas the resulted
values of Rs closer to —1 indicate a negative correlation.
For our study, the Spearman coefficient was found to be
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0.88727957, indicating a strong positive correlation between
the rankings obtained from SLR and Empirical research

Percentage Percentage results
Literature Industr; ) ... . . . .
¢ ) ¢ ¥ RQ1.2: What are the critical cost drivers in each identified
Mean 43.3091667 51.1170833 category?
Variance 318772835 241407065 . The. identified factors were analyzed to .extract essen-
Observations 24 24 tial drivers of cost. Those factors were considered critical,
Pooled Variance 280.089945 which have frequency > 50% in both literature and from
MHyP(;;!}efsized 0 an industrial perspective. The same criteria are followed by
£an ];f crence yY; different studies [34]-[36]. Having frequency > 50% in lit-
tStat 161613276 erature and industry indicates that a highlighted cost driver is
P(T<=t) one-tail 0.05645213 equally essential for the practitioners and must be considered
t Critical one-tail 167866041 in the estimation models. The extraction of critical drivers
P(T<=t) two-tail 0.11290425 . S .
+ Crbtical twortail > 012895¢ is of prime importance because these cost drivers could

impact the other cost drivers. The critical cost drivers, along
with their percentages (literature and industry), are shown
in Figure 8.

CRITICAL COST DRIVERS (CCDS)

The critical cost drivers presented in Figure 8§ are discussed
below:

22285



IEEE Access

J. A. Khan et al.: Empirical Investigation About the Factors Affecting the Cost Estimation in GSD Context

TABLE 10. Comparative Ranking of Identified Cost Drivers.

Sr.no Cost Drivers Percentage (Literature) | SLR Rank | Percentage (Industry) Industry Rank
1 Time zone difference 82.35 2 73.14 3.5
2 Language and Cultural difference 88.24 1 80.57 1
3 Communication Infrastructure 70.59 3 76.57 2
4 Process Model 40.18 10.5 53.71 9
5 Travel cost 35.38 12.5 48.57 12
6 Competence level 58.82 4.5 68 6
7 Requirements legibility 47.15 9 73.14 3.5
8 Process compliance 52.94 7 71.42 5
9 Response delay 29.41 19 43.43 15
10 Team Trust 52.94 7 5143 10
11 Shared resources 29.41 19 39.43 19
12 Team structure 29.41 19 30.29 23
13 Work dispersion 29.41 19 40 18
14 Work pressure 29.41 19 41.71 17
15 Client involvement 40.18 10.5 60.57 7
16 Design and technology newness 29.41 19 36.57 20
17 Team size 29.41 19 34.86 21
18 Project effort 29.41 19 42.85 16
19 Project management effort 58.82 4.5 48.56 13

20 Rework 29.41 19 44.57 14
21 Reuse 29.41 19 31.43 22
22 Task allocation 29.41 19 30.28 24
23 Geographic distance 52.94 7 54.29 8
24 Process maturity 35.38 12.5 51.42 11

CCD1: LANGUAGE AND CULTURAL DIFFERENCE

Language differences create communication misunder-
standings among the team. These differences can result in
several hidden cost drivers, i.e., rework, low quality of the
work, or a company’s bad image [23].

While cultural differences are the variations of values in
different countries, these differences are an extra burden on
management. They also associate hidden cost drivers for
example, idle time in one site due to a public holiday in
another country [5].

CCD2: GEOGRAPHIC DISTANCE

Geographic distance represents the residing physical
distance between the teams or the individual developers. Geo-
graphic distance is symmetric, and it can create communi-
cation difficulties between the remote teams. Several hidden
cost drivers can be introduced through geographic distance;
travel time, review meetings, and so on [5].

CCD3: TIME ZONE DIFFERENCES

Time zone difference is one of the crucial cost drivers
presented in several studies [5], [23]. Its impact is asymmet-
ric and variations in time zone affect the total overlapping
hours, directly affecting the communication among the vir-
tual teams. Overlapping hours should be maintained to have
effective communication. Less overlapping hours could result
in communication difficulties. The hidden cost associated
with the time zone is the idle time in which a developer could
not proceed as he is waiting for a response from a remote
team [5].

CCD4: TEAM TRUST

Team trust is one of GSD’s social factors, and if not
formed well, it can negatively impact the motivation, desire
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to work with, and other different issues in knowledge shar-
ing. Geographic, cultural, and temporal distances can signif-
icantly impact the trust among the remote teams. Because
specifically, in GSD, we lack informal and face-to-face meet-
ings, so members have less opportunity to develop interper-
sonal relations and emotional bonds [7].

CCD5: COMMUNICATION INFRASTRUCTURE

Communication is the core of any Global Software Orga-
nization because we cannot have face-to-face meetings in
GSD Organizations, but everything is managed through the
communication channels. The occurrence of this cost driver
in several studies [4], [7], [20], [21] highlights its importance.
As effective communication plays a vital role in the success
of a GSD project, GSD organizations should ensure the use
of video and teleconferencing at each site. For proper use of
these tools, training must be provided. By the effective use
of these channels, we can complete a project in its allocated
time and budget, and if we lack effective information sharing
mechanisms, then it can lead to the delay and additional effort
to the project [7].

CCD6: PROCESS COMPLIANCE

In a distributed environment, we have the possibility of
introducing new (incompatible) processes and tools at differ-
ent sites. Having multiple processes, methodologies, tools,
and templates that do not integrate or interoperate with
each other, can lead to rework or data loss during trans-
ference from one tool to another, which may decrease the
quality [7].

CCD7: COMPETENCE LEVEL

Competence level is an important factor of a dis-
tributed environment. It lies under the category of *“Skill
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management,” in which we select a highly proficient and
competent team from remote locations [39].

Along with the mentioned cost drivers, the industry consid-
ered some other cost drivers as critical, but these cost drivers
lie in the moderate category of literature (25-50%). These
cost drivers are shown in Figure 9. The cost drivers presented
in Figure 9 with their percentages > 50% in industry depicts
their importance. Client involvement is an essential factor for
managing a project. Projects with no client involvement can
lead to difficulties, and the project could exceed in terms of
time or budget. Similarly, process maturity depicts that if our
processes are mature and standardize to complete a specific
project. In case if we lack formal processes, then our time and
cost will be compensated.

Project management effort is not given the same impor-
tance from the industry as presented in the literature. We have
analyzed that the practitioners consider the measurable fac-
tors that could be computed and be of their use. However,
project management effort is regarded as an abstract term;
neither could it be accurately measured. So, its percentage
lies below 50% from an industrial perspective. The only
reason for the variance of some cost drivers’ percentages
is the practitioners’ mindset; they are diverted more toward
the measurable factor, whereas literature considers the non-
measurable factors. But in the end, these are only measurable
cost drivers that are required by the cost estimation models.

RQ1.3: What are the additional challenges, according to
practitioners, that may affect the cost estimation in GSD?

Along with the validation of the listed cost drivers of
literature, the project managers, with their experiences, have
shown interest in providing us some additional challenges
that may impact the cost estimation in GSD. These additional
cost drivers are shown in Figure 9.

The additional challenges depicted in Figure 10 are dis-
cussed below:

1) ORGANIZATION’S ADAPTABILITY TO NEW

TECHNOLOGIES

Sometimes selecting a project on the latest technologies may
impact the cost estimation due to the lack of knowledge

1) PRESSURE FROM HIGHER AUTHORITIES
Due to the pressure from higher authorities in the concern
of “Winning a project,” the project’s cost and effort are
accommodated.
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1) MULTIPLE-VENDORS INVOLVEMENT

Cost estimation is affected when multiple vendors are
involved with their different inter-company politics.

1) OVERHIRING

It does not happen commonly, but if a company over-hired
the engineers that were not required for the current project,
this could influence the cost. Choosing the right number does
matters

1) NEGLECTING THE QA EFFORT

The effort required for quality assurance should not be
ignored, or else it could affect the overall cost of a product.

1) UNEXPECTED BARRIERS

Referring to the current situation of Covid-19, companies
should have some strategic plan and an allotted budget for the
unexpected barriers to deal with them properly, or else these
unexpected barriers can affect the development process.

RQ2: Are there any Metrics/Techniques defined to handle
the identified cost drivers?

Although there are various cost estimation techniques for
the estimation of a project, the author [7] reviewed the
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FIGURE 11. Conceptual Model of Existing GSD-Specific Cost Estimation Models.

algorithmic and non-algorithmic techniques for cost estima-
tion, but these techniques do not fit for the GSD due to
the additional challenges of global software development.
The techniques that are used for GSD are amplified from the
existing cost estimation by adding additional factors. In most
of the research articles, the algorithmic approach is amplified,
i.e., Keil et al. [33], Betz and Mikio [32], Madachy [30]
amplified the COCOMO II model for the GSD context.
Though, some other techniques are also introduced by ana-
lyzing the cost overhead. Lamersdorf et al. [8] introduced a
model based on the cost overhead by amplifying COBRA’s
base model. Figure 11 represents a conceptual model of the
existing GSD specific cost estimation techniques.

Figure 11 represents the phenomenon of traditional cost
estimation techniques being amplified into GSD specific
techniques. These techniques, their early stage and are not
properly validated. These techniques lack many cost drivers
that are identified in the literature [5]. So, there is a gap for the
researchers that could be filled up if we consider the missing
factors, i.e., time zone differences. Considering these factors
is very important for efficient estimation, or our budget can
overflow with these hidden factors.

RQ2.1: What are the GSD specific cost estimation models
according to the industrial perspective?

This study has also taken the industrial view regard-
ing cost estimation models being used for the GSD
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environment. For that, we have identified the models through
a questionnaire used by practitioners to estimate the cost in
the GSD context. It is observed that the companies do not
rely on a specific cost estimation model but instead, they
use multiple models for the estimation of a project. This is
also discussed in the literature that we are taking benefit
from multiple models by their combined usage. In our study,
we have considered 175 project managers with all belonging
to the different GSD companies.

TABLE 11. Usage of Cost Estimation Models (Industrial Perspective).

Models No of Responses Percentage
(Usage)

Expert Judgment 107 61.1%
Analogy Based 77 44%
Pay as Go 53 30.3%
Algorithmic 27 15.4%
Hybrid 22 12.6%
Machine Learning 12 6.9%

Table 11 depicts that multiple organizations are using a
combination of cost estimation models in the context of
GSD. We still have a high frequency of expert judgment
and analogy-based models, which means that we still lack an
appropriate formal model. The GSD based organizations still
prefer to use non-formal cost estimation models because the
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results of formal models in this context are still not satisfac-
tory; they lack in considering the additional cost drivers of
GSD. The limitations of existing cost estimation models are
discussed in the forthcoming sections. Another fact is that the
percentage of algorithmic-based estimation lies above all the
formal models, so in the future, we can improve these types
of models to enhance estimation accuracy.

RQ3: What are the factors that current cost estimation
techniques lack?

There are different GSD-specific cost estimation models,
but all these models have some shortcomings that are listed
in Table 12. The review matrix contains all the desired infor-
mation regarding each model and highlights its limitations.

Table 12 presented the detailed aspects regarding each cost
estimation model and the specific limitations. We have then
generalized the limitations of all these models and showed
them in Figure 12.

-

Validation / Evaluation Factors Related

@ Lack of additional Cost drivers
of GSD

@ Lack of Validation
@ Lack of Evaluation
@ No Quantificaiton

| LIMITATIONS

Organization Specific

@ Built for Specific
Organizaitons

© Restricting collaboration
companies to 'Two"

@ Interviews conducted from
members of same organizaiton,
So reults are not generalized

Preliminary Stage

@ Work is Still in Progress

@ Resulis are not generated

FIGURE 12. Limitations of GSD-Specific Cost Estimation Models.

V. DISCUSSIONS

The study aimed to identify the factors influencing cost over-
head in the GSD context. The research’s ultimate goal is to
develop a cost estimation model based on the critical cost
drivers to improve GSD’s estimation process. In this section,
we discussed the comments on our research questions.

Regarding RQ1, we have identified that:

o There are many additional hidden cost drivers for the
GSD context that should be considered in the estimation
process. Our research identified 41 initial cost drivers
that were further refined according to the performed
empirical study

— There are many additional hidden cost drivers for
the GSD context that should be considered in the
estimation process. Our research identified 41 ini-
tial cost drivers that were further refined according
to the performed empirical study

— The identified factors have inter-relationship with
each other, which means that they can also influence
or affect each other

— It is recognized that team culture, geographic
distance, temporal distance, and communication
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infrastructure have the highest frequency, which
makes them crucial.

— There are also additional challenges associated with
cost estimation that is not highlighted in the liter-
ature, i.e., pressure from higher authorities, unex-
pected barriers, multiple vendor involvement

— There is a need to develop the metrics by consid-
ering these factors, i.e., Time differences may be
calculated through the overlapping hours.

— Finally, we identified two primary grouping
schemes for the categorization of these factors. The
4P’S and PMBOK could be used to compensate
for the additional elements. PMBOK is used for
high-level classification, whereas 4P’s could be
used for the categorization of detailed low-level cost
drivers.

— The identified factors are presented in 4P’s based
taxonomy for better visualization and analysis of
the knowledge areas

Regarding the RQ2, we have determined that:

o Most of the techniques that are used in GSD are ampli-
fied from the existing cost estimation techniques that
were aimed to estimate the collocated projects

o 50% of the GSD specific techniques are amplified using
the Algorithmic approach (COCOMO)

o From the industrial perspective, we have analyzed that
the models being used to estimate GSD projects are
mainly Analogy based or through Expert judgment.
Hence, there is a need to develop a formal model in this
context.

o It is also suggested to use some other techniques,
e.g., machine learning and neural networks. Because
each type of technique has its limitations. So, it’s better
to try some hybrid techniques.

Regarding the RQ3, we have identified that:

« The recognized techniques are at an early stage and lack
calibration

« The techniques are not validated and consider the limited
number of organizations [24]

« Some of the existing models are context-specific, which
means that they are developed for some specific envi-
ronment, so they could not be generalized for the GSD
context

« Missing cost factors from the techniques can result in
un-accurate results of the estimation. So, there is a gap
for the researchers and practitioners to improve these
models for the GSD context.

VI. PROPOSED CONCEPTUAL MODEL

Based on our research outcome, we have developed a concep-
tual model of cost estimation in the GSD context. As shown
in Figure 13, the model consists of three main components.
In phase 1, the critical cost drivers (CCD’s) of the GSD
context are selected along with a base cost estimation model.
The rationale behind selecting these CCDs is to include the
hidden cost associated with the GSD projects counted when
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TABLE 12. Review Matrix of Existing GSD Specific Cost Estimation Models.

Author(s)

Model/Technique

Research Description

Finding(s)

Limitation(s)

Evaluation Measures

Betz and
Makio [32]

COCOMO I
based

e Proposed a model for esti-
mating effort in GSD.

e New effort multipliers are
added to make it effective

e Most comprehensive
model as compared
to other

e 11 New effort multi-
pliers are added

The model restricted
the collaboration com-
panies to two

No systematic  ap-
proach is followed for
the quantification of
factors, which resulted
in unclear numerical
values

Not validated

Lamersdorf

[8]

Cost Overhead
Model for GSD
(CoBRA Based)

e Presented a cost overhead
model based on influencing
factors and causal relation-
ships

e The causal model can
help in understanding
the importance of the
factors and their rela-
tionship

All interviews were
conducted within one
organization

The model could not
be generalized, as it is
company-specific

Evaluation is done
through the Goal Ques-
tion Metric Paradigm

Mamoona
Humayun
[31]

Machine Learning-
Based

e The paper presented an
overview of different ML
techniques for cost estima-
tion in GSD

e The techniques ad-
dress the distributed
characteristics of
GSD

e Techniques are avail-
able according to the
situation

Handling cost drivers
are not discussed.

The accuracy of these
types of models is
highly dependent on
the kind of data on
which they are trained
Unsuitable data can re-
sult in inaccurate esti-
mates

Evaluated based on a
Canadian dataset

Manal El
Bajta [26]

Use Case Points

e UCP is a simple and rela-
tively easy approach for es-
timation where application
size is estimated through use
case diagrams

e A simple and easy
approach does not re-
quire a technical un-
derstanding of the
concepts

Detailed Use Cases are
required for accurate
estimation

The mentioned factors
are  application-spe-
cific and depend upon
the type of application

In the stage of data ex-
tracting and no results
have been published,
so the model is not
evaluated

Manal El
Bajta [10]

Analogy based
cost estimation
model

e The model is related to
Case-Based Reasoning
where it is assumed that sim-
ilar projects will have simi-
lar cost but in the case of
global software develop-
ment, first have to identify
the similarity attributes to
calculate the cost

e The model is useful
only if we have expe-
rience with similar
projects

This type of estimation
is problematic when
data is not available or
have not done any sim-
ilar project in the past

The work is still in pro-
gress, so the approach
is not evaluated

Mr.S.Ra-
macharan
[27]

Scheduling based
cost estimation
model

e Scheduling and productivity
parameters are identified,
and cost estimation is based
on the line of code

e The effectiveness of
the model is evalu-
ated by comparing it
with other models,
which is not done in
any other model

The variation of rec-
ords is not considered;
it is instead stated in
the future work of the
research

Comparison with other
Models

Jamshed
Ahmad [9]

SOCEM: Software
Outsourcing Cost
Estimation Model

e A model is presented to
identify the challenges faced
by the vendor organization
regarding cost estimation in
GSD

e The model works on
the challenges of cost
estimation

An abstract level esti-
mation model is pre-
sented.

No discussion about
cost drivers and han-
dling cost drivers
through model
Organization Specific

Evaluation is left for
future work.

Madachy
[30]
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Cost Xpert

e Proposed a model based on
phase-sensitive effort multi-
pliers.

e The model considers the
cost factors related to the
people in different teams

e The model has pro-
posed with industrial
collaboration, and ef-
fort multipliers are
phase sensitive

No quantification and
validation of the pro-
posed model
Additional cost drivers
of COCOMO 1I are
not included, i.e., com-
munication and collab-
oration

No validation
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TABLE 12. (Continued.) Review Matrix of Existing GSD Specific Cost Estimation Models.

P.Keil [33] | COCOMO I

Based

e Proposed a model to provide | o
a decision-making frame-
work to calculate the
tradeoff between the estima-

The model
duced factors related

to multisite commu- | e

nication and multisite

intro- | e

No quantification of
the complexity factor

No systematic ap-
proach is adopted for

No validation

tion in collocated and GSD collocation. factors extraction
PHASE 1 PHASE 2 PHASE 3
SELECTION OF COST DRIVERS AND BASE MODEL AMPLIFICATION OF ESTIMATION MODEL QUTCOME

ASSOCIATED

FILTERING

HIDDEN COST COSTDRIVERS (CCD)

UNMEASURABLE
COST DRIVERS

MEASURABLE
COST DRIVERS

ESTIMATION BASED ON
ADDITIONAL COST
DRIVERS

COMPETENCE TIME ZONE
- LEVEL DIFFERENCE

LANGUAGE AND PROCESS

CULTURAL
RESPONSE - | DIFFERENCE COMPLIANCE
TIME
GEOGRAPHIC
TEAM TRUST DISTANCE >

FORMATION OF METRICS
(Based on Associated Hidden

Cost) * + +

EFFORT TIME

Y

COMMUNICATION
INFRASTRUCTURE

ASSIGNING

MODERATE (0.5)
HIGH (1)

SELECTION OF BASE MODEL

EQUATION ALTERNATION
(Addition of Formulated Values)

FIGURE 13. Proposed Conceptual Model of Cost Estimation in GSD Context.

estimation is performed. In phase 2, the amplification of
the base model is performed where standardize modification
activities are selected. Initially, the immeasurable cost drivers
are converted into measurable cost drivers, then criteria are
developed, and the formulation of metrics occurs. Once the
metrics are formed, then these cost drivers are assigned values
considering their level of occurrence. Finally, these values
are added to the base model equation, and the results are
generated. In phase 3, we estimate the additional cost drivers
that were not considered in the traditional cost estimation
model. In paper [32], a similar work is presented. The author
extracted the effort multipliers of outsourcing (EMO) and
accommodated them in COCOMO II. However, the extracted
EMOs were not empirically validated. The presented model
considered the factors and challenges of GSD, whereas the
critical factors were not highlighted. Simultaneously, in our
conceptual model, the extracted factors were empirically
validated by 175 project managers. We have considered
the moderate and critical impact cost drivers due to their
high significance impact. Therefore, our model considers an
exhaustive list of cost drivers covering all the aspects of the
estimation process essential in the GSD context.

VII. FUTURE DIRECTIONS
The outcome of this research could be used to develop a
model based on the identified cost drivers. The ultimate aim
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is to amplify the COCOMO II and CoBRA model based
on the identified cost drivers as the percentage (usage) of
algorithmic models from empirical study depicted a need
for a formal model. The rationale behind the selection of
algorithmic models is the availability of the literature and free
tools. Therefore, we will try to quantify the cost drivers by
defining the metrics, setting criteria for each cost driver, and
assigning values accordingly so that these factors could be
used for improvement in the estimation process. We can also
consider the cost overhead for estimation, as mentioned in [8],
which will allow us to calculate the inter-relationship between
the factors.

VIIl. THREAT TO VALIDITY

The selected primary studies might not have reported the
reasons for a particular cost driver’s occurrence, which could
be an internal validity threat. The mitigation of this threat is
challenging for us as the origin of the cost drivers was not
formally identified in the selected primary studies.

Another possible threat related to our work is that the
authors of the selected primary studies are from academia,
so they may not have detailed knowledge and understanding
of GSD’s current trends. But we mitigated this threat by
evaluating the cost drivers through practitioners. Through
this, we covered both academic and industrial perspectives,
which strengthen our research.
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TABLE 13. Summary of Research Questions.

Research Questions

Discussion

RQ1: What are the
cost drivers that could
affect the cost estima-
tion in GSD?

Identified a total of 41 cost drivers from litera-
ture. The specified cost drivers are Time zone
difference, Language and Cultural Differ-
ences, Communication infrastructure and pro-
cess, Process model, Travel cost, Competence
level, Requirements legibility, Process Com-
pliance, Response delay, Team trust, Client
unawareness, Shared resources, team struc-
ture, work dispersion, work pressure

RQ1.1: How can the
identified cost drivers
be categorized?

Most of the primary studies did not categorize
the factors, but some authors did it through
4P’s or PMBOK categorization.

For our research, we selected 4P’s for the cat-
egorization of the identified cost drivers. It has
been found that categorization through 4P’s is
more detailed regarding our context. In con-
trast, PMBOK contains high-level knowledge
areas and does not explicitly target the low-
level cost estimation areas.

RQ1.2: What are the
critical cost drivers in
each identified cate-

gory?

A total of 8 critical cost drivers are identified
based on criteria (frequency >50%) in both lit-
erature and empirical study. The identified
CCD were time zone difference, language and
cultural difference, competence level, process
compliance, communication infrastructure, ge-
ographic distance, and team trust

RQ1.3: What are the
additional challenges,
according to practi-
tioners, that may af-
fect the cost estima-
tion in GSD?

Five additional challenges were identified
from the empirical study. The extracted chal-
lenges were organization’s adaptability to new
technologies, pressure from higher authorities,
Multiple-vendors Involvement, Over-hiring,
Neglecting the QA effort, Unexpected Barriers

RQ2: Are there any
supporting cost esti-
mation metrics/tech-
niques to handle the
identified cost driv-
ers?

The existing GSD specific cost estimation
models were tailored from the traditional mod-
els. The identified GSD-specific cost estima-
tion models were the cost overhead model,
COCOMO 1I for GSD, COCOMO 1I for Off-
shoring, analogy-based, machine-learning
based, and a model based on use case points
(uce.)

RQ2.1: What are the
GSD specific cost es-
timation models ac-
cording to the indus-
trial perspective?

The cost estimation models identified from the
empirical study were mainly Analogy based
and expert judgment. It has been analyzed that
industries lack formal models in this context.
Only 17% of companies were using formal es-
timation models. While all others were relying
on traditional models (analogy and expert
opinion)

RQ3: What are the
factors that existing
cost estimation tech-
niques lack?

It was found that the existing cost estimation
techniques were at the preliminary stage. The
identified models were not validated or evalu-
ated. Some of the models were context-spe-
cific, which means that these models could not
be generalized. The models also lack the addi-
tional cost drivers of GSD.

IX. CONCLUSION

The Globalization of the software industries is rapidly
increasing. This rapid increase in Globalization motivated us
to identify the cost drivers that could influence GSD projects’
cost overhead. To achieve the devised research objectives,
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we conducted SLR and a survey questionnaire to identify a
total of 41 cost drivers. Subsequently, the cost drivers were
categorized from low significance to high significance value.
Afterward, 175 project managers of various GSD organiza-
tions were selected, particularly from more than 20 countries.
The cost drivers were then validated from the industrial per-
spective. The critical cost drivers from literature and empiri-
cal studies were language and cultural differences, time zone
differences, lack of proper communication infrastructure,
the team’s competence level, process compliance, geographic
distance, and team trust. These critical cost drivers could be
used as a guide for estimating the project in the GSD context.
However, the empirical study highlighted some additional
challenges of cost estimation that were not presented in the
literature. These additional challenges were multiple-vendor
involvement, neglecting the quality assurance effort, over-
hiring, pressure from higher authorities, and some unex-
pected barrier, i.e., the current situation of Covid-19. These
additional challenges should be considered during the cost
estimation of a GSD project. Neglecting these challenges
can associate the hidden cost that could influence the cost
overhead.

Moreover, we identified the cost estimation models pre-
sented in literature and those used in the GSD context’s soft-
ware industries. We identified significant differences between
the results obtained from the two studies. Most of the models
are formal and mathematical based on COCOMO or other
algorithmic models from a literature perspective. Whereas,
in our empirical analysis, the most used models were found
to be an analogy-based and expert judgment, which concludes
that we still lack formal models of cost estimation for the
GSD context. The existing formal models are at the prelimi-
nary stage of development, and these models still need to be
improved so that the software industries could use them.

We believe that this paper’s findings could be used to deal
with the issues associated with the cost estimation of GSD
projects. Dealing with these issues is vital to the progression
and success of a GSD organization.
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