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ABSTRACT Global Software Development (GSD) projects comprise several critical cost drivers that affect
the overall project cost and budget overhead. Thus, there is a need to amplify the existing model in GSD
context to reduce the risks associated with cost overhead. Motivated by this, the current work aims at
amplifying the existing algorithmic model with GSD cost drivers to get efficient estimates in the context
of GSD. To achieve the targeted research objective, current state-of-the-art cost estimation techniques and
GSD models are reported. Furthermore, the current study has proposed a conceptual framework to amplify
the algorithmic COCOMO-II model in the GSD domain to accommodate additional cost drivers empirically
validated by a systematic review and industrial practitioners. The main phases of amplification include
identifying cost drivers, categorizing cost drivers, forming metrics, assignment of values, and finally altering
the base model equation. Moreover, the proposed conceptual model’s effectiveness is validated through
expert judgment, case studies, and Magnitude of Relative Estimates (MRE). The obtained estimates are
efficient, quantified, and cover additional GSD aspects than the existing models; hence we could overcome
the GSD project’s overall risk by implementing the model. Finally, the results indicate that the model needs
further calibration and validation.

INDEX TERMS Global software development, cost estimation, COCOMO-II, cost overhead.

I. INTRODUCTION
As technology advances, the globalization of software
companies increases. Software industries are moving
towards Global Software Development (GSD) to provide
a cost-effective software solution. GSD refers to the type
of development which involves virtual teams from different
geographical locations to carry out the development [1]. The
prior studies predict that the number of GSD projects will
increase over time. In the countries like India and China,
global software projects are expected to increase by 20 to 30%
shortly [2]. The primary purpose of adopting GSD is the low
labor cost, whereas it also provides many other advantages
like time to market and access to vast skills through virtual
teams [3].

Besides the benefits that GSD provides, many associ-
ated challenges mainly occur due to cultural differences,
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time differences, language differences, and other social
norms [4], [5]. One of the reported studies presented the
disappointing results of the GSD in various projects [5].
Another study has conducted a survey and reported that
31.1% of the GSD projects terminated before completing the
projects [6]. One of the main reasons behind the failure of
GSD projects is the lack of consideration of the additional
cost drivers of GSD. Each development type exhibits its
particular characteristics. As in GSD, the development is
carried out through remote locations with high geographic,
cultural, and time zone differences. Thus, various hidden cost
drivers are not considered, ultimately affecting the overall
project cost [7]. The existing work lacks in considering
the additional cost drivers of GSD. Most of the existing
techniques lack quantifying the factors and validation of the
generated results [8].

Motivated by this, current research focuses on providing
a GSD-specific cost estimation model based on the addi-
tional cost drivers of GSD to provide more accurate and
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realistic estimates. We believe that the proposed model can
assist the practitioners in accurately computing the project’s
cost in the context of GSD.

The subsequent sections are structured as follows.
Section 2 provides an overview of the motivation for
this research. Section 3 presents the adopted research
methodology. Section 4 discusses the existing cost estimation
models in the GSD context. Section 5 highlights the
limitations of the existing approaches. Section 6 presents
the proposed approach and the amplified model. Finally,
Section 7 discusses the conclusion and the future work for
this research.

II. RESEARCH MOTIVATION
The success of aGSD project is measured by three parameters
based on the client’s satisfaction. These three parameters are
quality, time, and cost [9]. Quality represents the conformity
of the specifications. Moreover, it is measured by the degree
of fulfillment of the requirements. In contrast, the time
parameter represents the deadlines for the milestones.

Similarly, the cost parameter represents the desired budget
of the project. Generally speaking, completing a project
within its desired budget is a challenging task. Keeping in
view of this fact, a GSD project will only be successful
if it fulfills the clients’ expectations. Managing cost in the
GSD project is crucial because resources are distributed, and
transparency is very low [10]. The reported statistics show
that approximately 40% of the GSD projects fail and the
primary reason behind it is the distance [9]. Some other
statistics related to outsourcing extracted from empirical
studies are listed below:
• Only 50% of the outsourcing in the near future will be
successful [8]–[11].

• Half of the software companies that shifted their
process to GSD failed to generate the expected financial
benefits [11].

• 70 percent of the software companies had a significant
negative experience with out-sourcing [8].

• In a survey of 50 companies, about 14% of outsourcing
operations have deemed a failure [8].

• A survey found that 50% of GSD relationships world-
wide fail within five years [8].

The above-mentioned facts motivated us to contribute in
this research domain. Overall these statistics represent that
at the beginning of project, the cost of the GSD projects
seems low. Still, as we proceed with the development,
the additional cost drivers of GSD like time delay, work
quality, and dissatisfaction emerges and affect the project’s
overall cost [12]. This is the reason that many companies fail
to implement the GSD methodologies at a proper manner.

The stats show that many companies failed to produce
satisfactory results. In many projects, the cost saving is
approximately 50 %. Whereas in many other projects, there
is no cost-saving, and the companies failed to deliver the
project. The main reason behind it is the preliminary cost
analysis, which leads to the inaccurate estimation of the

cost-saving. We can only overcome it through proper cost
analysis considering all the additional cost drivers of GSD
right at the time of assessment to create the most realistic
estimate [13], [14].

A realistic cost estimation model is required to prevent
the disappointing cost savings that should consider all
the hidden cost drivers of GSD. The estimates would be
fitting the characteristics of GSD, and the risk would be
reduced [15]. We selected COCOMO-II as a base model to
achieve the targeted purpose because COCOMO-II is the
most established software cost estimationmodel having some
built-in characteristics of GSD [16], [17]. We have identified
the Critical Cost Drivers (CCDs) of GSD and amplified the
model accordingly. The will help us to predict the outcome
for the GSD projects by reducing the overall risk. The main
contributions of this research are listed below:
• Identification and categorization of the cost driver in
GSD context.

• Empirical evaluation of the identified cost drivers.
• An extensive literature review on existing GSD-specific
cost estimation models and their limitations.

• Devising an amplified cost estimation model based on
critical cost drivers of GSD

• Validation of the proposed conceptual model.
Based on targeted research objectives, we formulated the
research methodology discussed in following section.

III. RESEARCH METHODOLOGY
To achieve the targeted objective, we adopted the Systematic
Literature Review (SLR) technique to identify cost estimation
factors in the GSD context. Figure 1 represents the adopted
research methodology.

First of all, we focused on the problem formulation.
In phase 1, a general literature review is conducted to
formulate the research problem. After the formulation of
the problem, the context is specified. Cost overhead in the
context of GSD is selected as a base problem. In phase 2,
we performed a planned SLR to extract the factors affecting
cost estimation in the GSD context. The performed SLR
helps us to extract the factors systematically and unambigu-
ously [18], [19]. In addition to the cost drivers, the existing
GSD-specific cost estimation models were also identified.
The obtained results were then validated from the industry
through a questionnaire. In phase 3, the data is compared, and
the statistical tests were applied to examine the correlation
between the results (Figure 1).

Notice that we have successfully accomplished the first
three phases of research methodology in our previously
published work [11]. For more details regarding the adopted
research methodology, please refer to our published research
work [11]. Phase 4 represents the amplification of the
cost estimation model based on the identified critical cost
drivers and the limitations of the existing cost estimation
models. For the amplification, a base model is selected.
We have amplified the COCOMO-II model due to its built-
in distributed characteristics. The model is amplified by
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FIGURE 1. The adopted research methodology.

integrating the empirically validated additional cost drivers
of GSD. The metrics are formulated, and the equation is
alternated. Finally, the proposed model is validated based on
different projects through performance measures including
MRE. Moreover, the proposed conceptual model is also
validated by industrial experts through a questionnaire.
The questions covered the aspects related to the labels,
the logical connection of the phases, and the identified cost
drivers (Figure 1).

IV. CURRENT STATE-OF-THE-ART COST
ESTIMATION MODELS
Software cost estimation has been focused for many years
in software engineering research, and different estimation
techniques have been proposed. However, most of the
estimation techniques were presented before introducing
the advent of GSD [17]–[20]. Before the emergence of
GSD, the software was developed locally, and the adopted
estimation techniques considered the local development of
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the software products. Hence, the traditional cost estimation
techniques lack in considering the global characteristics of
GSD. GSD is different from the local development type
because of the significant overhead due to the additional cost
drivers like language, cultural, and geographic factors [21].
Each site in GSD exhibits its characteristics, and their
productivity varies. Recently, the researchers have focused
on this context and proposed several cost estimation models
applicable in GSD context [22], [23]. Notice that some of
the proposed models are algorithmic, while others are non-
algorithmic [24]. The following section discusses existing
GSD-specific cost estimation models.

A. ALGORITHMIC MODELS
Algorithmic models are the formal models that involve
mathematical computation for estimation. These are the
mathematical models with the pre-assigned parameters and
their values. The different variants of algorithmic-based cost
estimation models in the GSD context are discussed as
follows:

COCOMO-II is a widely used algorithmic model for
collocated projects. However, it does not fit the GSD context
because it lacks in distributed characteristics of GSD [17]. So,
we made necessary refinements in the COCOMO-II model to
make it executable for GSD projects. The amplified variants
to COCOMO-II are discussed in the next section.

Cost Xpert is a different model proposed byMadachy [25].
The author selected COCOMO-II as a base model and
adapted it according to the distributed environment. The
differentiating element is that the model considered phases
instead of functions or modules for the estimation. The
identified effort multipliers were phase-sensitive and related
to people working in different teams. Still, some of the
major cost drivers like coordination and collaboration,
which significantly impact the global environment, were
not considered in this model. Therefore, the model is only
suitable for projects where work allocation is based on
phases rather than specified functions. Moreover, there is no
validation and quantification in this model, which seems to
be a drawback for its reliability.

Another variant of COCOMO-II has been proposed by
Keil et al. [26]. The authors tailored the model to fit it for
the GSD context. The model introduced the additional cost
drivers of GSD. The focus of the model was on collaboration
and communication between the multiple sites. Thus, the cost
drivers related to these two factors were identified. The
identified factors were related to product, personnel, and
project. The proposed model’s main objective was to provide
a framework for decision-making to calculate the tradeoff
between the collocated and global distributed environment.
The model still requires further verification and validation
as it is at a very early stage of development. Furthermore,
the factors have been derived only through the author’s
experience and the literature, so it does not seem to be
a systematic approach for investigating factors as it lacks
empirical support.

Betz and Makio [16] proposed a most comprehensive
model based on COCOMO-II. The authors focused on the
Post Architecture Variant of COCOMO-II because it contains
an extensive list of cost drivers. The model is amplified
through three steps. In step 1, the cost drivers were identified
through a qualitative survey based on semi-structured inter-
views with German software companies. 11 new effort mul-
tipliers were identified and were named as Effort multipliers
of Outsourcing (EMO). In step 2, the identified cost drivers
were categorized based on theoretical thoughts and author
experiences. The identified cost drivers were grouped into
four categories. In step 3, the identified factors were assigned
values for the quantification. However, the proposed model
is not validated due to the actual missing data of offshoring.
Moreover, quantification is not performed systematically, and
the derivation of values is unclear. So, the model still needs
further calibration and research.

B. NON-ALGORITHMIC MODELS
These types of models are also known as Non-parametric
models. Non-algorithmic models depend upon soft comput-
ing approaches like fuzzy logic, analogy neural networks,
and expert judgment. These methods perform the analysis
on the chronological data of the previous projects [27].
GSD-specific non-algorithmic cost estimation models are
discussed below:

Use Case Points (UCP) is a non-algorithmic model
designed to perform cost estimation based on research
and historical data. UCP is a new and relatively simple
approach [28] for measuring the project’s size, but it is not
widely accepted in the software industries. The accuracy
of the UCP is associated with the level of details incorporated
in the use case diagram. Various steps are performed
to calculate the use case point. Initially, actor types are
categorized from simple to complex, and then weightage
value is assigned to calculate the adjusted and unadjusted use
case points. Different transactions are identified to categorize
the types of actors. However, there is no adoption of UCP in
GSD due to the consideration of limited cost drivers of GSD,
the author presented initial research, and the work is still in
the data capturing phase and lacks validation.

The functionality of the Analogy-based model is based
on the measures and similarity functions of a project.
Analysis of the previous datasets is performed to obtain
accurate estimates of the desired project. For estimating the
cost based on the analogy model [29], the characterizing
attributes are selected and based on these selected attributes,
the estimation is performed. Thus, the complexity metrics
are designed for the input values, the database is updated,
and new values are generated. The model contains several
limitations as the work is still in progress. The model does not
include an exhaustive list of characteristics for the distributed
environment. A company working on new technology would
lack a similar dataset, and the model would not be applicable
without maintaining a dataset of sufficient related projects.
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FIGURE 2. Current-state-of-the-art GSD-specific cost estimation models.

With technological advancements, the practitioners are
trying to incorporate Machine Learning (ML) techniques
in estimation models for accurate and precise estimates.
Different ML mechanisms are being used in estimation
models like artificial neural networks, regression trees, and
genetic algorithms. Humayun and Gang [30] compared
the ML techniques to check their applicability in different
situations. The authors claimed that ML models could be
used for accurate and adequate estimates. There are several
limitations to developing machine learning-based estimation
models as their performance is associated with the data on
which they are trained. The applicability ofML-basedmodels
will be challenged if pertinent project data is not available.
The work on ML-based models is still in progress and need
further attention for improvement and accurate result.

In [31], the authors worked with industrial partners
and presented a unique model to better estimate GSD
projects. The model is presented for the environment where
work is allocated through phases rather than the specific
functionality. Their proposed model’s distinct factors are the
groups’ environmental characteristics, labor cost, currency
fluctuation, and compensation rates. The model is developed
using spreadsheets and is in the early phase of development.
However, it still requires further calibration and validation for
optimized results.

In [32], the authors presented a cost estimation model for a
Spanish GSD-based company. The model amplified the Cost
estimation benchmarking and risk assessment (COBRA)
model to fit the GSD context. Initially, the cost drivers

influencing the cost overhead were identified and ranked
according to the experts. Then, a causal model is developed
based on the direct and indirect influences of the factors.
Furthermore, the experts quantified the cost drivers, and
finally, the past projects were analyzed. Based on the results
generated from past projects, the experts categorized the cost
drivers accordingly.

V. LIMITATIONS OF EXISTING COST
ESTIMATION MODELS
The existing cost estimation models are either at the prelim-
inary stage of development or lack additional cost drivers of
GSD. Some models like the Analogy-based model [29] and
Machine learning-based models [30] are based on theoretical
approaches. The authors just presented an initial idea, but
these approaches are not implemented and quantified.

Notice that this work is the extension of our previously
conducted SLR [11], in which we have extracted the
additional cost drivers related to the GSD domain and
empirically validated the identified cost drivers. Moreover,
we have provided an abstract view of the proposed framework
in our published work [11]. To extend our previous work,
we have considered COCOMO-II as a base model. This is
due to the fact that COCOMO-II is the most established cost
estimation model with built-in GSD characteristics that are
not considered in any other presented model [16]. Regarding
the COCOMO-II applicability, it is used when the top-level
design and the detailed information about the project can
be extracted [17]. There are various considerable advantages
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FIGURE 3. The proposed conceptual model.

FIGURE 4. Main phases of proposed conceptual model.

associated with the applicability of the COCOMO-II.
Multiple studies reported that COCOMO-II supports a
calibration process in an effective manner. In other words,
it means that primary metrics used in COCOMO-II model
are clearly defined, and the variables are presented in a
more detailed manner [33]. Another noticeable advantage of
using COCOMO-II is its ability to function more effectively
due to dynamically adjusting according to the reported
changes. Thus, COCOMO-II has been widely adopted as
an industry-standard model [34]. Based on the reasons
mentioned above and the distributed nature of the GSD
projects, the current study recommended using an algorithmic
model where the characteristics of the projects are less
known [34].

On the other hand, Machine Learning (ML) models, also
known as learning-oriented models, can learn from the
previous data and predict the outcome based on the historical
data [34]. However, in the GSD context, the machine
learning-based cost estimation models are only presented at
a conceptual level [30]. Chirra and Reza [33] reported that
when a model is created with different historical project
datasets, there is a variation in the predicted accuracy.
While using machine learning models in the GSD context,

it is difficult to determine which technique will give more
accurate results on which type of dataset. [30]. The authors
mentioned that the ML models based on regression trees lack
in effectively modeling the complexities involved in software
development projects [30]. Moreover, the less applicability of
ML-based estimationmodels is mainly due to the unavailabil-
ity of the guidelines or instructions for necessary designing
artificial neural-based estimation models. In addition, a large
amount of training data is also required. [34]. Shekhar
and Kumar [34] concluded that the estimation accuracy is
relatively low when the estimations are carried out through
the rule induction method. In contrast, when association
rules are used, accuracy is comparatively better. However,
it cannot be guaranteed that the model will be able to classify
all new projects [35]. Furthermore, Bibi and Stamelos [35]
reported the limitations of the ML models based on Artificial
Neural Networks (ANN) and Case-Based Reasoning (CBR).
The authors concluded that the CBR technique is sensitive
to the similarity function and also lacks in dealing with
the missing values. Similarly, ML models based on ANN
exhibit weak explanatory ability. In addition, the ANN
technique is prone to get the overfitting to the training
dataset and requires plentiful data for training. Comparing
the COCOMO-II model with other cost estimation models
like (Analogy-based, ML-based, UCP), it serves several
distinct characteristics that are missing in any other proposed
model [33]. However, we intend to use the ML-based models
in our future work subject to the availability of the required
guidelines and the instructions [30].

Figure 3 depicted the generalized limitations of the
GSD-specific cost estimation models. There are different
parameters that each estimation technique lacks in consider-
ing while performing cost estimation in the GSD context.
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FIGURE 5. Identified cost drivers of GSD.

FIGURE 6. Categorization of identified cost drivers.

FIGURE 7. Industrial perspective of the cost estimation models.

The major limitation is the quantification of the proposed
model. The majority of the models are proposed based on
theoretical aspects, but they are not quantified. Moreover,

the metrics support for the existing cost estimation models is
not available. A detailed review of the existing cost estimation
models is presented in Table 1. The labels include the author
name, model or technique name, the basic mechanism of the
proposedmodel, findings based on the proposed approach, its
limitations, and the evaluation measures through which the
proposed models are evaluated (Table 1).

VI. PROPOSED MODEL
Based on the conducted research, we have developed a
conceptual model of cost estimation in the GSD context.
Figure 4 presents the proposed conceptual model.

The proposed 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 choosing these CCDs is to include the
hidden cost associated with the GSD projects counted when
estimation is performed. In phase 2, the amplification of
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TABLE 1. Review matrix of GSD-specific cost estimation models.
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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. Figure 5 illustrates the main phases of
model amplification.

The main phases of the proposed model further consist
of sub-phases. The sub-phases represent the task that is
being performed inside a module. In phase 1, based on the
hidden associated cost, the cost drivers are identified and
categorized. Moreover, a base model is selected to integrate
the identified cost drivers. Similarly, in the amplification
phase, the measurable cost drivers are filtered and assigned
complexities once the metrics are formulated. Finally, based
on the amplified equation, the estimates are obtained in
Phase 3. The estimates are based on time and effort
corresponding to the overall cost of the project (Figure 5).

The phases and the sub-phases of the proposed model
(Figure 4) are discussed explicitly in the subsequent
sections:

A. PHASE 1
This phase presents the list of factors affecting cost estimation
in the GSD context, categorizing the identified cost drivers,
and selecting the base model. Moreover, it gives the rationale
for the selection of the base model (COCOMO-II).

1) IDENTIFICATION OF COST DRIVERS
The categorized factors are extracted through the performed
SLR and are validated through an empirical study [11].
The identified factors had a moderate or critical impact on
the cost estimation of GSD projects. The extracted cost
drivers of GSD are depicted in Figure 6. 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 the cost estimation models require.

Seven factors are common that we extracted and used in
the COCOMO-II model [16]. In contrast, we provided an
extensive list of cost drivers by adding seven missing factors
in the existing model [16]. The missing factors were related
to the process, project, and people.

2) CATEGORIZATION OF COST DRIVERS
We added 14 cost drivers with moderate or critical effects
on GSD projects. Furthermore, the identified cost drivers are
categorized using a customized taxonomy based on 4P’S and
Outsourcing factors. The designed categories are illustrated
in Figure 7.

The categories with the corresponding factors represented
in Figure 7 are discussed in the following sections:

a: PEOPLE-RELATED FACTORS
These factors are based on personal attributes. As the
development type varies, the personal attributes also vary
with the change in development type. The factors included in
this category are; client involvement, the team’s competence
level, and team trust. Client involvement in GSD projects
is important because due to the distributed nature of
development, the client is usually unaware of the project.
The client should be involved through the communication
medium to overcome the transparency of fulfilling the
project’s requirements. Similarly, in GSD, we do not have a
face-to-face meeting in offices, so measuring an employee’s
competence level is also difficult, but it is essential for
accurate estimation. Competence level is a part of skill
management where the proficient and highly competent team
is selected from remote locations [11], [38]. The estimations
should be made considering the team’s competence level and
developing it in the scheduled timeframe. Team trust should
be formed between the members working at different sites.
When we lack formal face-to-face meetings, the members
hesitate to coordinate and cooperate with the concerned
personnel. They don’t have the opportunities to develop
interpersonal skills, which might negatively impact the
project.

b: PROCESS-RELATED FACTORS
Process-related factors refer to the cost drivers that are asso-
ciated with the development methodologies and processes.
Effective processes are key to the productive growth of a
software company. Due to GSD development’s distributed
nature, the operations also vary from those used in the
in-house development. The factors included in this category
are process model, process maturity, process compliance, and
communication process. Choosing the right process model
is the base to be in the right direction in any project.
In GSD, we have different approaches and methodologies
at multiple sites. Integrating these processes is essential
because if they do not interoperate, they can lead to data
loss or rework, decreasing the product’s quality [11]–[17].
Similarly, if we talk about the communication mechanisms,
it also varies in the GSD context due to the lack of face-
to-face meetings. The study [11] highlighted the importance
of communication in the GSD context as it plays a vital role in
the success of a project. If we lack effective communication
mechanisms, it can lead to delays increasing the project’s
overall effort [17].

c: PROJECT-RELATED FACTORS
Project-related factors refer to the cost drivers associated with
the overall success of the project. These factors are symmetric
and are directly linkedwith the project. In the context of GSD,
the project-related factors include requirements legibility,
contact design, and project management effort. Requirements
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are the core of any project and evenmore crucial in distributed
development, where formal meetings occur through virtual
communication channels. It is challenging to understand the
actual need of the client in a virtual environment.

Similarly, the project’s contact design also plays a vital role
in initiating the project with a collaboration company [16].
An intricate contract design will lead to the complexities in
the projects. Comparing project management in distributed
development with in-house development is more difficult
due to the resources’ dispersion. Maintaining the project
management effort with distributed characteristics is a
challenging task.

d: OUTSOURCING FACTORS
Outsourcing factors should be considered where collaborat-
ing with an international partner [16]. The factors included in
this category are; time zone difference, geographic difference,
language or cultural difference, and vendor selection. While
working on a GSD project, outsourcing factors should be
considered because they can indirectly affect a project’s
performance. These factors are also known as ‘‘hidden cost
drivers’’ because these factors are usually not considered
during the estimation. Still, they impact the overall project
in terms of delays, additional effort, or rework. Time
zone difference is a crucial factor presented in several
studies [8], [11], [23]. Its impact on a project is asymmetric;
an increase in a time zone difference can decrease the virtual
teams’ overlapping hours, resulting in poor communication
and coordination. The effort associated with time zone
difference is idle time when a member cannot proceed
because he is waiting for a virtual team [11].

Furthermore, choosing the right outsourcing partner is of
great importance in distributed development. So, a factor
‘‘Vendor selection’’ is added in this category. Based on the
experience, the right outsourcing partner for development
should be selected.

e: SELECTION OF BASE MODEL
For selecting the base model for the proposed approach,
we have performed a critical analysis of the literature.
To analyze the cost estimation models presented in the
literature, we performed an SLR and extracted all the relevant
GSD context’s relevant models. 75% of the extracted models
were based on Algorithmic Cost Estimation Modeling
Technique [8]. Within Algorithmic Models, COCOMO-II is
the most established model used for the amplification in the
GSD context as it contains the built-in characteristics of a
distributed environment. In this work, we selected algorith-
mic model compared to other estimation models especially
ML based estimation models. This is mainly due to the fact
that ML models are autonomous; however, ML models are
highly susceptible to the estimation errors [30]. Moreover,
the other main challenge of ML based estimation models
is to determine that which the ML technique provides more
accurate results on which dataset [30].

FIGURE 8. Values of scaling factors and effort multipliers [43].

COCOMO-II model contains three main stages including
application estimation composition model, early design
estimation model, and post architecture estimation model.
In this work, we have selected COCOMO-II post architecture
as a base model due to the following characteristics [39]

• Availability of the tools
• Parameter’s coverage
• Built-in distributed characteristics
• Different factors are available according to the situation

Furthermore, we extracted the information regarding
cost estimation models through an empirical study [11].
We designed a questionnaire and distributed it among the
175 project managers of global software companies to
identify the cost estimation models used in the industries.
Figure 8 depicts the responses of the project managers
corresponding to the mentioned estimation models.

Figure 8 represents the usage percentages of different types
of cost estimation models as employed in global software-
oriented industries. The high percentages of expert judgment,
Analogy-based models, and Pay as go’ models over other
estimation models represent that the GSD industries are still
relying on non-algorithmic estimation models. This is mainly
due to lack of proposed formal models in the GSD context.
Moreover, the formal models developed in GSD context still
lack in additional cost drivers of GSD. Generally, they are
at the early stage of development, and lack in quantification
and validation. Due to this reason, GSD organization lacks
in using the formal models for effort and cost estimation
purposes. The obtained results served as a baseline in devising
a formal model.
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TABLE 2. Categorization and value assignment of cultural and geographic
difference.

TABLE 3. Categorization and value assignment of time zone difference.

B. PHASE 2
In this phase, we amplified the base model of COCOMO-II
post architecture. This phase is divided into sub-phases:
(i) metrics formulation, (ii) values assignment, and (iii)
equation alternation. The sub-phases are discussed in the
subsequent sections:

1) METRICS FORMULATION
The metric formulation is a sub-phase of quantification
where identified cost drivers are categorized in terms of
complexities and values that have been assigned. The metrics
are developed based on the literature support [16] and
assistance from the experts.

Table 2 indicates the categories, criteria, and value
assignment for the ‘‘Cultural or Geographic Difference.’’
With the geographic location, the culture of the virtual teams
also changes. The ‘‘Low’’ category is presumed if both
collaboration companies are from the same countries and
same geographic regions. In this case, the cultural difference
would be low, so the nominal value ‘‘1.00’’ has been assigned.
The ‘‘Medium’’ category is presumed when the collaboration
companies are from the same country, but the groups are
from different geographic regions. Value ‘‘1.10’’ has been
assigned due to the variation in the locations of the groups.
Finally, the ‘‘High’’ category represents that the collaboration
companies are from different countries, and the virtual groups
are also from different geographic locations. In this case,
the cultural and geographic difference among the groups
would be high, so a value of ‘‘1.25’’ has been assigned
considering the high difference.

TABLE 4. Categorization and value assignment of client involvement.

TABLE 5. Categorization and value assignment of vendor selection.

Table 3 indicates the categories, criteria, and value
assignment for the cost driver ‘‘Time zone Difference.’’
The category ‘‘Low’’ is presumed if the overlapping office
hours between the virtual groups are more than 8 hours;
this indicates a low time zone difference. The category
‘‘Medium’’ is presumed if the groups’ overlapping office
hours lie between 4 to 8 hours. In this case, the time
zone difference would be medium. Furthermore, the ‘‘High’’
category represents the high time zone difference. The criteria
presumed is if the overlapping hours between the groups
are less than 4 hours, then a higher value ‘‘1.25’’ would be
assigned.

Table 4 indicates the categories, criteria, and value
assignment for the cost driver ‘‘Client Involvement.’’ The
criteria used tomeasure the client involvement are the number
of meetings or sessions with the client. The higher the number
of meetings with the client, the more involvement would be
increased, and the nominal value ‘‘1.00’’ is assigned. If the
number of meetings with the client is less, this corresponds
to the low client involvement, and a higher value ‘‘1.25’’ is
assigned in this case.

Table 5 indicates the categories, criteria, and value
assignment for the cost driver ‘‘Vendor Selection.’’ The
criteria used to measure vendor selection are the vendor’s
outsourcing experience, whether the vendor is new orwe have
any experiences with the vendor before. Suppose we have
done any projects with the vendor. In that case, the chances of
risk are low, and if the vendor is selected without having any
experience, then the factor of risk should be counted. The cost
should be estimated considering the uncertainties that may
occur.
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TABLE 6. Categorization and value assignment of competence level.

Table 6 indicates the categories, criteria, and value
assignment for the cost driver ‘‘Competence Level.’’ The
criteria used to demonstrate the competence level of the team
is ‘‘the experience.’’ The higher the number of experiences
in the relevant domain, the higher the competence level will
be. The experience involves the work on similar projects. The
individuals with a higher number of projects correspond to the
high competence level.

Once the metrics are formulated, the next step is the
equation alternation, where the fundamental equation of
COCOMO-II is altered by incorporating cost drivers’ values.

2) EQUATION ALTERNATION
This section provides a brief overview of the COCOMO-II
model, its equation, and the alternated equation according to
the GSD context.

COCOMO is a formal model used for the estimation
of software projects. Barry Boehm formed its theoretical
basis in the 1970s, and the earliest version was introduced
in 1981 [40]. But with the technological advancements in the
software world, many changes emerged, and these changes
were incorporated in COCOMO and introduced with the
new version COCOMO-II in the year 2000. COCOMO-II
is a renowned model and is widely used in software industries
because it is calibrated with the actual data of 161 projects,
and the measurements are on more than 250 projects. The
model can be calibrated through the historical projects, and
if not available, we can use standard values to calibrate
it. Depending on the phases, different COCOMO-II models
can be applied. The available variants are early prototyping,
early design, and post architecture models [41], [42].
We considered the post architecture model for the current
research as it contains an exhaustive list of cost drivers that
could be used in the GSD context. Equation 1 represents the
COCOMO-II model [40]:

PM = A ∗ SizeE ∗
∏

EM (1)

where ‘‘PM’’ represents ‘‘Person month,’’ ‘‘A’’ is the
constant, whose value is 2.94 for COCOMO-II, but ‘‘A’’
value depends on the software company’s historical data.
The scale factor (E) depends upon five factors; development
flexibility, risk resolution, process maturity, team cohesion,
and precedence. Scaling factors have a direct influence on the
effort multipliers. The Effort Multipliers (EM) or Cost drivers
are the projects’ characteristics that can directly or indirectly
affect the project’s effort. These characteristics are assigned
numerical values ranging from low to high. A cost driver

TABLE 7. Comparative results of case study.

with a higher value represents the increase in the project’s
effort. In contrast, the cost driver with a low value represents
that it has a low effect on the project’s effort, and hence the
deviation would be nominal. The corresponding values of the
scaling factors and effort multipliers are presented in Figure 9.
It represents five scaling factors and 17 effort multipliers with
their corresponding values [43]. The formal model’s direct
use is not possible as it does not consider the GSD context’s
explicit characteristics. Therefore, we have identified the cost
drivers of GSD and used themodular composition to integrate
the identified cost drivers into the equation. The obtained cost
drivers are named critical cost drivers (CCDs) because they
have amoderate or crucial effect on the project. The amplified
equation is as follows:

PM = A ∗ SizeE ∗
∏

EM ∗
∏

CCD (2)

We added 14 cost drivers to the model and named them
‘‘Critical Cost Drivers of GSD.’’ The identified cost drivers
are categorized as people-related, process-related, project-
related, and outsourcing factors. Subsequently, these cost
drivers were quantified based on the metrics presented in
Phase 2. The estimates obtained through the amplified model
are discussed in Phase 3.

C. PHASE 3
In this phase, we discuss the estimates based on the amplified
model. Their variation with the COCOMO-II model is
discussed. An illustrative example has been taken and applied
in our context to achieve the targeted objective.

1) ESTIMATES BASED ON ADDITIONAL COST DRIVERS
This section provided a simplified cost estimation example in
the GSD context and applied the proposed approach to it. The
illustrative example is adopted from [21], where a company
wants to develop software through offshore development. The
estimation KSLOC of the project is 50, and for simplification,
the value of the constant ‘‘A’’ is not calibrated.

The results indicate that after the addition of Critical
Cost Drivers of GSD, the project’s effort increased 50%
in the best case than the COCOMO-II [16]. The effort is
increased around eight times in the worst case assumed
that the wages are eight times higher in the USA than in
Pakistan or India. The comparison of SF and EM value
w.r.t existing COCOMO-II and Amplified COCOMO-II are
represented in Figure 11. The variation in the values depicts
the distinct characteristics of GSD. The traditional cost
estimation models are not applicable for the GSD context,
and their values vary in the context of GSD.
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FIGURE 9. Comparison of estimated effort.

FIGURE 10. Comparison of SF and EM values.

2) COMPARISON OF PROPOSED MODEL
To compare the proposed model with the existing model, var-
ious projects were gathered by distributing a questionnaire.
The actual effort of the projects was extracted through the
questionnaire [27]. The estimated effort of the corresponding
models was derived based on the equations mentioned in the
above sections. The values of the estimated effort are depicted
in Table 8.

The main reason behind the variation in the results
is considering the additional cost drivers of GSD. The
existing techniques lack quantifying the cost drivers as it is

TABLE 8. The comparison of the actual and estimated effort through the
considered models.

regarded as a difficult task. The comparison of the values of
estimated effort is presented in Table 8. Figure 10 represents
the visualization of the estimated values through a chart
where key points represent different projects. It represents
the projects’ actual effort and the estimated effort through
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FIGURE 11. Comparison of MRE values.

COCOMO-II for distributed development and its amplified
version. The estimation line shows the improvement in the
estimated effort through the consideration of CCDs.

We adopted the hypothesis testing technique to validate the
proposed estimationmodel. To achieve the targeted objective,
the null hypothesis is formulated. The null hypothesis and
alternative hypothesis designed in this research context are
as follows:
Null Hypothesis (H0): There is no significant difference

between the MRE values of the existing and the proposed
models.
Alternative Hypothesis (H1): There is a significant

difference between the MRE values of the existing and the
proposed models.

Moreover, we adopted the accuracy measures to calculate
the cost estimation models’ performance and conducted
parametric testing to evaluate the above-mentioned null
hypothesis. Notice that the standard measurement used to
measure the cost estimation model’s performance is the
Magnitude of Relative Error (MRE) [27]. In the literature,
several studies [44], [45], [27] have adopted MRE measures
to check the accuracy of their proposed estimation models.
The formulae of MRE is represented by Equation 3.

MRE =
|Actual Effort− Estimated Effort|

Actual Effort
(3)

The MRE values of the projects calculated through the
above equation are presented in Table 9.

From Table 9, it can be observed that there is a gradual
decrease in the Amplified model’s MRE values compared
to the existing COCOMO-II model for the distributed
development environment. The decline in MRE values
assures the increased accuracy of the proposed model. The
variation in the MRE values indicates the change in the
estimated effort of the projects. The estimated effort of
the project changes due to the incorporated critical cost
drivers of GSD. Thus, the values presented in Tables 8 and 9
indicate that the critical cost drivers significantly impact the
estimated effort and MRE values. Ultimately, it rejects the
null hypothesis. Finally, we selected the alternate hypothesis,
i.e., the incorporated critical cost drivers significantly impact
the GSD projects’ estimated effort.

3) PARAMETRIC TESTING FOR VALIDATION
Considering the normal distribution of the obtained values,
parametric testing is performed.Moreover, to validate the null
hypothesis, we performed a paired t-test on the obtainedMRE
values (Table 9). Note that we have adopted the validation
mechanism from a similar previously conducted work [46],
as it is performed to evaluate the significant difference
between two measurements [46]. The null hypothesis (H0)
states that there is no difference between the MRE values of
the existing and proposed models. In contrast, the alternative
hypothesis represents that there is a difference between
the MRE values of the existing and the proposed models.
The independent variables are represented by the estimated
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FIGURE 12. Demographics of respondents.

and actual effort of the existing and proposed models,
whereas the MRE values represent the dependent variables.
Table 10 presents the obtained results of the conducted paired
t-test.

The paired t-test results depict t = 5.721 and a p-value
of 0.000053, which is significantly less than 0.05. As the
resultant alpha (p-value) is less than the adjusted statistical
level (0.05). Thus, we can conclude that the value of the
mean is significantly different in the two datasets. Hence,
by conventional means (p < 0.05), i.e., the null hypothesis is
rejected. Figure 12 represents the Barchart of the comparative
values of MRE. The horizontal axis represents the considered
projects, while the vertical axis denotes the MRE values of
the projects (Figure 12). Notice that the low MRE value of a
project represents the higher accuracy of the estimated value
in this research context. Through low MRE values, it could
be observed that the estimated effort resides near to the actual
effort of the project.

4) VALIDATION THROUGH EXPERT OPINION
We have also adopted expert validation to validate the
proposed conceptual model, also known as expert opinion.

FIGURE 13. Expert validation.

In expert validation, the industry experts are selected to
validate the model; then, the experts decide to reject, accept,
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FIGURE 14. Expert validation.

TABLE 9. The obtained MRE results.

or review it. To find valid experts, we have followed criteria,
and the criteria are listed below. The expert must be working
as a ‘‘Project Manager, and the expert must have at least ten
years of experience. Figure 13 represents the adopted expert
validation process.

As a result, five experts meet the inclusion criteria. The
first expert Mr. Jamil Ahmed has 20 years of experience
as a Software Project Manager. Secondly, Mr. Agha Hassan
Afzaal khan has 11 years of experience as a Software Project
Manager. Thirdly, Mr. Waris Mirza, who worked as a project
manager for the last 18 years. He is currently working at
Virtual Remittance Gateway (VRG). Fourthly, Dr. Khizar
Mahmood has 13 years of experience as a project manager
and currently works as a senior project manager in a DAR
Middle East technology company.

We have attained the expert’s response through a question-
naire. In the questionnaire following aspects were covered
related to design, logical relations, labeling, and identified
cost drivers:

• The overall design is good enough or needs some
improvements?

• Do the phases present in this proposed model are
relevant to each other?

• The order of the phases is correct or wanted to change
the order.

• The components presented in each phase are related to
the phases?

• The information presented in different components is
enough?

• Do we have correctly labeled the phases?
• Wehave identified the cost drivers of GSD and presented
them in the proposed conceptual model. Let us know
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TABLE 10. Paired T-test statistics.

if these identified cost drivers are correct or need
refinement?

The experts reviewed the conceptual model based on the
checklist presented above. The reviews of the experts were
accommodated for the improvement of the model. The
dashboard for the obtained responses of experts is represented
in Figure 14.

VII. RESEARCH IMPLICATIONS
The practical implication of our research is targeted to the
researchers and the practitioners stated as follows:
• The extensive review of current state-of-the-art cost

estimation techniques could help researchers under-
stand the cost estimation process in the GSD context
from various perspectives.

• The proposed conceptual model could be helpful to be
served as a guideline for presenting a new model in the
GSD context as it contains all the primary phases of
amplification.

• The identified hidden cost drivers could be used to
estimate the overhead of the GSD projects

• The mathematical model of cost estimation could be
helpful for practitioners, particularly working on GSD
projects.

VIII. CONCLUSION AND FUTURE WORK
In this paper, we addressed the issues of cost estimation
in the GSD context. We presented an approach based on
COCOMO-II post architecture to estimate the effort in a
distributed environment to achieve the targeted objective.
The empirically validated cost drivers were integrated into
the model for the amplification. The additional cost drivers
were extracted and validated in our previously published
work [11]. Current work extends our previous work and quan-
tifies the identified factors. The main phases of amplification
include identifying cost drivers, categorizing cost drivers,
forming metrics, assignment of values, and finally altering
the equation of the base model. Moreover, for the validation
of the proposed model, expert judgment and MRE measures
were used. The work is still at an early stage and needs
further calibration and validation. But even in traditional
development models, it is impossible to get accurate and
precise estimates [16]. For simplicity, the proposed model
considers the values in ranges, not exact values, which is a
limitation of this approach. But it provides estimation based
on the additional critical cost drivers of GSD by reducing the

overall risk of the project. The future work of this research
is to develop a mathematical tool based on the formulated
equation.

APPENDIX (DEMOGRAPHICS OF RESPONDENTS)
Dataset (Published on Mendeley): https://data.mendeley.
com/datasets/m2zr2ns5k7/1
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