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Abstract— Global Software Development, also known as
Distributed Software Development, is originally an outsourcing
technique in which the development teams hailing from diverse
cultural backgrounds and located at distant remote locations
participate in the software development efforts and provide
their services through a tightly coupled computer networks
like Internet. Accurate software cost and effort estimate are
critical to both developers and customers. Communication
difficulties of the Global Software Development projects
adversely influence project cost which affects the cost and
effort estimation of the software development. This paper is a
survey on the effort estimation methods and the
communication problems in the GSD projects. As a result
suggests that the communication factor also consider for the
effort estimation in the Global Software Development project,
which results in the effective estimation.
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Globalization of innovation and markets has dramatically
impacted software development. Today, more software
projects are run in geographically distributed environments,
and global software development is becoming a norm in the
software industry [1]. Global Software Development (GSD),
also known as Distributed Software Development, is
originally an outsourcing technique in which the
development teams hailing from diverse cultural
backgrounds and located at distant remote locations
participate in the software development efforts and provide
their services through a tightly coupled computer networks
like Internet [2]. The cost effectiveness as outsourcing
organizations usually outsource their contracts to the country
where the labor cost is comparatively low is the reason for
selecting the technique of outsourcing . The need to globalize
software development is to save time, cost and resources.
Thus GSD has become more important, in both industry and
research, which is due to the benefits that a company
distributing its work globally can achieve: global resource
pools, attractive cost structures, the possibility of developing
around the clock, and presence on local markets[2].

As the importance and the complexities of global
software development’s growing , robust models, methods,
processes, and tools are required to effectively and
efficiently organize and execute global software work. Even
though significant advances have taken place in this regard,
much still needs to be done to assure predictability,
efficiency, effectiveness, and consistency in global software
development [1].

Effort estimation is a process that estimates necessary
effort (cost, time, etc). It is highly important to make

accurate/reliable estimates for the project at the beginning to
support project planning, and control the project within the
budget and schedule. The paper [3] summarizes the
estimation knowledge through a review of surveys on
software effort estimation. To call a project successful, it has
to be on time, in budget and fulfilling the customer’s
requirements effectively [4]. One of the major challenges of
the GSD projects is the communication and coordination
problem. The effective effort estimation of GSD projects
should also consider the communication as a major factor as
the it adversely affect the success of the projects..

II. EFFORT ESTIMATION APPROACHES

There are many researches that explain the effort
estimation in collocated software development and in global
software development.

Accurate software cost estimates are critical to both
developers and customers. Researches show many machine
learning methods can also be applied for the software effort
estimation. The [5] describes two methods of machine
learning, which used to build estimators of software
development effort from historical data. The method in [6]
describes a machine learning method which gives the
estimation of effort together with a confidence level for it.
The method employs the robust confidence intervals, which
do not depend on the form of probability distribution of
errors in the training set. The work in [7] describes a neural
network system as a soft computing approach to model the
effort estimation of the software systems. The work in [8] is
an application of machine learning tools and variable section
tools to solve the problem of estimating the execution effort
of functional tests

The number of studies show that 40 percent of offshore
software development projects are flops due to lack of
standardized and practicable methods of risk management
due to inherent complexities [9]. A characteristic that
successful offshore projects had in common was the
availability of informal mutual adjustment, which means
facilitating the informal communication between the team
members in the right way. A major characteristic that
unsuccessful projects had in common was improper
planning, which has a large influence on the team results in
an offshore custom software development project [10] [11].
Soft Coordination and communication become more difficult
as the software components are sourced from different
places, thus affecting project organization, project control,
and product quality. New processes and tools are
consequently necessary [12]. Software development effort
estimation plays a very important role to achieve this goal of
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reducing costs. Once the effort required to develop software
is a key component of the cost of development, the correct
application of effort estimation techniques is crucial for the
success of these projects [13]. The risk occurrences, cost
analysis and effort estimation in GSD is much more complex
than in collocated development [14] [15]. Researches shows
that wrong estimation of effort can lead to a project failure.
To overcome these failures, the developing tools, techniques
and methods, like COCOMO II, SLIM, CoBRA etc have
been developed to facilitate the software development
industry [ 16].

The Constructive Cost Model (COCOMO) was
introduced in 1981 by Barry Boehm [17]. The enhanced
version, COCOMO 11, was presented in 1985 and has been
further adapted since then. Many researches shows
COCOMO II was the most used method for estimating cost
of software projects. The study in [18] is based on
COCOMO 1I which can be used to estimate the effort to
globally distributed projects than the traditional methods. It
will also help predict the outcome of collaborative project by
reducing overall risk. It is accepted internationally and in
organizations of all sizes. In [19] the additional cost drivers
of distributed development are structured and examine the
significance of each of these factors as a contributor to the
overall cost of a software development. The COCOMO 1I
can be tailored to account for these additional complexities.

Developing the algorithmic cost estimation model requires
extensive past project data, which are not always available.
To overcome disadvantages of the models, the [20] presented
a method for cost estimation that combines aspects of
algorithmic and experimental approaches referred as Cost
Estimation, Benchmarking and Risk Assessment (CoBRA).
The cost estimation model should consider characteristics of
distributed development and provide support for effort
prediction in GSD projects. The [21] presents an enhanced
process for developing CoBRA cost estimation model by
systematically including iterative analysis and feedback
cycles. The [22] shows a creation of cost estimation model
based on CoBRA approach specifically for developing
individual cost estimation and project data, i.e. , development
of an effort model for distributed and GSD projects. The
approach combined expert-driven and data-driven cost
estimation method that can be used in organizations where
only little data is available. The model estimated the
overhead in distributed development projects based on a set
of influencing factors, their causal relationships, and a
quantification of their impact on effort overhead. The article
[23] gives a comparison of software cost estimation methods.

A model using Monte Carlo simulation techniques was
developed to estimate software development project effort
estimation risks. This model has been implemented in a mid-
sized software services company, and is expected to benefit
other software companies through more useful ‘confidence’
based effort estimations for software development projects
[24]. Monte Carlo simulations are based on detecting the
probability distribution functions of the independent input
variables, and in simulating mathematically thousands of
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possible scenarios to derive PDF of the dependent output
variable

There are many ways of -categorizing estimation
approaches, see for example. The top level categories are the
following [25]:

e Expert estimation: The quantification step, i.e., the
step where the estimate is produced based on
judgmental processes.

e Formal estimation model: The quantification step is
based on mechanical processes, e.g., the use of a
formula derived from historical data.

e Combination-based estimation: The quantification
step is based on a judgmental or mechanical
combination of estimates from different sources.

A. Factors of Effort Estimation Methods

The effort estimation approaches comprises the
finding the factors such as:
o Estimating the size of the development product.
Estimate the effort in person- hours
Estimate the schedule in calendar -months
Estimate the project cost in dollars
Measuring the size/complexity of the software
program is the most elusive aspect in the estimation
process. There are different methodologies for
arriving at and expressing the size/complexity of the
Software Program such as function points, lines of
code, feature points, benchmarking.

But any of these approaches considered the communication
factor for the effort estimation. The Table 1 shows the
examples of estimation approaches within each category[25].

TABLE L EXAMPLES OF EFFORT ESTIMATION APPROACHES TABLE
Estimation ) Examples'of suppo.rt of'
Category implementation of estimation
approach
approach
Analogy- Formal ANGEL, Weighted  Micro
based estimation - .
S Function Points
estimation model
WBS-based Project management software,
Expert . .
(bottom  up) A company specific activity
L estimation
estimation templates
Parametric Formal
estimation COCOMO, SLIM, SEER-SEM
models
model
Function Point Analysis,[12] Use
Size-based Formal Case Analysis, SSU (Software
estimation estimation Size Unit), Story points-based
models[11] model estimation in Agile software
development
Group Expert Planning  poker, =~ Wideband
estimation estimation Delphi
. Combination- = Average of an analogy-based and
y:&?;galn based a Work breakdown structure-
0 0 estimation based effort estimate
Judgmental Combination- Expert judgment based on
. based estimates from a parametric
combination B L
estimation model and group estimation
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Expert judgment is a commonly employed method for
estimating the effort required to complete software projects
[26]. An elaborate method of reducing problems in groups
related to company politics is to employ the Delphi
technique ,which is often recommended in management
papers. The Delphi technique does not involve face-to-face
discussion, but anonymous expert interaction through several
iterations, supervised by a moderator until an agreed-on
majority position is attained. A modification of this
technique, which includes more estimation group
interaction, was developed by Barry Boehm and his
colleagues, and labeled the Wideband Delphi technique
This technique is a hybrid of unstructured groups and the
traditional Delphi method. As in the Delphi technique, there
is a moderator (labeled coordinator), that supervises the
process and collects estimates. In this approach, however,
the experts meet for group discussions both prior to, and
during the estimation iterations.

III. COMMUNICATION IN GSD

Communication is a mediating factor between coordination
and control. Distributed Software Development (DSD)
allows team members to be located in various remote sites
during the software life cycle, thus making up a network of
distant sub- teams. Interaction between members requires the
use of technology to facilitate communication and
coordination. [14]. Individual team members are required to
be able to communicate and work with people who they do
not know and whose cultures they may not understand. In
[27] found that a very high proportion of engineers are
directly involved with GSD. In addition, more than 50% of
the respondents regularly collaborate with people more than
three time zones away. Engineers also report that
communication difficulties around coordination are the most
critical, yet difficult to solve issues with GSD. In distributed
teams the definition of standard communication paths is
critical. The communication paths in the distributed software
development are well defined in [28]. In these
communication paths there are several central directors,
primarily the Program and Project Managers, who ensure
that the correct team members are involved in or apprised of
any critical communications.

The paper [29] presents a tool that provides synchronous,
explicit and formal communication, for a Distributed
Software Development Environment. This tool, named
VIMEE (Virtual Distributed Meeting), allows relate to
CSCW (Computer Supported Cooperative Work) and DSD
areas; it defines a common workspace to manage the virtual
meeting; it supports the project management and the decision
making in group.

One of the main challenges in distributed development is
to establish effective communication and coordination
mechanisms among the distributed teams to exploit their full
potential.  The GSD practices is to ensure effective
communication among the team members as in most of the

cases GSD teams use electronic communication media for
correspondence [30] . Large time zone differences, cultural
diversities, trust among customers and developers language
diversities are the fundamental factors that can cause failure
of a project. The factors identified in the literature study as
having an impact on communication problems were physical
distance, language differences, cultural differences,
differences in company culture, and common experiences of
working together, infrastructure distance, time shift, and
process maturity [31].

Besides differences in language and culture, GSD teams
suffer from a lack of informal communication, resulting in
low levels of trust and awareness of work and progress at
remote sites. In GSD projects, managing cross-cultural issues
is important. One class of software development activities
directly affected by challenges in communication is
requirements related activities, such as requirements
definition and negotiation, design, and project management.
[32]

When two or more people are separated geographically
then the interaction between them is limited. Global
Software Development provides a better concept in adopting
software development in geographical context. GSD concept
tells us about the process, the artifact, and the project
management. However, its shortage of communication plans.
The lack of communication problem is unavoidable since
every team in every world has their own way. In developing
country, the lack of good Internet connection makes the
mobile phone, or SMS is preferable as a main
communication tool. On the other side, a country that has
enough broadband inter nets prefers communication tool like
a video conferencing, VOIP, or even unified communication
platform. The divergence of communication tools that used
in certain country will ascend a problem in communication
collaboration. For example, when developed country that
has sufficient bandwidth collaborate with developing
country who has very limited bandwidth [33].

The cost rate and cost overhead on the development costs
having impact on productivity. The importance of cost rate
depends on whether the work was being distributed globally
or not. Cost overhead was described to the practitioners as
costs for traveling and for local overhead structures at the
sites, such as additional taxes [31]. The solution identified
in [30] for the communication problem include using
ontologies as communication facilitators, modularization of
work, study of the cognitive nature of people and the
characteristics of their environment and training on cultural
norms.

1V. OBSERVATIONS

The goals identified in the literature for the GSD projects
are cost, time utility, resource utilization, proximity to
customer and IP protection. The problems in communication,
coordination and control which caused due to the
impediments in communication adversely influencing factor
of the goals GSD project [30]. The cost of the project is
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increased by the physical distance, time shift which are
factors identified as having the impact on communication
problem. The cost overhead due to increased communication
and decreased productivity also be considered for the GSD
projects. The face to face meetings due to the other
communication inserts the traveling expenses for the GSD
projects causes the increased overhead in the development
cost. The project cost, the factor in the effort estimation of a
GSD project, is used by the effort estimation approaches.
Thus from the researches it is clear that the factors of
communication problems adversely affect the effort
estimation of the GSD projects. For all these reasons the
communication factor should be also be considered in the
quantitative analysis of the effort estimation methods. As
improving the quality of effort estimation is one of the great
challenges for software project management the
communication should also be considered as a factor for cost
and effort estimation.

V. CONCLUSION

Coordination and communication become more difficult
as the software components are sourced from different
places, thus affecting project organization, project control,
and product quality. One of the main challenges of GSD
practices is to ensure effective communication among the
team members. This paper is a survey on the effort
estimation methods and the communication problems in the
GSD projects. The effort estimation is the GSD projects
should consider the communication as a factor since
communication problem having a major impact on the
project cost. The finding of metric that estimates the effort of
GSD's by measuring the communication factors can be done
as future works.
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