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Abstract. Global software development has changed the overall software
development practices. It has introduced various new software development
processes and methodologies. A new generation of processes has increasingly
replaced the traditional software engineering practices. Emerging practices such
as agile based methodologies, software process tailoring, process improvement
and management approaches have gained much attention during the recent
years. Software engineering researchers have produced a number of good
quality works in such areas. In this paper, a review of major contributions of the
researchers on various aspects of software development processes is presented.
Specifically, the analysis on different approaches of process improvement and
tailoring is critically discussed in the paper. This research provides guidelines to
the researchers on future research directions. The research emphasizes on the
need of industry oriented practical approaches of software development to meet
the challenges of global software development.

Keywords: Agile, Globalization, Process Improvement, Management,
Tailoring.

1 Introduction

The last decade of the twentieth century was the beginning of the advancements in
Information Technology (IT). Most advanced tools and technologies for software
development were introduced and utilized. Unlike, traditional heavy weight
approaches of software development, the software companies started giving
preferences to the new alternatives such as light weight agile based methodologies.
Such drastic changes occurred as the consequences of IT globalization [1]. Not only
IT, the globalization has also affected the overall international socio-economic fronts
and political scenarios of the societies [2].

Since the start of the twenty-first century, the effect of IT globalization has become
more intense. Information technology was among the fields which were greatly
affected by its consequences. Project outsourcing and agile methodologies are
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reported as two major products of IT globalization. Project outsourcing and factors
involved in it were the basis of the increase in the use of the agile practices. [3] has
discussed the reasons behind this change. It has generally setup the new trends in the
software development industry. Preferences of software development teams and their
criteria of selecting suitable tools, technologies and processes for software
development have been changed due to the wide range of available alternatives.
Project outsourcing proved to be the advent of new generation of processes in
software engineering [4]. It is believed that traditional software development
approaches could not withstand with the newly emerging practices and gradually
became outdated.

The consequences of globalization started to appear during 1990s. Till the late
1990s project outsourcing had become the most common practice in the software
industry. Mostly projects were being outsourced to the offshore companies. Offshore
development started a new debate among the researchers regarding the processes,
project management and performance issues. Many researchers have written a lot
about it for example [4], [5], [6], [7], [8], [9]. In 2002, [10] presented a conceptual
model for offshore development as shown in figure 1. In the model effort, elapsed
time and rework were introduced as three factors of project performance
measurement. The effect of the variables like quality processes, technical processes
and communication & coordination on performance was measured through empirical
data.
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Fig. 1. Conceptual model

In another study [11] emphasized on the importance of the role of cross cultural
issues in the performance of outsourced projects. Project outsourcing is also
attributed to the geographically distributed development. In this regard, a road map to
make a governance framework for distributed software development is presented in
which characteristics of organizational level standardization, project execution,
planning and infrastructure were discussed [12]. For small and medium scale
organizations [6] described common issues and their solutions in outsourced projects
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such as contract management, demand supply management, documentation, tool
support, cultural and team level. These approaches provide significant control over
such issues.

In short, as the consequences of IT globalization, a paradigm shift from the
traditional heavy weight software development practices to the light weight agile
based methodologies has been reported by many researchers. Since late 1990s till to-
date the response to agile methodologies is overwhelming. The sole reason behind
this was the style of development emerged as a result of outsourcing projects to
offshore teams.

The role of software engineering research community has been very important in
this regard. They have produced a good quality work, and have introduced the
efficient light weight techniques of software development and project management.
Agile methodologies, process tailoring, process improvement and management
practices were the major areas in which most of the evolutionary work was produced
during the last twelve years and further contributions are still being made.

In this paper we have presented the review of the contributory work produced by
the researchers in all the three areas mentioned above. The review of the selected
good quality papers is made in an analytical way. The papers were selected based on
the novelty, key ideas and methodology used. Only a limited number of papers could
fulfill these criteria. The agile practices are discussed in general, and a critical review
on the process improvement and tailoring models, frameworks and standards is made
in particular. Based on the analysis of the reviewed work, we have made conclusion
on the future trends and practices of software development and research works.

The structure of the paper is as follows. In section 2, the prominent work on agile
based methodologies is presented. Section 3 covers the review on process
improvement and management approaches, while important models and frameworks
of process tailoring are discussed in section 4. Conclusion is presented in section 5.

Finally, the paper suggests the solutions to the global software development
challenges and suggests future research directions. This paper provides a hands-on
review of past and current software development practices. It also critically analyzes
the applicability and practicability of these approaches in accordance with the
software development industry. Based on the analysis and overview, we have
recommended the practices which are considered the best for the software industry.
This paper emphasizes on the realization of the need of applied industry based
solution oriented research works and software processes.

2 Agile Methodologies — A paradigm Shift

The clients of software projects prefer to launch their products early in the market to
compete with their business rivals. This requirement of the clients keeps the
developers under continuous pressure [13], [14]. To compete with the market, the
ultimate requirement of the client is only the working code [4]. The support through
fast paced development to release the working code early is provided in agile models
[15]. Agile models emphasizes on minimum or no documentation. This aspect started
debates on agile methodologies among the researchers. Two schools of thoughts in
which one supports the agile models and the others to the traditional approaches [16],
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[17] have born. Two agile based methodologies Extreme Programming (XP) [18],
[19] and Scrum [20], [21] among others are widely used by the developers due to the
available support of fast paced development. [16] has discussed agile methodologies
in connection with ISO standards. Software engineering researchers have produced a
number of models and frameworks on agile based methodologies. In 2001, agile
manifesto comprising of twelve principles was formed in order to standardize the
agile methodologies [15]. Like other approaches, agile methodologies also have some
limitations with respect to the different environments and project requirements. In a
study [15] has identified the following limitations of agile for distributed
development, subcontracting, reusability, large teams, quality of safety critical
products, and large and complex software systems.

The disadvantages and benefits of agile processes that are claimed by [15] are
based on a set of assumptions. Therefore, their existence and non-existence in
different environments may be doubted. As mentioned earlier that there is always a
debate between agile supporters and traditional approaches supporters. In this regard
[17] has compared traditional approaches with agile based mainly on the factors such
as control, project management, team roles, way of communication and role of client.
The control of project, project management and role of client are considered more
important and critical in agile as compared to traditional approaches. Other
researchers such as [22], [23], [24], [25], [26] have presented the similarities and
differences between both approaches. As a matter of fact all software engineering
methodologies have limitations [27]. In their framework (CHAPL) to understand the
relationship between both approaches, [28] has concluded that traditional software
engineering approaches and agile methodologies have “common philosophical
origins” and are “technically compatible and complementary” to each others. This
arises the need of a reasoning framework to determine the suitability and selection of
software engineering methodologies in particular circumstances [27].

In addition to other factors, the selection of SE methodology also depends on the
size of the company. Limitations of resources like financial, human etc forces the
small companies to adopt light weight methodologies. Large companies with good
resources pool prefer more standardized approaches. The web based application
development has gain more popularity during recent years. Such kind of web
development is being done in almost all the companies irrespective of their sizes,
scales and environments. Unlike large organizations, small organizations face the
situation of un-decidability many times during the project life cycles. In 2007, [29]
discussed the software process models for web based application development in
small software development companies. Light weight agile methodologies have
proven to be the most result oriented methodologies for small, medium as well as
large companies. In developing countries 75% - 80% companies are small and
medium sized. Irrespective of the size of the company, agile methodologies are
equally beneficial for them because the quick access to the ultimate goal of project
success, which is similar for all the companies. Agile methodologies for example
Extreme Programming (XP), crystal and Scrum have proved their worth in all kinds
of environments. [30] has summarized an overview of XP and have made
recommendations on how pair programming, a form of XP, can be implemented. In
today’s environment, the development time of web based applications has been
reduced to few months. In current circumstances, the most important phase of
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software development is requirement gathering, analysis and tracking. The agile
approaches have also been quite efficient on this phase. In this regard, the agile
hypertext design method has been proposed by [31]. In another work, [32] has
proposed an agile approach for web systems engineering. In a South African
empirical study of 59 projects, results show that agile practices are significantly
beneficial in process improvement and project success which ultimately leads to the
satisfaction of stakeholders [33].

As mentioned earlier by [27] that all software engineering methodologies have
limitations, so there is always a margin for improvement. Software engineering
researchers are continuously working on the process improvement and management
practices. A number of models, frameworks and standards have been presented by the
researchers in this regard. In the next section we have summarized some of the
important contributions of the researchers on process improvement and management.

3 Process Improvement - Part of Process Management

IT globalization has made the software process improvement and management the
key research areas in software engineering today. Each organization irrespective of its
size, scale and types of the projects has to rely somehow on a software process for its
development and management tasks. This dependency has made the development
processes more critical element in the growth and success of projects.

The recent advancements in the field of IT have changed the overall software
development scenarios. Organizational structures, preferences and priorities of the
clients and the organizations have been changed. From hierarchical structures of
departmental based divisions, organizations have shifted to the business process
oriented team structures [34]. In a research work [34] has presented a reference
framework for process-oriented software development organizations. According to
the framework, management and support processes are considered necessary for the
output of the project and client’s satisfaction. A hierarchy to organize processes is
proposed with the process management team at the top and process execution teams
& their team leaders at the bottom in the hierarchy. The framework is then examined
in the context of a generic as well as a software development organization. The
framework provides the basic structure to establish process oriented organizations.
Emphasis is given to the processes as critical factor and their continuous improvement
and adaptation.

In another study, a review on the roles of the water fall model, capability maturity
model (CMM), ISO-9000, SPICE, Trillium and BOOTSTRAP in process
improvement are discussed by [35]. The water fall model is considered as the
foundation model in organizing the software processes activities. Still this model is
widely used in the companies. The Capability Maturity Model (CMM) provides
various key process areas (KPAs) for the process maturity, improvement and
standardization. The problem with the CMM standardization approach is that it has
limitations for small and medium scale organization due to scarcity of the resources.
It seems more applicable for large organizations. ISO-9000 is a general quality
standard and so far further IS standards have been introduced for software
development such as ISO-9001. It is believed that process improvement and
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management approaches may vary based on organizational goals, priorities and
project requirements [35].

In 2004, [36] discussed process improvement approaches such as capability
maturity model, six sigma, lean development and ISO-9001and raised the issues such
as:

i. Lack of academic research factor on the efficiency and effectiveness of these
approaches.
ii. “They are based on very similar concept and techniques.”
iii. They are unable to present best practices specifically for the software
development.
iv. They are just the improvement approaches for established processes.

The gap between academic researchers and actual industry practitioners is believed
to be the basic reason behind the ineffectiveness of various approaches [37]. The
researchers don’t find resources to collect the real data from the industry and on the
other hand industry people also seem unwilling to cooperate with the researchers and
consult their published work to find the solutions of the problems. This has led to a
situation where software engineering research has been ineffective to meet the
industry issues. Two limitations in software engineering research methodology
namely poor understanding of the theory and inability to perform suitable testing have
been reported by [38]. Unlike other fields of sciences, research methodologies in
software engineering are not well established and structured. In 1995 and later, [39],
[40] in their critical study on experimentation in software engineering found the
software engineering papers worse among that of 43% papers of computer science in
general with poor experimental design and testing methodologies. [41], [42] had also
the same kind of observations. In 2002, [43] described the types of research questions,
research strategies, types of results and validation techniques in software engineering
research. Similarly many other researchers such as [44], [45], [46] have presented a
good quality work on software engineering research methodologies. The areas of
process improvement and management have always been preferred areas of research.
Both areas have become more critical since the start of global software development.

With regards to the size of the organizations, process management and
improvement practices have become more problematic and important. In this regard,
[47] has proposed an integrated process management system for project management
and business processes as a part of a workflow management. The emphasis is given
on automation and tool oriented management systems. Enterprise level organizations
usually adopt process improvement and management practices to get benefit from the
business. Presumably process improvement practices are always considered as
beneficial for organizations. Several researchers have presented their point of views
on process improvement such as [48], [49], [50], [51]. The managers can better
improve a process by avoiding false assumptions such as business improvement is
dependent on process improvement, process change leads to process improvement,
“software processes are non-lethal,” and business process management activities do
not need IT processes [52]. [53] has considered commitment as an important factor in
software process improvement and has pointed out the four misconceptions in the
existing commitment models for software process improvement. These and many
other assumptions are considered as hindrances in process improvement and
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management practices. Further, [52] has not found any direct relationship between
software process change and performance. Process management and improvement
processes become the direct responsibility of the project manager. In addition, lack of
coordination among team members, and delayed reporting of problems and issues
[54] in the project are also considered as one of the factors that affect the management
process. In a research work on resource instantiation policies to automate software
process management [55] has criticized on the existing process management tools and
technologies that they “fall short in their computational capabilities and only provide
passive project tracking and reporting aids”. The commitment to improve a software
process is a basic integral part of the whole process since its beginning. Three forms
of commitment such as affective, continuance and normative commitment are
introduced by [53]. Many other researchers such as [56], [57], [58], [59], [60], [61],
[62], [63] have discussed various other aspects of software process improvements. A
prominent work in this regard is done by [56] in which a platform which is based on
the CMMI, SPICE, PSP, and 6-Sigma standards is proposed to improve the
capabilities of a software process. Emphasis is given to the continuous efforts of
process improvement after its beginning. Project managers of small and medium size
organizations consider CMMI and ISO standards of process improvement
unnecessary [57]. However, [63] considers process standardization and process reuse
as the same thing. Extensive documentation, limited resources, training cost, lack of
guidance, unnecessary processes, practices and reviews are the limitations of CMMI
to be adopted by small organizations [61]. Based on this argument, [63] proposed a
meta-model to standardize the reusability of a software process integrating the people,
roles, process and infrastructure components. The customer’s satisfaction, to the best
of our knowledge, for the first time, was regarded as one of the factors in the software
process improvement model by [57]. Software quality, cost, project scheduling and
organization performance are the motivational factors for a project manager behind
the innovative software processes [58], [62]. In addition to software process, skill
level of software development team, tools and technologies, software complexity,
deadlines, interaction and communication are also important factors that determine
the software quality and organization performance [62].

Software development processes, models and frameworks are not the new areas for
the researchers. Hence, IT globalization has given the new direction to it. As a
consequence, new trends in software development processes have been emerged.
Software process tailoring is one of the new emerging practices. Research works on
software process tailoring is not available in quite a good number. In the next section
we have discussed the prominent work on software process tailoring.

4 Software Process Tailoring — An Emerging Practice

The software process tailoring has emerged as a part of process improvement strategy.
Though a number good quality research works on process tailoring have been
presented by the researchers since 2000, but efforts had started back in 1980s.
Software engineering researchers have realized the importance of this important
practice and have produced some models and frameworks in recent years, but still a
concrete effort is required from the software engineering research community.
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In 1987, [64] presented a framework to tailor the software process as an
evolutionary software improvement practice. In the framework process tailoring was
performed based on the project goals and environments. The quantitative
characterization through defect profile (analysis of errors, faults, and failures)
classification scheme was made. The framework is supposed to be the beneficial
contribution.

The process tailoring is of two types i.e. product tailoring and activity tailoring
[65]. The tailoring approach formalized by [65] does not identify other tailoring
activities except deletion and modification. The model provides very limited details
on software tailoring process and is based on GV-model which is most likely not used
by majority of the organizations. A software process is the key to success for a
software development project. Software processes may be light weight or complex
heavy weight approaches. Process tailoring is a standardized practice which is directly
related with the tailoring of the activities of software development phases. During the
process tailoring activity adoption and maintenance of a process standard and its
reusability is necessary [66]. In the same work [66] has applied addition, deletion,
splitting and merging process tailoring activities on a process module. The techniques
such as correctness checking, conformance checking and compliance evaluation were
used to verify the tailored process. This was considered as a good work on tailoring as
four process tailoring activities were formally applied to a process. The need of a
systematic approach for process tailoring and its verification was highlighted.

As mentioned earlier that IT globalization increased the use of agile based
methodologies because of their fast paced development and light weight processes of
software development. Due to this factor, most of the researchers focused on agile
methodologies such as XP and scrum in their research works. In 2002, [67] applied
their own tailored version of XP on a project and compared the differences,
advantages and disadvantages with the standard XP approach. The small release plan,
continuous integration of the components, use of pair programming, managing
requirements only for the current build/milestone, planning and prioritizing by the
developers, code refactoring, and testing were the practices adopted in their tailored
version of XP. Except few issues, an improvement in the quality of their software was
reported. In the same year [68] presented a framework to use process knowledge to
tailor a software process and proposed a prototype tool to help to capture and use the
process knowledge. The framework does not provide guidelines on types of
information, and level and amount of information required to tailor a process. In a
process tailoring framework [69] has defined two types of knowledge which are: 1)
generalized knowledge that refers to the general rules, policies, standards and
formulated information, 2) contextual knowledge that refers to the organizational
decisions, events, time etc. [69] has beautifully expressed the effectiveness and
efficiency of knowledge management in software process tailoring. In another work
on knowledge based process tailoring [70] retrieved the most similar cases on the
basis of existence of similar elements between past projects and a new project, and is
applied to a new project. [70] retrieved the most similar cases (structural similarity)
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through this approach and concluded that least modifications would be required in the
process which would be generated through this approach. In 2004, [71] proposed a
process tailoring framework that was also based on gathering information on existing
techniques and practices and maintaining a knowledge base. Based on the knowledge
repository activities such as problems analysis, finding the solution, proposed process
implementation and its evaluation were recommended to perform. The model was
more likely a similar kind of work as presented by [68], [69], [70].

The software process tailoring is directly related to the size of the organization and
project’s size, scale and scope. Software engineering research community is agreed
that small and medium scale organizations prefer agile based methodologies for
software development. Extreme programming (XP) is the most common approach
being followed by majority of the companies. Therefore, varying sized companies and
projects need to adapt XP or any other agile methodology according to their
requirements. Authors in [72] used rule description practices (RDP) technique, similar
to CRC cards, to tailor XP. Two type of rules were defined which are rules of
engagement and rules of play. Rules of engagement were agile based and rules of play
were based on XP. The RDP technique proved to be applicable in almost all types of
environments. Other researchers such as [73], [74], [75], [76], [77], [78] as cited by
[72] have presented very practical solutions on adopting XP according to different
environments. [79], [80] in their research work claimed that it is a very common
practice to partially adopt the XP.
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Fig. 2. Process Filtering Phase[84]

As a general procedure [81] performed tailoring of the software process meta-
model [82]. Analysis of organizational environment, process life cycle, roles,
activities and artifacts, documentation, training, and testing were the key elements of
the procedure. The model did not provide any details of tailoring activities except
presenting a general procedure to follow. The software engineering researchers have
performed process tailoring from different aspects. The fundamental part of the
process tailoring is the identification of reason or problem for which solution is
provided through process tailoring. It deals with the analysis of various elements at
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organizational level and project level. In a similar kind of work on process tailoring
[83] have presented four types of strategies to analyze a system. The categorization is
made on the basis of immediate needs and long term goals for each type. Based on the
information achieved from the analysis of each strategy, the selection criteria are
proposed. Similar to other works, the model provides another way of creating a
knowledge base for process tailoring. A different approach for process tailoring using
neural networks was presented by [84]. The process was accomplished through three
phases namely process filtering, reconfiguration and feedback. During first phase
tasks were selected from a generic process, then precedence was set during the
reconfiguration phase and finally a tailored process was produced. During feedback
phase the performance of the tailored process was evaluated. The filtering technique
was the uniqueness of this approach and is shown in figure 2.

The authors have used more systematic but complex approach during the research.

The quality of a process as a result of process tailoring is very important for an
organization. Bad process tailoring practices may affect the project budget,
development time, quality of the software, compliance with the standards, and
satisfaction of the employees. Also, the addition of unnecessary activities and
omission of necessary activities are considered as wastage of time and money [85].
As a result of review of literature available on the software process tailoring [85] has
reported 1) focusing on project level or organizational level, 2) case study in real
environment, 3) size of the company, and 4) supporting tools etc as the major issues
in process tailoring. The authors in this study have presented the review of existing
software process tailoring approaches from almost all aspects, thus providing a
guideline for future purposes. In a research work, [86] has performed four process
tailoring operations namely addition, deletion, splitting and merging based on
structured Petri Net without initial marks denoted as basic block. All four operations
were based on four basic blocks namely, sequence block, selection block, iteration
block and concurrency block. The approach followed in the study is more systematic
as compared to other works but is unable to answer the questions raised by [85]. For
project level process tailoring, a four step iterative approach was presented by [87].
Evaluation of the project’s goals and environment, assessment of the challenges faced
by projects, finding the suitable process tailoring strategy and lastly validation and
evaluation of the tailored software process operations were performed to tailor a
process. The authors have proposed an iterative approach to make it more flexible
because they believe that processes gets more refined with the progress of the project.
On contrary, they are also not in the favor of excessive and repeating process tailoring
during a project lifecycle.

Software process tailoring is a part of process improvement approaches. All the
organizations irrespective of their sizes adapt a process model according to their
needs. Size of the project and organization, project scale, its complexity vary from
one project and organization to other project and organization. Even a process model
suitable for a project, might not be beneficial for the other project in the same
organization.

Software process tailoring is an emerging trend because of the un-decidability
factor involved in the selection of a suitable process according to the requirement of
the project and organization. During our analysis we faced the limitation of the
availability of literature on process tailoring. Though work on process tailoring had
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started in 1980s but software engineering research community could not pay deserved
attention to this practice. Now a days majority of the software development
companies are relying on software process tailoring approaches and it has found a
prominent place in software engineering research works.

5 Conclusion

Process improvement practices are the continuous part of project management and
standardization processes. The work presented by the researchers in the areas of agile,
process improvement and tailoring is very general. It neither addresses the industry
issues nor meets their requirements. Most of the work has poor methodology and is not
properly validated. Results do not show the applicability of these models and
frameworks. Further, it is found that among all approaches, the process tailoring is the
most smart and efficient practice to solve the process and projects related issues. It has
emerged as a lightweight and faster approach. Almost all types of companies adopt
process tailoring techniques. In support of agile methodologies, they have become the
new generation of processes. As a newly emerging trend, software process tailoring
needs more contribution from the researchers and practitioners. There is a need of more
formal and applied approaches, methodologies, frameworks and standards in this
regards. The involvement of the actual practitioners in the research process is required.
In its current form, it is unable to provide solutions to the IT industry. More concrete
efforts both by the software engineering researchers and actual practitioners are required
through joint projects. During the coming years, process tailoring would be the ultimate
choice of the companies. It has been realized that smart processes are being preferred by
the industry and process tailoring is just the beginning.
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