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appropriate process model for DSD.
Purpose: This paper is intended to identify and synthesize papers that describe process models for dis-
tributed software development in the context of overseas outsourcing, i.e. “offshoring”.

Keywords:
Distributed software development
Global software engineering

Method: We used a systematic review methodology to search seven digital libraries and one topic-spe-
cific conference.
Results: We found 27 primary studies describing stage-related DSD process models. Only five of such

Offshoring studies looked into outsourcing to a subsidiary company (i.e. “internal offshoring”). Nineteen primary
Process models studies addressed the need for DSD process models. Eight primary studies and three literature surveys
Process improvement described stage-based DSD process models, but only three of such models were empirically evaluated.

Conclusion: We need more research aimed at internal offshoring. Furthermore, proposed models need to
be empirically validated.
© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

As part of the globalization efforts currently pervading society,
software project team members have become geographically dis-
tributed [3,8]. That is a characteristic of Distributed Software
Development (DSD). When the distance becomes global, with team
members distributed around the world, this characterizes Global
Software Development (GSD). The many factors that contributed
to DSD or GSD are well documented in the literature
[11,13,35,57]. Engineers, managers, and entrepreneurs are facing
many challenges on technical, social, political and cultural levels.
This change is having a considerable impact on the way products
are conceived, designed, tested, and delivered to customers [32].
Thus, the organizational structure and development processes re-
quired to support DSD are different from those used in collocated
environments [18]. According to Herbsleb and Moitra [32], DSD
has different effects on many levels: strategic issues (decision on
developing a distributed project); cultural issues; technical issues
(technological infrastructure and technical knowledge); and
knowledge management issues.

In this context, DSD is a growing field within the Software Engi-
neering (SE) domain. Many companies are distributing their soft-
ware development facilities, looking for competitive advantages
in terms of cost, quality, and skilled professionals [53]. According
to Carmel and Tjia [11], the DSD phenomenon started in the early
90s, but it was only recognized as a powerful competitive strategy
in the last ten years. Whether local (onshoring) or global (offshor-
ing), within the same company (insourcing) or as a third-party
relationship (outsourcing), organizations are facing several impor-
tant challenges from a SE perspective [43]. After observing prac-
tices in the industry, it makes sense to try to understand how
these practices have evolved over time, and whether there are pro-
cess models based on these practices which can be used by organi-
zations that are starting to adopt DSD [48].

Most of the existent literature on DSD stage-based process
models tackles strategic aspects of the phenomenon, such as estab-
lishing distributed software development centers [12,34], project
allocation decisions [25], and client-vendor relationship [45],
e.g., from a business perspective. At the same time, however, there
are several reasons to consider DSD process models from a techni-
cal perspective [43,52,59]. However no agreement has been
reached concerning proper process models for DSD.

For this reason, the goal of this systematic review is to identify
papers that describe either process models or the need for process
models. Our contribution is to identify and categorize studies
addressing or developing DSD process models, differentiating be-
tween models based on external vendor organizations and those
based on wholly-owned subsidiaries.

This paper is organized as follows: in Section 2, we present the
concepts involved in the identification of process models (also called
stage, capability and maturity models). In Section 3, we set forth the
taxonomy used in this systematic review, while in Section 4 we pres-
ent the method. In Section 5, we set out the results, while in Section 6
we discuss the findings and future directions in this area.

2. Process models

Process models encompass a set of practices or a set of standard
steps (or stages) that were successfully followed in the past by
individuals, project teams, or organizations, and were documented
as a successful practices capable of adoption by other peers. Carmel
[10] defines stage models as powerful frameworks in understand-
ing a phenomenon, given that they capture evolution and growth,
and also reflect learning curves and diffusion. Carmel [10] argues
that such models are useful for both research and practice: practi-

tioners can use such models to understand where they are, where
the competition is, and what they can do to evolve. On the other
hand, researchers can not only identify and propose the models,
but also use them to better understand the behaviors behind a gi-
ven phenomenon. Such process models can also be defined as
maturity and capabilities models. Chrissis et al. [15] define capabil-
ity as the predictability of the process and its outcomes, or the
range of expected results that can be achieved by following a pro-
cess. On the other hand, the authors define maturity as the growth
in the process capability, a well-defined evolutionary path toward
achieving a mature process, where each maturity level provides a
layer in the foundation for continuous process improvement.
Achieving each level of a maturity framework means an increase
in the process capability.

But despite the usefulness of such models, they have always
been an easy target for criticism, as stated by Carmel [10]. Some
criticism includes: the models are heuristically developed, they
are usually not validated, they are incomplete, and they assume
a linear evolution through each stage. While such criticism is valid,
the author also states that, in the end, the collective understanding
of a phenomenon would be poorer if these models were not iden-
tified. In addition, the author also argues that these models are
more useful at the early stages of the phenomenon. Once the phe-
nomenon is mature, the interest in such models is not so evident.

The use of process models or stage models is not something
new in Computer Science. They are also very common and can
be found in the Social Sciences, where Tuckman proposed a well-
known model [64]. The author developed a model to describe the
stages (or sequences) of group development. In Computer Science,
within the Information Systems domain, one of the first stage mod-
els was proposed by Nolan [46], with the purpose of analyzing the
evolution of managing the computer resource. In SE, it is possible
to find the influence of Nolan’s thoughts on the development of
models such as the SW-CMM and CMMI [15], among many others.
During the development of his work, Nolan [46] also said that stage
theories have proved to be useful to develop knowledge in several
fields during their formative periods, which is exactly the case of
Distributed Software Development.

In DSD, after a couple of years understanding specific problems
faced by organizations [11,18,19], both academia and industry
realized that it might also be useful to understand which models,
by documenting successful practices and processes, can be derived
from this past experience [31,52,57,59]. That is exactly what we
aim to accomplish with this systematic review.

3. Taxonomy used in this systematic review

The terminology used for Distributed Software Development is
not standardized. In this paper we are concerned solely with situ-
ations where software development is moved to another country,
which is sometimes called Global Software Development. We used
a taxonomy based on previous studies [11,39,49,55,56,63] to de-
fine the way how distributed software development was
organized:

- Offshore outsourcing is used when software development is
moved to an external third party in another country.

- Internal offshoring is used when software development is
moved to a division of a specific company established in
another country.

- Offshoring is used as a generic term when the relationship of
the overseas company with the client’s company is unknown.

The company that requires the software is referred to as “cli-
ent”. In the context of internal offshoring the client’s company
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may also be referred to as “headquarters”. The company that
undertakes the software development is referred to as “vendor”.
In the context of internal offshoring the vendor company can be re-
ferred to as “subsidiary”.

Some relevant papers could not be fitted into the above catego-
ries. Those are referred to as “Others” in the classification system.

3.1. Scope of the systematic review (business and technical
perspectives)

Developing software in a distributed customer-vendor relation-
ship involves a number of business and technical decisions. When
embarking on DSD, the outsourcing companies (referred to as client
or headquarters) have to make very important business decisions,
such as the number of distributed sites (referred to as vendors or
subsidiaries), geographical location of the distributed sites, and
organizational structure. Once established, other equally
important decisions of technical nature relate to the operational
environment at the distributed sites, such as project structure,
development process, project management, architectural strate-
gies for each project or portfolio, and project modularity.

In an offshore outsourcing model, the vendor might have more
autonomy regarding technical decisions, while in internal offshor-
ing approaches technical decisions are often made jointly with the
headquarters. In our review, we classified each paper regarding
the scope, that is, either business or technical. Those papers
exploring both business and technical levels were classified
accordingly.

4. Method

The research method used is a systematic literature review
[37,38]. The main purpose on the systematic review was to find
evidence regarding process models in the practice of DSD. We fol-
lowed the recommendations provided by Kitchenham [37], and
other experiences documented in both the SE and IS literature
[7,9,17,21-24]. Our review protocol was based on the one used
in Dias Neto et al. [20], and the research question that guided the
systematic review was:

What DSD process models (also capability, maturity, and stage
models), or descriptions of the need for such models, have been
published, and what are the details of each paper?

The keywords were defined based on two main categories of
terms: those related to DSD, and those related to process
improvement of DSD practice. Table 1 outlines the keywords used
in the search.

The search was a combination of A and B. Category A has more
keywords and reflects the fact that the area is still maturing, and
there are many variations of the same term. By identifying many
keywords, we have adopted a high sensitivity strategy, as defined
by Dieste and Padua [22], and we understand that despite the
availability of a number of papers, only a few of them are relevant
to answer our research question (low precision). The search in-
cluded digital libraries available and papers published in journals,
conference and workshop proceedings. We searched seven digital
libraries and one conference proceedings, as following:

- IEEEXplore (http://ieeexplore.ieee.org/).

- ACM Digital Library (http://www.sciencedirect.com/).

- Compendex EI (http://www.engineeringvillage2.org).

- INSPEC (http://www.engineeringvillage2.org).

- Wiley InterScience (http://www3.interscience.wiley.com/cgi-
bin/home?SRETRY=0).

- Elsevier ScienceDirect (http://www.sciencedirect.com/).

Table 1
Keywords used in the review process.
Reference Category Keywords
A Distributed software Distributed software development

development Global software development
Collaborative software development
Global software engineering
Globally distributed work
Collaborative software engineering
Distributed development
Distributed teams

Global software teams

Globally distributed development
Geographically distributed software
development

Offshore software development
Offshoring

Offshore

Offshore outsourcing

Dispersed teams

B Process model of DSD
practice

Process maturity
Process capability
Process evolution
Evolution sequence
Capability model
Maturity model

- AIS eLibrary (http://aisel.aisnet.org/).
- Proc. of the ECIS - European Conf on IS (http://csrc.lse.ac.uk/asp/
aspecis/default5.asp).

We searched for industrial experience reports, theoretical and
empirical papers. To include a paper in the analysis, the paper must
have been available online, must have been written in English, and
must have described (1) DSD process models or (2) a need for the
development of such models. The papers were classified following
a two-step approach. First, based on the reading of the papers’ ti-
tles and abstracts, the papers were classified into two categories:

- [Incl], indicating the papers collected and possibly related to
DSD process improvement.

- [Excl], indicating the papers collected but not related to DSD
process improvement.

All the papers in category [Excl] were excluded, while the pa-
pers in category [Incl] were analyzed more carefully based on the
reading of the introduction, conclusion, and specific parts related
to the main contribution. Then, a subset of papers in [Incl] was se-
lected, keeping only those addressing DSD process improvement. A
pilot of this protocol showed that in some cases the reading of ti-
tles and abstracts was not enough to classify each paper properly.

One researcher applied the search strategy to identify the pri-
mary papers, and screened the identified papers, by reading the ab-
stract, in order to produce an initial categorization. This was
followed by a reading of the full text, and a second classification
step was taken, checking whether the inclusion/exclusion criteria
were met. In case of any conflict, a second researcher made the ver-
ification. After this process, both researchers reached an agreement
about what papers should be selected. The papers were classified
according to three general categories of information:

- General information: digital library, title, authors, source (e.g.
journal or conference proceedings) type of source (i.e. journal,
conference, workshop, technical report), and category ([Incl]
or [Excl]).

- Research-related information: type of paper (i.e. theoretical,
industrial experience report, or empirical study), research
empirical strategy (i.e. case study, survey, experiment, ethnog-
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raphy, action research, combination), data collection methods
(i.e. interview, observation, questionnaire, document inspec-
tion, or multiple data collection methods), type of data analysis
(i.e. qualitative, quantitative or both), and data analysis method
(i.e. statistics, grounded theory, content analysis). For papers
reporting empirical work, the type of study was classified
according to the proposal in Dias Neto et al. [20]. Research strat-
egy, data collection, type and method of data analysis were clas-
sified according to the terminology used by Oates [47].

- Content-related information: business model (i.e. offshore out-
sourcing, internal offshoring, offshoring, others), scope of the
study (i.e. business, technical), outcome (i.e. model proposal,
need for a model), process model type (i.e. maturity, capability,

Offshore Outsourcing Internal Offshoring Offshoring
Proposal Need Proposal Need Proposal Need Others
Business [A] [G] [C] 1) [E] (K]
[M]
Technical | [B] (H] (D] (V] [F] [L]
Fig. 1. Paper categorization.
Table 3
Final set of papers to be reviewed.
Digital Number  Second classification [SC] Total
Librarvi(DD) Flf] Papers Own Repeated Not (S[C}I]:C;E?)
paper relevant

IEEEXplore 7 1 - 1 5
ACM Digital Library 10 - - 6 4
Wiley InterScience 5 - - 2 3
Elsevier ScienceDirect 10 - - 7 3
Compendex EI 1 - 1 - 0
Inspec 3 - 2 1 0
ECIS 10 - - 6 4
AIS eLibrary 17 - 1 9 7
Total 63 1 4 32 26
Percentage (%) 100 2 6 51 41

stage, others), focus of the study (i.e. people, project, organiza-
tion), which site (i.e. client/headquarters, vendor/subsidiary),
attributes, and general comments. Attributes are related to
themes explored in each study, and general comments are a
brief summary of each selected paper to guide the qualitative
analysis.

After the information was extracted, the papers were classified
in one of the categories illustrated in Fig. 1.

Both quantitative and qualitative analyses were employed for
each of the categories outlined in Fig. 1. While our quantitative
analysis includes descriptive statistics, the qualitative analysis
brings information about characteristics of each study, strengths,
and weaknesses.

5. Results

The systematic review was conducted from October to Decem-
ber, 2007. A total of 227 papers were found, as shown in Table 2.
After the initial screening, 63 papers were selected for the sec-
ond screening, where 26 were selected for an in-depth analysis
(Table 3). As we can see, the lack of standard terminology in DSD
resulted in a large number of papers to start with, but only a few

Table 2
Search execution, first results.

Digital library (DL) First classification

[Incl] [Excl]

Number of papers

IEEEXplore 10 7 3
ACM Digital Library 20 10 10
Wiley InterScience 10 5 5
Elsevier ScienceDirect 78 10 68
Compendex EI 14 1 13
Inspec 11 3 8
ECIS 18 10 8
AIS eLibrary 66 17 49
Total 227 63 164
Percentage (%) 100 28 72

were selected, confirming the high sensitivity and low precision
of our search, as described in Section 4 and suggested by Dieste
and Padua [22].

One paper spotted in IEEEXplore was previously published in a
conference found in the AIS eLibrary, and was classified as “re-
peated”. Two other papers proposed maturity models related to
pure outsourcing. Since that does not necessarily characterize
DSD, they were not selected for further analysis. Moreover, four
more papers (P27, P28, P29, and P30) were included in the list to
be reviewed. One is a journal paper (P27) referred to in some of
the papers selected [12]. The other three (P30, P28, and P29) are re-
lated to the research question and were selected based on our
knowledge of the area [34,43,45]. In total, 30 papers were selected
for analysis. Table 4 provides a summary of each paper and the de-
tailed results are presented in Tables 5 and 6.

Out of the thirty papers found, 11 describe DSD process models
(P1, P2, P5, P11, P14, P16, P20, P22, P27, P29, and P30), while 19
address the need for such models (P3, P4, P6, P7, P8, P9, P10, P12,
P13, P15, P17, P18, P19, P21, P23, P24, P25, P26, and P28). Among
the 11 papers describing DSD process models, eight were primary
studies, and three were based on literature surveys as the research
method (P5, P14, and P22). In all the three papers, the authors
searched the literature in order to identify significant contributions
for their proposals.

Balaji and Brown (P5) looked at the dynamic capabilities per-
spective as the foundation to derive the client-side capabilities
for sourcing [6]. Their literature review identified four models that
can be used to understand a company’s sourcing decision. The
authors also identified the following as the three most important
capabilities: vendor management (the ability of the client’s com-
pany to control, coordinate and maintain the vendor relationship),
project management (the way outsourced projects are managed by
the client’s company), and process management (the way key pro-
cesses in an organization are performed, maintained and managed
for a sustained period of time).

Gannon and Wilson (P14) looked at the literature about out-
sourcing, offshoring, and IS maturity models to propose a maturity
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Table 4
Papers selected for analysis.

Study DL Title Authors Source Year

P1 IEEE Leveraging global resources: a process maturity framework for N. Ramasubbu et al. IEEE Software 2005
managing distributed development

P2 IEEE Collaboration maturity and the offshoring cost barrier: the S. Lasser, M. Heiss International Professional 2005
tradeoff between flexibility in team composition and cross-site Communication Conference
communication effort in geographically distributed development (IPCC)
projects

P3 IEEE Optimizing Supplier Management in Global Software Engineering C. Ebert ICGSE 2007

P4 IEEE Offshoring: what can go wrong? N. Matloff IT Professional 2005

P5 IEEE Strategic IS sourcing and dynamic capabilities: bridging the gap S. Balaji, S. A. Brown HICSS 2005

P6 ACM A research agenda for distributed software development B. Sengupta et al. ICSE 2006

P7 ACM Globally distributed software development project performance: N. Ramasubbu, R. Krishna FSE 2007
an empirical analysis

P8 ACM Agile software process and its experience M. Aoyama ICSE 1998

P9 ACM Uncovering the reality within virtual software teams V. Casey, L. Richardson International Workshop on GSD 2006

for the practitioner

P10 Wiley The moderating role of development stage in free/open-source KJ. Stewart, S. Gosain SPIP 2006
software project performance

P11 Wiley Software outsourcing quality achieved by global virtual K.V. Siakas, B. Balstrup SPIP 2006
collaboration

P12 Wiley Where do capabilities come from and how do they matter? A S.K. Ethiraj et al. Strategic Management Journal 2005
study in the software services industry

P13 ECIS Requirements engineering during global software development: J. Hanisch, B.J. Corbitt ECIS 2004
some impediments to the requirements engineering process: a
case study

P14 ECIS IS offshoring: a proposed maturity model of offshore is suppliers B. Gannon, D.W. Wilson ECIS 2007

P15 ECIS Offshore information systems outsourcing: strategies and N. Khan et al. ECIS 2003
scenarios

P16 ECIS IT outsourcing maturity model 0. Adelakun ECIS 2004

P17 AIS Evolution of trust in distributed software development teams: a A.L. McNab, S. Sarker AMCIS 2006
punctuated equilibrium model

P18 AIS A qualitative investigation of IS offshore sourcing L. Sayeed AMCIS 2006

P19 AIS Crafting and executing an offshore IT sourcing strategy: C. Ranganathan, P. Krishnan ICIS 2006
globshop’s experience

P20 AIS Exploring the key capabilities for offshore IS sourcing S. Balaji, C. Ranganathan ICIS 2006

P21 AIS Knowledge transfer in offshore insourcing A.L Chua, S. Pan ICIS 2006

P22 AIS Offshore subsidiary engagement effectiveness: the role of M. Ramamani Conference of Midwest US 2006
subsidiary capabilities and parent - subsidiary interdependence Association for IS

P23 AIS Developing a model for offshore outsourcing N. Khan et al. AMCIS 2003

P24 Elsevier Procedural coordination and offshored software tasks: lessons R. Mirani Information & Management 2007
from two case studies

P25 Elsevier A dimensional analysis of geographically distributed project J.R. Evaristo et al. Journal of Engineering and 2004
teams: a case study Technology Management

P26 Elsevier ~ The Indian software services industry A. Arora et al. Research Policy 2001

P27 Other The Maturation of Offshore Sourcing of IT Work E. Carmel, R. Agarwal MISQ Executive 2002

P28 Other The unspoken revolution in software engineering B. Meyer Computer 2006

P29 Other Client-vendor relationships in offshore applications R. Mirani Information Resources 2006
development: an evolutionary framework Management Journal

P30 Other Taper: a generic framework for establishing an offshore G. Hofner, V.S. Mani ICGSE 2007

development center

model for offshore IS suppliers [28]. While the literature review on
IS outsourcing and IS offshoring was related to the basics concepts
associated with each topic, the literature review of IS Maturity
Models identified well-known models such as the model proposed
by Nolan [46] and the CMMI [15]discussed in Section 2. In addition,
the authors cited the SITO stage model [12], which was selected as
a primary study to be analyzed in our systematic review.

Ramamani (P22) looked at the existing literature on the re-
source-based view of the company to present a capability-based
argument for predicting subsidiary-based sourcing effectiveness.
The author presented a brief literature review on subsidiary capa-
bility and interdependence, but did not search the literature on
process models. The author proposed organizing the supplier’s
offerings into supplementative capabilities (those that help firms
to increase their efficiency and respond to increased demand),
complementative capabilities (those where the vendor provides
complementary competencies to that of the client), or
differentiative capabilities (those that are recognized as important
for the company as a whole to disseminate to other parts of the
company).

In general, the authors did not undertake a structured literature
review, and only one of them (P14) searched for other DSD process
models. In the other two studies the authors proposed process
models for specific topics (i.e. subsidiary engagement effective-
ness). They did not search all the existing literature about process
models as we did in this review. Thus, this paper is the first study
that has systematically tried to understand how process models
have been proposed for use in the DSD domain.

5.1. Quantitative analysis

The quantitative analysis was divided into content-
related information and research-related information. Tables 5
and 6 outline the detailed categorization of content-related and
research-related information. The three papers that were based
solely on literature survey were not included in our analysis. Three
other papers that included literature surveys are included because
they also used other methods of study.

Most of the papers report empirical studies (Table 7). We also
found more papers from a business perspective.
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Table 5
Research-related information.
Study  Type Research strategy Data collection Data analysis  Analysis method Outcome
P1 Empirical Literature review Not defined (ND) ND ND Proposal
Focus group Interviews
Survey Questionnaire Quantitative Statistics
P2 Industrial experience Not applicable (NA) NA NA NA Proposal
P3 Industrial experience ~ NA NA NA NA Need for process model
P4 Industrial experience ~ NA NA NA NA Need for process model
P6 Empirical Case study Interviews Qualitative ND Need for process model
P7 Empirical Case study Documentation Quantitative Statistics Need for process model
Observation
Interviews
P8 ND ND ND ND ND Need for process model
P9 Empirical Case study Action research ~ Documentation Qualitative Content analysis Need for process model
Observation
Interviews
P10 Empirical Survey Questionnaire Quantitative Statistics Need for process model
P11 Empirical Case study Questionnaire Qualitative Content analysis Proposal
Interview
P12 Empirical Case study Documentation Quantitative Statistics Need for process model
P13 Empirical Case study Interviews Qualitative Content analysis Need for process model
P15 Empirical Case study Interviews Qualitative Grounded theory Need for process model
P16 Empirical Literature review Informal interviews Qualitative ND Proposal
P17 Empirical Case study Questionnaire Qualitative Content analysis and statistics Need for process model
Quantitative
P18 Empirical Case study Interview Qualitative Content analysis Need for process model
P19 Industrial experience NA NA NA NA Need for process model
P20 Empirical Literature review Interview Qualitative Content analysis Proposal
Focus group
P21 Empirical Case study Interview Qualitative Content analysis Need for process model
P23 Empirical Literature review Interview Qualitative Content analysis Need for process model
Case study
P24 Empirical Case study Interview Qualitative Content analysis Need for process model
Observation
P25 Empirical Case study Interview Qualitative Content analysis Need for process model
P26 Industrial experience ~ ND Interviews Qualitative Content analysis Need for process model
Observations
P27 Empirical Case study Interview Qualitative Content analysis Proposal
P28 Industrial experience ~ NA NA NA NA Need for process model
P29 Empirical Case study ND Qualitative ND Proposal
P30 Industrial experience NA NA NA NA Proposal
Table 6
Content-related information.
Study Scope Business model Process model type Focus Outcome Site
P1 Technical Offshoring Maturity Projects Proposal Vendor/subsidiary
P2 Business Internal offshoring Maturity Projects Proposal Vendor/subsidiary
P3 Business Offshore outsourcing Maturity Organization Need for process model Vendor/subsidiary
P4 Both Offshore outsourcing Maturity People Need for process model Vendor/subsidiary
P6 Technical Internal offshoring Maturity Projects Need for process model Vendor/subsidiary
P7 Technical Offshoring Capability Projects Need for process model Vendor/subsidiary
P8 Technical Other Capability Projects Need for process model ND
P9 Technical Offshore outsourcing Capability Projects Need for process model Both
P10 Technical Other Stages Projects Need for process model ND
P11 Both Offshore outsourcing Capability Organization Proposal Vendor/subsidiary
P12 Both Offshore outsourcing Capability Projects Need for process model Vendor/subsidiary
P13 Technical Offshoring Capability Projects Need for process model Both
P15 Both Offshore outsourcing Capability Organization Need for process model Vendor/subsidiary
P16 Business Offshore outsourcing Maturity Organization Proposal Client/headquarters
P17 Technical Other Capability People Need for process model ND
P18 Business Offshoring Capability Organization Need for process model Client/headquarters
P19 Business Offshore outsourcing Capability Organization Need for process model Client/Headquarters
P20 Business Offshore outsourcing Capability Organization Proposal Client/headquarters
P21 Both Internal offshoring Capability Organization Need for process model Client/headquarters
P23 Business Offshore outsourcing Capability Organization Need for process model Vendor/subsidiary
P24 Both Offshoring Capability Organization Need for process model Both
P25 Technical Other Capability Projects Need for process model Both
P26 Business Offshore outsourcing Capability Organization Need for process model Vendor/subsidiary
P27 Business Offshoring Stages Organization Proposal Client/headquarters
P28 Technical Offshoring Capability Projects Need for process model Vendor/subsidiary
P29 Business Offshoring Capability Organization Proposal Both
P30 Business Internal offshoring Maturity Organization Proposal Vendor/subsidiary
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In general, most of the papers found were related to offshore
outsourcing or offshoring (Table 8).

An important remark is that 70% of the papers address aspects of
offshore outsourcing and offshoring business models. Another pat-
tern is that some of the research currently being done in DSD does
not explicitly explain the distribution. In our review, 30% of the pa-
pers claim to study globally distributed development (offshoring),
but there is no evidence related to any of the business models. As sta-
ted by Herbsleb and Moitra [32], the processes employed in offshore
outsourcing might be different than those employed in internal
offshoring, and the characterization in this case could make a differ-
ence for the practice of DSD. Moreover, research conducted in one
type of distribution is not necessarily valid for all types of DSD. An-
other note is that the number of papers classified as “offshoring” and
“others” indicate that almost half of the papers do not define the
relationship between the companies. In this case, the findings show
a good indication that a better contextualization is needed for all pa-
pers, in order to understand the practices that apply to each type of
DSD (considering the relationship between organizations and geo-
graphic location). This is also corroborated by Smite et al. [61].

785

Table 9
Research method.

5.1.1. Research-related information

All papers were classified based on the research methods em-
ployed (Table 9), as well as data collection (Table 10) and data
analysis (Table 11).

We did not find any information explaining the research meth-
odology in the paper where the type was not identified (P8). When
analyzing the experience reports, only one paper (P26) employed
and explained some research methodology [2]. The authors
planned a case study with observations and interviews with some
Indian vendors, having qualitative data to be analyzed using con-
tent analysis. From the analysis of the 19 empirical papers (Tables
9-11), we can conclude that most of the studies use case studies as
the research method, with data collection using interviews and
performing qualitative data analysis.

5.1.2. Content-related information

We present the main results based on the content of each paper.
First, the papers were classified regarding the type of process mod-
el (maturity or capability model, or a stage model not explicitly de-
fined as maturity or capability). In Table 12, “C” stands for
capability, “M” for maturity, and “S” for stage.

According to the table, two papers (7%) explored the concept of
stage models, seven papers (26%) explored the concept of maturity

Table 7
Type of paper.

Research method Number  Paper ID
of papers
Case study 15 P6, P7, P11, P12, P13,
P15, P16, P17, P18, P21,
P23, P24, P25, P27, P29
Survey 1 P10
Focus group 1 P20
Multimethod (focus group and survey) 1 P1
Multimethod (case study and action 1 P9
research)
Table 10
Data collection method.
Data collection method Number Paper ID
of papers
Interviews 10 P6, P13, P15, P16, P18,
P20, P21, P23, P25, P27
Questionnaires 2 P10, P17
Documentations 1 P12
Interviews and questionnaire 2 P1, P11
Interviews, observations 1 P24
Documentation, interviews, 1 P7, P9
observations
Could not be identified 1 P29
Table 11
Data analysis.
Data analysis method Number Paper ID
of papers
Qualitative 14 P6, P9, P11, P13, P15,
P16, P18, P20, P21, P23,
P24, P25, P27, P29
Quantitative P1, P7, P10, P12
Both qualitative and quantitative 1 P17

models, and 18 papers (67%) explored the concept of capability
models.

As mentioned previously, eight primary studies describe DSD
process models. Table 13 shows information about the level of
analysis in these models (i.e. people level, project level, or organi-
zation) and the site (client or vendor for offshore outsourcing,
headquarters or subsidiary for internal offshoring, or any of these
combinations for offshoring).

One paper (P29) is considered a model developed for both cli-
ent/headquarters and vendor/subsidiary sides, and for this reason

Empirical Experience report Not classified
the table shows nine and not eight models. Most of the models -
Proposal Need Proposal Need . .
= seven (77%) - are focused on organization. Table 14 brings the
ggtsrl]ness ‘]l i % ? 1 same information based on the other 19 papers exploring the need
Technical 1 7 _ 1 for DSD process models.
Total c " > = | Based on Table 13, we can see that more than half of the models
are related to the vendor/subsidiary side. As outlined in Table 14,
Table 8
Scope of the study.
Offshore outsourcing Internal offshoring Offshoring Others
Proposal Need Proposal Need Proposal Need Proposal Need
Business 2 4 2 0 2 1 0 0
Both 1 3 0 1 0 1 0 0
Technical 0 1 0 1 1 3 0 4
Total 3 8 2 2 3 5 0 4
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Table 12
Analysis of the type of process model.
Offshore Outsourcing Internal offshoring Offshoring Others
Proposal Need Proposal Need Proposal Need Proposal Need
C M S C M S C M S C M S C M S C M S C M S C M S
Business 1 1 - 3 1 - - 2 - - - - 1 - 1 1 - - - - - - - -
Both 1 - - 2 1 - - - - 1 - - - - - 1 - - - - - - - -
Technical - - - 1 - - - - - - 1 - - 1 - 3 - - - - - 3 - 1
Total 2 1 - 6 2 - - 2 - 1 1 - 1 1 1 5 - - - - - 3 - 1
Table 13
Focus of the models proposed and the site involved.
Offshore outsourcing Internal offshoring Offshoring
Client Vendor Headquarters Subsidiary Client/headquarters Vendor/subsidiary
People - - - - - -
Projects - - - 1 1
Organization 2 1 - 1 1
Total 2 1 0 2 2 2

we found twice as many papers claiming the need for models in
the vendor/subsidiary side. Regarding the focus, although the
majority of papers (10) describing models focus on the organiza-
tion level, the papers describing the need for such models are bal-
anced between both organizations and projects — in two studies
the focus is on people.

5.2. Qualitative analysis

Since our main interest is on the study of DSD process models
from a Software Engineering perspective, our analysis was focused
on papers describing technical contribution. However, given the
results found, papers centered on a business perspective are also
described.

5.2.1. DSD process models from a business perspective

We have identified six models (75%) from a business perspec-
tive, and one from both business and technical perspectives. Two
models (one for offshoring and one for offshore outsourcing) were
based on a stage model published in 2002 at MISQ Executive [12],
and revisited by one of the authors in Carmel and Tjia [11]. This
stage model was firstly named SITO (Sourcing of IT Work Offshore),
and later updated to OSM (Offshore Stage Model).

5.2.1.1. Models related to offshoring. Carmel and Agarwal [12]: the
SITO model was proposed by Carmel and Agarwal [12], and revis-
ited by Carmel and Tjia [11]. In addition to being an input for other
studies [1,28,45], this model has been adapted by IT consultancies
(i.e. Forrester and Meta Group) to evaluate offshoring evolution
[10]. The four dimensions of the stage model are: offshore bystan-
der, offshore experimenter, proactive cost focus, and proactive
strategic focus. Each stage is characterized by a set of strategic

imperatives and internal firm dynamics. At stage one, the company
does not do offshore yet, but rather observes many other compa-
nies that are offshoring. At stage two, the company tests the offsh-
oring model. At stage three, the company has offshore projects and
processes, where cost savings is the main goal. Finally, at stage four
companies achieve strategic advantages that cannot be achieved
by other means. The authors suggest that technology companies
at stage four have different organizational structures and mecha-
nisms. These companies have accumulated considerably more
experience in offshore IT sourcing, but they would usually prefer
to have their own IT units, sourcing from within their organiza-
tions (internal offshoring or wholly-owned subsidiary).

Mirani [45]: the authors have proposed an evolutionary frame-
work for client-vendor relationships in offshore applications
development. The authors suggest that “such a relationship typi-
cally begins as a cost-reduction exercise, with the client contract-
ing out simple, structured applications to one or more offshore
vendors. Over time, the client assigns increasingly complex appli-
cations to selected vendors and cultivates the relationships with
them. As offshore applications continue to evolve and become
business-critical, the client may seek to regain control by establish-
ing a command-based hierarchy. This may be achieved through
partial or full ownership of a vendor’s organization or by starting
a captive offshore subsidiary. Thus, the client’s initial cost reduc-
tion goal is ultimately displaced by one of risk control.” The pro-
posal is very similar to the SITO model, but focused on the
relationship between client and vendor and how this relationship
evolves over time. In the same way, the authors also suggest that
internal offshoring is the last stage in the evolution.

5.2.1.2. Models related to offshore outsourcing. Adelakun [1]: the
author has proposed an IT outsourcing maturity model based on

Table 14
Focus of the need for models and the site involved.
Offshore Internal offshoring Offshoring Other
outsourcing
Client Vendor Headquarters Subsidiary Client/headquarters Vendor/subsidiary Client/headquarters Vendor/subsidiary Not defined
People - 1 - - - 1
Projects 1 2 - 1 1 3 1 1
Organization 1 4 1 - 2 1
Total 2 7 1 1 3 4 1 1 3




R. Prikladnicki, J.L.N. Audy/Information and Software Technology 52 (2010) 779-791 787

the Tuckman'’s stage model [64]. He argues that this proposal ex-
tends the SITO model to domestic outsourcing, nearshore out-
sourcing and offshore outsourcing, and for this reason it is
significantly different, since it focuses primarily on domestic out-
sourcing, while the SITO stage model focuses primarily on offshore
outsourcing. The initial model was developed based on literature
review, then discussed with five practitioners and tested through
a case study. The problem with this proposal is that the case study
description is very high level, and the feasibility of this model in
practice is not clear.

Balaji and Ranganathan [5]: in this paper, the authors discussed
critical capabilities for effective IS offshoring of application devel-
opment, from the clients’ point of view. This paper was later im-
proved and published at MISQE [53]. Based on focus group
discussions with senior IS managers and case studies of IS offshor-
ing, four capabilities were proposed: IS systemic thinking (the abil-
ity to clearly set goals, map expectations and choose appropriate
sourcing strategy for the offshore sourcing arrangement), IS vendor
management (the appropriate selection of vendor, structuring the
contract and managing the vendor relationship), global IS resource
development (the client’s ability to manage both the client and
vendor resources applied to the offshoring arrangement), and IS
change management (managing the several changes caused by
offshoring arrangements).

5.2.1.3. Models related to internal offshoring. Lasser and Heiss [40]: in
this proposal the authors argued that there is a relationship be-
tween the maturity of the collaboration and the cost associated
with offshoring activities. Based on a real experience with software
development centers within Siemens, they have identified fifteen
stages of collaboration, relating the location of high-cost and
low-cost sites, type of activities, and responsibilities. The argument
in this study is that the cost should be balanced based on the matu-
rity of collaboration.

Hofner and Mani [34]: in this paper, the authors have proposed
the TAPER framework, to help companies with the establishment
of offshore software development centers. The framework is orga-
nized into five phases (Trust, Assess, Prove, Enhance, and Reengi-
neer), and suggests that the creation of an offshore center should
follow some standard steps in order to minimize possible risks
and increase the chance of success. The proposal was based on
their experience with the creation of an offshore software develop-
ment center in India owned by Siemens in Germany.

5.2.2. DSD process models from a technical perspective

From a technical perspective, we have identified two models
(one for offshoring and one for offshore outsourcing). The one re-
lated to offshore outsourcing was classified on both technical and
business levels, since it involves not only client management rela-
tionship, but also capabilities improvement in the development of
products and services.

Ramasubbu et al. [52]: in this paper, the authors have proposed
a maturity framework for globally distributed development. They
identified 24 key process areas for managing global projects, orga-
nized into four concepts: collaboration readiness (the ability of an
overall software development governance model to set business
goals translated into tasks across geographically distributed
teams), common ground (the shared knowledge of distributed
development participants), coupling in work (the mechanisms for
dividing labor into distributed product development), and technol-
ogy readiness (development infrastructure and personnel capabil-
ity levels for using collaborative technologies). The framework was
empirically evaluated and then tested in distributed projects in a
multinational company.

Siakas and Balstrup [60]: in this paper, the authors argued that
the quality of software outsourcing in global virtual collaboration

could be achieved by using two models: the eSCM-SP (eSourcing
Capability Model for Service Providers), and the SQM - CODE
(Software Quality Management - Cultural and Organisational
Diversity Evaluation). The eSCM-SP was originally proposed by Hy-
der et al. [33], because, according to the authors, the existing
frameworks do not address all of the critical issues in eSourcing
(IT-enabled Sourcing). It is important to note that sourcing is re-
lated to the relationship between the organizations, and does not
necessarily mean globally distributed development. For this rea-
son, the capabilities and practices in this model are related to a
successful sourcing relationship. The model also contains practices
that could be useful in a distributed environment, since global
sourcing of IT work is related to distributed development. The
other proposal in the paper (SQM - CODE) is a tool for assessing
the fit between organizational and national culture, in order to
identify cultural factors that require proper action. For the purpose
of our systematic review, only the eSCM-SP was taken into consid-
eration. The eSCM-SP is a “best practices” capability model with
three purposes: (1) giving service providers the guidance that will
help them improve their capability across the sourcing life cycle;
(2) providing clients with a straight-forward means of evaluating
the capability of service providers; and (3) offering service provid-
ers a standard to use when setting themselves apart from compet-
itors. The Sourcing life cycle proposed in the model is divided into
Ongoing, Initiation, Delivery, and Competition. The Capability
Areas provide logical grouping of practices and are divided into
Knowledge Management, People Management, Performance Man-
agement, Relationship Management, Technology Management,
Threat Management, Contracting, Service Design and Deployment,
Service Delivery, and Service Transfer. The Capability Levels are di-
vided into Providing Services (Level 1), Consistently Meeting
Requirements (Level 2), Managing Organizational Performance (Le-
vel 3), Proactively Enhancing Value (Level 4), and Sustaining Excel-
lence (Level 5).

5.2.3. Studies describing the need for process models from a business
perspective

We have identified five papers describing the need for DSD pro-
cess models from a business perspective: one related to offshoring,
and four related to offshore outsourcing. Sayeed [58], for example,
conducted a study using the SITO stage model, with the purpose of
understanding how 15 companies make their decisions on offshor-
ing of software development based on the stage they are classified
in. The author has classified each company into one of the stages,
identifying the companies’ main characteristics, and confirming
the need for the identification of process models in this context.

The other four papers explore similar concepts and motivations
for process models: the type of work to be offshore outsourced
over time, including risk analysis and a systematic process for
defining type of projects and activities to be developed by a
third-party company [2,25,36,54].

5.2.4. Studies describing the need for process models from a technical
perspective

We found five studies describing the need for process models
based on a technical perspective (three related to offshoring, one
related to offshore outsourcing, and one related to internal offshor-
ing). In their study, Hanisch and Corbitt [30] address the impor-
tance of communication for the Requirements Engineering
process within globally distributed teams. They claimed that the
use of communication technologies, such as e-mail, phone, and vi-
deo conference evolve over time as the team becomes more ma-
ture, and suggested that there could be a sequence of steps in
this evolution. In addition, Meyer [43], Sengupta et al. [59], and
Ramasubbu and Krishna [51] addressed the need for updating
existing maturity and capability models for software development
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in order to include specific distributed development practices, and
made specific recommendations. While Ramasubbu and Krishna
[51] and Meyer [43] discuss offshoring in general, Sengupta et al.
[59] have identified such recommendations based on a case study
conducted in the internal offshoring of software development. Fi-
nally, the study carried out by Casey and Richardson [14] covered
the need for better preparation of distributed teams, suggesting
that distributed team experience evolves over time and this learn-
ing curve should not be underestimated.

5.2.5. Studies describing the need for process models from both
perspectives

We found five studies describing the need for process models
based on both technical and business levels (three related to off-
shore outsourcing, one related to offshoring and one related to
internal offshoring). Mirani [44], for example, addressed the con-
cept of procedural coordination techniques to be applied within
distributed teams and organizations in an offshoring environment.
The author argues that the evolution and success of an offshore
software task is critically dependent on managing an inherent
interdependence between onshore and offshore teams, as well as
the strategy employed (for this reason, the scope involves both
perspectives). Regarding offshore outsourcing, Khan, Currie and
Guah [36] identified some fundamentals that usually drive off-
shore outsourcing evolution, related to both business and technical
perspectives. They include contract, trade policy, quality, project
management, expertise, trust, security, infrastructure, and culture.
On the other hand, Matloff [41] reports not only the need for better
planning of the offshoring strategy, but also the preparation and
evolution of individuals to deal with offshoring (though the paper
is focused on offshore outsourcing). In another study of offshore
outsourcing (specifically the Indian software services industry),
Ethiraj et al. [26] highlight the importance of capabilities, saying
that they are context-specific, and fruitful research related to capa-
bilities identification might emanate from in-depth study of the
capabilities specific to a context, including strategic and technical
capabilities, client-specific capabilities and project-management
capabilities. Finally, Chua and Pan [16] investigated knowledge
management in internal offshoring, identifying key activities that
have to be developed over time in order to foster a knowledge
management environment in a global context (including, for exam-
ple, to determine whether or not to offshore a team, knowledge
transfer, knowledge integration), and suggest that this should also
evolve over time.

5.2.6. Other studies describing the need for DSD process models

Four studies could not be classified into one of the three types
defined in Section 3. All of them discuss distributed development
from a technical perspective, as well as suggesting the need for
process models in this context, but the studies do not explicitly
deal with global environments. The first one suggests that a soft-
ware development process should evolve over time to meet dis-
tributed software development needs, but the author does not

Table 15
Studies characterizing DSD process models.

present any specific suggestions [4]. In another study, conducted
by Evaristo et al. [27], the authors identified several factors to
characterize what “distributed” means when discussing the man-
agement of distributed projects, suggesting some dimensions that
might evolve over time. In addition, Stewart and Gosain [62] con-
ducted a study of the open-source community, trying to identify
the virtual teams’ evolution within a project. The authors found
that trust and shared understanding should come in the early
stages of a project, and cited People-CMM as a model that could
guide personal development, together with specific practices that
have to be identified for distributed projects. Finally, McNab and
Sarker [42] discussed the importance and evolution of trust in
distributed projects, also suggesting that trust development prac-
tices should be developed from the beginning of a distributed
project.

5.3. Summarizing the studies found

As part of our research question, we wanted to identify the
main characteristics of each study and possible gaps and opportu-
nities for future research. Part of this question was answered with
the quantitative data. In the qualitative analysis, additional data
was used to support a complementary evaluation of each study.
Table 15 sets forth the studies characterizing DSD process models.

Table 16 sets forth the studies characterizing the need for DSD
process models.

In summary, regarding the models, most of the studies did not
explicitly define practices for each level proposed, having only a
general description of what is expected on a certain level. More-
over, not many proposals have been empirically evaluated or
tested [12,45,52].

Regarding the studies describing the needs for DSD process
models, most of them were based on qualitative data, which is a
characteristic of this type of study. The need for helpful DSD pro-
cess models was mentioned by a majority of authors, and we found
four main recurring themes. Authors seemed to agree on the need
for DSD organizations to focus on:

o A strategy selection process that highlights the DSD-related deci-
sions that have to be made and the reasons for selecting one
strategy over another, the types of projects that will be distrib-
uted, and the tasks to be performed by distributed teams. (Men-
tioned in 8 studies.)

o Assessing practices and capabilities of individuals on DSD teams;
understanding whether team members have a sufficient under-
standing of software development practices for deployment in a
global perspective (5 studies).

e Extending existing maturity models such as CMMI to include spe-
cific DSD practices (3 studies).

e Documenting and following general software engineering best
practices for projects, such as project management structure,
requirements engineering, project life cycle, etc. (3 studies).

Study Levels Practices Scope Empirically evaluated?
P1 3 Levels 24 Practices in 4 areas Maturity of collaboration Yes
P2 15 Levels Not defined Maturity of collaboration No
P11 5 Levels 84 Practices in 10 areas Capabilities for suppliers No
P16 5 Levels Not defined Capabilities for an offshoring relationship No
P20 Not defined Not defined Capabilities for clients No
P27 4 Levels Not defined Capabilities for an offshoring relationship Yes
P29 3 Levels Not defined Capabilities for an offshoring relationship Yes
P30 5 Levels Not defined Capabilities for establishing an offshore subsidiary No
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Table 16
Studies characterizing the need for DSD process models.

Study  Scope Main concepts Empirical?

P3 Evolution of supplier selection process, and the need to reach high maturity ~ Supplier selection - strategy and DSD decisions Industrial report
in a global process

P4 Better preparation of individuals working on distributed projects Capabilities for individuals Industrial report

P6 Research agenda for distributed software development Extending existing maturity models such as CMMI  Qualitative

P7 Investigation of effects of dispersion on productivity and quality in high Extending existing maturity models such as CMMI  Quantitative
quality organizations

P8 One of the first papers to discuss distributed development, at ICSE 98 Capabilities for individuals Not defined

P9 Challenges for global teams Capabilities for individuals Qualitative

P10 Study of virtual teams evolution (Open source) Capabilities for individuals Quantitative

P12 Importance of capabilities Best practices for projects Quantitative

P13 Requirements engineering challenges in DSD Best practices for projects Qualitative

P15 Reasons for selection of offshore outsourcing from a strategic point of view  Strategy Qualitative

P17 Discuss trust based on the desired evolution within distributed teams Capabilities for individuals Qualitative Quantitative

P18 Interview with executives on many levels of the SITO model to understand  Strategy and DSD decisions Qualitative
decisions for each company

P19 Description of companies experience and evolution Strategy and DSD decisions Industrial report

P21 Understand how a company moved from onshore to offshore and the Strategy and DSD decisions Qualitative
importance of knowledge management in this process

P23 Offshore outsourcing challenges identified based on empirical data and Strategy and DSD decisions Qualitative
literature review

P24 Evolution of offshore strategies in two companies Strategy and DSD decisions Qualitative

P25 Understand what “distributed” means when managing distributed projects  Best practices for projects Qualitative

P26 India experience and potential on DSD Strategy and DSD decisions Qualitative

P28 Importance of improvement on existent maturity and capability models to  Extending existing maturity models such as CMMI  Industrial report

support DSD

Overall, the vast majority (18 out of 19) of these studies were
based either on empirical (usually qualitative) data or industrial
experience.

5.4. Limitations

Systematic review is a useful method which, based on a re-
search question and a detailed planning, searches for primary pa-
pers within a specific domain. But as any other method, there are
some limitations. We address three main limitations: the first is re-
lated to the number and the sources (libraries) selected; the second
refers to the reliability of the paper classification method; and the
third is related to the quality of the search engines.

First of all, we did not look into every possible source. Eight dig-
ital libraries were selected based on experiences shared by other
groups [9,20,23,24] and on the subject under review. First, by
selecting the libraries in our review, we increased our range of
search within the SE domain. Since DSD literature is documented
in both SE and IS domains, we added two libraries from the IS do-
main (AIS eLibrary and the proceedings of ECIS) to cover another
significant number of primary papers, and important IS confer-
ences such as ECIS, ICIS, and AMCIS, as referred to in Gonzalez
et al. [29]. Other IS papers were covered by looking into the HICSS
proceedings (using IEEEXplore DL), Compendex, INSPEC, and Else-
vier ScienceDirect. However, we did not search for books, neither
other sources of IS papers that could focus on studies from a busi-
ness perspective. However, we believe that the results presented
provide a good indication of the “state of the art” and the “state
of the practice” of DSD process models in global scenarios.

Second, the classification process based on some criteria could
be subjective. To minimize this limitation, a two-step approach
was planned for paper selection, as explained in Section 4, and an-
other two-step approach was planned for paper categorization. All
papers were reviewed at least three times by the same researcher.
To define the criteria, as well as the concepts for paper categoriza-
tion/classification, we engaged into many other interactions with
at least two other researchers outside the systematic review. The
second step was the review of the categorization with at least
one other researcher.

Third, with regard to the quality of search engines, we could not
use the same search string in all digital libraries. We found two of
the search engines to be excessively simplistic (AIS eLibrary and
the website with ECIS papers), offering no support to logic opera-
tors and no clear instructions on how to do the search. For this rea-
son, we had to search each keyword individually. Another search
engine that we used (ACM DL) did not support complex search
strings and thus we combined a subset of keywords and split the
search into several searches. The result was positive, although we
would have used less effort if some of the selected search engines
provided better support to users.

6. Discussion and conclusions

Both quantitative and qualitative analyses present interesting
findings related to DSD process models. Based on the data col-
lected, it was possible to identify the following conclusions.

#1: There is a need for more studies addressing the technical
aspects of process models in DSD.

Most of the models proposed are related to a business perspec-
tive. This creates the opportunity for SE researchers to explore and
understand DSD process models from a technical perspective.
There are already several papers published in the SE literature that
take this viewpoint (i.e. [51,59]).

#2: There is a need for more studies focusing on project-level anal-
ysis, as opposed to organizations only.

Since most of the models are focused upon a business perspec-
tive, not surprisingly most of the papers are focused on organiza-
tion-level analysis, instead of on people or projects. But there is
also a need to further our understanding of DSD process models
within a project, or a set of projects, and not just from a strategic
perspective. This is also a topic that would benefit from further re-
search that could include analysis of existing maturity or capability
models, which have projects as part of the scope (e.g., CMMI),
interpreting how they can adapt to a DSD environment, where
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we can have several stakeholders participating (e.g., including
more than one subsidiary, several teams, and many locations).
Some research included in this review has taken this approach
[52], and some papers have already shared these ideas [43,59].

#3: There is an opportunity for studies to employ quantitative data
analysis methods.

Most of the capability, maturity or stage models that have been
proposed so far are largely based on qualitative data analysis. This is
the case of CMMI [15], or the eSCM-SP [33], for example. This was
also found in our systematic review, where a significant number
of papers (half of them) conducted the research based on qualita-
tive methods. One of the reasons is that mostly the nature of the
phenomenon is not known beforehand so an exploratory strategy
is followed, using case studies for example, utilizing interviews or
other qualitative data collection methods. Quantitative data analy-
sis, however, offers the opportunity to statistically evaluate the
findings identified through qualitative methods. As an example, in
the study developed by Ramasubbu et al. [52] the authors have
used quantitative analysis methods to propose and evaluate a pro-
cess maturity framework for managing distributed development.

#4: There is a need for more studies related to the internal offshor-
ing model.

The internal offshoring business model, also known as offshore
insourcing, captive subsidiaries, or wholly-owned subsidiaries, is
the least studied model. This is surprising, given the large number
of companies involved with this strategy. According to Ramamani
[50], from over 900 companies associated with NASSCOM
(National Association of Software Companies), an Indian organiza-
tion that represents all the companies in the Information Technol-
ogy industry, more than 300 are wholly-owned subsidiaries.
Consequently, the challenges and practices should also be
understood for this type of DSD. And this is another opportunity
for DSD researchers.

#5: There is a need for more studies on DSD on the vendor’s side.

In a literature review of information systems outsourcing,
Gonzalez et al. [29] identified 131 papers published in IS journals,
where they found that only 16% of the papers explored outsourcing
from the perspective of the service provider (or vendor). In our sys-
tematic review, most of the models proposed (Table 7) were fo-
cused on the phenomenon at the vendor’s side (58%). We also
found twice as many papers arguing for the need for such models
on the vendor’s side (Table 8). In total, 67% of the papers we found
were exploring the vendor’s side (33% of them exploring both
sides). This is clearly a difference between the two reviews, and
they also had different purposes. While Gonzalez et al. [29]
searched for any type of papers exploring IS outsourcing, looking
into IS journals only, we focused on globally distributed develop-
ment, and searched both SE and IE domains, including conferences
and also workshops. Thus, our review was based on distributed
software development, and the many outsourcing arrangements
that can ultimately create a distributed environment (locally or
globally). In contrast, Gonzalez et al. [29] have analyzed outsourc-
ing from an IS perspective, focusing on business drivers and deci-
sions. An interesting conclusion is that the study of outsourcing,
in the IS domain, is not only more concentrated on strategic deci-
sions, and outsourcing relationship, but is also more client-ori-
ented. Based on our results, there appears to be a need to better
understand the vendor’s viewpoint from a technical perspective.
This conclusion is corroborated by a recent study in the area of dis-
tributed software development [61].

#6: Distributed software better

contextualized.

development should be

Almost half of the studies found in this systematic review fail to
explain the type of DSD environment (see Table 6). But with the
development of this area, it is becoming necessary to better con-
textualize the type of distribution under study [31]. A successful
practice carried out in a locally distributed environment might
not work well in a globally distributed scenario. As DSD becomes
more mature, it is also necessary to differentiate the many types
of distribution, as well as their implications.

#7: DSD process models could be more detailed.

In our systematic review, most of the models have described
levels, but only two of them have identified specific practices for
each level. We understand that such a model is not necessarily
need to have detailed descriptions. In some cases, the main goal
is to identify standard behaviors over time, or evolution steps.
But what was found in most of the studies is a general description
of the levels, in a way that makes it hard to understand or to put it
into practice. For this reason, we recommend researchers provide a
better description of the models being proposed and report all the
necessary details.

#8: DSD process models should be empirically evaluated.

Most of the models found were not evaluated. A certain model
may be part of the outcome of a certain study, but it should not be
relied on if it is not properly evaluated. One possible argument for
this lack of empirical evaluation is how new this area actually is,
and that most of the models proposed are from 1, 2, or 3 years
ago. Notwithstanding, researchers should also put effort into eval-
uation activities, following a scientific approach. This is also cor-
roborated by a recent study where the authors suggest that we
should have more studies focused on the evaluation of methods,
practices and solutions for distributed and global software devel-
opment [61].
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