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Preface

Major economic upheavals can have the sort of effect that Schumpeter foresaw 60
years ago as creative destruction. In science and technology, equivalent upheavals
result from either scientific revolutions (as observed by Kuhn) or the introduction
of what Christensen calls disruptive technologies. And in software engineering,
there has been no technology more disruptive than outsourcing. That it should
so quickly reach maturity and an unparalleled scale is truly remarkable; that it
should now be called to demonstrate its sustainability in the current financial
turmoil is the challenge that will prove whether and how it will endure. Early
signs under even the bleak market conditions of the last 12 months are that it
will not only survive, it will firmly establish its role across the world of business.

Outsourcing throws into sharp focus the entire software engineering lifecy-
cle. Topics as diverse as requirements analysis, concurrency and model-checking
need to find a composite working partnership in software engineering practice.
This confluence arises from need, not dogma, and the solutions required are
those that will have the right effect on the associated activities in the world of
the application: e.g., reducing the time for a transaction or making the results
of a complex analysis available in real-time. While the business of outsourcing
continues to be studied, the engineering innovations that make it compelling are
constantly changing. It is in this milieu that this series of conferences has placed
itself.

SEAFOOD 2008, the Second International Conference on Software Engi-
neering Approaches to Outsourcing and Offshore Development, was held in
Zurich during July 2-3, 2008. There were outstanding invited talks by Ashish
Arora (then at the Heinz School, Carnegie-Mellon University) and Dick Simmons
(Texas A&M University), the first on how outsourcing has grown in countries as
different as India, Israel and Ireland, and the second on the effects of outsourcing
on software engineering in the past, the present and the future.

SEAFOOD 2008 received submissions spanning a wide range of topics, from
processes, and risks to education in distributed software development. This vol-
ume includes 14 papers from the conference selected after review by the Pro-
gram Committee. SEAFOOD 2008 received 50 submissions; the acceptance rate
was 28%. Papers covered areas such as extreme programming and code review,
predicting timelines in software development subject to changes and software
process improvement in small companies. There was an outstanding panel dis-
cussion (not reported in this volume) organized by Peter Kolb with speakers
from banking, insurance and engineering industries.

Many people contributed to SEAFOOD 2008. We thank the Program Com-
mittee and the external reviewers for their excellent work in reviewing and select-
ing papers. SEAFOOD 2008 was co-located with TOOLS 2008; we are grateful
to Manuel Oriol and Marco Piccioni for their support and to Claudia Günthart
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for once again providing with unwavering efficiency the organization that made
SEAFOOD 2008 a success.

March 2009 Mathai Joseph
Bertrand Meyer
Martin Nordio
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Abstract. Nowadays software development activity tends to be decentralized, 
thus expanding greater development efforts towards more attractive zones for 
organizations. The type of development in which the team members are distrib-
uted in remote sites is called Distributed Software Development (DSD). A vari-
ant of the DSD is Global Software Development (GSD), where the team is  
distributed beyond the borders of a nation. The main advantage of this practice 
is mainly that of having a greater availability of human resources in decentral-
ized zones with less cost. On the other hand, some disadvantages appear due to 
the distance that separates the development teams. This article presents a sys-
tematic review of the literature related to the problems and the solutions pro-
posed up to the present day in DSD and GSD with the purpose of obtaining a 
vision of the state-of-the-art which will allow us to identify possible new re-
search lines.  

Keywords: Distributed Software Development, DSD, Global Software Devel-
opment, GSD, Offshore, Outsource, Nearshore, Systematic Review. 

1   Introduction 

Nowadays, many organizations, especially those dedicated to Information Technol-
ogy (IT), and concretely the software industry, are tending to relocate their production 
units, mainly to take advantage of the greater availability of qualified labor in decen-
tralized zones. The objective consists of optimizing resources in order to develop 
higher quality products at a lower cost. With the same purpose, "software factories" 
[1] attempt to imitate industrial processes originally linked to more traditional sectors 
such as those of the automobile and aviation, by decentralizing production units, and 
promoting the reusability of architectures, knowledge and components. 
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Distributed Software Development (DSD) allows the team members to be located 
in various remote sites, thus making up a network of distant sub-teams. In this context 
the traditional face-to-face meetings are no longer common and interaction between 
members requires the use of technology to facilitate communication and coordination. 

The distance between the different teams can vary from a few meters (when the 
teams work in adjacent buildings) to different continents. The special situation in 
which the teams are distributed beyond the limits of a nation is called Global Software 
Development (GSD). This kind of scenario is interesting for several reasons [2], 
mainly because it enables organizations to abstract themselves from geographical dis-
tance, whilst having qualified human resources and minimizing cost [3], increasing 
their market area by producing software for remote clients and obtaining a longer 
workday by taking advantage of time differences [4]. On the other hand we must con-
front a number of problems [5], caused mainly by distance and time and cultural dif-
ferences [6], which depend largely on the specific characteristics of each organization. 

In this context, GSD is experiencing a boom thanks to offshoring and nearshoring. 
Offshoring involves the transfer of an organizational function to another country, 
usually where human resources are cheaper. We refer to nearshoring when jobs are 
transferred to geographically closer countries, thus avoiding cultural and time differ-
ences between members and saving travel and communication costs.  

The aforementioned development practices have as a common factor the problems 
arising from distance that directly affect the processes of communication as well as 
coordination and control activities [7]. In these environments, communication is less 
fluid than in colocalized development groups, as a consequence, problems related to 
coordination, collaboration or group awareness appear which negatively affect pro-
ductivity and, consequently, software quality. All these factors influence the way in 
which software is defined, built, tested and delivered to customers, thus affecting the 
corresponding stages of the software life cycle. 

In order to mitigate these effects and with the aim of achieving higher levels of 
productivity, companies need to incorporate new technologies, processes and methods 
[8], and research into this field is therefore necessary. 

This article presents a systematic review of the literature dealing with efforts re-
lated to DSD with the purpose of discovering the aspects upon which researchers have 
focused until this moment. The objective is to identify, evaluate, interpret and synthe-
size most of the important studies on the subject, by conducting a rigorous and objec-
tive review of literature which will allow us to analyze the issues and the solutions 
contributed up to the present in the fields of DSD and GSD with the aim of obtaining 
information with a high scientific and practical value through a rigorous systematic 
method. 

2   The Importance of Systematic Reviews 

A systematic review of literature [9] permits the identification, evaluation and inter-
pretation of all the available relevant studies related to a particular research question, 
topic area or phenomenon, providing results with a high scientific value by classifying 
studies between primary studies and secondary or relevant studies, by means of  
synthesizing existing work according to a predefined strategy. 
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This systematic review has been carried out within the context of the FABRUM 
project, whose main objective is the development of a process with which to manage 
the relationships between a planning and design center and a software production 
factory, serving this work as a starting point to focus on future research to be done 
about DSD. 

In order to carry out this study we have followed the systematic search procedure 
proposed by [9], and the selection of primary studies method followed in [10]. 

2.1   Question Formularization  

The research question is: What are the initiatives carried out in relation to the im-
provement of DSD processes? 

The keywords that guided the search to answer the research question were: distrib-
uted, software, development, global, enterprise, organization, company, team, off-
shore, offshoring, outsource, outsourcing, nearshore, nearshoring, model, strategy 
and technique. 

During a first iteration, we also included the keywords CMM, CMMI, COBIT and 
ITIL in an attempt to obtain studies based on these standards, but due to the scarcity 
of good results these words were misestimated in subsequent iterations. 

The ultimate goal of this systematic review consists of identifying the best proce-
dures, models and strategies employed, and to determine the most important im-
provement factors for the main problems found. The population will be composed of 
publications found in the selected sources which apply procedures or strategies related 
to DSD. 

2.2   Sources Selection  

By combining the keyword list from the previous section through the logical connec-
tors "AND" and "OR", we established the search strings shown in Table 1. 

The studies were obtained from the search sources: Science@Direct, Wiley Inter-
science, IEEE Digital Library, ACM Digital Library and EBSCO Host. The quality of 
these sources guarantees the quality of the studies. The basic search chains had to be 
adapted to the search engines of each source. 

Table 1. Basic search strings 

Basic search strings 

1 
(“distributed software development” OR “global software development”) AND 
((enterprise OR organization OR company OR team) AND (offshore OR  
offshoring OR outsource OR outsourcing OR nearshore OR nearshoring)) 

2 
(“distributed software development” OR “global software development”) AND 
(model OR strategy OR technique) 

2.3   Studies Selection  

The inclusion criteria for determining if a study should be considered relevant (poten-
tial candidate to become a primary study) was based on analyzing the title, abstract 
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and keywords from the studies retrieved by the search to determine whether they dealt 
with the DSD subject orientated towards process improvement, quality, coordination, 
collaboration, communication and related issues that carry on any improvement about 
the subject. 

Upon analyzing the results of the first iteration of the systematic review, we de-
cided to exclude those studies which, despite addressing the issue of DSD, did not 
contribute to any significant improvement method, and we also dismissed those stud-
ies which focused solely upon social issues, cultural or time differences or focused 
solely upon free software, although we have taken into account other articles that 
address these topics in a secondary manner. 

To obtain the primary studies we have followed the iterative and incremental 
model proposed by [10]. It is iterative because the search, retrieval and information 
visualization of results is carried out entirely through an initial search source and then 
repeats the same process on the rest. It is incremental because the document evolves 
incrementally, including new studies to complete the final version. 

By applying the procedure to obtain the primary studies, 2224 initial studies were 
found, of which 518 were not repeated. From these, we selected 200 as relevant and 
69 as primary studies (the complete list of primary studies is shown in Appendix A). 
Table 2 shows the distribution of studies found according to the sources employed. 

Table 2. Distribution of studies found 

2.4   Information Extraction  

The process of extracting information from the primary studies followed an inclusion 
criterion based on obtaining information about the key success factors, improvement 
strategies employed, processes improved and the most important ideas in each study, 
thus establishing a categorization between objective and subjective results. All arti-
cles were categorized by attending to the methodology study followed according to 
the models presented in [11]. We used the following categories: case studies, litera-
ture review, experiment, simulation and survey. The nonexperimental model for 
studies which makes a proposal without testing it or performing experiments was 
also applied. 

  Studies   
Sources Search date Found Not repeated Relevant Primaries % 

Science@Direct 07/11/2007 160 132 51 18 26,1 
Wiley InterScience 08/11/2007 22 15 12 9 13,0 

IEEE Digital Library 19/11/2007 60 30 30 21 30,4 
ACM Digital Library 19/11/2007 1898 273 88 15 21,7 

EBSCO Host 19/11/2007 84 68 19 6 8,7 
  Total 2224 518 200 69 100,0 
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3   Trends in Distributed Software Development Research 

This section analyzes and discusses proposals and success factors in order to extract 
relevant information from the information provided by the primary studies. 

Figure 1 (left) shows that most of the primary studies analyzed are case studies and 
nonexperimental articles. Surveys also have a significant representation, in which mem-
bers involved in the distributed development take part in outlining their difficulties. 

On the other hand, as is shown in Figure 1 (right), the majority of primary studies 
are focused upon the enterprise field, but studies in the university environment also 
appear, in which groups of students carried out developments in different locations. 
Near the half of the studies did not indicate their field of work or their characteriza-
tion did not proceed, while 10% were from organizations which did not specify their 
corporate or university environment. 

 

Enterprise
35%

University
8%

Not 
applicable

48%

Environments of study development

Organization (without specifying)
9%

Case studies
47%

Literature 
review
11%

Experiment
13%

Simulation
3%

Survey
10%

Non-
experimental

16%

Type of articles analyzed

 

Fig. 1. Type of articles analyzed (left) and environments of study development (right) 

3.1   Publications Tendency 

After attending to the number of relevant studies found through the systematic search 
carried out, it can be concluded that the subject of DSD is evidently an area which 
was not widely studied until a few years ago, and it is only recently that a greater 
number of publications have appeared; thus in Figure 2 we can see that 2006 is by far 
the year in which most studies were published, bearing in mind that the data shown 
for 2007 only reflects the studies found before the middle of November. 

3.2   Improved or Analyzed Processes 

Taking the primary studies analyzed as a reference, we carried out a classification in 
terms of processes in the software life cycle to which improvements were proposed or 
success factors or areas to be improved related to DSD were discussed. Primary stud-
ies were classified according to the improved or studied processes, in each case based 
on the ISO/IEC 12207 standard [12], with the aim of obtaining a vision of the proc-
esses life cycle that requires special attention when working in a distributed environ-
ment and discovering the improvement efforts carried out until that moment. 
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The ISO 12207 standard establishes the activities that may be carried out during 
the software life cycle, which are grouped into main processes, support processes and 
general processes. The results are presented graphically in Figure 3 where for every 
process, its frequency in function of the number of studies that address it is indicated. 

The results obtained indicate that greater efforts are focused on human resources, 
infrastructure, software construction and management and project organization proc-
esses. From these data we can infer that communication between team members is a 
critical factor. On the other hand, other processes, such as software installation or 
usability are not mentioned in any study. This information will be useful in the focus-
ing of future research efforts. 

3.3   Employed Standards  

Figure 4 presents the standards that the analyzed articles address. Based on the avail-
able data, it may be inferred that few studies indicate the use of specific standards. In 
part, this is attributable to the fact that the great majority of studies deal with issues 
such as communication difficulties in which the standard used does not matter. The 
standards supported by most primary studies are CMM and ISO 9001, it being com-
mon to jointly apply both. All applications of CMM and CMMI studied employed a 
maturity level 2 with the exception of one which was certified at CMM level 5. No 
studies relative to ITIL or COBIT models were obtained. 
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Fig. 4. Standards employed in the studies 

3.4   Contents of the Studies  

Table 3 shows in a schematic way the lines towards which the primary studies have 
focused. Most of the works study tools or models designed specifically for DSD 
which attempt to improve certain aspects related to development and coordination. 
Another large part of the studies are related to communication processes and integra-
tion of collaborative tools, combining tools such as e-mail or instant messaging, and 
studying their application by means of different strategies. Most of the studies address  
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the subject of communication difficulties in at least a secondary manner, presenting 
this aspect as being one of the most important in relation to the problematic nature of 
DSD. 

On the other hand, 62% of the studies analyze or provide strategies, procedures or 
frameworks related to DSD. The remaining 38% study tools were designed specifi-
cally for distributed environments. As an example, tools such as FASTDash [13], 
Augur [14] or MILOS [15] may be of particular interest. 

Table 3. Thematic areas dealt with in the primary studies 

Thematic areas Studies (%) 
Collaborative tools, techniques and frameworks orientated 
towards communication and integration of existing tools 

41,8 

Process control, task scheduling and project coordination 34,2 

Configuration management 6,3 

Multi-agent systems 6,3 

Knowledgement management 5,1 

Test management 3,8 

Defects detection 2,5 

4   Problems and Solutions 

In this section, we synthesize the problems and solutions identified through the sys-
tematic review, discussing the main subjects. 

4.1   Communication 

The software life cycle, especially in its early stages, requires a great deal of communi-
cation between members involved in the development who exchange a large number of 
messages through different tools and different formats without following communica-
tion standards and facing misunderstandings and high response times. These draw-
backs, combined with the great size of personal networks which change over time, are 
summarized in a decrease in communication frequency and quality which directly 
affects productivity. To decrease these effects, both methodologies and processes must 
be supported by collaborative tools as a means of avoiding face-to-face meetings with-
out comprising the quality of the results, as is proposed by M.A. Babar et al. [PS3]. K. 
Mohan and B. Ramesh [PS29] discuss the need for user-friendly tools, integrating 
collaborative tools and agents to improve knowledge integration. M.R. Thissen et al. 
[PS55] examine communication tools and describe collaboration processes, dealing 
with techniques such as conference calls and email. 

Cultural differences imply different terminologies which cause mistakes in mes-
sages and translation errors. Different levels of understanding the problem domain 
exist, as do different levels of knowledge, skills and training between teams. The use 
of translation processes, and codification guidelines is therefore useful [PS10, PS65]. 
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4.2   Group Awareness 

Members who are part of a virtual team tend to be less productive due to feelings of 
isolation and indifference. They have little informal conversation across sites, and 
their trust is reduced. Developers need to know the full status of the project and past 
history which will allow them to create realistic assumptions about how work is done 
on other sites. Frequent changes in processes, lack of continuity in communications 
and lack of collaborative tool integration cause the remote groups to be unaware of 
what is important because they do not know what other people are working on. As a 
consequence, they cannot find the right person and/or timely information which will 
enable them to work together efficiently, resulting in misalignment, rework and other 
coordination problems. 

M.A.S. Mangan et al. [PS35] present Odyssey, a middleware for collaborative ap-
plications that increases group and workspace awareness information available to 
developers, helping them to reuse existing applications. On the other hand, J. Froeh-
lich and P. Dourish [PS17] describe Augur, a visualization tool that supports DSD 
processes by creating visual representations of both software artifacts and software 
development activities, thus allowing developers to explore relationships between 
them. In the same context, S. Dustdar and H. Gall [PS15] study current technologies 
such as peer-to-peer, workflow management and groupware systems.  

J.D. Herbsleb et al. [PS26] present a tool that provides a visualization of the 
change management system, making it easy to discover who has experience in work-
ing on which parts of the code, and to obtain contact information for that person. In 
this line C. Gutwin et al. [PS22] propose using social networks to discover the experts 
in a specific area and project documentation to provide direct information about ac-
tivities and areas of work that must be kept up to date. 

4.3   Source Control 

Distributed environments present problems derived from conflicts caused by editing 
files simultaneously. Coordination and synchronization become more complex as the 
degree of distribution of the team grows. Source control systems must support access 
through internet, confronting its unreliable and insecure nature and the higher re-
sponse times. 

To reduce these drawbacks, S.E. Dossick and G.E. Kaiser [PS14] propose CHIME, 
an internet and intranet based application which allows users to be placed in a 3D 
virtual world representing the software system. Users interact with project artifacts by 
“walking around” the virtual world, in which they collaborate with other users 
through a feasible architecture. With the same purpose, J.T. Biehl et al. [PS6] present 
FASTDash as a user-friendly tool that uses a spatial representation of the shared code 
base which highlights team members’ current activities, allowing a developer to de-
termine rapidly which team members have source files checked out, which files are 
being viewed, and what methods and classes are currently being changed, providing 
immediate awareness of potential conflict situations, such as two programmers editing 
the same source file. 
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4.4   Knowledge Flow Management 

The team members’ experiences, methods, decisions, and skills must be accumulated 
during the development process, so that each team member can use the experience of 
his/her predecessor and the experience of the team accumulated during development, 
saving cost and time by avoiding redundant work. For this purpose, documentation 
must always be updated to prevent assumptions and ambiguity, therefore facilitating 
the maintainability of the software developed. Distributed environments must facili-
tate knowledge sharing by maintaining a product/process repository focused on well 
understood functionality by linking content from sources such as e-mail and online 
discussions and sharing metadata information among several tools. 

To solve the drawbacks caused by distribution, H. Zhuge [PS60] presents an ap-
proach that works with a knowledge repository in which information related to every 
project is saved, using internet-based communication tools and thus enabling a new 
team member to become quickly experienced by learning the knowledge stored. 

K. Mohan and B. Ramesh [PS29] present an approach based on a traceability 
framework that identifies the key knowledge elements which are to be integrated, and a 
prototype system that supports the acquisition, integration, and use of knowledge ele-
ments, allowing knowledge fragments stored in diverse environments to be integrated 
and used by various stakeholders in order to facilitate a common understanding. 

4.5   Coordination 

Coordination can be interpreted as the management of the right information, the right 
people and the right time to develop an activity. Coordination in multi-site develop-
ments becomes more difficult in terms of articulation work, as problems derived from 
communication, lack of group awareness and the complexity of the organization ap-
pear which influence the way in which the work must be managed. In this sense, more 
progress reports, project reviews, conference calls and regular meetings to take correc-
tive action are needed, thus minimizing task dependencies with other locations. Col-
laborative tools must support analysis, design and development, allowing monitoring 
activities and managing dependencies, notifications and implementation of corrective 
measures [PS5]. We shall deal with many of these issues in the following sections. 

P. Ovaska et al. [PS39] study the coordination of interdependencies between activi-
ties including the figure of a chief architect to coordinate the work and maintain the 
conceptual integrity of the system. 

S.S. Vibha et al. [PS66] propose a framework that enables a common understand-
ing of the information from different tools and supports loose coupling between them. 
S. Setamanit et al. [PS50] describe a simulation model to study different ways in 
which to configure global software development processes. Such models based on 
empirical data, allow research into and calculation of the impact of coordination 
efficiency and its effects on productivity. 

J.D. Herbsleb et al. [PS26] suggest that multi-site communication and coordination 
requires more people to participate, which causes a delay. Large changes involve 
multiple sites and greater implementation times. Changes in multiple distributed sites 
involve a large number of people. 
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4.6   Collaboration 

Concurrent edition of models and processes requires synchronous collaboration 
between architects and developers who cannot be physically present at a common 
location. Software modelling requires concurrency control in real time, enabling geo-
graphically dispersed developers to edit and discuss the same diagrams, and improv-
ing productivity by providing a means through which to easily capture and model 
difficult concepts through virtual workspaces and the collaborative edition of artifacts 
by means of tools which permit synchronized interactions. 

A. De Lucia [PS62] proposes STEVE, a collaborative tool that supports distributed 
modelling of software systems which, provides a communication infrastructure to 
enable concurrent edition of the same diagram at the same time by several distributed 
developers. 

A further approach is presented by J. Suzuki and Y. Yamamoto [PS51] with the 
SoftDock framework which solves the issues related to software component model-
ling and their relationships, describing and sharing component models information, 
and ensuring the integrity of these models. Developers can therefore work analyzing, 
designing, and developing software from component models and transfer them using 
an exchange format, thus enabling communication between team members. 

In another direction, X. WenPeng et al. [PS69] study Galaxy Wiki, an on-line col-
laborative tool based on the wiki concept which enables a collaborative authoring 
system for documentation and coordination purposes, allowing developers to compile, 
execute and debug programs in wiki pages. 

4.7   Project and Process Management 

Due to high organizational complexity, scheduling and task assignment becomes 
more problematic in distributed environments because of volatile requirements, 
changing specifications, and the lack of informal communication and synchronization. 
Managers must control the overall development process, improving it during the en-
actment and minimizing the factors that may decrease productivity, taking into ac-
count the possible impacts of diverse cultures and attitudes. 

In this context, S. Goldmann et al. [PS19] and S. Bowen and F. Maurer [PS7] ex-
plain the main ideas of MILOS, a system orientated towards planning and scheduling 
which supports process modeling and enactment. 

N. Ramasubbu et al. [PS43] propose a process maturity framework with 24 key 
process areas which are essential for managing distributed software development and 
capabilities for a continuously improving product management applicable to the 
CMM framework. 

The maturity of the process becomes a key factor for success. In this sense, M. 
Passivaara and C. Lassenius [PS36] propose incremental integration and frequent 
deliveries by following informing and monitoring practices. In the same mindset J. 
Cusick and A. Prasad [PS12] include a set of recommendations based on experience, 
such as limiting phase durations to maintain control by breaking large projects into 
medium-size bundles, requiring interim deliverables to ensure quality or enforcing 
quality through coding standards and verification. 
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4.8   Process Support 

Processes should reflect the direct responsibilities and dependencies between tasks, 
notifying the people involved of the changes that concern them, thus avoiding infor-
mation overload of team members. Process modeling and enactment should support 
inter-site coordination and cooperation of the working teams, offering automated 
support to distributed project management. Problems derived from process evolution, 
mobility and tool integration appear within this context. Process engines have to sup-
port changes during enactment. Furthermore, distributed environments usually in-
volve a large network of heterogeneous, autonomous and distributed models and 
process engines, which requires the provision of a framework for process system 
interoperability. 

In relation to these problems, A. Fernández et al. [PS2] present the process model-
ling environment SPEARMINT, which supports extensive capabilities for multi-view 
modelling and analysis, and XCHIPS for web-based process support which allows 
enactment and simulation functionalities. Y. Yang and P. Wojcieszak [PS58] propose 
a web-based visual environment to support process modelling for software project 
managers and process enactment for software developers in an asynchronous and/or 
synchronous manner. 

S. Setamanit et al. [PS50] describe a hybrid computer simulation model of software 
development processes to study alternative ways to configure GSD projects in order 
to confront communication problems, control and coordination problems, process 
management and time and cultural differences. 

N. Glasser and J-C. Derniane [PS18] analyse CoMoMAS, a multi-agent engineering 
approach that describes different view points in a software process, permitting the trans-
formation of conceptual models into executable programs. In this context, the agents 
will be able to cover with the high mobility of the members involved in the development 
process, taking charge of the management of information and permitting artifacts to 
communicate both with each other and with human users. 

4.9   Quality and Measurement 

Quality of products is highly influenced by the quality of the processes that support 
them. Organizations need to introduce new models and metrics to obtain information 
adapted to the distributed scenarios that could be useful in improving products and 
processes. With this aim, K.V. Siakas and B. Balstrup [PS30] propose the capability 
model eSCM-SP, which has many similarities with other capability-assessment mod-
els such as CMMI, Bootstrap or SPICE and the SQM-CODE model, which considers 
the factors that influence software quality management systems from a cultural and 
organizational perspective. 

J.D. Herbsleb et al. [PS25] work with several interesting measures, such as the in-
terdependence measure which allows the determination of the degree of dispersion of 
work among sites by looking up the locations of all the individuals. In this sense, F. 
Lanubile et al. [PS16] propose metrics associated with products and processes orien-
tated towards software defects such as: discovery effort, reported defects, defects 
density, fixed defects or unfixed defects. D.B. Simmons [PS48] presents PAMPA 2 
Knowledge Base to measure the effectiveness of virtual teams by gathering informa-
tion from completed projects. 
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Furthermore, software architecture evaluation usually involves a large number of 
stakeholders, who need face-to-face evaluation meetings, and for this reason adequate 
collaborative tools are needed, such as propose M.A. Babar et al. [PS3]. 

4.10   Defects Detection 

In distributed environments it is necessary to specify requisites with a higher level of 
detail. Software defects become more frequent due to the added complexity, and in 
most cases, this is related to communication problems and lack of group awareness. 
Defects control must be adapted by making a greater effort in relation to risk man-
agement activities. 

To minimize these problems, F. Lanubile et al. [PS16] define a process, specifying 
roles, guidelines, forms and templates, and describe a web-based tool that adopts a 
reengineered inspection process to minimize synchronous activities and coordination 
problems to support geographically dispersed teams. 

An adequate model cycle must allow the localization and recognition of defect-
sensitive areas in complex product development. In this line, Jv. Moll et al. [PS37] 
indicate that transitions between constituent sub-projects are particularly defect-
sensitive. By means of an appropriate modelling of the overall project lifecycle and 
by applying adequate defect detection measures, the occurrence of defects can be 
reduced. The goal is to minimize the amount of defects that spread to the subsequent 
phases early in the software life cycle, and reuse existing components or the applica-
tion of third-party components, thus minimizing product quality risks by using tested 
components. 

5   Success Factors  

From the experimental studies analyzed, we have extracted the following success 
factors of DSD, in which the primary studies referenced are listed in the Appendix A: 

- Intervention of human resources by participating in surveys [PS3], [PS25].  
- Carrying out the improvement based on the needs of the company, taking into 

account the technologies and methodologies used [PS1]. The tools employed at 
the present must be adapted and integrated [PS15]. 

- Training of human resources in the tools and processes introduced [PS26]. 
- Registration of activities with information on pending issues, errors and people in 

charge [PS6]. 
- Establishment of an efficient communication mechanism between the members of 

the organization, allowing a developer to discover the status and changes made 
within each project [PS4], [PS6]. 

- Using a version control tool in order to control conflictive situations [PS40]. 
- There must be a way to allow the planning and scheduling of distributed tasks, 

taking into account dependencies between projects, application of corrective 
measures and notifications [PS17].  

- Application of maturity models [PS43] and agile methodologies [PS33] based on 
incremental integration and frequent deliveries. 

- Systematic use of metrics tailored to the organization [PS26]. 
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6   Conclusions and Future Work 

In this article we have applied a systematic review method in order to analyze the 
literature related to the topic of DSD within the FABRUM project context, this work 
serving as a starting point from which to establish the issues upon which subsequent 
research will be focused. 

Results obtained from this systematic review have allowed us to obtain a global vi-
sion of a relatively new topic which should be investigated in detail. However, every 
organization has concrete needs which basically depend on its distribution character-
istics, its activity and the tools it employs. These are the factors that make this such a 
wide subject, and lead to the necessity of adapting both the technical and organiza-
tional procedures, according to each organization’s specific needs. 

Generally, the proposals found in the analyzed studies were mainly concerned with 
improvements related to the use of collaborative tools, integration of existing tools, 
source code control or use of collaborative agents. Moreover, it should be considered 
that the evaluation of the results obtained from the proposed improvements are often 
based on studies in a single organization, and sometimes only takes into account the 
subjective perception of developers. 

On the other hand, it should be noted that maturity models such as CMM, CMMI 
or ISO, which would be of particular relevance to the present investigation, represent 
only 27,5% of all analyzed works. The fact that almost all experimental studies that 
employed CMMI and CMM applied a maturity level 2 suggests that the cost of 
implementing higher maturity levels under distributed environments might be too 
high. The application of agile methodologies based on incremental integration and 
frequent deliveries, and frequent reviews of problems to adjust the process become 
important success factors. 

Finally, we must emphasize that the search excluded studies which addressed the 
subject of DSD but did not contribute any significant method or improvement in this 
research context. However, since this is such a wide area, some of these works present 
interesting parallel subjects for the development of this investigation, which is why 
their study would be important in a future work. 
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