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ABSTRACT

Distributed software development (DSD) has intensified over the past few years, and DSD project man-
agement is more complex than collocated project management. However, no systematic research effort
has focused on aggregating evidence from the scientific literature to build models to support project
management on DSD context. For these reasons, the goal of this paper is to build an evidence-based
model of DSD project management from the research findings about challenges of DSD and the practices,
models and tools proposed and used to overcome these challenges. We based the construction of this
model on the evidence collected and synthesized by a comprehensive systematic mapping study of 70
research papers published between 1997 and 2009. We believe that our results can help practitioners
and researchers to better understand the challenges and implement more effective solutions to improve
project management within distributed project management teams. These results also provide a mapping
of the research about DSD project management, identifying areas where further research is needed.
Copyright © 2011 John Wiley & Sons, Ltd.

Received 2 August 2010; Revised 21 June 2011; Accepted 14 July 2011

KEY WORDS: Project Management; Distributed Software Development; Software Engineering; System-
atic Literature Review; Systematic Mapping Studies

1. INTRODUCTION

Distributed software development (DSD) has intensified over the past few years. Software and IT
industries are truly global nowadays, and so is software engineering (SE). Many reasons drove the
rise of this development practice, where reducing development costs, improving the project quality
and having access to skilled professionals worldwide can be highlighted. However, the growth of
DSD increases the challenges associated to it. The diversity of culture and the dispersion over time
and space require novel techniques, tools, and practices to overcome challenges and to take
advantage of opportunities that DSD offers.

According to Betz & Mikio [3], about 40% of DSD projects fail to deliver the expected benefits be-
cause of the lack of theoretical basics and the fact that this kind of projects comprises complications
that even experienced managers are not aware of. For this reason, DSD project management is more
complex than collocated project management. Although there is increasing recognition among practi-
tioners and academics that DSD imposes greater challenges and difficulties for project management,
most organizations still manage distributed projects using the same methods, processes, and tools used
in traditional projects [4,14,17].
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In addition, the knowledge about DSD project management is not structured. There are some studies
that describe challenges of distributed project management, and other studies that describe solutions to
improve the management of distributed projects [6,11,14-16,17]. But we are not aware of efforts that
were done towards a more structured understanding of distributed project management, including the
review of challenges and possible solutions in terms of practices, models, and tools. For this reason, we
carried out a systematic mapping study (MS) of the DSD project management literature. Da Silva et al.
[8] have published a summary of preliminary results of the MS, and the complete study has been
submitted to publication [9].

The goal of this current work is to build an evidence-based model of DSD project management from the
research findings identified in the MS about challenges of DSD and the practices, models, and tools
proposed and used to overcome these challenges. We based the construction of this model on the
evidence collected and synthesized from 70 research papers published between 1997 and 2009. We
believe this model will be important for researchers that want to have a broad view of the factors that
affect DSD project management and to look for the areas in which research is lacking. Moreover, the
findings will be useful for practitioners that seek possible solutions for practical problems. Ultimately, this
study will be useful for software organizations that undertake or are considering undertaking DSD projects.

This article is organized as follows. In Section 2, we present a brief overview of DSD. In Section 3,
we briefly describe the method used in the systematic MS and how the evidences were collected and
synthesized. In Section 4, we summarize the main findings of the systematic MS, used in the
construction of the DSD project management model. In Section 5, we discuss the findings, present
the model, and discuss some the implications for research and practice. Finally, in Section 6, we
present some conclusions and areas for future work.

2. BACKGROUND—DISTRIBUTED SOFTWARE DEVELOPMENT

As part of the globalization efforts currently pervading society, software project team members have
become geographically distributed. That is a characteristic of 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
literature. 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. Thus, the organizational structure and
development processes required to support DSD are different from those used in collocated
environments. Herbsleb & Moitra [20] say that 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 SE domain. Many companies are distributing their
software development facilities, looking for competitive advantages in terms of cost, quality, and
skilled professionals. Carmel & Tjia [21] argue that the DSD phenomenon started in the early
1990s, but it was only recognized as a powerful competitive strategy in the last 10 years. Whether local
(onshoring) or global (offshoring), within the same company (insourcing) or as a third-party relationship
(outsourcing), organizations are facing several important challenges from a SE perspective.

After observing and documenting practices and challenges in the industry, it makes sense to try to
understand how these practices are related, what are the challenges associated to each practice, and
solutions that have been proposed to overcome some of the challenges. This is being done from
several perspectives, with systematic literature reviews and mapping studies conducted in the last
few years in order to have a more structured body of knowledge in the field.

More recently, our research team conducted a MS about the challenges, solutions and practices of DSD
project management [8,9]. This MS analyzed over 4000 research papers and aggregated evidences from
70 studies that addressed challenges and solutions for DSD project management. In this article, we
present a proposition of a model of DSD project management based on the findings reported in the
MS. This model relates the challenges of DSD project management, building chains of causal
relationships and state a set of hypothesis that are supported by the evidence found in the literature.

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
DOI: 10.1002/smr



DISTRIBUTED SOFTWARE DEVELOPMENT PROJECT MANAGEMENT 627

3. REVIEW METHOD

In 2004, Kitchenham et al. [12] introduced the concept of evidence-based SE as a promising approach
to integrate academic research and industrial practice in SE. Systematic literature review is the
preferred method to collect, analyze, and synthesize results in evidence-based research [13]. The
literature differentiates two main types of systematic literature reviews [18], including conventional
Sistematic Literature Reviews (SLRs) [18] and mapping (or scoping) studies (MS) [1] that aim to iden-
tify all research related to a specific topic, i.e., to answer broader questions related to trends in research.
Da Silva et al. [9] presented a MS of the research about DSD project management. The goal was to
analyze available studies and integrate the findings to produce guidelines for practitioners and aca-
demics. In their work, the guidelines of Kitchenham & Charters [13] were followed to plan and execute
the review. In this section, we summarize the review method used by da Silva et al. [9] to collect and
aggregate the evidence that is used in this paper to build the DSD project management model.

3.1. Inclusion and exclusion criteria

Studies were eligible for inclusion in the MS if they presented challenges and related solutions in terms
of practices, tools, and models to improve the management of DSD projects. No restriction was
imposed on the type of the studies; thus, articles reporting empirical studies (based on direct
observation or experiments), theoretical studies (based on an understanding of the theme from
experience or reference to other works), industrial experience reports, and literature reviews were
included. Empirical studies that used either students or professional software developers as subjects
were included. Only studies written in English were included. Studies showing opinion pieces,
viewpoints, or purely anecdotal evidence, and those presenting in progress research or incomplete
results were excluded.

3.2. Data sources and search strategy

A broad search process was performed looking for peer-reviewed articles published up to August 2010,
combining automatic and manual search to increase coverage. Manual search was performed on
relevant journals and conference proceedings (Table I) and on the references of selected studies. The
researchers looked for title of all published articles in each source used in the manual search.

The automatic search was performed in five search engines and indexing systems: ACM Digital
Library, IEEEXplore Digital Library, Science Direct, El Compendex, and Scopus. All automatic
searches were performed on the entire paper, including title and abstract. The automatic search used
search terms built based on the following research question:

RQ1. What are the challenges in DSD project management?

RQ2. What are the practices that may improve the management of DSD projects?

Table 1. Manual search sources.

Software process improvement and practice, Oct/Dec 2003, Special Issue on Global Software Development

ACM Queue, Dec/Jan 2003-2004, special issue on distributed development

IEEE Software, Mar/Apr 2001, special issue on global software development

IEEE Software, Sept/Oct 2006, special issue on global software development

Information and Software Technology, Sept 2006, special issue on distributed software development
CACM, Oct 2006, special issue on flexible and distributed software processes

IT & People, 2008, special issue on global sourcing

Workshop on Global Software Development at ICSE, 2004 and 2003

International Workshop on Distributed Software Development, 2005

Ist International Workshop on Global Software Development for the Practitioner, 2006

ICGSE 2006, 2007, 2008, and 2009—1st, 2nd, 3rd, and 4th International Conference on Global Software Engineering
SEAFOOD 2007, 2008, and 2009—Software Engineering Approaches for Offshore Software Development
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RQ3. What are the tools used to support the management of DSD projects?
RQ4. What models of DSD exist?

The search terms for each question were built in three steps. First, keywords were identified in the
question. Second, synonyms for the keywords were defined by consulting specialists in DSD. Third,
the search terms were built by joining the synonyms with operator OR and the set of synonyms of
each keyword using the operator AND. Wildcards, like “*”, were added. Additionally, other
adjustments necessary to fit the syntax of the search engines were done in the original search term,
and recorded in the protocol document. As an example, the search term for research question RQ3
is as follows:

(“Distributed software development” OR “Global software development” OR “Collaborative
software development” OR “Global software engineering” OR “Globally distributed work™ OR
“Collaborative software engineering” OR “Distributed development” OR *“Distributed teams”
OR “Global software teams” OR “Globally distributed development” OR “Geographically
distributed software development” OR “Offshore software development” OR “Offshoring” OR
“Offshore” OR “Offshore outsourcing” OR “Dispersed teams”) AND (Model* OR Process*
OR Framework* OR Method* OR Technique* OR Methodolog* OR Tool* OR Software* OR
Program* OR System*) AND (‘“Project Management™)

The coverage of the search terms was verified by checking whether the main authors and articles in
the field were retrieved. Furthermore, the inclusion of manual search had the objective of
complementing potential (an almost always unavoidable) limitations of the automatic search.
Figure 1 summarizes the review process and the number of papers identified at each stage.

3.3. Study selection

Results from the automatic and manual search at Stage 1 (n=1992) were evaluated in Stage 2 by
one research looking at the title and excluding the studies that were clearly not relevant, resulting in
155 potentially relevant studies. In Stage 3, the same researcher read the abstract and conclusion,
selecting the studies based on the inclusion and exclusion criteria described in Section 3.1. The 54
studies selected at Stage 3 were assessed for quality, and data were extracted from each paper. The
findings from the studies selected at Stage 3 were synthesized, published, and presented at International
Conference on Global Software Engineering (ICGSE) 2010 [8].

In Stage 4, automatic search was performed in the Scopus indexing system, and manual search was
performed in the journal and proceedings listed on Table I and on the references of the 54 articles se-
lected in Stage 3. This broader search strategy was deployed to increase coverage and therefore reduce
bias in the selection of primary studies. The resulting articles from Stage 4 (n=2195) were evaluated in
Stage 5 by four researchers based on the title of the publication, resulting in 697 potentially relevant
studies. In Stage 6, the same four researchers read the abstract and conclusion, selecting the studies
based on the inclusion and exclusion criteria. The 16 studies resulting from Stage 6 were assessed
for quality, and data were extracted. In Stage 7, the findings of all 70 studies resulting from Stage 3
(n=54) and Stage 6 (n=16) were integrated, and the aggregation of the results has been submitted
for publication [9]. In Section 4, we summarize the results that are relevant in the construction of
the DSD project management model. In Appendix A, we present the complete reference list of the
papers selected in the MS.

4. RESULTS

The following sections present the description of challenges, practices, tools, and models related to
DSD project management aggregated by the MS developed by da Silva et al. [9]. Challenges,
practices, tools, and models are presented separately and are related in Section 5.1.

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
DOI: 10.1002/smr



DISTRIBUTED SOFTWARE DEVELOPMENT PROJECT MANAGEMENT 629

Stage 1: Automatic and Manual Search

IEEEXplore, ACM Digital Library, Science

Direct, El Compendex and
1992

Proceedings of ICGSE 2009

Stage 2: Pre-selection of potentially relevant
studies A
Based on titles 155

Stage 3: Selection of relevant studies

Inclusion/Exclusion criteria,

based on abstract and conclusion ICGSEZO‘I 0
Article

Stage 4: Automatic and Manual Search
SCOPUS, journals and proceedings listed in
Table 2, and references of selected studies in

Stage 3

Stage 5: Pre-selection of potentially relevant
studies

y
Based on titles 697

Stage 6: Selection of relevant articles

Inclusion/Exclusion criteria, v

based on abstract and conclusion 16

Stage 7: Combined results of stages 3 and 6 }

70 ‘

Figure 1. Study selection process.

4.1. Challenges of distributed software development project management

The 29 challenges found in the MS are listed in Table II organized by four categories created by a
coding process described in details in da Silva et al. [9].

Challenges related to human factors and process and technology clearly dominates the findings from
the studies, comprising 22 of the total of 29 challenges found. Achieving effective communication and
effective coordination and synchronization of work, from a process perspective, are the most important
and closely related challenges in DSD project management. Temporal, geographical, and socio-cultural
distances inherent to DSD seem to exacerbate communication and coordination problems [PS13]
[PS28][PS47][PS63][PS70].

Cultural differences, issues of trust, differences in knowledge levels, and language barriers are cited
as causes of poor or ineffective communication [PS02][PS13][PS26][PS52], as well as the lack of
synchronous communication [PS21]. Too much information generated by email and frequent
conference calls was also identified as source of low effectiveness [PS26].

On the other hand, the studies found that communication barriers have negative impact on
cooperation among workers [PS40][PS47][PS53], increase the problems with conflict resolution
[PSO3][PS14][PS15][PS24][PS26][PS35][PS40][PS45][PS49], and reduce the sense of cohesion and
team spirit [PS19][PS21][PS23][PS31][PS54][PS58].

Related to processes and technology; asymmetry in processes, policies, and standards used among
sites [PSO1][PS25][PS26][PS40][PS57]; differences in the use of technologies [PS02][PS10][PS11]
[PS46]; difficulties in the identification of roles and responsibilities [PS13][PS26][PS40][PS42]; and
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lack of overall visibility of the project [PSO9][PS25][PS40][PS41] are identified as having negative
impact on most of the project planning [PS13][PS25][PS56] and management areas: quality
management [PSO7][PS35], risk management [PS35][PS40], tracking and control and task allocation
[PS04][PS13], scope and change management [PS13][PS26], schedule management [PS26][PS35],
and knowledge management [PS34][PS58]. Altogether, these challenges were found to have strong
negative impact on the effectiveness of coordination [PS13][PS28][PS32][PS40][PS42][PS47][PS60]
and synchronization of the tasks and work in general [PSO1][PS20][PS22].

Although only four challenges were found to be related to the distributed localization of teams and
needs of infrastructure, their relevance to DSD project management is very high. Time zone differences
impact the scheduling and proper running of meetings among sites [PSO1][PS04] [PS25][PS26][PS52]
[PS53], as noted in one of the primary studies: ‘working across a large number of time zones was an
enormous issue. . .this makes it very difficult to schedule meetings, as every time is inconvenient for
someone’ [PS25]. Physical distance has obvious impacts in many aspects of DSD project
management [PSO1][PS16][PS39] and poses a particular problem for the project manager because,
as noted in one of the studies, ‘distance is a major barrier to project managers who normally
exercise their leadership and influence using their personal traits, for example a strong presence,
charisma, and the ability to speak articulately’ [PS54]. IT infrastructure and dedicated office space
for meetings are also important challenges because of the need for specific infrastructure to support
the distributed work in addition the normal needs of each site [PSO1][PS13][PS21][PS25][PS40]
[PS58][PS53].

Differences in norms and rules that apply to each site are also an important concern. The distinct
approaches and regulations related to intellectual property management and the problems associated
with information confidentiality and privacy because of the extensive need to use electronic
communication were identified in several studies [PSO5][PS20][PS22][PS35][PS58].

From the aforementioned discussion, we can observe that challenges form a complex cause—effect
chain, with direct and indirect effects on DSD project management effectiveness.

4.2. Practices of distributed software development project management

Practices are organized in a similar way as the challenges in the previous section (Table III).

Consistently with the findings on challenges, most practices proposed to increase effectiveness in
DSD project management are related to human factors and process and technology. Altogether, 31
practices have been identified, the majority in the process and technology category. Multiple
channels to support synchronous communication [PS46][PS50][PS52][PS53] and the creation and
deployment of communication protocols [PS26][PS47][PS32][PS46] have been used by the majority
of the studies that addressed the challenges related to communication. Besides, the stimulation of
informal interactions among distributed teams [PS21][PS23][PS29][PS31], the promotion of visits
and exchanges among sites [PS52], and various techniques to improve collaboration, cooperation,
and cultural awareness [PS26][PS27][PS52][PS53] are also proposed as practices that can reduce
communication barriers in a DSD project.

The clear definition of team roles and responsibility have been proposed as strategies to people
management in DSD context [PS35][PS40][PS42][PS43], complementing the practices related to
communication. In the same context, two studies emphasize the use of teams with multiple and
complementary skills [PS32][PS46].

Most of the practices in the category of process and technology are proposed to directly address
identified challenges in a rather obvious way. For instance, to overcome challenge C13—asymmetry
in processes, policies, and standards, the studies propose P12—to use and maintain common
software process among sites, without deeper considerations about the effectiveness of the suggested
practice. In fact, the quality of evidence of practices in process and technology category is lower
than that of the practices in the human factors category, because most of the evidence comes from
industrial reports instead of from empirical studies. This is a clear gap in research that presents as an
opportunity for more empirical studies.

The practice P1—provision of training in collaboration and coordination tools is the most used
[PS26][PS32][PS40[PS46][PS47][PS55], which is consistent with the identification of the challenges

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
DOI: 10.1002/smr



FABIO Q. B. DA SILVA ET AL.

632

Kodoxd
remo9qul pue ‘uonosjord Jy3ukdoo
‘Kyrenuapryuod Joj sarorod 9ANOHH "11d

SUONEI0[
oyde1So0a3 Suowe Anpiquedwos aimonnsejur
QINSUD 0} :OIMONYSLIUI [T IS "/ 7d
waIsKs juswadeuewt

uoneIn3yuod e asn pue Kojdop of, ‘S1d

Swes} [200] 10§ 20eds 90LJO 21n93s O, "60d

xmew sauspuado ‘zed

waisKs dn moroy Juowordwi o, "6zd
uoneooe

3[SB) JOJ BLIQJLIO JBJ[O 2ARY O], "87d
Suneow 90e}-03-908] YIm 300foxd

MU B FUnIe)S (JJONOIY 908J-03-908 '97d
sured) Suowre syurod UONBZIUOIYOUAS duyap
0] 1SS SUOWIR UONBZIUOIYIUAS IO "STd
juowadeuRW A[NPAYIS $7d

ssaxoxd yrom jo ANMIqIsiA "1zd
SWEa) JSouW J0J 9[EUOSeal S Je
s3unoow dn 395 0 :ANOTUOIYOUAS "07d
soyIs Suowe spIepuels

Arenb uowwod ureyurew oJ, ‘614

juowroSeurw YSI JUeISU0)) ‘§Td
SWISTURYOW

193suery agpapmouy Kordap o, ‘914
uoneigojur

aarssardoid o Arres pue sapnpowt
PpauLap-[[om OJUL 3I0M at) OPIAIP O ‘¥ 1d
Suruuerd pepreseq “¢1d

S9Is Suowre $s001d arEM]JOS

UOWIIOD UTejurew pue asn o, "z1d

SWIQISAS
juswoSeuew oSpaymouy € asn o, ‘84

(wniog) seonoerd onide A(dde of, 'zd

S[00} UOIBUIPIOOD PUB UOTBIOQR[[0D
ur Surures) pue Jo uoIsIA0Lg “1d

soruedwod
om) Jo 1red st 1a3euewr Suromosing “1¢d

suonoeroiul feuttojur ayowold o, ‘0¢d

UOISIYOD PUE JUSWA[OAUT WL} UTIUIRIA "€Td

saniiqisuodsar
pue so[0I pouyap A[1ed[d 9ARY OL1°7Zd
SaIMNo pue

SIS ATejuowa[dwod Yim suwes) ajear)) '/ 1d

juowaSeuew o[dodd ‘01d
SIS
Suowre sa3ueyoxa pue sysia sjowoid of, */d

uoneIoqe[od pue uoneedood aemuns oF, ‘94

S[020301d UONEIIUNUILIOD JO UONEBAI) “Gd
SSoUQIEME [BINM[ND JO ASUAS

B [[OSUl/S2IN)[ND JUAIJJIP U0 SUIurel], ‘td
UONEOIUNWIOD
SNOUOIYOUAS 998)-0)-90e]) 0} Joddns

Surpnpour sapow uonesUNWWOD AABMIA ‘¢

SULIOU pue Sa[ny

QINONISEIJUL PUB UOLBZI[BO0]

ASo[ouyo9) pue $s9001J

SI0)oe} uewWnyH

uoweFeuew 109foxd Juowdo[oadp aremijos pAINQLISIP JO S9oNdRId ‘[ Q[qRL

J. Softw. Evol. and Proc. 2012; 24:625-642

Copyright © 2011 John Wiley & Sons, Ltd.

DOI: 10.1002/smr



DISTRIBUTED SOFTWARE DEVELOPMENT PROJECT MANAGEMENT 633

to achieve effective collaboration among workers and coordination and synchronization of tasks in a
DSD context. Some studies have considered the deployment of agile practices and, in particular, the
use of Scrum in the DSD context mainly to motivate distributed communication and collaboration
[PS20][PS29][PS53][PS63][PS64][PS66][PS70]. For instance, Scrum daily meetings have been used
to increase visibility and coordination among sites [PS20]. We believe that more empirical
investigations are needed to validate the use of agile practices in DSD, because one of the agile
principles places great emphasis on the importance of face-to-face conversation for effective
communication (“The most efficient and effective method of conveying information to and within a
development team is face-to-face conversation’ [2]).

4.3. Models and tools for distributed software development project management

In this section, the tools (Table IV) and models (Table V) reported by da Silva et al. [9] are presented.
The vast majority of the studies that proposed the use of tools to increase the effectiveness of DSD
project management focused on communication tools [PSO1][PSO7][PS25][PS26][PS52][PS53].
One issue that raises concern about the reliability of these propositions is that the majority of the
studies report the use of traditional tools, i.e., tools used in collocated project management, without
empirical evidence about their effectiveness in the DSD context. In fact, one of the studies identi-
fied effectiveness problems in the use of teleconference and email because of too much information
generated [PS26].

Table IV. Tools of distributed software development project management.

Human factors Process and technology Specific

T1. Phone (including T4. Wiki T14. TeamSpace
teleconference and
audio-conference)

T2. Email T8. Virtual whiteboard T15. TAMRI
T3. Video-conference T9. Monitoring and T16. CAMEL
management systems
T5. Online chatting T11. Configuration T17. NEXTMOVE
management systems
T6. Electronic meeting T12. Group intranet T18. MasePlanner
systems (including
NetMeeting)
T7. Photo gallery T13. Group calendar
T10. Blog

Table V. Models of distributed software development project management.

Models

MI1. Project management model

M2. A reference model for global software development

M3. Approach to offshore collaboration

M4. Conceptual model for managing an international IS development project
MS5. DRiMaP—a model of distributed risk management

M6. Solar system

M7. Dyadic model

MB&. Project management framework

M9. Process maturity framework for managing distributed development
M10. Framework for supporting management in distributed information systems development
MI11. TAPER

MI12: NEXTMOVE

M13. GSD model

M14. Framework to enable coordination in distributed software development

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
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Five studies propose tools that have been specifically designed for DSD: TeamSpace, which
supports geographically distributed teams by managing shared work processes and maintaining
shared artifacts in a project; TAMRI, a tool for supporting task distribution in global software
development projects; CAMEL, a tool for collaborative distributed software design; NEXTMOVE, a
framework for distributed task coordination; the framework simulates the project manager’s thought
processes involved in prioritizing and allocating tasks; and MasePlanner, a card-based distributed
planning tool for agile teams, which supports agile teams as they collaborate in a distributed
environment during their planning meetings.

Fourteen models that support some or various aspects of DSD project management were identified.
Similarly to the aforementioned five specific tools, all models and frameworks are only referenced in
the original study in which it was proposed. This also indicates that the models have not been tried
or evaluated by researchers or practitioners other than their authors, or if they have been, the
evidence about their effect on DSD project management have not yet been published. This weakens
the relevance of the evidence because of the potential bias that the authors of the tools and models
may have introduced when reporting their results. An important conclusion is that empirical studies
carried out by external research groups are necessary to construct more reliable evidence about these
tools and models.

5. DISCUSSION

At this point, we relate the practices, tools, and models with the challenges they are supposed to
address. To increase the relevance and reliability of the mappings between challenges and proposed
solutions, only practices, tools, and models rated as having high quality of evidence are presented.
Besides, to improve readability, only relationships that have been addressed in more than one study
are presented. We present the relationships between challenges and practices (Table VI) and the
relationships between challenges and tools and models (Table VII).

The 13 challenges shown in Table VI seem to be well covered by a set of 14 practices presented in
studies with good quality of evidence. The shades of gray in the cells of the table emphasize that certain
combinations of challenges and practices have been proposed more often than others. The challenges
CO01—effective communication and CO2—cultural differences have been addressed mainly using five
related practices: PO1—provision of and training in collaboration and coordination tools; P4—training
on different cultures; P5—creation of communication protocols; P11—effective policies for
confidentiality, copyright protection, and intellectual property; and P3—multiple communication
modes. Moreover, as mentioned before, the deployment of Scrum has been also used to improve
communication in four different studies.

Consistent with the previous mapping, challenges CO1 and C02 have been addressed in most
studies by using various different tools. Not surprisingly, the most traditional communication tools,
TO1—phone and TO2—email, are used in almost all contexts.

Table VI. Relating challenges and practices.

P01 P04 PO5S PI1 P03 PIO PI§ P15 PO2 P14 P12 P13 PI7 PI9
CO01 8 4 3 2 4 4 2 2 2 2
C02 6 4 2 2 2 2 2 2
C17 2 2 2 2 2
CO05 3 2 3
C24 2 2 2 2
C08 3 2 2
C13 2 2 2
Co4 3 2
C03 2 2
C19 2 2
C06 2
Cl1 2
Cl4 2
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Table VII. Relating challenges and tools and models.

TO2 TO1 TO3 TO06 TO7 TO04 TO5S MO1 MO7 MOS8
8 7 3 2 8 3

2 2

2 2

2 2

C01
C02
C04
Coo6
CI13
C03
C22
C09
C08
C05
Cco7
Cl1
C17
Cl4
CI5
Cl12
Cl6

NN W WD WU

NN WD WWARWEREIO
V]

DN O WNONDWWERWERD
[\S)
[\S)

The challenges related to management of knowledge in DSD, C10—different knowledge levels and
C20—knowledge management, have not been addressed in good quality studies by the proposition of
tool or model support. Besides, challenges related to established project management themes like
Cl2—vproject planning, Cl4—tracking and control, C15—task allocation, and C18—schedule
management have also not been addressed with proposition of tool support. These gaps present
good opportunity for research and tool development.

5.1. A conceptual model for distributed software development project management effectiveness

The analysis of the evidence related to challenges in DSD project management (Section 4.1) revealed that
challenges could be interpreted as variables or factors. Then, a complex cause—effect relationship chain
can be built to express the impact of certain challenges on the overall effectiveness of the project man-
agement in DSD context. In this section, we propose a conceptual model to explain these cause—
effect relationships. This model was developed based on the method presented by Sjgberg et al.
[19], following four steps. First, we identified the challenges as constructs in the model. In particular,
we considered that certain challenges related to process of project management could be interpreted as
indicators of project management process effectiveness. Second, we grouped challenges according to
their effect on other challenges, as supported by the evidence reported by da Silva ez al. [9]. In this step,
eight categories were identified. Third, from the evidence reported by da Silva et al. [9], we built cause—
effect relationships between categories of challenges. Finally, we developed propositions or hypothesis
based on the evidence and from other theoretical work found in the literature.

The proposed model is presented in Figure 2.

The constructs related to physical and time distances affect certain challenges in a different way than the
constructs related to social, political, and personal distances. This is expressed by the following hypothesis:

Hypothesis 1: Physical and time distance, and social, political, and personal distances have direct
effect on the antecedents of information sharing.

Hypothesis 2: Physical and time distances have an only indirect effect on the antecedents of team-
work through its effect on trust.

Hypothesis 3: Social, political, and personal distances have a direct effect on antecedents of team-
work, and this effect is increased by its indirect effect through trust.

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
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Figure 2. The model for distributed software development project management effectiveness.

In the proposed model, we separate two groups of challenges related to project management
processes because the evidence shows that one group of challenges affects challenges in the other
group. This is expressed by the following hypothesis:

Hypothesis 4: The effect of the constructs related to the antecedents of management effectiveness
on project management process effectiveness is mediated by the differences in technology and
knowledge management.

Moreover, consistently with theoretical work on team cohesion [10] and teamwork effectiveness [5,7],
the challenges that relate to teamwork and information sharing have complex mutual relationships.

This model of DSD project management effectiveness is a conceptual proposition that has not been
tested by direct empirical studies. Nevertheless, it is build from the empirical evidence found in the
primary studies, which provides some level of confidence in its validity. In addition, the stated
hypotheses are only examples of possible relationships between categories of constructs. Future
research is necessary to refine and test these hypothesis, and others that can be derived from the model.

6. CONCLUSIONS

The results of this research contribute to a better understanding of the landscape of DSD project
management and show important gaps that opens opportunities for future research. In addition, with
information presented based on a rigorous process of extracting information from the primary
studies using a protocol for conducting systematic mapping studies, this research can better support
practitioners and researchers in the identification of relevant challenges and definition of mitigating
solutions based on practices, tools, and models that have been proposed, with some of them tested
in experimental and industrial settings.

One important conclusion drawn from this review is that human factors are of even greater
importance in DSD project management than they already are in collocated project management.
Temporal, geographical, and socio-cultural distances exacerbate problems of trust, cohesion, and
conflicts with negative impact on communication, cooperation, coordination, and general
management issues. Therefore, human factor studies, using approaches like, for instance,
ethnography, present a good opportunity for researchers and are likely to have great impact in the
practice of DSD.

Finally, the area of DSD project management still requires more research to become a mature field.
In particular, more empirical studies using rigorous research protocols must be performed in industrial
context to test the effectiveness of various proposed practices, tools, and models. These studies shall

Copyright © 2011 John Wiley & Sons, Ltd. J. Softw. Evol. and Proc. 2012; 24:625-642
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increase reliability and make explicit the validity and limitations of these propositions. This is relevant
for the industrial practice as well as the academic research.
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