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The maturation of the technical infrastructure has enabled the emergence and growth of dis-
tributed software development. This has created tempting opportunities for companies to dis-
tribute their software development, for example, to economically favourable countries so as to
gain needed expertise or to get closer to customers. Nonetheless, such distribution potentially
creates problems that need to be understood and addressed in order to make possible the gains
offered. To clarify and understand the most difficult problems and their nature, a survey of
individuals engaged in distributed software development was conducted. The purpose of
this survey was to gather and share lessons learned in order to better understand the nature
of the software development process when operating in a distributed software development
environment and the problems that may be associated with such distributed processes.
Through a clear appreciation of the risks associated with distributed development it becomes
possible to develop approaches for the mitigation of these risks. This paper presents the results
of the survey, focusing on the most serious problems raised by the respondents. Some practical
guidelines that have been developed by industry to overcome these problems are also briefly
summarized. Copyright # 2005 John Wiley & Sons, Ltd.

INTRODUCTION

Distributed software development enables soft-
ware production to take place independently of
the geographical location of the individuals/orga-
nizations concerned. Software subcontracting, part-
nership-based development and global business
ventures are all different business strategies
exploiting the advantages that such distributed is
expected to bring. Unfortunately, distributed soft-
ware development projects have inherited the
same problems that single-site software projects
have been struggling with. Thus, distributed pro-
jects suffer equally from quality, schedule and
cost related problems—the distribution only makes
these harder to handle. In addition, distribution
itself may create time slippage problems. A recent

study shows that the physical distance between
development sites alone is likely to create delays
in work (Herbsleb et al., 2001). Problems in task
coordination, project management and communi-
cation have also been reported (Hersleb and
Moitra, 2001). Over and above this, distribution has
also introduced new specific problems (De Souza
et al., 2002).

Despite the challenges entailed in distribution,
distributed software development is a develop-
ment strategy that is in increasing favour with the
industry (Herbsleb et al., 2001; Battin et al., 2001;
Ebert and De Neve, 2001). The expected benefits,
such as the possibility for high-speed development
through the use of individuals/teams in different
time zones (Hersleb and Moitra, 2001; Gorton and
Motwani, 1996; Mockus and Herbsleb, 2001), the
employment of more skilful staff, the lower devel-
opment costs (Hersleb and Moitra, 2001; Press,
1993) and the ability to respond to local customers’
needs, are expected to outweigh the risks involved.
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In prior research a number of unique topics have
been studied by researchers that relate to distribu-
ted software engineering, for example, require-
ments engineering (Lloyd et al., 2002), project
management (Lam and Maheshwari, 2001; Gaeta
and Pierluigi, 2002; Aversano et al., 2003) and con-
figuration management (Van der Hoeak et al.,
1996). However, the viewpoints of these studies
are biased towards the use of software develop-
ment tools. For example, solutions are offered
by different researchers in the form of a software
configuration management tool (Surjaputra and
Maheswari, 1999), a process support system
(Gianpalo and Ghezzi, 1999) or a virtual corpora-
tion negotiation approach (Kötting and Maurer,
1999). More recently, some interesting industrial
experiences of distributed software development
have been published (e.g. Herbsleb et al., 2001; Bat-
tin et al., 2001; Ebert and De Neve, 2001; Karlsson
et al., 2000). In all, however, a thorough under-
standing of the complex of problems connected
with distributed software development has not
been developed.

The aim of this research is to gain a better under-
standing of the problems faced when software
development projects are distributed over multiple
sites in different geographical locations. The pur-
pose of the survey was to enable ranking of
problem areas according to their frequency of
occurrence and to gather practical knowledge and
examples of the problems experienced along with
the potential solutions that have been developed
and tested by developers. Being more aware of pos-
sible pitfalls and potential risks, those involved
with the development of distributed software pro-
jects should therefore be in a better position to suc-
cessfully plan and execute these projects.

As we have noted above, there may be several
reasons for organizations to distribute their soft-
ware development. One of the potential reasons is
the possibility of using the fact that individuals/
groups reside in different time zones to enable
rapid development, for example distributing devel-
opment and test sites across different time zones,
and then synchronizing them to a continuous
24-hour product development and testing cycle
(Gorton and Motwani, 1996). However, this
hypothesis was not verified by the results of this
survey as there were no indications that this was
either attempted or even desired. Primarily, the
motivation for distribution was ‘peopleware’ related:
the needed knowledge was distributed, there was
no local expertise to solve a development problem,
or the local demand for software development was
insufficient. The survey also sought to identify fac-
tors that would support project distribution. It

turned out that the duration and total effort asso-
ciated with the project were not as significant as
the size of the project measured in terms of the
number of people involved.

This paper is organized as follows. In the next
section the background information of the survey
is presented. In the third section the results of the
survey are introduced and the improvement
approaches raised are analysed. In addition, based
on those results and issues, observations of distrib-
uted software development process will be dis-
cussed. The final section presents the conclusions
of the survey.

SURVEY BACKGROUND

Knowledge acquisition was carried out in the form
of a questionnaire. The semi-structured question-
naire, containing a large set of open and closed
questions relating to distributed software develop-
ment, was sent by mail and e-mail to the recipients
(it was also accessible via the Internet). The ques-
tionnaire covered the following topic areas:

� characterization of the organization;
� characterization of the distributed projects;
� utilization rate of various communication tools;
� problems and the solutions developed to over-

come them;
� advantages of distribution; and
� overall satisfaction.

The survey was conducted during the summer of
2002. The questionnaire was posted to 44 organiza-
tions in Finland and it was also e-mailed to over
200 organizations around the world. The total num-
ber of responses was 31, representing 21 different
organizations. The regular mail proved to be the
best way of reaching the respondents: out of
retrieved 31 replies 24 were received by post. Con-
versely, e-mail turned out to be a very inefficient
way to reach respondents; only seven replies were
retrieved using e-mail. The replies came mainly
from Finland, but some also from the Netherlands
and the USA. Four replies were eliminated from
the analysis due to the fact that they were received
from organizations not carrying out distributed
software development. It turned out that these
organizations were distributed globally. Thus, in
the final analysis there were 27 responses included
in the survey.

In this paper, we concentrate on analyzing pro-
blems relating to distributed software develop-
ment. Most of the responses to the survey came
from the telecommunication or wireless telecom-
munication industries (see Figure 1).
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Within the survey sample software development
distribution was very extensive and also global. In
only four cases (14.8%) did respondents report
involvement in software development distribution
within one country. Ten responses (37.0%) referred
to software projects which were distributed within
one continent, and 13 responses (48.1%) reported
that software development projects had been
undertaken which were distributed over two or
several continents. Figure 2 illustrates the positions
of those who responded to the survey. Analysing
these positions we can conclude that to a large
extent they are characterized by extensive experi-
ence in software development.

Table 1 separates the responses by viewpoint
(organizational or project viewpoint) and further-
more by the extent to which distribution was
implemented. The survey was carried out within
the Finnish research programme; thus the
responses are mainly from Finland. The number

of software development projects involving team-
work between continents—namely Europe and
the USA and Europe and Asia (13 responses,
48.1%)—was essentially equal to the number of
projects involving cooperation within Europe (14
responses, 51.9%).

Figure 3 shows a geographical distribution of
software development represented by the survey
respondents. The arrows in Figure 3 illustrate the
direction (to a country or a continent) in which a
respondent reported that their software develop-
ment had been distributed. If the respondent had
named a city, a bullet is used as an identifier of
that place. Each line starts from a city correspond-
ing to the home address of the respondent. Further-
more, some lines have been drawn in bold,
indicating various responses reporting distribution
to the same city, country or continent. Two anon-
ymous responses have not been included in the fig-
ure since their home office is not known. One

Figure 1 Business scope of organizations

Figure 2 Positions of respondents
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anonymous answer reported that their software
development had been distributed between two
continents, and another reported development
being distributed between three continents.

SURVEY RESULTS

In this section the results of the survey are pre-
sented. First, the characteristics of the organizations
and projects of those taking part in the survey are
outlined. Second, the problems introduced by the
distribution of software development are discussed
along with the solutions to overcome these pro-
blems as described by respondents. Lastly, based
on analysis of the preceding data, potential success
factors are identified.

Characteristics of the organizations
and the projects

Our survey results indicate that software develop-
ment distribution is carried out not only by large

organizations but also by small and medium-sized
enterprises: 47% of the respondents were employed
by companies having fewer than 500 employees in
total. Figure 4 depicts the distribution of responses
by organization size (measured in terms of the total
number of employees).

Most companies taking part in the survey were
operating in the area of embedded software. Com-
monly, the distributed development concerned a
proprietary product of a company, but there were

Table 1 Characteristics of responses

Response viewpoint Extent of software development distribution

Within Within one Between two Between three or
one country continent continents more continents

Organization 2 5 5 3
Project 2 5 3 2

Total number of answers 4 10 8 5

Figure 3 Geographical distribution of projects
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Figure 4 Distribution of responses by organization size
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also some responses that reported on companies
developing software components for clients. The
business governance strategies adopted in distribu-
tion may take various forms, such as partnering,
subcontracting or the use of sister sites. The extent
of distribution, denoted by the distance between
cooperating development offices, vary from those
distributed over a single town to those distributed
between several continents. However, it is appro-
priate to observe that the results presented in this
paper primarily concern issues typical of organiza-
tions distributing their software development
activities both extensively and globally. Over half
of the responses (52%) had distributed develop-
ment activities to different continents, and more
than two-thirds of them (74%) to different coun-
tries. While subcontractors were used extensively,
the extent of distribution in this case was slightly
smaller: less than one-third (30%) had subcontrac-
tors in different continents and 41% had them in
different countries. In all, a total of 85% of the
respondents had used subcontracting as an
approach to software development.

The characteristics of the distributed projects
were determined in terms of duration, project size
in person years and the size of the development
team. It turned out that the duration of a distribu-
ted project was rarely longer than 2 years; 78% of
the projects were shorter than that and, of these,
one-third were of less than 1 year. Furthermore,
the size of the project measured in person years
turned out to be either rather large—almost half
of the projects were over 20 person years in
size—or rather small, half of the projects being
under 10 person years in size. Only 11% of the pro-
jects studied fell in the category between 10 and 20

years. The size of the development team showed
the least variation: in most cases (56%) the team
was smaller than 20 software developers. The
results suggest that globally distributed projects
tend to be rather large measured in terms of person
years, while the development team was often kept
quite small.

A closer look at the number of software develo-
pers in the organizations represented by the
respondents reveals that the majority of answers
(67%) were provided by respondents from compa-
nies having more than 100 software developers,
and one-third (33%) of the responses were received
from individuals employed by organizations with
under 100 software developers. These two groups
of organization were studied to detect possible dif-
ferences in their characteristics, and a noteworthy
difference was identified concerning the size of dis-
tributed projects in person years (see Figure 5).

Figure 5 shows that when the number of soft-
ware developers in an organization is under 100
the size of distributed projects is most often (67%)
smaller than 10 person years.

Problems in distributed software development

In the survey, respondents were given the choice of
identifying eight different problem areas. These
problem areas were identified on the basis of the
descriptions found in the literature (Herbsleb et al.,
2001; Mockus and Herbsleb, 2001; Karlsson et al.,
2000; Niederman et al., 1993; Zoran et al., 1995).
Respondents were asked to check all the problems
they had experienced in their projects and to
describe each of the problems identified in more
detail. Respondents were also provided with an

Figure 5 Size of distributed projects and number of software developers
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opportunity to identify problems that were not
listed. This ‘other’ category was used by only two
respondents, which gives some confidence that
the proposed classification of problems adequately
covered the key issues associated with the projects
identified by the respondents. In addition to pro-
blem descriptions, respondents were also asked to
describe the solutions they had developed to over-
come the problems encountered and to evaluate the
success of these solutions. The overall distribution
of answers among problem areas is presented in
Figure 6.

Development tools and environment

While the existing technical infrastructure seems to
provide adequate support for distributed software
development, respondents indicated that the devel-
opment environment is not yet mature. Projects are
most often undermined by poor software develop-
ment environments and tools. Thus, tool-related
issues were most commonly experienced as a pro-
blem area, with a selection rate of 81%. The pro-
blems identified were diverse, though two main
problem streams could be clearly extracted, namely
those concerning network connections and the
compatibility of the tools used.

In the case of issues relating to network connec-
tions the specific issues that were identified related
to the reliability and usability of the network being
unsatisfactory. For example, the network connec-
tion was deemed to be too slow, with its reliability
further impaired by occasional server failures. Con-
nections that were too slow were considered to be
not only a source of frustration due to increased

waiting time, but were also reported to cause
usability problems with development tools. One
respondent described the problem as follows:
‘development tools are based on the assumption
that the network is extremely fast’.

The solutions that were adopted to address net-
work problems were varied; one solution was to
increase the bandwidth between the sites, which,
however, failed to have the desired effect on speed.
In this case the problem may not have been the
available bandwidth but rather latency in response
times. In several projects the slowness and unrelia-
bility of the network were successfully reduced
to an acceptable minimum level by changing
the development strategy from a synchronous
approach to an asynchronous one. That is, instead
of having one central database for the project, each
development site had its own local database, and
replication and reconciliation were done once a
day. This time-synchronized resolution may be a
good solution if real-time development is not obli-
gatory. Whether a time-synchronized solution is
favoured or not, the distributed development
environment emphasizes the need for having prop-
er configuration management tools and processes
in place.

Establishing a uniform software development
environment is a challenging task. Not only were
a diverse set of tools reported to cause problems
but also the different versions of a single tool
potentially caused problems as well. As it turned
out respondents are relatively well aware of the cri-
ticality of establishing a compatible environment;
the problem is how such an environment can be
established successfully. Respondents indicated

Figure 6 Problem areas
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that their readiness to change development tools
was quite low; development sites were reported
to be reluctant to change the development tools
they were already familiar with. In one company
it was considered a highly sensitive question which
site had the dominant role in defining which tools
were to be used. Forcing the sites to use identical
tools appeared to make the problem even worse.
The respondents did not have any easy or assured
solutions to offer to solve this issue. Some respon-
dents described how they had had to visit the sites
themselves to be able to clarify what tools were
used, what they were capable of and how the inter-
operability with the various tools and their differ-
ent versions could be achieved without changing
the existing tool configuration.

The respondents also thought about the reasons
for the problems concerning development tools
and the development environment. The obvious
technology-based problem appeared to be aggra-
vated by distance and various human factors. Cul-
tural differences between countries and
organizations were pointed out as a potential pro-
blem factor, along with the lack of communication
and missing face-to-face-meetings; these are likely
to cause information and knowledge deficiencies,
further provoked by the different time zones. Con-
figuration and document management tools, test
environment, and replication and synchronization
of artifacts are critical for distributed software
development and therefore need to be carefully
studied and planned case by case. Obviously, the
most effective stage to address these tool-related
issues is when the distributed software develop-
ment project is set up.

In summary, the solutions disclosed by responde-
nts to overcome slow and unreliable network were:

� changing the development strategy from syn-
chronous to asynchronous and replicating once
a day; and

� increasing the bandwidth between the sites to
improve speed.

In addition to the solutions above, the respon-
dents gave the following practical advice for con-
trolling the tool environment:

� define and document acceptable tools and ver-
sions for the whole project life cycle;

� define configuration and version management
tools and practices;

� get official, explicit approval for the plan from all
parties involved; and

� arrange for the main developer site to take the
lead and responsibility for the tool environment
and for organizing identical tools for all sites.

Communication and contacts

The area ‘communication and contacts’ was
selected as a source of problems for distributed
projects by the majority (74%) of the respondents.
The result itself was not a great surprise but the
reasons stated by respondents for this selection
were interesting. There were two factors repeatedly
mentioned as causing problems with respect to
communications and contacts: cultural differences
(including language skills) and physical distance.

Cultural differences may give rise to misunder-
standings and exacerbate problems in oral
communication. The respondents described that
sometimes the level of language skills alone was
often so low that fluent conversation became
impossible, most particularly telephone confer-
ences. The problems that cultural differences are
likely to generate are introduced in more detail
later in this article.

The survey clarified how the frequency of face-
to-face meetings changed with increasing distance.
It turned out that when the development was done
at a single site, but in different buildings, 88% of
the projects involved having face-to-face meetings
one to three times per week or even every day.
When there were several sites involved either in a
single city or in different cities, the frequency of the
face-to-face meetings dropped, with only 4% hav-
ing weekly meetings. When the sites were situated
in different countries, the most active projects in
terms of communication still had face-to-face meet-
ings, one to three times per a month (48%), but the
rest of the projects had then only one to three times
per year (see Figure 7). This result supports the
respondents’ view that physical distance causes
miscommunication and that face-to-face meetings
really are the best means of communication.

Time zones play a role in globally distributed
projects. Especially when development is distribu-
ted over continents with extensive time differences,
this structure creates challenges and causes practi-
cal problems for projects. The survey results verify
that increase in physical distance increases pro-
blems as well (Herbsleb et al., 2001; Battin et al.,
2001). The time difference being the effective work-
ing days in different time zones reduces both the
willingness—and opportunities—to have meet-
ings. The reduction in the number of project meet-
ings, along with language barriers and cultural
differences (county or company related), causes a
number of problematic situations. Lack of knowl-
edge and misunderstandings are reported by
respondents to have led to redundant work or no
work at all due to mistaken assumptions concerning
who is in charge of different stages in the project
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being developed. Respondents also mentioned that
distance is likely to makes it easier to hide possible
problems and to withdraw from decision making.

Respondents use various strategies intended to
substitute for the missing face-to-face communica-
tion. The most common solutions applied are tele-
or videoconferences and e-mail. However, even
videoconference is regarded as problematic due
to the connection difficulties that are often experi-
enced. Despite this, communication problems
were not very often linked to the tools used; only
30% of respondents regarded communication tools
as a problem (see Figure 6). It may thus be specu-
lated that if communication tools are experienced
as good enough and communication is still a pro-
blem, better communication tools are not likely to
solve the underlying communication problem.

The foundations for effective communication are
laid at the beginning of the project. Informal team-
building sessions are identified by respondents as
one of the main means of building trust and feel-
ings of togetherness. Becoming thus acquainted
with each other, face-to-face substitutes, such as
e-mail, NetMeeting and tele- and videoconferences,
become ways of improving communication. Some
respondents suggest that project members should
know each other so well that the barrier to contact
becomes non-existent.

Another common and recommended means of
minimizing communication-related problems is to
decrease communication needs and contact points
to a minimum by splitting the project into smaller,
independent units managed by a local manager. If
no local project manager can be appointed, at least
a contact person should be named for answering
questions and acting as a contact point.

In summary, the following strategies are consid-
ered successful in improving communication in
practice:

� informal team-building sessions and face-to-face
meetings, especially at the beginning of the pro-
ject;

� decreasing the need for contacting other team
members by splitting projects into smaller, inde-
pendent and more manageable units; and

� appointing a contact person from each site.

Design knowledge

Design knowledge was the third most frequently
selected problem area by all respondents (67%).
The problem descriptions relating to this issue cov-
ered the following design mediating-related issues:
‘Interpretation of specification, understanding of design
rationale’ and ‘Difficult to transfer knowledge’. For
example, if architecture design is done at a site dif-
ferent from where the implementation takes place,
efforts must be made to ensure that the design
rationales are understood and communicated
across the sites, so as to verify that they are under-
stood correctly. Only a few respondents report pro-
blems originating from partner site incompetence
or insufficient ability to carry out their develop-
ment tasks. The problem descriptions indicate
mainly problems relating to knowledge transfer
and communication. They also noted that knowl-
edge is typically distributed asymmetrically.

Knowledge transfer and sharing was recognized
as a bottleneck especially when the chief architect
and software engineers were working at different
sites, as was often the case. Here again, the role of

Figure 7 Frequency of face-to-face meetings
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face-to-face meetings was highlighted and regarded
as the fastest way to solve a design problem or to
obtain an answer to a specific question. Knowledge
transfer solely via design documents was regarded
as a slow and laborious process. This observation
addresses the need for having a design document
with clear and adequate structure, content and level
of detail to answer the requirements of the distrib-
uted software development.

The strategies used to overcome design
knowledge-related problems do not differ signifi-
cantly from the solutions already discussed. Once
again, face-to-face meetings are regarded as essen-
tial to build a common understanding of terminol-
ogy, approaches and the application area. Kick-off
meetings at the beginning of the project and techni-
cal meetings in the design phase are highly recom-
mended. To attenuate the communication needs, it
is recommended that the project be split into smal-
ler parts and that the responsibility for the parts is
distributed among sites. Moreover, practical guide-
lines for using common databases, tools, and ver-
sion and configuration management were listed as
helpful. In addition, training material available for
all in an electronic format made it easier for engi-
neers to acquire and use available knowledge.

As a summary, the following factors are consid-
ered to be important for improving a design phase:

� face-to-face kick-off and technical meetings to
discuss design rationale, terminology and appli-
cation area issues;

� division of work and responsibility into smaller
units;

� practical guidelines for developing design docu-
ments and using development tools; and

� training material provided in electronic form.

Project management

Project management is identified as a source of pro-
blems by 59% of respondents, making it the fourth
biggest problem area. Project management
challenges are harder to solve in a distributed envir-
onment than in a centralized development environ-
ment. It is noted that in distributed development
significantly more effort is required for up-front
planning and follow-up activities in order to be
able to manage a project successfully. Furthermore,
if this need is not recognized at the beginning of the
project, uncertainty, misunderstandings and man-
agement problems are most likely to appear later.
The manager of a globally distributed project has
to have varied abilities and knowledge, such as cul-
tural knowledge and communication skills in addi-
tion to technical competence and particularly good

project management capabilities. One respondent
gave the following example: ‘In centralized project
management, a project manager may be far away
from development groups, which creates a visibility
problem, and makes it easier to hide possible pro-
blems.’ In other words distribution, for example,
makes time slippage more difficult to estimate
and control due to the decreased visibility. Time
slippage and budget growth are listed as a problem
area in 52% of all responses, which is, naturally, an
issue relating to project management in general.
Generally speaking the budget can be adjusted to
take into account the higher costs involved due to
distribution, for example additional planning activ-
ities, communication, and lead to extra travelling
and meeting costs. However, if the project manager
does not know the software engineers involved in
the development at the other site(s), it becomes dif-
ficult for him or her to assess whether given esti-
mates are realistic or not. In addition to unrealistic
estimates, the project manager may suffer from pro-
blem hiding, which is more likely to take place in a
distributed environment for a longer period of time
than in single-site development. Eventually, this
may cause serious problems in keeping to the sche-
dule and achieving project development goals. One
respondent captures his experience in the following
down-to-earth heuristic: ‘The farther the subcon-
tractor the bigger the delays in the schedule.’

Several other problems are mentioned as well,
such as failure to inform other sites of decisions
or changes that have been made. Difficulties in get-
ting the information as requested were also
brought up, e.g. delays in getting status reports.
Again, the issues refer mainly to knowledge man-
agement and communication-related problems.

Respondents have good experience of solid pro-
ject management practices with strict control as
solutions to the types of project management pro-
blems discussed above. Breaking down project
tasks into weekly delivery results is reported to
be an efficient way to track the progress of develop-
ment projects. Another proven strategy is to plan
development blocks so that they can be indepen-
dently developed by different sites. If this solution
is adopted, a local project manager can take over
some planning and follow-up activities from the
main project manager. In addition, clearly estab-
lished rules, definitions of responsibilities, results
and timetables along with regular meetings and
the management and control of process are
reported to be highly important in a distributed
software development environment.

In summary, the following actions have helped
in the management of distributed software devel-
opment:
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� detailed up-front planning and strict control
activities; and

� splitting the project into sub-projects with local
project managers.

Cultural differences

Cultural differences are mentioned as a proble-
matic issue in 52% of all responses. Table 2 depicts
how cultural and also communication problems
grow while software project distribution extends
over one or several continents.

Different and divergent values and perceptions
may cause misunderstandings and even dissatis-
faction within the project. Depending on the cultur-
al differences, be they related to company culture
or the culture of a country, the same action can
have different interpretations. Cultural differences
create possibilities for misinterpretation, especially
when these cultural differences are not appre-
ciated, let alone understood. One respondent gave
an example of different viewpoints to problem
reporting: at one site it was a regular action origi-
nating from a basic development procedure; at
another site such reporting was understood as an
insult. It is also important to pay attention to how
things are expressed; when communicating in a
foreign language, it is easy to send unintentional
messages. In addition, terms and concepts may
vary between different countries and even within
one country. Commitment to decisions and timeta-
ble is also claimed to vary between countries and
continents.

To alleviate cultural differences, and to reconcile
conceptions, approaches and terminology in use, it
is recommended that actions be taken to enhance
communication inside the project. Face-to-face
communication appears to be an effective means
of lowering thresholds caused by cultural differ-
ences. Training and common sense are also consid-
ered to have an important role in tackling the

cultural differences in distributed projects. As
noted above, kick-off meetings at the beginning of
the project and technical meetings during the
design phase are highly recommended.

To summarize, the following factors are reported
to be important for improving the culture-related
problems associated with distributed development
projects:

� enhanced communication throughout the project
in order to build understanding between the
sites;

� defining and using predefined terminology; and
� improving language skills and developing and

sharing knowledge concerning cultural issues
and customs.

Requirements engineering: the main
software error source

Requirements engineering-related issues were
stressed when respondents were asked to deter-
mine the main sources of software error. The pre-
defined alternatives included various error
sources ranging from design, coding, interfaces,
environment problems and security vulnerabilities
to requirements engineering issues. We anticipated
requirements engineering to be one of the principal
problems (Damian, 2002) and therefore we divided
it into three categories. There was also one open
choice (Other, describe) in the questionnaire, which
was, however, not selected by anyone. The most
significant problem source was marked ‘1’ and
the least significant ‘8’.

Figure 8 illustrates how requirements engineer-
ing is ranked for software errors. ‘Misinterpretation
of requirements’ was ranked to be the most signifi-
cant error source, with 74% of answers ranking it as
1, 2 or 3. Problems also arise from insufficient com-
munication, poor quality of requirement docu-
ments and the requirements engineering process

Table 2 Extent of software development distribution and reported problems

Selected problem areas Extent of software development distribution

Within one Within one continent Between Between three or
countrya (10 replies two continents more continents

(4 replies in total) in total) (8 replies in total) (5 replies in total)

Communication—contacts 3 7 5 4
Communication—tool 1 2 4 1
Cultural differences 1 3 7 4

aAlthough four replied that their project distribution was carried out within one country, two of them had subcontractors in a different
country or countries.
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itself. Detailed documentation can reduce misun-
derstanding, but it is also considered a slow and
cumbersome way of transferring information.
‘Changing requirements’ was ranked as the second
most significant error source by 70% of the respon-
dents. While changes in requirements are likely to
lead to errors in software development in general,
in distributed software development these changes
are even more difficult to manage and communi-
cate due to, for example, the number of stake-
holders and the distance involved. Problems
originating from ‘missing requirements’, which
was ranked third (59%), can be successfully pre-
vented by careful planning and execution of the
requirements engineering process.

The importance of organization size

When further analysing the survey results, differ-
ences were detected between large organizations
(over 500 employees) and small and medium-size
organizations (under 500 employees). Due to the
relatively limited number of answers from small
organizations, it was decided to analyse them
together with medium-size organizations.

When analysing the answers originating from
large organizations, tools and environment-related
issues turned out to be even more emphasized,
by 94% of all answers, as the most damaging fac-
tors likely to undermine the success of distributed
software development projects. Communication-
related problems were still in second position

with 76% of the responses. Issues related to cultural
differences were considered equally important as
project management issues, making up 65% of the
responses. The reasons for these problems were the
same as explained earlier in this paper.

The views of small and medium-size organizations
were slightly different, resulting in a change in
the ranking of the most damaging factors. The
area of design knowledge was assessed as causing
the most trouble by 80% of the respondents. Inter-
estingly enough, in smaller organizations, pro-
blems related to cultural differences were
mentioned by only 30% of the respondents. The
reason for this may be explained by the character-
istics of the related distributed projects: the extent
of distribution was not as great as that of large
organizations. When operating in Europe, cultural
differences were not recognized as a major factor,
as one respondent referred to this issue as follows:
‘Cultural differences are directly proportional to
geographical distance of sites. Inside Europe these
issues are much easier than between different con-
tinents.’

Issues contributing to satisfaction

The survey included a question focusing on the
overall satisfaction with the distributed software
development that had taken place at the respond-
ents’ own company. The following scale was used
to make assessment: completely satisfied, some-
what satisfied, somewhat dissatisfied, dissatisfied

Figure 8 Major sources of software errors
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and not applicable. The results yielded by this
question were very interesting: none of the respon-
dents were completely satisfied, while only 7%
were dissatisfied. The majority of respondents
(63%) were somewhat satisfied, most of them
representing large organizations with over 500
employees. The overall satisfaction rate of respon-
dents from small and medium-size organizations
was slightly lower and evenly scattered from some-
what satisfied to dissatisfied. However, the results
show that despite the risks and the problems dis-
cussed above, the respondents still perceive distri-
bution to be appropriate and, as such, an important
and fruitful development strategy.

The overall satisfaction and the issues behind
satisfaction or dissatisfaction deserve a more
detailed investigation. To clarify possible reasons
for this result, the group who expressed themselves
to be somewhat satisfied was selected for further
analysis. First, the selected answers were compared
with the related project duration (by calendar
years) and size by person months. However, no
clear relationship could be distinguished, although
a clear relationship between satisfaction and size of
project by the number of persons involved was
detected. Figure 9 depicts this relationship. The
most satisfied (59%) respondents were involved
with projects that employed fewer than 20 persons,
while the satisfaction diminishes to 12% as the
number of developers rises to over 50. Figure 9
also shows a similar outcome for the categories
somewhat dissatisfied and dissatisfied (both classes
grouped into the ‘Dissatisfied’ class in Figure 9:

57% of dissatisfied responses originate from pro-
jects involving over 50 persons.

The analysis suggests that the number of persons
involved in the project is a significant determinant
for the success of distributed software develop-
ment. Another implication is that since communi-
cation-related issues are an important factor
determining overall satisfaction then, if the number
of persons involved in the project is under 20, this
is likely to provide better teamwork-based thinking
and practices during the course of the distributed
software project. This outcome is worth consider-
ing when planning distributed project develop-
ment, e.g. when making decisions about splitting
and conducting project tasks into independent
and rational parts at each distributed site.

Limitations of the results

The moderate sample size of 27 allows only limited
analysis and study of interdependencies between
variables. The possibilities for a more fine-grained
analysis are inevitably to some degree limited.
The best response rate was achieved when using
regular mail (the questionnaire was also sent out
using e-mail). The questionnaire was sent to compa-
nies that were either known or assumed to have dis-
tributed their software development. The mailed
questionnaire was received by 101 recipients in 44
companies and of these recipients 24 completed
the survey. In total 31 replies were retrieved, of
which four were withdrawn from the sample size
due to the fact that these respondents were not

Figure 9 Overall satisfaction versus size of a project
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involved with distributed software development
and had no experience of it. Despite the fact that
the size of the sample is rather small the sampling
itself is relevant in the context of this study.

While observing the software development dis-
tribution (refer to Table 1 and Figure 3), it is notable
that replies were almost equally divided between
those that addressed concerns relating to the devel-
opment of software in a distributed European set-
ting (51.9% of responses) and those that involved
distribution between different continents (Europe
and the USA and Europe and Asia), the latter con-
tributing 48.1% of responses. However, it has to be
acknowledged that replies represent Finnish
experience of software distribution to a large
extent. This being the case it is reasonable to pon-
der to what extent the results are generalizable.
Recently, Prikladnicki et al. (2003) analysed 22
interviews from one Brazilian and one US-based
company which had engaged in distributed soft-
ware development both locally and globally. In
their study the conclusions of the relevant proble-
matic issues are consistent with the problem state-
ments of this survey. They name language barriers,
communication, cultural differences, context shar-
ing, trust acquisition between teams, requirements
engineering, software development process, soft-
ware configuration, and knowledge management
in general, as problem areas in which projects are
suffering.

CONCLUSIONS

The challenges of distributed software develop-
ment must be recognized when aiming at diminish-
ing the risk of development failure and maximizing
the possibilities for success. The results of this sur-
vey put forward and clarify the target areas for
improvement regarding distributed software
development processes and suggest appropriate
work practices that have been tested in industrial
environment.

Software development is very knowledge-inten-
sive field of engineering. In each development
phase efficient knowledge creation, knowledge
transfer, knowledge storing and/or and knowl-
edge-sharing activities are vital. The results of this
survey point out that previously complex software
development processes are further complicated by
the distribution of the development process over
multiple sites. Diverse software development and
management knowledge needs and knowledge-
capturing and transfer-related problems were iden-
tified as being important. In the survey, misunder-
standings, ignorance and uncertainty are examples

of common words respondents use to describe ori-
gins for problems related to requirements engineer-
ing, development tools and environment, design
knowledge or project management.

Survey results show that the most problematic
area is related to software development tools and
environment, and more specifically the incompat-
ibility of tools and versions used by the different
development sites. This problem is most empha-
sized by large organizations employing more than
500 persons. Communication problems appear to
be extremely common within all organizations; in
all, this problem area was ranked as the second
toughest. However, a closer analysis of the
responses shows that the role of communication
is even greater than it appears at first sight. When
studying the reasons behind other problems, the
lack or poor quality of communication was often
mentioned as a root cause. When requesting the
three areas where respondents would need support
in distributed software development one respon-
dent condensed his answer to the following:
‘communication, communication, communication’.
When the efficient knowledge-capturing and shar-
ing mechanism (in the form of a face-to-face meet-
ing and personal contacts) is hampered by distance
and time differences supportive and substitute
solutions are self-evidently vital. Results of the
planning phase of a distributed development pro-
ject are decisive what comes to transferring knowl-
edge between sites. Because knowledge transfer is
problematic attempts should be made to minimize
it. When the project is divided into independently
developed and managed units whose interfaces are
clearly defined the needs, for example, for transfer-
ring design knowledge during development
should decrease.

When knowledge transfer has to take place,
appointing a contact person at each site is a means
of controlling communication both between sites
and within site(s). Numerous communication
points at each site raise the risk that knowledge
transfer becomes chaotic and uneven.

Requirements engineering and management
appeared highly problematic for distributed
development projects, causing many errors.
Requirements engineering is a large and multidis-
ciplinary process and traditionally is performed at
the beginning of the system development life cycle
(Royce, 1970). However, in the development of
large complex systems it has been realized that it
is impossible to define an accurate set of require-
ments that are likely to remain stable throughout
the months or years of development (Dorfman,
1990). Requirements engineering thus becomes an
incremental and iterative process, performed in
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parallel with other system development activities,
such as designing and implementing, which is
why misinterpreted, changing and missing require-
ments are likely to be the main sources for software
errors according to the industry feedback.

Based on the analysis described in this article,
there is no doubt about the message of the study:
successful distributed software development
requires both structured—and disciplined—soft-
ware engineering and knowledge management
solutions embodying, most particularly, communi-
cation management and the utilization of effective
substitutes for face-to-face communication. A care-
ful execution of project start-up activities—includ-
ing planning (splitting tasks, schedule, delivers),
exact determination of common rules, responsibil-
ities, tools used and kick-off sessions—can greatly
contribute to a successful implementation. By
understanding the nature and demands of distrib-
uted software development in depth, software
organizations are able to reduce the risk of failure
and to make their operations successful.
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