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Abstract. In existing global software development (GSD) literature, much focus has been on
identifying the challenges that practitioners may face (such as socio-cultural and temporal
distance issues), while potential benefits have not been extensively analyzed. We reverse
this trend by studying these potential benefits. We question whether they are well-founded
assumptions and whether they are attainable in practice. This paper presents findings from a
multi-case study at three multi-national companies that have extensive experience in GSD.
We identify the benefits mentioned in GSD literature, analyze them with regards to the
companies' experiences and then conclude whether or not each benefit is being realized in
practice. Our findings reveal that several of the assumed benefits are simply unattainable.

1. Introduction

Globa Software Development (GSD) is becoming increasingly common practice in
the software industry (United Nations, 2004). There are many potential benefits from
GSD, including reduced development costs due to the salary savings possible (Carmel
and Agarwal, 2001, Damian et al., 2003); reduced cycle time arising from ‘follow-
the-sun’ software development (Herbsleb and Grinter, 1999, Carmel, 1999) and time-
zone effectiveness (Ebert and de Neve, 2001); new opportunities for cross-site



modularization of development work (Bass and Paulish, 2004); access to alarger and
better-skilled developer pool (Damian et a., 2003, Herbseb and Moitra, 2001);
innovation and shared best practice (Ebert and de Neve, 2001); and closer proximity
to markets and customers (Grinter et a., 1999, Herbsleb et a., 2000). However, GSD
also introduces a number of challenges in relation to communication, coordination
and control of the development process. These arise due to the distances involved in
three magor dimensions — geographical, temporal, and socio-cultural. As a
consequence, much research and practice has focused on trying to find ways to
overcome these GSD challenges. Typically, potential benefits of GSD are just
mentioned and their realization taken for granted. Here we reverse this trend: we
merely list the main chalenges of GSD and focus instead on the benefits and the
extent to which they are actually being realized in practice in three global companies
practicing GSD.

2. Challenges of Global Software Devel opment

GSD is characterized by stakeholders from different national and organizational
cultures, located in separate geographic locations and time-zones, using information
and communication technologies to collaborate. Not surprisingly, such conditions
introduce major challenges in relation to team communication, coordination and
control (Agerfalk et a., 2005). As can be seen in previous studies, temporal,
geographical and socio-cultura distances give rise to a number of GSD challenges,
for example:

e« Tempora distance reduces overlapping hours of possible collaboration, and
can introduce a delay in feedback from colleagues (Herbsleb and Paulish, 2005). The
use of asynchronous communication tools may not adequately handle ambiguities
(Damian and Zowghi, 2002), and can increase the risk of misunderstandings (Kiel,
2003).

e Geographica distance reduces informal communication (Herbsleb and
Grinter, 1999). This can hinder the development of a sense of ‘teamness, the
establishment of trust and the spread of important information about the project.

e Cultural background can greatly affect how developers interpret and respond
to a certain situation (Agerfak et a., 2005). Language difficulties often introduce
misunderstandings (Herbsleb and Moitra, 2001) thus hampering effective
communication and coordination in GSD.



3. Research Question and Methodol ogy

Our study focused on the potential benefits of GSD as identified in peer reviewed
literature, namely reduced development costs, increased time-zone effectiveness,
cross-site modularization of development work, access to a large skilled labor pool,
and innovation and shared best practice. We aimed to explore the extent to which
industry practitioners are realizing these benefits, if at all. We were motivated by the
reasoning that the true benefits of GSD must be properly understood if we wish to
fully realize them.

A multi-case study (Yin, 1994) was performed in three multi-national companies,
which are described later. Through twelve semi-structured qualitative interviews, we
hoped to learn from the experiences of those actively involved in practicing GSD.
The interviews were generally of one hour duration, with follow-up emails contact
used to refine issues as they emerged. Those interviewed included site managers,
project managers, a project architect, team leads, software engineers and technical
support staff. Complementary to the interviews, on-site meetings were held aswell as
a university-hosted workshop. See Table 1 below for a summary of research
activities.

Tablel. Summary of research activities.

Date Resear ch Activity

Jan 2005-Mar 2005 | On-site meetings and interviews at company sites
Jun 2005 Workshop at University

Jul 2005-Aug 2005 | Interviews at company sites

In terms of data analysis, a primarily qualitative grounded theory (GT) approach
was adopted (Corbin & Strauss, 1990, Miles & Huberman, 1994). The GT approach
recognizes that socia phenomena are complex and seeks to develop theory
systematically in an intimate relationship with the data. Interview data was
subsequently coded according to the categories of benefits that were previously
identified in published literature, and analytica memos were written as patterns and
themes emerged from the interviews.

4. Case Setting

Our study focuses on three global software development companies — Intel, Fidelity
Investments and HP. Each company has its headquarters in the US with software
development teams in Ireland, and al directly involved in intensive GSD. All
interviews in this study were conducted at the Irish sites of these companies. The Irish



Intel site we studied employ 125 people and is part of Intel’s Infrastructure Processor
Division, with GSD teams based at severa internationa sites, including the US,
Malaysia, China, India, and Poland. Fidelity Investments provides financia services
and investment resources internationally and is one of the largest private companiesin
the US. The company has been developing software at this site in Ireland since 2001,
and currently employs around 200 people there. The software products developed are
supplied to internal customers in the US, by coordinating with several software
development teams in the US and others in India. Hewlett-Packard (HP) provides
desktop support services right through to mission critical service delivery. The Irish
team develops remote support and proactive services, as part of a 130 person R&D
and software development site. The team is closely integrated with colleagues
located in the US, effectively creating a virtual team across multiple sites.

5. The Assumed Benefits of GSD

Here we identify the six main benefits that have been associated with GSD in peer-
reviewed literature. Based on the multi-case study findings, we present an analysis of
each benefit and conclude on whether or not practitioners can expect to realize these
benefits to their full potential.

5.1. Reduced Development Costs

One of the most important reasons for organizations to embark on a challenging and
risky endeavor such as GSD is, not surprisingly, its potential to reduce development
costs (Carmel and Agarwal, 2001, Damian et al., 2003, Ebert and de Neve, 2001). By
moving parts of the development work to low-wage countries, the same work can be
done for afraction of the cost.

In our study, all three companies stated that reducing costs was one of the main
driversfor GSD. Within Fidelity, the Indian internal customer billed half of what the
Irish team charged for essentially the same work. A base annual salary of US$15,000
for a software developer in India, is one quarter of the salary of an Irish developer,
who in turn earns half that of a developer in the US. At Intel, the same scale of
savings between the US, Ireland and India was applicable. The HP site manager
reported a ten-times saving when offering remote customer support rather than
sending an engineer to the customer’s site. A further three-times savings could be
achieved when doing this remote support work from a low-wage economy. However,
a Fidelity manager warned that team objectives and planning must be very precise
before going offshore, as otherwise it only adds to complexities and problems that
may already exist in the co-located team.



While the companies were at different stages of offshoring, they all tended to send
non-complex development work to low-cost regions. As a Fidelity manager said,

“ Basic development should be donein India because it is lower value add, and lower value-add
work belongs where it can be done more cheaply.”

Another Fidelity manager suggested,

“You're lessinclined to send critical work to India, because they can go home and leave you in
trouble, although | can ring themin the evening on their [ cell phones].”

The manager also said that the “onshore” workers could send less interesting work,
like fix enhancements, to India, so as to be able to work on more complex and
interesting work, but the manager also warned,

“You have to give the Indians good work, since the turnover rate is very high, and they could
get more interesting work elsewhere. They want pure development work.”

The site manager at HP stated that in order for GSD to become more efficient, they
might need to give the Indian site responsibility for complete projects instead of
sections of projects.

An eight-fold salary saving (as in the case of US versus India above) seems like a
significant up-front benefit. However, coordination costs increase when developers
are distributed. As one HP manager warned, “developers may be cheaper off-shore,
but we must look at productivity.” The manager bemoaned the lack of models for
calculating the true cost of distributing development. A manager in Fidelity accepted
that it makes good sense to go offshore from a cost savings point of view, however,

“If there’s a struggle between communications or requirements in the existing team, adding the
India component to it only compounds the issue. It makes it worse. We need to be very clear on
what we' re doing and have our processes |ocked down.”

Furthermore, GSD seems to create demand for an increased number of managerial
roles. Indeed, an HP manager said that their India operation had a very top-heavy
management structure. At this company — where they strive for a ‘virtua team’
environment — a manager may be responsible for the activities of developers located
remotely. This requires an additiona on-site “host manager” at the remote site. The
Fidelity team was a so employing this managerial structure. The increased demand for
employing on-site host managers, may erode the benefit of distributing software
development globally in order to access |ower-paid devel opers.

The drive to save costs in these companies also affected the amount of travel
between sites. This meant that most developers had never met their remote
colleagues. With no face-to-face communication, it may be very difficult to create a
feeling of teamness and to establish trust. Interestingly, however, one senior manager
a Intel stated, “It’'s essential that developers travel.” When asked whether developers



meet each other, a manager at HP said, “ Travel restrictions would never alow that.”
Therefore, the companies were saving money when employing cheaper developers
offshore, but at the same time, these developers did not get the chance to meet each
other, thus constraining the possibility of building effective long-term relationships
with remote colleagues.

Also, as a result of having remote colleagues on lower wages, there is perceived
threat that they will eventually replace developers in the higher-cost economies. The
managers in our study did try to overcome this fear. A manager in Fidelity described
how he briefed his team,

“It'sjust a fact of life. But what | had to say to them in taking on the team in India was there is
afuturefor us[in Ireland], there’'s a future for India. We have to work together to work out what it
is. It doesn’t have to be a win-lose situation.”

Companies taking on GSD should be aware that even if cost savings will be
achieved, it may take some time to get the full development activities up and running.
The managers in Fidelity noted that they needed to build up the “critical mass’ of the
team in India, where there was limited experience in the particular project. In taking
on new developers located in India, one manager said that they would not partake in
any GSD effort for their first three months.

Hence, our study shows that reduced development costs are indeed a driver for
GSD. However, adthough cost savings can be achieved in terms of lower average
wage per man-hour, there are other aspects that need to be taken into consideration.
For example, our study reveals the lack of models to calculate true costs, additional
managerial overhead, perceived threat from lower paid colleagues, limited travel
possibilities and additional time to build up a‘critical mass'. Ultimately, restrictions
on travel between sitesin order to limit costs can lead to problems such as the lack of
trust, and possibly, reduced productivity. It cannot be denied that cost savings can be
achieved through GSD, however, more in-depth studies are needed to calculate the
total cost of ownership (TCO) of GSD projects.

5.2. Leveraging Time-Zone Effectiveness

Having developers located in different time-zones can allow organizations to increase
the number working hours during a day, hence decreasing cycle time. This is known
as follow-the-sun development, and is often assumed a benefit of GSD (Herbsleb and
Grinter, 1999, Carmel, 1999, Herbsleb et al., 2000).

Even though, the companies in our study certainly acknowledged the possible
benefits of time-zone effectiveness, such a scenario was seen as difficult to realize.
Achieving time-zone effectiveness implies that developers are located across several
time-zones with, ideally, some overlapping work-hours during the day. However,



sufficient over-lap in working hours may be difficult to achieve due to, for example,
lunch breaks or nationa holidays. Hence, delays in response may prolong the
development process. A manager in HP said that there could be frustration when
awaiting a reply from other sites. During critical phases of the software lifecycle, an
HP engineer stated, “If you’re trying to progress quickly, it [time-zone difference] isa
problem.” Indeed, in Intel, the managers tried to limit that extent of tempora
distance:

“We distribute teams across a maximum of two geos [geographies], which makes time-zones
more manageable.”

According to the companies, only limited types of activities may be suitable for the
follow-the-sun model. As one Intel manager said,

“Follow-the-sun is not practical for software development. It might be more practical to
distribute different phases, like testing.”

Another manager in Fidelity agreed,

“ Follow-the-sun may be not suited for development work, but is good for defect resolution and
support.”

Interestingly, the companies seemed to strive for a model diametrically opposed to
follow-the-sun development — they tended to shift their working hours in order to
maximize the number of overlapping work-hours across sites. Indeed, it seems that
the companies view time-zone differences not as a potential benefit but as a negative
side effect of GSD. The HP team reduced temporal distance by effectively creating a
virtual day acrosstheir virtual team. A manager in HP commented about their flexible
work practices:

“ People go out of their way to work late at night. | have regularly have calls with USworkers at
6am, and | also work quite late. The official workday [in Ireland] is 8.30am to 5.15pm, but that’s
not applied at all. Taking calls at home can become quite intrusive on one's family and personal
life. In the long run, you get burnout of people.”

In Fidelity, they also managed to increase the number of overlapping work hours.
Given a 5 hour time difference between the US and Irish sites, with US developers
beginning at 6am local time and Irish workers beginning at 9am local time, time
difference was effectively reduced to only two hours.

Despite being a widely assumed benefit, harnessing time-zone effectiveness is not
a widely redlized benefit in GSD. As mentioned by our respondents, delayed
responses and the fact that al development phases are not suitable for ‘follow-the-
sun’ development make this hard to achieve, and is ultimately an unattractive
approach to GSD. Instead, they prefer to focus on the overlapping work hours
available to them, and to shift work hours to increase the number of overlapping



hours across sites. This can, in turn, affect the personal lives of the developers, and
possibly lead to a burnout of people.

5.3. Cross-Site Modularization of Development Work

The nature of GSD forces teams to split their work into well-defined individual
modules, which is beneficial to the overall development as these can be developed in
paralel (Ebert and de Neve, 2001, Bass and Paulish, 2004). At the same time, teams
need to be wary of reduced communication between sites, leading to problems at the
integration stage (Grinter, 1998). In earlier work we have seen the importance of a
separation of concerns when decomposing into modulesin general, and it appears that
these principles could be extremely relevant again in the specific case of GSD
(Parnas, 1972).

We found varying approaches with regard to the modularization of work. The HP
team practiced the ‘virtua team’ model, treating all team members as members of the
one large team while being physically separated by great distance. In Intel, the
approach was to explicitly modularize tasks by feature. They treated one set of
collocated colleagues as one team, with all teams coordinating to achieve the
completion of the end product. One manager in Intel explained,

“We try to have as few dependencies as possible on other teams work. In general, we try to
have feature dependency orthogonal across sites.”

By adopting a ‘modularizing by feature’ approach, Intel could also capitalize on
phasing the release software as it is completed:

“We build blocks of software in each site, and then the blocks fit together in the end. Individual
releases can be made available to the customer without every block being prepared. The customer
can choose which components to use.”

Indeed, Intel aso decided not to over-modularize work by limiting the distribution
of teams within a project to a maximum of two global locations. They recognized that
co-location of team members is needed to develop certain units of functionality.

Fidelity also noted advantages with modularizing development work, especially
compared with developing by the follow-the-sun method, as it seems less complex to
achieve. Discrete ‘chunks of work can be sent to the remote site, providing that site
with some level of ownership within the project, thus improving the sense of
goodwill. However, the degree of modularity of work must be considered, ensuring
that the tasks are large enough to offer increased efficiency when modularized. One
Fidelity manager said,

“In one of our projects, we tried to distribute every task. But some things were too small to
distribute. There was no efficiency.”



Furthermore, modularization of work can create integration problems. For
example, if remote teams become too independent, with a lack of inter-site
communication during the development stage, there may be difficulty in integrating
their work in the end when incorrect assumptions about functional requirements come
to light. As one member of the technical staff at Intel warned,

“You don’t want your team to become too isolated, especially in a small team such as we have
herein Ireland.”

A software engineer in Intel recalled a large drop in communication once their
project was distributed:

“Much less inter-site communication happened because of distribution. We had formal weekly
project status meetings, and then used phone conver sations during overlapping work hours.”

A general sense of cross-site teamness amongst developers did not seem to
emerge:

“ Because of the split of work according to features, we remain generally two different teams.”

Overdl, it should be noted that while the modularization of work due to
geographical distribution of developers can be effective in reducing the required level
of cross-site communications, it might also be an obstacle to the creation of a sense of
cross-site teamness. Also, our study shows that modularization of work is not always
preferable. For example, there is no efficiency gained in modularizing smaller tasks.

5.4. Accessto Large Skilled Labor Pool

GSD has the potentia to facilitate access to a large pool of highly skilled workers
(Carmel and Agarwal, 2001, Damian et al., 2003, Herbsleb and Moitra, 2001,
Herbsleb et al., 2000). Accordingly, all three companies highlighted the fact that GSD
allows them to access a larger labor pool, with specialized skills, particularly in
countries such as Indiaand Malaysia. A manager in Fidelity noted,

“India is considered a good place to have the Quality Assurance (QA) skill set. The testing
component is typically being donein India.”

A manager in Intel added that the scalability available to them as aresult of access
to a large labor pool alows them to increase greatly the size of their development
efforts without dramatic changes to the organization. The manager stated,

“It's very difficult to hire skilled engineers [locally]. When you don’t have the capacity to
compl ete some specific work, outsourcing offers us scalability.”

The site manager in Intel was particularly pleased with the high skills that
graduates obtain in India and Malaysia. In India, Intel can recruit relatively low-



waged graduates from the top four or five universities in India, choosing PhD
graduates, resulting in access to “genius employees.”

However, the benefit of having access to a large cheap and skilled labor pool may
not be automatically realized. Due to rapid growth in the employment market for
software developers in Bangalore, for example, the companies reported problems of
very high attrition levels.

Other disadvantages linked to seeking out workers in other employment markets
are due to the implied increase in cultural distances between team members. As
cultural differences are increased among team members, existing problems may be
exacerbated. All three companies noted various problems due to cultura differences
within their GSD teams. For example, the site manager at HP had issues with dealing
with his staff in India

“ Language difference is a really big problem. Half the time, | don't know what the guys are
saying, quite honestly.”
An architect at HP offered another example of problems due to different cultura
backgrounds:

“| wastrying to get people to use the same tools. | said, ‘Thisislike areligiouswar.” One of the
guys in the US said, ‘“Well, I’'m highly religious, | go to church, | really care about it, so what do
you mean?’ They took me up completely wrong.”

The Intel site managed to reduce visible cultura distance at times, by hiring
outsourcing companies with customer interfacing employees in the US, while their
actual development still takes placein India.

Despite being assumed as a benefit, access to a large labor pool does have some
drawbacks that should not be ignored. In our study, respondents report on drawbacks
such as high attrition levels due to rapid growth in Asian economies and hence, high
turn-over in staff. Also, an increased cultural distance brings with it problems difficult
to foresee.

5. 5. Innovation and Shared Best Practice

It has been suggested that due to GSD actors coming from various backgrounds,
organizations can take advantage of increased innovation and shared best practice
amongst team members (Ebert and de Neve, 2001). A manager in Fidelity suggested,

“Having people coming from different backgrounds will always help, getting different views
from different people, since people coming from different parts of the world would have different
ways of doing something.”

A software engineer at Intel aso acknowledged the effect of working with people
from different cultural backgrounds:



“When working a lot with people in another country, | even found my accent or thought process
changing!”

However, inreality, it didn't seem like GSD developers ever had much opportunity
to share best practices with each other. Lack of face-to-face contact inhibited informal
communication, and reduced sharing of ideas between different sites. While managers
had met many of their counterparts at other sites, many developers had never met
their remote colleagues. This was the case at Intel, and even a HP where the team
was striving for a ‘virtual team’ environment without geographical boundaries. With
the lack of free flow of information between sites, it would be difficult for innovation
and shared best practices to emerge. Finally, some of the employees in the companies
recognized the fact that the abilities of developers in lower-waged locations were
possibly underestimated. With alack of respect for others' ahilities, it islesslikely for
them to learn best practices from others.

Even though innovation and shared best practice is assumed a benefit of GSD, we
found that this is seldom realized. Despite recognizing the value of working with
people from different cultural backgrounds, the working environment does not always
allow for interaction and exchange of ideas. Also, an underestimation of other
peoples’ skills may prohibit the true potential of shared best practice.

5.6. Closer Proximity to Market and Customer

By establishing subsidiaries in countries and on continents where one’'s customers are
located, a more direct interaction becomes possible (Herbsleb and Moitra, 2001,
Grinter et a., 1999, Herbsleb et a., 2000). However, only one of the companiesin our
study noted the benefit of locating development efforts closer to their target market.
As Intel is mainly a manufacturing company, many of their technology customers are
located in China. Having local employees located in China, they are close culturaly
and linguistically to the customer, and have better knowledge of local business
conditions. However, having devel opers located in the customers market implies that
there will be a cultural divide amongst team members — which would introduce the
socio-cultural problems discussed above. Therefore, companies locating some of
their development efforts in local markets in order to be closer to their customers
must also devel op strategies for overcoming socio-cultural problems.



Tablell. Extent of Realization of GSD Benefits

Assumed Extent to which Realized Overall
Benefit Verdict
Reduced Eight-fold developer salary differential between US | Partially
devel opment and Indiafor example. realized
costs Only lower value-add, less complex and mission-

critical tasks being off-shored.

Significant overhead in communication,

coordination and control overhead.
Leveraging Time-zones not a benefit but a cause of reduced Mythical
time-zone collaborative time window and unusual working benefit
effectiveness hours.

Follow-the-sun not used for development activities,

but sometimes for other activities, such astesting.
Cross-site Modularization of work by features across sitescan | Partially
modularization | be effectivein reducing the required level of cross- | redlized
of development | site communications.
work Might also be an obstacle to the creation of a sense

of cross-site teamness.
Accesstolarge | GSD does provide access to large pool of skilled Partialy
skilled labor workers. realized
pool Extremely high attrition levelsin rapid growth

regions.

Not al the desired skill-sets may be readily

available.

Socio-cultural problems abound.
Innovation and | Employees who feel threatened by low-wage Mythical
shared best colleagues are unlikely to share more than necessary | benefit
practice to get the job done.
Closer Although local presence provides for better access Partialy
proximity to to customers, cultural problemsinternally increase | realized
market and accordingly.
customer

6. Conclusions

While there are many significant beneficial aspects of GSD, our study clearly shows
that these benefits are neither clear-cut nor can their readization be as taken-for-




granted as the GSD literature may lead one to believe. Specifically, anyone engaging
in GSD should be aware of the many risks associated with these ‘benefits'. Do not
assume that overall costs will be reduced, as lower wages are countered with the
overhead of higher manageria complexities.  Pure follow-the-sun software
development seems unrealistic, and companies prefer to modularize work instead of
trying to take advantage of developers being situated in various time-zones. Seeking
out employees in rapid growth markets can backfire, with very high attrition rates
reported. Sharing of best practice between cultures can be problematic, especidly if
the ones sharing feel they are giving away their competitive edge to lower waged
colleagues. Closer proximity to foreign markets leads to closer proximity to socio-
cultural problems. Table Il summarizes the main insights gained from this study in
terms of how the assumed benefits of GSD played out in the studied organizations.
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