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Abstract 
 

Effective communication and coordination across 
multiple sites is extremely important for global 
software development. An experimental simula-
tion that mimics an interdependent software divi-
sion working across multiple locations was 
designed to study this phenomenon. Six experi-
ments were run, each with participants divided 
into four or five sites depending on the availabil-
ity of participants. We found that simulated work-
ers at the same sites formed strong in-groups and 
were able to enlist help from their collocated col-
leagues at a much higher rate than from remote 
colleagues. These strong local in-groups inhibited 
cross-site collaboration. Remote workers had par-
ticular difficulty coordinating work with in-group 
members. However, certain isolated participants 
did perform well by being proactive in communi-
cation and reminding collaborators of reciprocal 
relationships. Future uses of this simulation will 
test different interventions such as instant messag-
ing, calendaring, and traveling, which may help 
overcome the challenges of global software de-
velopment and inform the design of future col-
laboration technologies.  
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1 Introduction 
Software development is increasingly going 
global, with development occurring in multiple 
sites located in different geographic regions. 
Some of the reasons cited for this trend include 
improved information and communication tech-
nologies, increased globalization providing access 
to skilled labor at lower costs, the business advan-
tage of capitalizing on the skills of workers 
knowledgeable about local market conditions and 
opportunities, and the need for flexibility to take 
advantage of mergers, acquisitions and alliances 
[23]. Companies have also begun experimenting 
with novel work arrangements such as ‘Follow 
the sun’ development to improve time to market. 
In such arrangements, software engineering teams 
make daily handoffs between remote sites across 
different time zones, allowing development to 
proceed nearly 24 hours a day. Furthermore, with 
eight out of ten large corporate IT departments 
projected to outsource offshore at least part of 
their technology services by 2004, the trend of 
global software development will continue [26]. 
 Speed to market is a critical factor in suc-
ceeding in the highly competitive software indus-
try [12]. In their studies of distributed software 
development teams, Herbsleb et al. found that 
cross-site communication and coordination issues 
cause a substantial loss of development speed [19, 
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20, 21]. Distributed items appeared to take about 
two and a half times longer to complete than simi-
lar items where all the work was collocated. Car-
mel showed that 58% of companies implementing 
‘Follow the sun’ global software development 
methods saw the same or longer development 
times compared to traditional development meth-
ods [6]. Seaman & Basili in their study of partici-
pants in a software design and code review 
process at the IBM Toronto Software Lab found 
that interactions took longer and required more 
effort when participants were in physically distant 
locations compared to when they worked in close 
physical proximity to one another [39]. Prior em-
pirical studies of large scale software develop-
ment also illustrate the considerable amount of 
difficulty involved with communication and coor-
dination [2, 11, 27, 41].  
 Difficulties arising out of working across 
distance also affect the inter-personal relation-
ships among distributed workers. Software engi-
neers involved in multi-site software development 
have to deal with the frustration of communicat-
ing with remote workers in different time zones, 
difficulties of language and culture, and intellec-
tual property agreements that restrict communica-
tion. It may then come as no surprise that 
researchers have found that coworkers form less 
close relationships with distant colleagues, trust 
them less, and make uncharitable attributions 
about them [10, 19, 38].  
 Such real world evidence suggests that dis-
tance can be a formidable barrier to global soft-
ware development. In the words of Olson & 
Olson, “The death of distance has been greatly 
exaggerated” [32]. However, as software devel-
opment becomes more globally distributed, there 
are great rewards to be reaped for overcoming 
barriers to effective communication and coordina-
tion across multiple sites. 

1.1 Prior research on managing 
communication and coordi-
nation across distance 

Prior empirical studies of software development 
have found that software developers spend a con-
siderable amount of time in communication and 
coordination activities [27, 37, 42]. These studies 
highlight the importance of communication and 
coordination in software development. Various 
approaches have been suggested to manage com-

munication and coordination across distance. 
These include the introduction of communication 
technologies, explicit control mechanisms, and 
models for reducing the need for cross-site coor-
dination. 
 With the aim of improving both formal and 
informal communication among distributed work-
ers, communication technologies such as video 
[13, 15, 31], audio [25], chat [17], instant messag-
ing [30] and text [7] have been introduced in the 
workplace. These technologies have had limited 
success and face challenges ranging from poor 
design to adoption. As a result, there is still much 
room for research on the design of such technolo-
gies. 
 Another approach to deal with the challenges 
of coordination across distance involves adopting 
practices such as the Capability Maturity Model 
[24, 36] and paying attention to software proc-
esses [4, 33]. These practices typically involve 
explicit and visible mechanisms for coordination 
such as planning, defining and following a proc-
ess, carefully managing requirements and design 
specifications, measuring process characteristics, 
regular status meetings to track progress, imple-
menting a work flow system and so on [24]. 
However, these plans and processes are only use-
ful to the degree that one can anticipate various 
scenarios and contingencies. Factors that contrib-
ute to the highly variable nature of software de-
velopment such as volatile requirements, unstable 
specifications, staff turnover etc. create limits on 
what can be reasonably planned and anticipated. 
 The final approach to managing distance has 
been to minimize cross site communication and 
coordination needs. Melvin Conway was one of 
the first people to recognize the relationship be-
tween product architecture and communication 
structure. He said that the structure of the product 
will mirror the structure of the organization that 
designed it – an idea that would later be known as 
Conway’s Law [8]. David Parnas went on to clar-
ify this relationship between product architecture 
and the people that design it. The notion of modu-
larity, a cornerstone of software engineering, al-
lows modules or ‘work items’ to be split in such a 
way that design decisions about each component 
can be made in isolation from decisions about 
other components [34]. Such division of labor 
reduces the requirement for coordination and 
communication across different parts of the or-
ganization involved in the design of different 
components. An implication of this would be to 
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collocate the people involved with the develop-
ment of the same component, since the tasks re-
lated with designing that component are tightly 
coupled and would require more communication. 
Tasks associated with different components are 
loosely coupled, and would require less commu-
nication. Grinter et al. studied six software engi-
neering organizations where four models of 
minimizing cross-site communication and coordi-
nation were implemented. These models for 
dividing work among multiple sites were across 
functional areas of expertise, product structure, 
process steps and need for customization. The 
researchers found that regardless of what model 
was used, the complexities of communication and 
coordination of real world development projects 
led to problems such as conflicts between the cen-
tral hub and remote sites, and with locating exper-
tise [16]. 
 Analyses of these approaches highlight the 
fact that technology is only a small part of ena-
bling effective global teams. There is a need for 
tools and techniques that not only improve 
development processes, but also address 
organizational and social issues in global software 
development [28]. Consequently, a socio-
technical frame of analysis may prove to be 
extremely useful in overcoming problems 
witnessed in empirical studies of global software 
development such as feelings of alienation among 
remote site workers, not knowing who to contact 
for help, lack of trust among workers at different 
sites etc. 
1.2 The importance of cross-site 

social networks in global 
software development 

When software developers working on the same 
project are collocated, there is ample opportunity 
for communication. A colleague can simply walk 
down the hallway to a coworker’s cubicle, or en-
gage in an informal conversation when they meet 
at the coffee machine. Being located in the same 
site creates such opportunities for collaboration 
and enlisting the help of colleagues. When devel-
opment spans across multiple sites, such opportu-
nities become more difficult because of the 
distance involved. There is a lack of shared con-
text, a lack of cues regarding availability, and 
often a lack of trust for sharing information. 
 Due to the complex and volatile nature of 
software development, unexpected events often 

occur. When the resolution of these events re-
quires coordination among multiple sites, this can 
be very disruptive. Developers report great diffi-
culty in determining the appropriate person to 
contact at a remote site. Software developers often 
have no straight forward way of finding out who 
was responsible for a particular component on a 
remote site without resorting to workarounds [19]. 
In such situations, cross-site social networks be-
come extremely important. Grinter et al. describe 
a situation where a problem with a large, complex 
component installed in a network in Mexico was 
solved by members of a UK site through calls to 
people they knew previously and maintained a 
relationship with [16]. As one of their respondents 
quotes ‘things can be resolved over the phone if 
you have a good relationship with someone’. In 
the absence of such networks, the issue gets esca-
lated to a manager. This could then potentially 
involve communicating with multiple people 
across multiple locations, and substantially im-
pede resolution of the matter. 
 This value derived from a person’s social 
networks is often referred to as ‘social capital’. If 
we take two companies whose employees each 
have exactly the same profile of skills and knowl-
edge, they would have identical intellectual capi-
tal. However, their performance might still differ 
radically from each other due to different levels of 
social capital. One company’s employees are so-
cially interconnected, and can use other employ-
ees’ unique skills to their fullest extent, bringing 
the entire intellectual capital of the company to 
bear on the most important problems. Employees 
of the less-efficient company, by contrast, would 
confront every problem using their own skills, or 
perhaps those of workers who were institutionally 
or geographically close. The ability to use social 
capital to allocate intellectual resources efficiently 
has been referred to as the ‘organizational advan-
tage’ [29]. This advantage is determined in part 
by the network of individual relationships that 
forms within a company, and also partly by the 
general climate of cooperativeness existing in the 
company. 
 In this paper we describe the use of an ex-
perimental simulation that mimics an interde-
pendent software division working across 
multiple locations. We want to be able to study 
the effect of collocation, the presence of multiple 
‘sites’ within a larger company, the integration of 
these disparate sites into larger group collabora-



 4

tions, and the influence of social networks in such 
collaboration.  

2 Method 

2.1 The Shape Factory  
Simulation  

This paper reports data from use of the Shape 
Factory simulation environment. This experimen-
tal task was designed to study collaboration pat-
terns among groups in many configurations across 
unequal media (face to face vs. computer medi-
ated communication) and unequal geographic 
distribution (collocated vs. remote); much like 
when software development is spread across mul-
tiple sites.    
 The simulation is an online multi-player 
game. In order to allow participants to easily un-
derstand the simulation, we used the metaphor of 
a factory producing shapes – Shape Factory. In 
this simulation, each participant plays the role of a 
factory manufacturing colored shapes. For exam-
ple, one participant might produce blue squares, 
and another green triangles. For each round, par-
ticipants are given unique sets of ‘orders’ to fill. 
Orders are strings of shapes, e.g., ‘purple circle-
blue square-white diamond-red triangle’. Partici-
pants’ effectiveness in the simulation is deter-
mined by their ability to get other participants to 
send scarce shapes in a timely manner for them to 
fill orders. Orders vary in length from 3-5 shapes, 
and their payoff increases with the square of their 
length, giving incentive to try to fill the longer, 
more difficult orders. Participants are distributed 
in different ‘sites’. Some sites act as central hubs 
where several collocated participants play the 
simulation together in a room, while some sites 
only have single individuals playing the simula-
tion in a single room, as shown in figure 1. 
 Participants engage in the simulation through 
laptop PC’s with a wireless internet connection. 
Collocated participants are arranged around tables 
so that they can work on their laptops while con-
versing with each other. This initial arrangement 
of geographic distribution was chosen because it 
allowed us to look at the effects of collocation, the 
effects of multiple sites, and the effects of isola-
tion within the same configuration. 
 
 

Site 1  Site 2 

 

 

Site 3  Site 4 

 
 

 
 

Figure 1: Configuration of collocated and isolated 
participants 

 
 Participants who are isolated can communi-
cate with others only through the simulation’s 
built-in messaging system, which is similar to 
email. Participants in Sites 1 and 2 also need to 
use the messaging system for cross-site conversa-
tions and for all official exchanges of shapes, but 
can talk around the table with other participants 
within their site. They can not visit other sites or 
verbally talk with participants from other sites.   
 This design of Shape Factory replicates some 
of the interdependencies and social network dy-
namics in distributed software development that 
we are interested in studying. We wanted a sce-
nario where individuals are dependent to a certain 
degree on others for their success, similar to coor-
dination situations in cross-site software devel-
opment. In the simulation each participant has a 
need to identify potential collaborators and build 
and maintain relationships with them. They also 
have to operate with limited resources and time 
pressures. The simulation yields outcome meas-
ures of productivity that are meaningful at both 
the individual and at the group level.  
 
Identify potential collaborators: In the simula-
tion each participant has to decide who to collabo-
rate with by making requests for shape(s) to fill 
their individual ‘orders’. Participants are given 
more orders than they can fill each round, so they 
must choose which ones they want to assemble. 
Each order consists of shapes made by other par-
ticipants in the simulation and is randomly gener-
ated from the set of active participant shapes. 
Participants choose which orders to go for based 
on their expectation that they can gain coopera-
tion from those particular participants. Over time, 
participants may call on particular participants 
repeatedly, and ignore others. In a software de-
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velopment scenario, individual orders can be con-
sidered similar to a modification request (MR), 
where a request to enhance the functionality of the 
software or to fix a bug is made. Typically, the 
individual assigned as the MR owner needs to 
identify individuals with the necessary expertise 
and willingness to complete the task. These indi-
viduals may be located within the same site or 
across sites. 
Need to build relationships: In order to fill or-
ders and succeed in the simulation, participants 
must be able to obtain shapes from other partici-
pants. As a result, building and maintaining good 
relationships with other participants becomes very 
important. This is analogous to a MR owner being 
able to leverage his or her social network to enlist 
the help of other workers to complete the MR. 
Limited resources: Participants’ factories make 
only five new shapes per round, which is not 
enough to grant all incoming requests from other 
participants. So during each round, participants 
must allocate shapes to a limited set of collabora-
tors, while also saving some for their own orders. 
This mimics the real-world condition that every 
worker has limited time, energy, and attention to 
give to others since they also have their own re-
sponsibilities to perform. 
Limited time: Orders expire fairly quickly, and 
rounds of the simulation are kept short (15 min-
utes). A tax system also discourages participants 
from maintaining large inventories between 
rounds. Participants must thus choose collabora-
tors based both on their expectation for coopera-
tion, and promptness in replying. This mimics the 
real world in that the decision to collaborate may 
be influenced by speed and convenience of access. 
Outcome measures: Individual participants’ final 
scores are a measure of how well they were able 
to obtain shapes from other participants in a 
timely manner to fill orders. Group scores are also 
measures of whether a group was able to ex-
change its resources (shapes) efficiently and allo-
cate shapes where they would do the most good. 
Since longer orders pay off higher proportional 
rates, groups and individuals that can coordinate 
delivery and production of longer chains score 
higher. Ineffective groups fill shorter chains, and 
may also lose many shapes to inventory taxes. So 
even though every same-size group is allocated 
the exact same number of shapes over the course 
of one 12-round simulation, groups vary widely 
on their scores. This is similar to real world or-
ganizations that may be identical in available tal-

ent but vary widely in effectiveness, due to 
differences in social capital. 

2.2 Corollaries to ‘real-world’ 
collaboration 

As in most simulations, Shape Factory is not in-
tended to be a full simulation of multi-site 
software development, but rather is intended to 
reproduce some realistic dynamics of distributed 
work. The exchange of shapes between partici-
pants is intended to mimic the way that real-world 
collaborators exchange time, skilled work, and 
other favors. For example, programmers working 
for the same company would have different 
specialties, and part of their job would be to enlist 
help from relevant specialists. A highly efficient 
organization is one where employees can enlist 
and direct specialized skills of others without un-
due cost or delay. We have discussed previously 
how distributed software development can be 
inhibited when geographically separated workers 
fail to lend their specialized skills quickly. In 
Shape Factory, the scores of both individuals and 
the group are a reflection of their ability to enlist 
collaboration (through exchange of specialized 
shapes) when needed.  
 One criticism of the Shape Factory environ-
ment is that is it more competitive and less col-
laborative than most teamwork. This is probably 
true; in the tradition of experimental research, we 
have exaggerated the variables of interest in order 
to study them more effectively. But it is also true 
that even perfectly altruistic teams still face 
choices in how they allocate their time, attention, 
and favors. The interactions of the most well-
meaning team may still be affected by the con-
figuration of local and distant team members.  
And, in the workplace, performance reviews usu-
ally focus on individual versus collective per-
formance. 
 As for the experimental conditions, we know 
that these also have some unrealistic aspects. Our 
isolated participants can communicate outside of 
their rooms only via text messaging. Real workers 
would at least have a phone available, and proba-
bly some ability to travel. For the purposes of this 
study it made sense to maximize the differences 
between groups. The point of the simulation is to 
study the effects of unequal media and unequal 
geographical distribution on social networks, 
which are very real challenges for distributed 
workers. Future experiments will add new varia-
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tions, such as phone, instant messaging, calendar-
ing, and travel, and measure the extent to which 
these variables ameliorate the effects of isolation. 
 We believe Shape Factory represents a para-
digm shift toward more complex and large-scale 
experiments, which is needed to study phenomena 
that arise from real-world settings.  
 Field research is often seen as the remedy for 
the narrow scope of the laboratory study, but has 
its own limitations. Field work involves careful 
observation and analysis in situated settings, and 
thus avoids some dangers of oversimplification 
and decontextualization. However, fieldwork is 
incomplete because it is often too complex to be 
interpretable, and because it cannot be easily rep-
licated. To take one example, Rocco, et. al. [38] 
found that in teams separated by distance, workers 
had lower levels of trust with remote colleagues 
compared to collocated colleagues. But this result 
is confounded, as most field studies are, by prior 
history between participants (the two divisions 
had joined the parent company at different times), 
extraneous variables (e.g. the two divisions were 
not exactly the same size), and particular circum-
stances (the two divisions had their own estab-
lished cultures).  Because of the complexity of the 
situation and the lack of replicability, it is very 
hard to know how widely to generalize the find-
ings. 
 Software Engineering researchers such as 
David Parnas have stressed that neither field stud-
ies nor experiments alone can improve software 
development practices [35]. The research de-
scribed in this paper is an attempt to create a mid-
dle layer research tool. Shape Factory is by 
necessity larger and less controlled than a typical 
experimental design. The effects we are looking 
for are emergent effects arising from many inter-
acting participants, not direct effects of individual 
actions or intents. For example, we do not expect 
that any individual in the simulation will intend to 
ignore or marginalize participants located at other 
sites, but we expect that in a complex and fairly 
fast-paced simulation this effect will emerge as a 
result of many participants’ actions. We also ex-
pect market forces to act in this larger group dif-
ferently than they might in a smaller group 
experiment. These effects will emerge (if they do) 
because the simulation accommodates many indi-
vidual choices and many different possible strate-
gies. At the very least, the experimental paradigm 
described in this paper will be a useful addition to 

the set of methods researchers have at their dis-
posal to study distributed collaboration.    

2.3 Participants and procedures 
We conducted six sessions of Shape Factory, in-
volving 58 participants in all. Participants were 
recruited using a paid subject list, and were 
mostly undergraduate or graduate students. They 
were paid $35 each for their participation. After 
participants arrived at the lab, we asked them if 
they knew anyone else in their session. We ex-
cluded participants that did. Furthermore, since 
participants were identified using shape names 
rather than their real names, leveraging any prior 
acquaintance would be difficult. The sessions all 
followed roughly the same configuration of collo-
cated and isolated participants. In each session, 
participants were divided into four-five sites de-
pending on their availability. In two of the sites 3-
4 participants worked collocated while the other 
two-three sites each had a single participant work-
ing isolated.   
 Participants were assigned to experimental 
location based on their order of arrival, with some 
correction in the last two experiments to ensure a 
gender-balanced group of isolated workers. De-
tails of configurations are available in table 1. 
 
 Site 1 Site 2 Isolates Total 
Session 1 3 3 2 8 
Session 2 4 4 2 10 
Session 3 4 4 3 11 
Session 4 3 3 3 9 
Session 5 4 4 2 10 
Session 6 4 4 2 10 
 
Table 1: Configurations of six Shape Factory ses-

sions 
 

The simulation was played in four-hour blocks, 
which allowed 12 rounds of 15 minutes each, plus 
30 minutes for instructions, and two 15 minute 
breaks in the middle. 
 Participants were given simulation instruc-
tions and a self-administered quiz to test their 
understanding before the simulation began. They 
were told to pursue two goals: maximizing their 
own score, and maximizing the company score. 
The company included all participants in the 
simulation, and a running company total score 
was always visible on the interface next to their 
individual scores. Collocated participants were 
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never told that maximizing in-site scores was a 
goal, although analysis will show that participants 
often behaved as if their in-site partners and them 
were a separate team. 

3 Results 
Statistical analysis of simulation results reveals 
two main effects: collocated participants did bet-
ter than isolated participants, and collocated par-
ticipants had an in-group bias toward trading with 
other participants in their own site. Additionally, 
message content reminding recipients of recipro-
cal relationships was found to be a statistically 
significant predictor of success. 

3.1 Advantages of collocation 
Participants who were collocated in a site with 
two or three other participants scored higher than 
isolated participants. In a regression analysis, be-
ing collocated predicted a significantly higher 
individual score in the simulation after the effect 
of individual sessions was controlled for using 
dummy variables (R2=.36, Beta=-.3, p<.01).  This 
effect was also significant when we performed a t-
test on z-scores not assuming equal variance.   
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 Figure 2: Mean individual score for isolated  
versus collocated individuals 

 
Collocated participants could verbally request 
orders from each other, saving some time and 
effort, but the advantage of collocation went well 
beyond this. Although we did not record or sys-
tematically analyze verbal data from the collo-
cated sites, simulation administrators did spend 
part of each simulation session in the back of one 
of the collocated sites listening to conversations.  

Participants were often observed reserving shapes 
for each other across multiple rounds, and arrang-
ing third-party trades with other sites (e.g. “blue 
circle says he’ll send me one if he gets one from 
you”). They also exchanged information about 
other participants (e.g. “how responsive has green 
circle been to you?”) and about simulation strate-
gies. Collocated participants also reported that 
they chose which orders to try to fill based on 
which order had the most shapes from people 
within their site. These types of coordination ef-
forts were very rarely done at a distance via the 
messaging system across sites, but were common 
among collocated sites. 

3.2 In-group bias of collocated 
sites 

Not surprisingly, analysis shows that the collo-
cated sites on average traded shapes with each 
other more than with participants outside their site.  
Collocated participants sent each other participant 
in the site an average of 7.04 shapes over the 
course of the simulation, while sending only an 
average of 3.81 shapes to participants outside of 
their site, a significant difference (p<.001).  They 
treated isolates and participants from the other 
collocated site about equally, averaging 3.76 and 
3.81 shapes to each (no significant difference). 
Isolates showed no significant bias towards other 
isolates, sending them an average of 4.81 shapes, 
to 4.00 shapes to the average other participant.  
 

Site 1  Site 2 

 

 

Site 3  Site 4 

 
 

 
 

Figure 3. Average number of shapes exchanged 
between individual collocated and isolated par-
ticipants, showing the large in-site bias between 

collocated participants. 
 
While all participants received the same number 
of shapes over the course of a simulation session, 

4.81

7.04

3.89
3.76 

4.00
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not all delivered or received the same number, 
and isolates on average gave and received fewer. 
 When asked, most collocated participants 
reported that they chose which orders to fill based 
on which orders needed the most shapes from in-
site participants. This indicates that the in-group 
bias resulted from choices made early on in each 
round – participants in collocated sites often did 
not even attempt to collaborate outside their site 
unless they had to.    
 The highly collaborative collocated sites, 
while providing a level of efficiency for site mem-
bers, seem to have exacerbated the problem of 
remoteness for isolated participants. Analysis of 
the number of requests that were ignored by their 
recipients shows that collocated participants were 
significantly more likely to ignore incoming 
requests from outside their site, as compared with 
isolates. (R2=.173, Beta= -.371 p<.05). 
 Finally, collocated participants sometimes 
developed rivalries or animosities with other sites, 
irrespective of whether that site had collocated or 
isolated participants. In three different sessions 
we heard reports of makeshift ‘embargos’, where 
participants from one site would agree not to send 
shapes to one or more individual in another site, 
usually in retribution for a failure to help one of 
the group. These cross-site rivalries were not en-
couraged by the simulation instructions, which 
told participants to focus on the individual and 
whole-group goals, but emerged nonetheless. 

3.3 Strategies of requesting 
from remote collaborators 

We explored a number of possible explanations 
for why some participants did better than others in 
this simulation, looking in particular for strategies 
that would be helpful for working at a distance.  
We analyzed the record of shape requests through 
the messaging system. We excluded messages 
exchanged between collocated participants in this 
analysis for two reasons: first, because collocated 
participants did most of their negotiation verbally 
and so the text of their written messages was 
sparse and incomplete, and second because we 
were interested in isolating strategies useful for 
distant collaboration.  
 One aspect of request content was the strong-
est significant predictor of success in the simula-
tion: references to past and future exchanges in 
the messages. These references included mentions 
of past cooperation (“I sent you a couple of 

shapes last round”), offers of immediate ex-
changes (“Let’s trade shapes one for one”) and 
promises of future cooperation (“I’ll help you out 
when you need it”). For each participant we cal-
culated a ratio of their use of these references to 
number of distant requests sent, and did an arcsine 
transformation to produce a normal distribution. 
These references significantly predicted partici-
pants’ success in the simulation, as measured by 
their within-session z-score (R2=.23, Beta= 1.47, 
p<.01). These strategies were a stronger predictor 
of success than the sheer volume of requests sent, 
and when those two variables were entered into an 
equation together volume became non-significant, 
indicating that making exchange references was a 
more effective strategy predictor than sending 
larger numbers of requests.  
 We were unable to find statistical evidence 
for two other strategies that were suspected to be 
important: politeness and responsiveness. Several 
participants had told us that they thought ‘polite-
ness matters,’ and felt that they had given prefer-
ence to nicer requests, especially early in the 
simulation session. However, after coding mes-
sages for politeness, we were unable to find a 
relationship between this and success in the simu-
lation. Responsiveness was also thought to be an 
important simulation strategy, especially for iso-
lated participants. However, after analyzing both 
individuals’ average delivery time and average 
response time, we were unable to find a relation-
ship between this and success in the simulation. 

4 Discussion 

Participants of this simulation showed a strong 
tendency to preferentially collaborate with local 
rather than distant participants. These randomly-
assigned participants with no prior history recre-
ated the bias for local collaboration that has been 
shown in prior fieldwork studies, lending external 
validity to our study. Prior fieldwork has found a 
tendency for distributed teams to form subgroup 
identities based on location. Shared location pro-
vides a natural basis for the development of strong 
subgroup identities because such clusters of peo-
ple typically enjoy more interaction and share 
more information with each other than they do 
with remote partners [10]. Armstrong and Cole 
studied software development teams and found 
that location was the basis for group identity 
among team members. They noted frequent in-
stances where team members of the same site 
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referred to each other as ‘us’ while referring to 
team members at other sites as ‘them’ [3]. Herb-
sleb and Grinter describe a competitive environ-
ment based on location that created subgroups in a 
software development team distributed between 
two sites in Germany and Britain. The fear that 
one site might be shut down and work consoli-
dated in the other site led to weak information 
sharing across sites and strong in-groups within 
sites [19]. Herbsleb et al. also found that software 
developers feel they receive less help from their 
remote colleagues compared to their collocated 
colleagues [22]. Cramton studied students as-
signed to do a team project across national 
boundaries and found that team members were 
reluctant to interact with remote team members 
because of inconvenience factors such as the time 
and effort required [9]. This led them to increas-
ingly interact with members that were only physi-
cally collocated with them. In our simulation, the 
in-group bias was demonstrated statistically by 
the fact that participants exchanged significantly 
more shapes with local participants than with dis-
tant participants. The advantages of coordinating 
with local individuals were quickly grasped by 
these participants. These advantages included 
more rapid coordination of exchanges and third-
party brokering arrangements where a participant 
from a collocated site would get their collocated 
partners to send shapes to a participant in a re-
mote site in exchange for the remote participant’s 
shape, essentially acting as the liaison between a 
collocated partner and the remote site. Such bro-
kering arrangements are similar to the ‘contact 
person’ or ‘liaison’ between different remote sites 
mentioned in Herbsleb & Grinter’s study of dis-
tributed software development [19]. Being part of 
a collocated site was an advantage for individuals, 
and collocated participants achieved significantly 
higher scores than isolated participants. Colloca-
tion proved a powerful tool for improving produc-
tivity and encouraging rapid, flexible 
collaboration, as shown in prior studies [38, 40, 
42]. The ease of coordination and richness of in-
formation exchanged demonstrates the power of 
collocated work. 
 This simulation also starts to illustrate some 
of the disadvantages that cohesive collocated 
groups may present for the larger organization.  
Collocated participants were significantly more 
likely to ignore incoming requests from outsiders 
than were a control group of isolated participants.  
We also observed collocated participants ex-

changing third-party information that sometimes 
took the tone of gossip, and enacting group em-
bargoes against specific other participants in dif-
ferent sites. Our findings are similar to findings of 
Herbsleb & Mockus that cross-site relationships 
have less of a team orientation and are less mutu-
ally beneficial than same site relationships [20]. 
 These observations illustrate the challenges 
of integrating cohesive, collocated sites into the 
larger organization. Distributed organizations 
must learn to use these highly efficient collocated 
sites without creating cliques or inter-division 
rivalries that may be a drag on the overall effec-
tiveness of the organization. Cohesive sites need 
to develop means of working cooperatively with 
other sites and including and integrating isolated 
workers.  
 In our simulation, isolated participants had 
significantly lower overall scores than their collo-
cated counterparts. Arranging trades was more 
difficult for them because they could use only the 
messaging system to communicate and build trade 
relationships. They also suffered exclusion from 
the in-group trade cliques that formed. As the 
collocated sites engaged in heavy in-group trading 
and deal-making, the isolates were cut out of the 
loop, and were less effective as a result. 
 On a more positive note, however, there were 
a few isolated participants that were able to do 
well in the simulation despite their disadvantage.  
This included two participants who took second 
place in their respective sessions, and one who 
outperformed all others in her session by a large 
margin (4,300 points, or .82 standard deviations). 
Based on these results, it may be fair to conclude 
that it is possible to operate effectively as an iso-
late, albeit more difficult. 
 We examined some of the strategies that 
seemed to make isolated participants more effec-
tive. As noted before, explicitly referring to the 
past, present, and future exchange was positively 
correlated with success. This was true for all dis-
tant communications between all participants, and 
it may have been especially important for isolated 
participants for which all communication was 
distant.  
 We were unable to demonstrate statistically 
the effect of two other effects that isolated partici-
pants reported as being important: politeness and 
responsiveness. But we know that the isolated 
participants that were considered dependable 
tended to respond quickly to requests, and suspect 
that responsiveness does have an important role in 
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effectiveness. High-scoring isolates were also 
very proactive in their communications, sending 
lots of requests, usually very early in a round. 
 There already exists in the trade literature 
recommendations for how to integrate distributed 
teams [14] and include remote employees [18].  
Some common advice includes the use of avail-
ability and awareness tools, using richer media, 
encouraging travel, and using semi-permanent 
liaisons between divisions. These ideas exist 
mostly as reasonable-sounding recommendations 
unsupported by empirical data. The effectiveness 
of these types of interventions has typically been 
difficult to measure, and it has been almost im-
possible to compare proposed interventions to 
each other, because of the difficulties inherent in 
field work described earlier. Now that we have 
successfully replicated some of these phenomena 
in a lab setting, we hope that Shape Factory and 
similar simulations will provide a testing ground 
for many and various proposed interventions into 
distributed work. Testing interventions and ob-
serving how people react to them will inform the 
design of future collaboration technologies in 
support of global software development. It is in 
this use of the simulation that we anticipate the 
greatest research rewards, and the study described 
in this paper is an important first step towards that.  

5 Conclusion and future  
directions 

In this paper we highlighted the importance of 
cross-site social networks in global software de-
velopment teams to leverage the benefits of social 
capital. Through the use of a novel experimental 
paradigm, we found that participants with no prior 
history formed strong in-group biases towards 
participants that were collocated with them. These 
strong in-groups inhibited cross-site collaboration 
leading to inefficient allocation of resources 
(shapes) and lower company scores. Findings 
from our study are similar to prior field studies of 
real world global software development teams. 
 Findings from this first run of Shape Factory 
have motivated three planned follow-up studies 
which will clarify some points related to distrib-
uted sites. The first line of study will focus on 
manipulating the configuration of sites by having 
single individuals in the majority of sites, to see 
whether isolates perform better when there are 
fewer cohesive collocated sites and being isolated 

is the norm. The second line of research will focus 
on giving remote participants more communica-
tion choices – phone, instant messaging, calendar-
ing, email broadcasting, etc. to see whether they 
can build relationships with distant colleagues 
more easily with more tools. The third line of 
research will give remote participants some train-
ing in effective strategies, and see whether the 
barrier of distance can be overcome with proac-
tive communication and responsiveness. 
 We are optimistic that looking at issues sur-
rounding global software development from a 
socio-technical lens will help organizations strug-
gling with the challenges of communication and 
coordination created by distance. Indeed solutions 
that allow us to build relationships with distant 
colleagues as easily as we build relationships with 
our local colleagues will go a long way in 
alleviating the challenges of distance. 
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