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Abstract

Innovationteams vary in terms of team members’ proximity, i.e., the degree to which all team members are in direct vicinity over
the duration of the project. The proximity of team members, however, has potentially important implications for the collaborative
working of teams. In this paper, we develop and test hypotheses relating team members’ proximity to the performance-relevant
team collaborative processes included in Hoegl and Gemuenden’s [Organization Science 12 (4) (2001) 435] teamwork quality
framework, i.e., communication, coordination, balance of member contributions, mutual support, effort, and cohesion. Using
data from 430 team members and team leaders of 145 software development teams, the results of the regression models shov
that team members’ proximity is significantly related to teamwork quality. However, the magnitude of the relationship between
proximity and teamwork quality varies among the six facets of teamwork quality. Theoretical and practical implications are
discussed.
© 2004 Elsevier B.V. All rights reserved.
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Research inquiry into teams remains strong given the a team-based organization and innovative performance
importance of cross-functional collaborative processes (Hise et al., 1990; Cooper and Kleinschmidt, 1995;
to organizations’ ability to efficiently develop new Gupta and Wilemon, 1996Moreover, recent research
products Brown and Eisenhardt, 1995; Lovelace et (Hoegl and Gemuenden, 200as addressed earlier
al., 2001; Keller, 2001 A number of studies have calls Denison etal., 199dor more sophisticated con-
demonstrated the link between the mere existence of cepts and measures of teamwork, thereby contributing
to a better understanding of the multifaceted nature of
- the collaborative functioning of teams and illustrating
fax’f fs‘;”gzs%‘;gcgg% ;‘:thm- Tel.: +39 02 5836 2627 (Sec. 2632);  how this relates to various aspects of the success of
' E-mail addresses.martin.hoegl@unibocconi.it (M. Hoegl), |nn0\{at|ve projects. .
luigi.proserpio@unibocconi.it (L. Proserpio). Prior research on collaborative team processes
1 Tel.: +39 02 5836 2626 (Sec. 2632); fax: +39 02 5836 2634.  In innovative projects, however, has not adequately
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recognized that new product development teams regu-the literature by relating team members’ proximity to
larly have members that are not co-located. The cross- six performance-relevant facets of the team'’s collab-
functional and multi-disciplinary nature of such teams orative process, i.e., open sharing of information, task
(Lovelace et al., 2001; Keller, 20Dbften entails that ~ coordination, balance of member contributions to prob-
team members spend time away from the team’s main lem solving, mutual support, cohesion, and effort. As
location (e.g., a central project office or laboratory) such, this research extends prior work relating physi-
such as at their functional department’s location (e.g., cal proximity to unitary team process variables such as

in a different building on the same premises or at dif-

“cross-functional cooperationP{nto et al., 199B8and

ferent premises) or at the site of a supplier or customer “charged team behaviorSgethi and Nicholson, 2001

organization. Hence, innovation teams vary in terms of
team members’ proximity, i.e., the degree to which all
team members are in direct vicinity over the duration of
the project. The proximity of team members, however,
has potentially important implications for the collabo-
rative working of teams. In this paper, we investigate
how the degree of team members’ proximity affects
performance-relevant team collaborative processes.
Given this focus, the present research offers sev-
eral contributions to the extant literature on teams
with innovative projects. First, while there is a host of
studies pertaining teirtual teams, such research has
typically regarded geographical dispersion as a defini-
tional feature of such teamddrvenpaa and Leidner,
1999; Maznevski and Chudoba, 2000; Montoya-Weiss
etal., 200}, with anumber of studies comparing virtual
teams taco-locatedeams, the latter of which were im-
plicitly assumed to be fully co-locatearkus, 1994;
Kahn and McDonough, 1997; DeSanctis and Monge,
1999; McDonough et al., 2001; Schmidt et al., 2001;
Billing, 2003). In this investigation, however, we fo-
cus on thedegreeto which team members are in geo-
graphical proximity (or dispersion) and identify how
this affects the quality of teamwork performed. As

Moreover, prior research has also established links be-
tween geographic groupings of companies (e.g., re-
gional clusters such as Silicon Valley) and patterns of
success in many industrieBallman et al., 2004 Such
research streams, however, remain largely at the inter-
organizational level of analysis, whereas our study fo-
cuses on intra-organizational innovation projects.
Third, given today’s comparatively advanced infor-
mation and communication technologies relative to the
time of Allen’s study in the late 1960s, an inquiry into
the effects of decreasing proximity of team members
on critical team collaboration processes seems par-
ticularly timely, as recent evidence from a laboratory
study Schmidt et al., 2001suggests that virtual teams
may even produce superior performance on innovative
tasks (e.g., new product development decision-making)
when compared to teams with high geographical prox-
imity. Our study investigates the influences of team
members’ proximity on the collaboration of software
development teams, operating as IT professionals with
advanced technology such as Computer Aided Soft-
ware Engineering (CASE) toold=graj and Sproull,
2000. Furthermore, the nature of software develop-
ment as producing software code rather than a physical

such, we consider team members’ proximity as a con- product seemingly lends itself particularly well to geo-
tinuous variable, rather than as a definitional element graphically dispersed collaboration of team members.
for discretely distinguishing between virtual and co- As such, we conceptually argue and empirically test

located teamsKeller, 1986; Pinto et al., 1993; Sethi
and Nicholson, 2001

Second, while the seminal researchien (1971)
on communication processes in R&D laboratories has
produced encouraging results (i.e., with reduced prox-
imity drops the probability of communication; 80% re-

how variances in team members’ proximity affect the
collaborative working of teams in the highly computer-
supported and potentially “easy-to-virtualize” software
development industry.

The possible direct relationship between team mem-
ber proximity and team performance, however, is not

duction at an average distance of 801t.), scholars have subject of this research. Instead, this manuscript in-
not built on these conceptual and empirical founda- vestigates the relationship of team member proxim-
tions to gain a more detailed understanding of how ity (as a team characteristic) with different aspects of
physical proximity of team members affects differ- the collaborative work process of teams, building on
ent social and task-related elements of a team’s col- earlier analysesHoegl and Gemuenden, 2001; Hoegl|
laborative processes. Our study addresses this gap iret al., 2003 positively relating these elements of the
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collaborative work process to team performance. Thus, high effort Hackman, 1987; Weingart, 1992nd fos-
putting this study into the context of widely recog- ter an adequate level of team cohesion where team
nized input-process-output models of team effective- members maintain the groupM(llen and Copper,
ness Gladstein, 1984; Hackman, 198this research 1994, Gully et al., 1996
addresses the possible links between inputs (i.e., team The following arguments in support of our hypothe-
member proximity as a team characteristic) and pro- ses will relate to the six teamwork quality facets in
cesses (i.e., the six facets of teamwork quality), while illustrating the relationships between team member
earlier work has conceptually and empirically demon- proximity and intra-team collaboration in innovative
strated the process-output link. projects. Analogous to the socio-technical approach
The detailed discussion of our conceptual arguments (Cummings, 1978; Manz and Sims, 198We divide
begins with specifying teamwork quality and its six the six elements of teamwork quality into more ‘tech-
facets as the dependent variables for this research, fol-nically’ and more ‘socially’ oriented clusters, and draw
lowed by the independent construct of team members’ on both theoretical bases in our arguments. The ‘tech-
proximity as well as its proposed relationship with the nical’ cluster includes open sharing of information,
six teamwork quality facets. The hypotheses are testedtask coordination, and balance of member contribu-
using data from 430 team members and team leaderstions to problem solving, as all three focus chiefly on
of 145 software development teams. task-related processes of team-internal collaboration in
cross-functional innovation teams. The ‘socio’ cluster
includes mutual support, cohesion, and effort, which
1. Constructs and hypotheses relate primarily to norms and values held in the team
as a social unit.
1.1. Team collaborative processes
1.2. Proximity of team members and team
In this research, we consider as our dependent con-collaborative processes
structs the process variables specified by Hoegl and
Gemuenden’s (2001) concept of teamwork quality. In Allen (1971) in his seminal work, relates the
order to capture the complex nature of team mem- concept of proximity to that of “physical distance”,
bers working together, Hoegl and Gemuenden con- measured in terms of feet or meters. The measure con-
ceptualize and empirically validate teamwork quality sidered by Allen is dyadic, in that it refers to pairs of
as a higher order construct with six facets, i.e., com- individuals or, better, to pairs of physical locations that
munication, coordination, balance of member contri- do not vary in reciprocal distance over time. Further-
butions, mutual support, effort, and cohesion (for a more, the outcomes measured by Allen are limited to
later validation of the teamwork quality construct in communication frequency (as already stated in this pa-
a study on the usage of collaborative technology see per, reduced proximity leads to a drop in communica-
Easley et al., 2003 The six teamwork quality facets tion probability: 80% reduction at an average distance
embrace elements of both task-related and social in- of 80ft.).
teraction within teamsGummings, 1978 The under- In this paper we focus on the team level, rather than
lying proposition of this latent construct is that highly the dyadic level, necessitating a team-level concept of
collaborative teams display behaviors related to all six proximity. Prior work has emphasized mean geograph-
teamwork quality facets. In teams with high teamwork ical distance between team membekel(er, 1986;
guality, team members openly communicate relevant Pinto et al., 1998 Such average proximity of team
information (Katz and Allen, 1988 coordinate their members, however, is not attributable only to the sim-
individual activities Adler, 1995; Faraj and Sproull, ple physical distance between offices or desks. Team
2000, ensure that all team members can contribute members tend to meet in different locations or facili-
their knowledge to their full potentialSgers, 1989 ties as required in a specific stage of the project or as
mutually support each other in team discussion and imposed by the company’s physical layout. As such,
individual task work Tjosvold, 1984; Cooke and we consider a team’s proximity as high if team mem-
Szumal, 199} establish and maintain work norms of bers are easily reachable on foot, if all or most team
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members work directly in the vicinity of each other,
and if it is unproblematic to call spontaneous face-to-
face meetings (e.g., for solving problems or taking de-
cisions).

1.2.1. Team member proximity and task-related
team processes

The task-related elements of team-internal collabo-
ration in innovation teams include open sharing of in-
formation, task coordination, and balance of member
contributions to problem solving. We argue that with
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are more likely to take place in dyadic discussions (e.qg.,
individual team members coordinating their activities
via phone or e-mail with other individual team mem-
bers), leaving other team members largely unaware of
the information being shared. This, however, can be
problematic as such dyadic coordination may create
so-called gaps or overlaps, with some work being done
multiple times by different team members, or not done
at all.

The teamwork quality facet of balance of member
contributions, i.e., the ability of the team to utilize ev-

increasing team member proximity, these three team ery members’ potential to the fullest, is also likely pos-

process variables increase as well.

Team-internal communication is likely facilitated
by the close proximity of team membedien, 1971).
There are multiple reasons to account for this. First,
with team members in close vicinity, for instance on
the same floor of a building, initiating communica-

itively related to team member proximity. Having team
membersin the vicinity increases the likelihood of team
members being aware of each others knowledge, skills,
and experiences, as team members engage in richer and
frequently more informal interaction. Such awareness,
inturn, enables the team to draw on the individual team

tion requires less effort as compared to circumstances members’ specific strengths.

where team members are dispersed over different sites.
Second, decreasing proximity decreases the possibility

Given all of the above, we hypothesize:

of spontaneous and/or informal face-to-face commu- ® Hypothesis 1. Proximity of team members is posi-

nication. For example, with team members dispersed

over different physical premises, so-called hallway or
kitchen talks are largely unavailable as vehicles of
communication. Third, decreasing proximity of team

members is likely to entail a decrease in face-to-face

communication within the team. Non face-to-face com-
munication (e.g., telephone, e-mail, etc.), however, is
unlikely to provide the same level of “richnes#ft
and Lengel, 198pbecause of the lack of non-verbal
cues.

Innovative tasks, such as the design and develop-

tively related to communication.

e Hypothesis 2: Proximity of team members is posi-
tively related to coordination.

e Hypothesis 3: Proximity of team members is posi-
tively related to balance of member contributions.

1.2.2. Team member proximity and social team
processes

We also argue that team member proximity is pos-
itively associated with the more social aspects of the
collaborative work process, such as mutual support, ef-

ment of new software, are characterized by high levels fort, and cohesion. For instance, mutual support within

of ambiguity, uncertainty, and equivocalitipgft and
Lengel, 1986; Sicotte and Langley, 2QQtecessitat-

the team is more likely to occur if team members are
physically close to one another. For one, team members

ing an ongoing coordination of task activities as pre- are likely to find it easier to observe situations where
programming of task sequences is largely not possible. their assistance may be needed or beneficial. Likewise,
Such ongoing structuring and synchronizing of task ac- team members may find it easier to call upon one an-
tivities of team members, however, may be more easily other for providing support and guidance. While there
accomplished if team members are in close proximity is no specific literature relating proximity to mutual
to each other. Close proximity of team members allows support, it is widely accepted that social phenomena
for the first-hand and “real-time” observation of team are related to the co-presence of peoehachter
members’ progress on their work. Subsequently, team et al., 195} and that small and frequently interact-
members are in a better position to initiate any restruc- ing groups produce more satisfaction in team mem-
turing of work sequences and contents as new informa- bers and more identificatiorére, 1976; Shaw, 1981
tion becomes available. If team members are located atleading to a more conscious perception of others’ task
some distance from one another, coordinative activities problems.
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Moreover, we argue that close physical proximity of

1157

tions headquartered in Germany. Each laboratory em-

team members is also instrumental for the development ployed between 100 and 500 software developers. All

of team cohesion and work norms of strong effort. If

team members are in close vicinity, stronger social inte-

grationislikely O'Reilly etal., 1989as team members

four laboratories had largely comparable information
and communication technology resources (including
e-mail, file-sharing, online forums, chat, videoconfer-

are more easily accessible for both task-related and alsoencing, telephone, telefax, etc.) available for all project
personal interaction. Team membersin close proximity, teams to utilize at their discretion.

by the higher likelihood of informal and spontaneous
communicationAllen, 19717, will tend to interact not

The laboratories provided lists of projects includ-
ing names and contact information of team members

only on task-related matters, but also on social and per- while the employees of the software laboratories were
sonal matters, strengthening ties among team membersnformed that a study about team management was to

leading to stronger team cohesion. Support for this no-

be conducted. All team leaders as well as randomly

tion comes from the strong and positive relationship chosen team members were contacted for individual
between interaction frequency and interpersonal attrac- data collection appointments. Respondents’ participa-

tion, an important component of cohesi@a¢caro and
Lowe, 1988. Also, Shaw (1981 escribes a positive

tion in this study was strictly voluntary. All contacted
respondents participated in the study. Data were gath-

relation between physical proximity and the existence ered through individual data collection sessions using

of cohesive groups.
Proximity is likely to create stronger social norms
regarding work effort as individual contributions to the

a fully standardized questionnaire (five-point answer
scale). All data collection sessions were conducted on
site in dedicated rooms assuring similar conditions for

team tasks can more readily be observed and are thusevery respondent.

more identifiable in the team, reducing tendencies of

social loafing Latare et al., 1978 Furthermore, team
members in proximity are more likely to develop a
stronger sense of group identitcott, 1997, creat-
ing a commitment to the team and its goat®egl and
Parboteeah, 2003and leading to increased effort on
the common task(ocke and Latham, 1990

Given all of the above, we hypothesize:

e Hypothesis 4: Proximity of team members is posi-
tively related to mutual support.

e Hypothesis 5: Proximity of team members is posi-
tively related to effort.

e Hypothesis 6: Proximity of team members is posi-
tively related to cohesion.

2. Methods
2.1. Sample and data collection

A total of 145 software development teams from

The individual data collection sessions followed
a very structured pattern. First, team membership as
stated on the list was confirmed with the respondent
to ensure that he or she was indeed a member of the
team in question and to ascertain that all respondents
of one team were referring to the same set of individ-
uals as the team. Then the respondent was instructed
to read and complete the questionnaire on his/her own.
This way, possible interviewer effects were minimized,
while there was still a researcher present to clarify
guestions if any occurred. Each data collection session
lasted about 45 min.

2.2. Multiple informants

The database for our analyses consists of 145 team
leader and 285 team member responses pertaining to
145 software development teams. In order to ensure
content validity and to avoid a possible common source
bias, data from different respondents were used to mea-
sure the different variables. Teamwork quality was
measured using aggregated responses from multiple

four German software development laboratories par- team members (excluding team leaders). Proximity of
ticipated in this research. All four laboratories were team members was measured using responses from the
part of larger organizations, with two of them being team leaders. Prior to the hypotheses testing analy-
independent operations of the same US parent com-ses, we calculated interrater agreement for this vari-
pany. The other two laboratories belonged to organiza- able based on both team leader and team member data
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Table 1
Means, standard deviations, and correlations

Mean  S.D. (1) 2) ?3) 4) (5) (6) @) 8)
(1) Proximity of team members 4.44 0.82
) Teamwork quality 4.04 0.45 .26
3) Communicatiof 4.20 0.44 @6 086
(4)  Coordinatioft 4.04 0.59 ®0 074 058
(5) Balance of member contributibn  4.08 0.50 a6 087 073 054
(6) Mutual suppoft 4.13 0.55 019 088 080 055 075
) Effort? 3.91 0.59 ®4 083 061 052 065 062
(8)  CohesioA 3.89 0.56 ®6 088 069 049 074 075 078
(9) Teamsize 6.34 288 -003 -019 -019 -0.05 -024 -014 -018 -0.18

2 Teamwork quality facetN = 145 teams.

available. Using the multiple item estimator for within- measurement scales for teamwork quality are docu-
group interrater reliability as proposed bgmes etal.  mented in full byHoegl and Gemuenden (20Qhpw-
(1984) we found generally strong agreement between ever, representative items for these scales are included
the raters (team leader and team members) across alin Appendix B The detailed analyses byoegl and
teams (0.90). This offers support for using the team Gemuenden (20019n the basis of this data demon-
leaders as reliable key informants for this variable. All strate that all six teamwork quality facets pertain to
further analyses are conducted on the team leader re-the same latent construct (i.e., are strongly loading on
sponses for proximity of team members. one factor). Their analyses further document strong in-
terrater agreement among team members’ assessments
of teamwork quality in the same teardafnes et al.,
1984).

2.3. Measures

All constructs considered in this investigation refer
tothe team as the unit of analysis. Accordingly, allmea- 2.4. Control variables
sures were specified on the team level. The question-
naire was administered in German language. The Ger- We included team size as a control variable in our
man language measurement scales were generated foanalysis. Team size was reported to us by the laborato-
the present study based on descriptions and measures ofies and confirmed by the team leaders. The size of a
related constructs in the literaturiédller, 1986; Pinto projectteam is an important structural variable with po-
etal., 1993. Allitems for our measures were generated tential influences on the quality of a team’s collabora-
based on a thorough literature review. A pretest was tive task process and project succegskaistein, 1984;
conducted including 23 members of product develop- Hackman, 1987; Campion et al., 1998arge team
ment teams at a machine tool manufacturing company. sizes make it more difficult for team members to in-
Following this pretest, the wording of some items was teract with all other team members given the dramatic
refined for later use in the present studglfle ). increase of (possible) individual links between team

Building onKeller (1986)andPinto et al. (1993) members as team size growStéiner, 1965 More-
proximity of team members was measured using four over, with team size increases the possibility that team
items pertaining to the share of team members work- members are located apart from each other.
ing directly in the vicinity of each other, whether team In addition, we included a dummy variable to dif-
members were easily reachable on foot, and whether it ferentiate between new software projects and upgrade
was problematic to call spontaneous face-to-face meet-projects. This categorization was based on the team
ings (Cronbach’s alpha = 0.80). Translations of the leaders’ assessments of whether their projects involved
items used are included Bppendix A primarily the design and development of new software

The teamwork quality construct was measured us- solutions (more innovative), or primarily the upgrade
ing between three and ten items per teamwork quality or customization of existing software solutions (less
facet, with a total of 38 items for all six facets. The innovative).
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Independent variables

Dependent variables (standard coefficient)

Teamwork Communication Coordination Balance of  Mutual Effort Cohesion
quality member support
contributions

Laboratory 1 8 010 —0.04 017 001 004 014
Laboratory 2 6 004 —0.03 016 000 011 004
Laboratory 3 5 016 000 011 -0.01 002 -0.01
Project type (new vs. upgrade) .0a —0.03 005 002 001 007 006
Team size —-0.19? —-0.19? —0.03 —0.26° -0.14 -017 -0207
Proximity of team members B3R 0.212 0.212 0.11 0197 0.222 0.28"
R? 0.10 012 005 010 005 010 012
F 2.68° 3.01° 112 252 1.33 253 312
N = 145 teams.

a Significant at the 0.05 level.
b Significant at the 0.01 level.

Given that this study includes data from four ity show the same relationship with team members’
different software development laboratories, we are proximity. While communication, coordination, mu-
controlling for possible organizational effects (i.e., de- tual support, effort, and cohesion are positively related
pendencies between observations from one laboratory)to the proximity of team members (with standard coef-
in our analysis by including dummy variables for labo- ficient between 0.19 and 0.25), the balance of member
ratory in the regression analyses. This effectively con- contributions is not. These results provide support for
trols for all constant and unmeasured differences acrosshypotheses 1, 2, 4-6, but fail to support hypothesis 3.
the laboratories that may explain differences in the It should also be noted that, of the control variables,
variables and relationships investigated. As such, con- only team size shows significant relationships with
trolling for laboratory also accounts for any differ- teamwork quality and its facets, while neither project
ences there might be in laboratory specific information type (new versus software upgrade/customization
and communication technologies available (as stated projects) nor laboratory show significant regression co-
above, the information and communication technology efficients. This underscores the particular importance
resources were largely comparable across all laborato-attributed to team size as a structural variable affecting
ries) as well as laboratory specific physical layouts of team processes.
premises or policies regarding travel and relocation.

4. Discussion
3. Results
Departing from the assumption of complete co-

To test our hypotheses, we have conducted multiple location of team members, we recognize that geo-
regression analyses using laboratory, project type, andgraphic proximity is a matter of degree, rather than a
team size as control variables, proximity of team mem- dichotomous distinction between so-called co-located
bers as the main effect variable, and teamwork quality and virtual teams. This research shows that the prox-
and its six elements as dependent variabledle 2 imity of team members is related to various aspects of
reports the results of the regression analyses. the collaborative working of teams.

The results of the regression models provide support
for the general thesis of our research: proximity among 4.1. Theoretical implications
team members is positively associated with the quality
of teamwork among them (standard coefficient=0.23).  We show a tangible impact of the degree of mem-
Furthermore, five of the six facets of teamwork qual- bers’ proximity on the teamwork quality construct. Our
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results widen the scope d@fllen’s (1971)work. Not aspects of the teamwork quality construct, i.e., mu-
only the likelihood of communication is facilitated by  tual support, work norms of high effort, and cohesion.
proximity, but also other task-related and social pro- The findings from this research underscore the valid-
cesses within teams are related to physical distance.ity of more fundamental and general theories relat-
In the following we will comment on each of the six ing the social phenomena to the co-presence of people
teamwork quality facets, integrating and contrasting (Schachter et al., 19%1Co-presence produces affec-
our findings with related prior research. tive phenomena and isomorphic/imitative behaviors
As found byAllen (1971) our results show that (Rafaeli and Worline, 2000; Thomas et al., 1D93%f-
team-internal communication is facilitated by the close fectivity and cohesion are determined by visual im-
proximity of team members. In the communication lit- agery, tact, smells, and other similar factors. Existing
erature, the process view of communication has over- literature stresses that physical proximity produces and
come the signaling metapho8ifannon and Weaver, reinforces a sense of group identityibia et al., 200D
1949 and its view of communication as a linear and and team spirit.
non-costly act. Following previous studies, we know
that communication is a complex, long, and costly pro- 4.2. Practical implications
cessinwhich people try to converge on acommon sense
(Rogers and Kincaid, 1981From this point of view, Though outside the scope of this research, we see
it is plausible that the (geographically) closer the per- different “coping strategies” to counter the negative ef-
sons involved in the process, the less the effort required fects of decreasing proximity highlighted in this re-
to achieve such convergence as the higher number ofsearch. Possible answers to collaborative work through
spontaneous and/or informal moments of contacts en- geographical distance are team members’ temporary
sure a higher level of richness of the information trans- re-location or travelNloyle and Parkes, 1999which
ferred. can be quite costly and time-consuming for the project
In a similar way, proximity supports another com- as well as fatiguing for the team members travelling.
plex and costly process, the coordination of tasks and Furthermore, teams can use computer mediated com-
contributions from individual members. If people are munication technologied=(lk and DeSanctis, 1995;
close to one another, the coordination process will be Zmud et al., 1990; Bchel, 200ifor a review) to deal
supported by direct observation and the mutual, day- with a lack of geographic proximity. While it is pos-
to-day adjustments among people (two of the most rel- sible to argue that computer mediated communication
evant coordination tools described bpwrence and  technologies can help solve communication and co-
Lorsch, 1967. ordination problems associated with decreasing prox-
Contrary to our expectation, the balance of mem- imity, the burgeoning literature on this topic is often
ber contributions, i.e., the ability of the team to uti- controversial and hence unable to provide a clear in-
lize every member’s potential to the fullest, is not dication of the effectiveness of distant communication
affected by team member proximity. We can only and coordination. On the one hand¢Grath (1991)
speculate as to possible reasons for this surprising suggests that a team with no past history and engaged
finding and would like to offer the following expla- in a dispersed task has a lower possibility to be as ef-
nations that essentially posit a compensating effect fective as a fully co-located team. SimilarDaft and
that may partly offset the predicted relationship. Our Lengel (1986argue that computer-mediation can hin-
results document a significant negative relationship der communication effectiveness through the cut of
between team size and the balance of member con-non-verbal cues and other relevant information. On
tributions. As such, this result may indicate that this the other hand, a number of studies have demonstrated
element of the collaborative team process is more af- that communication effectiveness is more a function
fected by structural features of team design such as of the context (environment) than of the media¢k,
size Gteiner, 196por role and goal clarityGladstein, 1993; Markus, 1994 Similar findings are highlighted
1984). by Fjermestad and Hiltz (1999 their meta-analysis
As we expected, team member proximity is pos- ofthe effectiveness and efficiency of group support sys-
itively associated to all three more socially oriented tems. Moreover, computer mediated communication
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technologies such as e-mail, forums, chat, and video- gies or travel/temporary relocation (see our discussion
conferencing are widely diffused in companies to- of coping mechanisms above). Unfortunately the me-
day and are therefore more a constant than a vari- diarichness of currentinformation and communication
able across many organizations in the US, Europe, andtools is clearly not enough to ensure a complete resolu-
Asia. tion of the low proximity issue. Thus, in low proximity
Given this context, our study offers several prac- groups, the more social aspects of teamwork should
tical implications. First, considering the high mean be initiated by a face-to-face kickoff meeting and rein-
values for the proximity of team members (4.44 out forced by frequentand scheduled meetiigaZnevski
of 5.00), our findings suggest that even low levels of and Chudoba, 2000
geographic dispersion (e.g., on the same premises or
within the same building) can have detrimental effects 4.3. Contributions, limitations, and future
on important team processes. This is amplified when research
considering that software development by its immate-
rial nature (i.e., software code, rather than a physical  Inthis paperwe view geographic proximity of mem-
productis developed) and the general information tech- bers as a continuous variable, rather than the basis for
nology abilities of software engineers that could be a dichotomous distinction between co-located and so-
thought of as providing a rather favorable setting for called virtual teams. We propose that proximity of team
dispersed teamwork. Consequently, product develop- members is positively related to teamwork quality in
ment teams must be aware that even relatively low lev- general and its six facets in particular. The results con-
els of geographic dispersion come at a cost to vital team firm that five of six teamwork quality facets are signif-
processes. icantly related. As such, this study contributes to the
Second, specific attention must be devoted to literature by providing a comprehensive analysis of the
fostering social elements of the team process such asrelationship between even relatively small decreases in
mutual support, cohesion, and work norms of high ef- proximity and several performance-relevant team pro-
fort. Similarly, communication and coordination need cesses.
to be more actively managed as team member prox- On a methodological note, our research draws on
imity is reduced. As such, decreases in team memberdata from 430 members and leaders of 145 software
proximity amplify the importance of teamwork-related development teams with responses from different in-
skills (e.g., social and project management skills) along formants used to measure the different constructs.
with technical skills when selecting applicants to join Employing this elaborate research methodology, any
a team-based innovative organization, when assigninginflation of results due to common source bias was
individuals to work in teams, and when crafting train- avoided while the most credible respondents were sur-

ing and development schemes. veyed to provide information on the variables of inter-
Third, as already indicated, software development est.
is clearly a privileged environment for effective dis- A few limitations of this study along with questions

persed coordination. Immateriality of the product and for future research should be noted. First, the data for
encapsulation of software objects (meaning that every this research are cross-sectional rather than longitudi-
object composing the software architecture can be de- nal. As this study demonstrates associations between
veloped separately) is a strong advantage if the choice isvariables, it cannot fully establish causality. A longitu-
ateam with a low degree of proximity, perhaps because dinal research design using multiple informants would
the necessary technical expertise for a given project is further our knowledge towards both causality of rela-
situated with individuals in different locations. We as- tionships as well as the development of team mem-
sume that the development of physical products would ber proximity and team collaboration perceptions over
be more affected by decreases in proximity and this time. For instance, it may be possible to find that nega-
should be considered by managers. In case of low prox- tive effects of dispersion are greatest in early phases
imity we propose to reinforce team collaborative pro- of team development and less detrimental as teams
cesses through different and more pervasive tools suchestablish working routines and social ties. Second, the
as advanced information and communication technolo- scope of the empirical data gathered for this research
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allows generalization of the results obtained chiefly to Appendix A. Measurement scale for proximity
the domain of teams with innovative tasks such as R&D of team members

teams, new venture teams, etc. Third, the present study

was conducted in software development laboratories in
Germany, raising the question of transferability of re- Variable Items
sults to other cultures such as those of North America
or Asia. While this study is not internationally com-
parative in nature and therefore cannot offer any an-

Proximity of Most members of my team worked
team directly in the vicinity, so that they
members could visit each other without much

swers to this question, the theoretical considerations
presented in this paper as well as the industry for this
study (software) are not country-specific, but rather our
arguments are based on international scholarly work
and empirical findings. Further research in other coun-
tries is encouraged in order to increase our understand-
ing of the possible influences of country contexts on
the relationships investigated here. Fourth, although
our hypothesized relations held with the wider con-
cept of teamwork quality, balance of member contribu-
tions did not show the predicted positive relationship

effort. Team members were located
too far from one another to move
the project along expeditioushRy.
Only a few team members were
easily reachable on fobtlt was at
times problematic to get the team
members together in one place for
spontaneous meetings (e.g., for
discussions and decisiorf$)our
items, Cronbach'’s alpha = 0.80.

with team member proximity. Future research should

R Reverse coded iterhlote These are translations of the original

investigate this specific relationship, building on and German items used in the study.

testing the possible explanation offered above. Fifth,
while we found significant relationships between the
proximity of team members and teamwork quality as
well as five of its six facets, the variance explained

remains between 5 and 12%. This, however, is not sur- Appendix B. Representative items for
prising given that other variables such as individual teamwork quality

characteristics (e.g., social and project management

skills; Stevens and Campion, 1994eam character-  \ariables

Representative items

istics (e.g., role and goal clarit@ladstein, 198ytand

organization-level characteristics (e.g., cooperative cli- Teamwork
mate;Mohrman et al., 199bare also likely to influ- quality

ence the quality of teamwork. Finally, this research
recognizes that the vast majority of teams are neither
perfectly co-located nor perfectly virtual. There are
many shades of gray in between these two extremes,
and various team, task, and contextual characteristics
may have an effect on how decreases (however small)
in geographical proximity affect the process and per-
formance of teams. We encourage future research to
address these questions aimed at providing managers
with recommendations for dispersed teamwork. The
conceptual arguments and empirical results from this
study may provide a starting point for such further in-

quiry.

CommunicationThe team members
communicated mostly directly and
personally with each other.
Project-relevant information was
shared openly by all team members.
The team members were happy with
the usefulness of the information
received from other team members.
Ten items, Cronbach’s alpha = 0.94.
Coordination The work done on
sub-tasks within the project was
closely harmonized. There were clear
and fully comprehended goals for
sub-tasks within our team. Four items,
Cronbach’s alpha = 0.85.
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for designing effective work groups. Personnel Psychology 46
(1), 823-850.

Variables Representative items Cooke, R.A., Szumal, J.L., 1994. The impact of group interaction
styles on problem-solving effectiveness. Journal of Applied Be-
Balance of member contributiorniEhe havioral Science 30 (4), 415-437.
team recognized the specific potentials Cooper, R.G., Kleinschmidt, E.J., 1995. Benchmarking for firm’s
(strengths and Weaknesses) of critical success factors in new product development. Journal of

Product Innovation Management 12, 374—-391.

individual team members. The team Cummings, T., 1978. Self-regulating work groups: a socio-technical

members were contributing to the_ synthesis. Academy of Management Review 3, 625-634.
achievement of the team’s goals in Daft, R.L., Lengel, R.H., 1986. Organizational information require-
accordance to their specific potentials. ments, media richness and structural design. Management Sci-
Three items; Cronbach’s alpha = 0.72. ence 32 (5), 554-571.

Denison, D.R., Hart, S.L., Kahn, J.A., 1996. From chimneys to cross-

Mutual supporIThe team members functional teams: developing and validating a diagnostic model.

helped and supported each other as Academy of Management Journal 39 (4), 1005-1023.

best they could. Discussions and DeSanctis, Gerardine, Monge, Peter, 1999. Communication pro-
controversies were conducted cesses for virtual organizations. Organization Science 10,
constructively. Suggestions and 693-703.

Easley, R.F., Devaraj, S., Crant, M., 2003. Relating collaborative

contributions of team members were ; ) ’
technology use to teamwork quality and performance: an empir-

discussed and further developed. ical analysis. Journal of Management Information Systems 19
Seven items, Cronbach’s alpha = 0.93. (4), 247-268.

Effort: Every team member fully Faraj, S., Sproull, L., 2000. Coordinating expertise in software
pushed the project. Every team (i:\éeglopment teams. Management Science 46 (12), 1554-
m?m.ber mad_e the project hlgr]eSt Fjermestad, J., Hiltz, S.R., 1999. An assessment of group support
priority. Four items, Cronbach’s alpha systems experiment research: methodology and results. Journal
=0.94. of Management Information Systems 15, 7-149.

Cohesionlt was important to the Fulk, J., DeSanctis, G., 1995. Electronic communication and chang-
members of our team to be part of this ing organizational forms. Organization Science 6, 337-349.

Gioia, D.A., Schultz, M., Corley, K., 2000. Organizational identity,

project. All members were fu”y image and adaptive instability. Academy of Management Review

integrated in our team. Our team was 25, 63-82.
sticking together. Ten items, Gladstein, D.L., 1984. Groups in context: a model of task group
Cronbach’s alpha =0.97. effectiveness. Administrative Science Quarterly 29, 499-517.

Gully, S.M., Devine, D.J., Whitney, D.J., 1995. A meta-analysis of
Note These are translations of the original German items used cohesion and performance: effects of level of analysis and task
in the study. interdependence. Small Group Research 26 (4), 497-520.
Gupta, A.K., Wilemon, D., 1996. Changing patterns in industrial
R&D management. Journal of Product Innovation Management
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