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Abstract

As private sector and government research increasingly depends on the use
of distributed, interdisciplinary and collaborative teams, particularly in
scientific endeavors, we are faced also with an increased need to understand
how to work in and study such teams. While much attention has been paid
to issues of knowledge transfer, the impact of many other consequences of
distribution—disparate disciplines, institutions, career paths, time zones
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and technologies—have been understudied and underestimated. In this
chapter, we describe how distributed, interdisciplinary work puts pressure
on existing disciplinary, institutional and personal practices—many of
which are second nature to team members, and thus easily overlooked.
Reflecting on our own and others' studies of such teams, and our group’s
experiences as a distributed, interdisciplinary and collaborative unit, we
describe some key challenges facing such teams, including issues relating
to working and learning together as experts, defining and crossing
boundaries, managing external relations and working with and through
technologies.

| ntroduction

Recent trends in work and research have encouraged businesses and research
institutionsto integrate knowledge from widely disparate fields, to increasethe
use of computing capabilities and to form inter-organizational connections; in
consequence, increasing the dependence on distributed, interdisciplinary and
collaborative teams. Private sector investment in alliances has been paralleled
by large-scal e government investment in researchinfrastructures, programsand
centers, and both have called on researcherstowork across knowledge domains,
organizational norms and physical and conceptual boundaries. While earlier
research has suggested that the main problem for such work is making tacit
knowledge explicit for transfer to others, we suggest that contemporary teams
face amore complex set of issues as they engage in joint knowledge construc-
tion. Contemporary team members find that they cannot simply transfer their
previouscollaborative skillsto awidely distributed, interdisciplinary arena, but
must continually renegotiate a wide range of research and work practices
thought to be already established. As Knorr-Cetina (1999) has remarked about
scientific teams, current research initiatives often bring together quite disparate
disciplines, locationsand technol ogies, often leaving asingleresearcher of such
teams woefully at a disadvantage to understand a team’s work. Studying
contemporary teams requires a more comprehensive examination than is com-
monly employed, encompassing interdisciplinary processes, group interaction,
institutional practices, career interests and uses of information and communica-
tion technology. Moreover, contemporary views that consider technology as
providing the solution to the “problem” of collaboration—e.g., through faster
connection, seaml essintegration of geographically distributed peopleand projects
and new information and communication technology infrastructures—fail to
acknowl edge the negotiation of practices and the coevolution of practices and
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technology that areinvolved. Collaborationsinvol ve dealing with existing embed-
ded practices, as well as emergent ones that take time and effort to evolve.

Inthischapter, wedraw on previouswork inthese areas, and, equally important,
on the collected experiences of our group—the Distributed Knowledge Re-
search Collaborative (DKRC)—as we observed, studied and participated in
distributed, interdisciplinary and collaborativework, to articul ate aseriesof key
challenges we find facing contemporary teams. DKRC began in 1997 with the
seven future co-Pls composing a grant application to the NSF Knowledge and
Distributed Intelligence (KDI) initiative. At the time, all members were co-
located at the University of lllinois at Urbana-Champaign: One worked for
NCSA (National Center for Supercomputing Applications), and two each in the
faculties of Education, Management and Library and Information Science.
Members were and remain interested in the impact of technology and new
organizational structures on contemporary scientific and work practice. By the
timewereceived funding in 1999, wewere located at four universities, and later
at fivelocationsacrossthe United States. Starting in 1999, theteam hasincluded
a number of graduate students who are also distributed across disciplines; an
average of about one student per co-Pl per year, but with more than seven over
the years of the grant.

We have been exploring the ways in which distributed, interdisciplinary and
collaborative teams accomplish their work. The teams we have studied include
scienceteamsinthefieldsof biology, cosmology, environmental hydrology, and
nanotechnology, as well as social science teams. These teams were chosen as
examples of successful endeavors, approved and funded by significant granting
agencies, and supported by university and research center infrastructures. We
began by interviewing key informants in each team to hear about group
organi zation, administrative proceduresand research concerns. Wethen studied
their group collaborative practi cesusing ethnographic, bibliometric, qualitative,
and social network methods, and also examined group technologies (e.g., a
modeling and visualizationtool, digital library and database), and artifacts(e.g.,
documents, web sites, reports, and research articles; Porac, Wade, Fischer,
Brown, Kanfer & Bowker, forthcoming). This work has been backed with
considerable discussion and inquiry into what it means to be collaborative in
today’s scientific world, and how the literature has dealt with the notions of
collaboration, knowledge co-construction and the use of technology (see Kanfer,
Haythornthwaite, Bowker, Bruce, Burbules, Porac & Wade, 2000). Throughout
our work, we have been deliberately conscious of our own activities as a
distributed interdisciplinary team, and how these compare and contrast with
those of other groups.

We draw on the following sourcesin identifying the key challenges outlined in
this chapter: the experiences of groups we have studied; our own experiences
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studying them and operating as a distributed, interdisciplinary team; and the
literature on interdisciplinarity, learning and group processes. There are many
challengesto any kind of team endeavor, but we concentrate here on character-
isticsand considerationswhich have special importanceto distributed, interdis-
ciplinary and collaborative work groups. We collect the challenges together
under these headings:

. Bridging Practices

. Seeing and Crossing Boundaries

. Managing External Relations

e Working With and Through Technologies

We do not consider the discussion in this chapter to be exhaustive, but as
identifying key factors. These are presented to inform and prepare those
embarking on distributed, interdisciplinary work and as a basis for future
investigations.

Bridging Pr actices

Collaborative, interdisciplinary teams are typically composed of experts, or
individualswho are highly knowledgeable and proficient in their own work and
its practices. Through education, work experience and years of research,
teaching, managing and/or mentoring, expert team members have become
entrenched to differing degrees within a disciplinary framework. To an expert,
disciplinary, institutional and personal research practices are deeply ingrained
and ofteninvisible. Thechallengesexpertsfacein communicating, learning from
each other and collaborating are markedly different from that of novices. Where
transfer is often the main metaphor for novices, the watchwords for expert
interactions arejoint problem-solving, shared cognition and co-construction of
meaning.

As other writers have explained, experts learn and make sense of problems
differently from novices. In contrast to novices, expertsapproach problemswith
attention to the principles that can be drawn on to solve them rather than to
surface attributes. They are more adept at perceiving patterns, and at under-
standing the conditions under which the knowledge will apply. They are skilled
at metacognition, “theability tomonitor one’ sown current level of understanding
and decidewhenitisnot adequate” (Bransford, Brown & Cocking, 1999, p. 47).
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In principle (although not always in practice), experts maintain an openness
about their state of knowledge and need to learn, and maintain flexibility intheir
goals (Bransford, et al., 1999; Scardamalia & Bereiter, 1996). Y et expertiseis
firmly rooted in disciplinary and institutional homes. Tacit intradisciplinary
understandings about how to examine a problem, what knowledge to bring to
bear and how to go about work can get in the way of seamless interdisciplinary
collaboration.

Perhaps the most overlooked aspect of interdisciplinary teams is how the
embedded practices of each discipline form as important a bond as any other
part of itsdomain knowledge. Disciplinary expertiseencompassesmorethanjust
thefactsabout thefield; itincludesknowingwhat isimportant for thefield, where
new problems are emerging, what problems are considered worth tackling and
how to formulate and publish ideas and accomplishments to meet grant and
promotionrequirements. Morespecifically, itincludesfiel d-specific standardsin
what constitutes data, how they should be collected and shared, what analysis
techniques are accepted and when and where data and results are published (see
also Fienberg, Martin & Straf, 1985). Interdisciplinary teams are therefore
challenged to integrate not only disciplinary knowledge, but disciplinary prac-
tices, including coming tojoint understandingsabout datacoll ection, datasharing,
methods and analysis techniques and publishing practices. Such integration can
be slow and difficult, in part because we are so entrenched in our ways of
approaching problems, and partly because we enter such collaborationswithout
considering integration work to be part of the effort that is going to be needed
(Bowker, 2000; Watson-Verran & Turnbull, 1995).

To integrate knowledge across different fields, experts must spend time and
effort sharing knowledge and creating common understandings. Active discus-
sion and engagement are essential strategies for achieving this (Clark, 1996;
Cook & Brown, 1999; Engestrom, 1999; Klein, 1990), yet one of the major
challenges faced is providing the operative infrastructure that allows experts
sufficient timeto bring their expertiseto bear on aproblem. Studies summarized
by Bransford, et al. (1999) show that experts’ apparent fluent retrieval of the
appropriate knowledgeto bring to bear on aproblem doesnot mean it takesthem
lesstimethan novicesto solve problems. Rather, wearefaced withthe* mythical
man-month” problem (Brooks, 1975)—communi cation timeincreasesexponen-
tially with the addition of more experts. Duncker-Gassen (1998) demonstrates
how this occursin practice: The experts need to develop acommon languagein
which just enough and not too much of their internal expertiseiscommunicated
at team meetings. It is not surprising, then, that at a recent NSF workshop for
principal investigatorsoninterdisciplinary projects, acommon lament was that
everything took moretime than expected (NSF KDI workshop, April, 2002; for
areport see Cummings & Kielser, 2004).
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In addition, changes in disciplinary practices also continue to meet barriers
created by institutional practices. In interviews with research team members,
and in comments in many academic venues, university promotion and tenure
(P&T) committees are repeatedly named as arbiters of academic practice, and
thus weigh heavily on the minds of interdisciplinary researchers, particularly
team leaders and mentors who have the interests of their doctoral students and
untenured faculty in mind. P& T committees have the power to make or break
an academic career, and thus what they accept in terms of academic practice
significantly shapesand constrainsresearch activity. Several issues—including
standards about co-authorship, publication venues and legitimate research
methods or subject areas—may limit on what and with whom group memberswill
work, aswell aswhere and how work will be expressed and distributed. Recent
attention has been given to the acceptability of electronic publications. Kling,
McKim and King (2003) report that at a workshop on electronic journals at an
information systemsconference, many participants, andin particular morejunior
scholars, reported they were afraid to publish in new electronic scholarly
communication forums because of a concern that “their Promotion and Tenure
(P&T) committees would not count these publications or would disapprove of
theminpromotiondecisions” (p. 67). Thisproblemisevengreater for humanities
scholars (and somesocial scientists) who engageinwork with new technol ogies.
Their challenge can be even greater because collaborative activity is not yet
regarded as acceptable to many promotion committees. Those combining new
computer developments with collaborative and interdisciplinary activity then
faceafurther hurdleasthey try to find outletsfor publication and recognition of
their work (Greenblatt, 2002).

Similarly entrenched notionsof how grant fundingisgiven, for what, and for how
long, may hamper the efforts of those working on and examining infrastructure
development. Kling, et al. (2003) describe how the use of FlyBase, a database
about the Drosophila (fruit fly) genome, ran up against this problem.

FlyBase is not funded as an NIH [National Institute of Health] line item—
rather, the coalition must apply for new grants every 3-5 years. NIH
research grants are generally not given for maintenance and operations,
but rather for new developments. Therefore, the FlyBase coalition must
continually propose the development of new features to receive funding for
continued operation. (Kling, et al., 2003, p. 62)

A social science group we studied faced the same kind of problem at the end of
itsfirst grant funding. Having developed an environment for eval uating, main-
taining and disseminating educational materials, they reached the end of their
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grant and were | eft searching for ongoing support for maintenance and further
development.

Thus, we see how conceptions and preconceptions about what constitutes
disciplinary practice can limit interdisciplinary work, and how existing social,
technical andinstitutional frameworksmay conflict with the emergent nature of
interdisciplinary efforts, aswell as emergent, continuing needs.

Practices within Teams

Practiceswithinteamsareal so often overlooked in measuring the compl exity of
interdisciplinary collaboration. While all teamsface difficultiesin pooling and
sharing knowledge and making the most of member contributions, interdiscipli-
nary teams face particular challenges around their lack of redundancy in
disciplinary coverage and their lack of a shared base of domain and procedural
knowledge. Interdisciplinary, collaborative teams have knowledge i nter depen-
denciesthat may be overlooked or oversimplified if amono-disciplinary model
of work is assumed. These interdependencies manifest themselves in several
ways. Asagroup, interdisciplinary teams depend on membersto represent their
disciplines and to bring that knowledge to the team’s work. Consequently,
membersrepresenting that disci pline must takeon theresponsibility to be present
and contribute continually to the overall endeavor. As a corollary, those from
other disciplinesmust be open to hearing and incorporating such knowledge. To
integrate and synthesi ze knowledge, the group must be ready to engage together
in contributing knowledge and learning from others.

L earning asagroup may be mutual asmembers gain new knowledge together—
what might be described as co-learning (e.g., through joint discussion of papers
read in common, bringing in experts to consult with the team and attending
conferencestogether). Individualsmay alsolearn on behalf of thegroup, e.g., by
expanding their knowledge of another’'s area, or even engaging in altruistic
learning, asindividualslearn for the sake of thegroup. For example, individuals
might take classes or visit other laboratories to bring expertise in a software
program or research technique into the group. Strategies to promote such
learning may include reading about the content or methods of another’s
discipline, doing background research to gain knowledge in new common areas
or learning with the intent of training othersin the group (for more on learning
in groups, see Argote, Gruenfeld & Naquin, 2001).

L earning also entails getting to know other members of the team, and what they
know. Members form transactive memory (i.e., memory about “who knows
what”; Moreland, 1999; Wegner, 1987) about each other’ s knowledge, exper-
tise, methodol ogiesand approaches, working styles, avail abletimeand commit-
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ment. They acquire knowledge about each other’ s disciplines, come to under-
stand what work may forward an individual’ s career and how these constraints
play out in anindividual’ sneedsand urgencies(e.g., to finish adissertationina
year; to publish for tenure packages). Team members also |earn who does what
tasks and who has what responsibilities (Brandon & Hollingshead, 1999). Once
“directories’ of who knows what are in place (whether in the heads of team
members, or held externally in knowledge management systems), team members
canreducetheir owninformationload and responsibility by forwarding informa-
tion and/or questions to appropriate experts (Monge & Contractor, 2003;
Palazzolo, 2003; Wegner, Giuliano & Hertel, 1985). Such learning also builds
common ground as group members create a collective or community memory
that definesthem (Orr, 1996; Chayko, 2002; see al so the section on “ Seeing and
Crossing Boundaries”).

However, these learning processes may also involve shedding existing biases
and predispositionsregarding what othersdointheir domain. Wemay beginwith
projected notions of what others do and think as computer scientists, biol ogists,
sociologists, psychologists, etc. Biasesinclude stereotypes about personalities,
datacollection practices, attitudestoward study participants, analysisskillsand
technology skillsand interests. Y et, these stereotypesrarely hold, and someone
representing one discipline may have spent along time working in another and
thus be expert in several fields and approaches. Indeed, our own group, which
we present as a whole as composed of social scientists, includes Pls with
academic degreesin computer science, education, history, information science,
management, philosophy and psychology; home departments of communica-
tions, education, library and information science, and management; work expe-
rience both in and outside academia; and research endeavors from sociol ogy of
science to the development of educational technology.

Preconceptions about people may also apply to projected notions of their
willingness to learn. Novices may be expected to learn widely, yet degree
requirementsfor graduate students may focusthem more narrowly on their own
discipline. Senior experts, by contrast, may bethought of asnarrowly defined, yet
by taking ontheinterdisciplinary endeavor may belearning morewidely. Sharon
Traweek’ s groundbreaking work on the high-energy physics community is key
here(Traweek, 1992): the senior physicist tendsto believemorein (and hasmore
to gainfrom) active collaboration than the junior researcher who hasyet to stake
hisown claimto apiece of thefield (cf. Star & Ruhleder, 1996). The expert who
acts as an “accomplished novice” may come from any field, yet junior partici-
pants such as students may never before have experienced cooperative and
collaborative practices with senior experts, and thus have neither expectations
or practical experiencewith such practices. Because of their invisible nature, we
may alsoforget toincludetrainingininterdisciplinarity and coll aborative methods
when we introduce new people into a team.
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Preconceptionsal so include assumptions of who will work with whom, because
of their age, discipline, home institution, etc. Often graduate students are
expected to talk and work with each other, yet this can be an added burden when
they are only beginningto gain expert grounding in their own discipline. Totalk
across disciplines requires a solid understanding of typical practices such as
collecting and anal yzing dataand making appropriate claims, aswell astheability
to think abstractly and metacognitively about how combining widely disparate
disciplinary efforts may challenge and redefine one’ shome practices. Many Pls
at the NSF K DI workshop commented on how their studentshad not yet acquired
sufficient disciplinary skillswhenthey were plungedintointerdisciplinary work.
Thus, Pls need to judge when their graduate students are as ready for
interdisciplinary work asthey are for disciplinary work.

When assumptions are made about others’ work, there may be preconceptions
about how collaboration will proceed: for example, what kind of information
or datawill be made availableto all members of the group, when thiswill occur,
what pre-work enables that sharing and whether data can be shared across
scales, methods, human subjects permissions, etc. We also have assumptions
about how work will progress, for example, from setting goals to designing
studies, collecting dataand producing papers. If team memberstacitly anticipate
acertain set sequence of research design, data collection, analysis and publica-
tion, they may ignore the more complex logistics necessary for collaborative
work, such as the pooling of data and resources (equipment, bibliographic
citations, etc.), as well as the appropriate synchronization of different tasks.
Even if team members share expectations about a project’ s goals and progres-
sion, how do these match the expectations of the external organizations that
house and/or fund them? How can they convey new, evolving, interdisciplinary
practicesand outcomesto funding agencies, participant organizations, advisory
boards, universities and departments?

In our own work we have found several instances where expectations were out
of synch with what was possible, or what others thought. In data collection, we
found that research participants prejudged their role in our research, e.g.,
declininginterviewsbecausethey “ didn’t know anything about interdisciplinary
activity,” when we wanted to hear about what they did. Similarly, we found that
participants prejudged our aims as “evaluative” and thus feared an impact on
their futuregrants. Wefind we are not alonein being judged thisway: Suchman,
Blomberg, Orr and Trigg (1999) report how they took “ great pains’ to explainthe
point of their observationsand recordingsof work processesin an organizational
context, where “it is difficult for people who have grown up in the shadow of
scientific management to imagine what interest researchers could have in their
work other than to evaluate it in terms of workers' competency and efficiency”
(p. 398).
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Likewise, in managing our own collaboration, the co-Pls spent over a year
meeting regularly in preparing the grant application and developing common
consensus on research approaches. Yet, once we got the grant, graduate
students were brought on and expected to “just know” about the collaborative
approach the Pls had spent so much time showing each other. We also failed to
recognize assumptions about different methods we were using, including how
well resultsfrom different methods could betimed to feed into other parts of the
overall work (e.g., ethnographicresultsinto social network studies). Aswetried
to put work together, wefound our different approaches camewith different and
sometimes conflicting needs. Members have had to negotiate expectations for
defined versusopen-ended study popul ations, hy pothesesover moreopen-ended
research questions and results verified by statistical tests versus philosophical
reasoning (e.g., statistical testing of theimpact of membership on collaborative
grants to numbers of publications, versus open interviews coded based on
principles of grounded theory vs. philosophical analyses of the nature of
collaboration). Each of these has represented challenges to our own work that
are also likely to be faced by others.

Seeing and Crossing Boundaries

A further challenge to interdisciplinary endeavors is the time and commitment
members give to a particular project. Experts have their operations in other
fields, and spend only limited timeintheinterdisciplinary endeavor. They have
different notions of their involvement than do outside observers.

The challenge of boundaries became apparent to uswhen wetried to definewho
belonged to the groups we wanted to study. Despite the existence of web sites
listing contacts, grant funding agency documents with Pl names and lists of
employees in organizations, this was not an easy task. We found ourselves
asking: What constitutesaperson, acollective, aninstitution? Thereareanswers
which everyoneknowsintuitively, but wefound theentitiesever moreill-defined
as we tracked them acting in our teams. Within the distributed projects we
studied, every collective designation proved problematic. Who were the mem-
bers of the research team? It certainly was not the list of people to whom the
grants were awarded—members dropped out and came on board over time—so
that the organi zationswe were studying (NCSA and the homeinstitutions of the
grantees) often had different accounts of membership. Plsreceiving only small
percentages of funding from a particular grant would remind us of wherethisfit
in the larger arena of their research. We had to ask whether 5% funding led a
PI to consider him or herself committed to the project (and if so to what extent),
and whether thislevel of involvement meant they counted asa“ person” or “ unit”
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in terms of group membership. Isthe definition of the collective “group” based
onthosewith someminimal timeor fundinginvolvement, or doesit consist of the
names on a web site? I's an organization involved if only one member of their
staff, now departed, used to work on the project?

A similar problem came when considering how team members represented a
particular discipline. Doesanindividual represent computer science (CS) only if
they have a degree in CS? What if they are working on a CS degree but don’t
yet haveone?What if they had workedin computing but had no CS degree? What
if their degreeisin CS, but they work in adifferent department—whichdiscipline
would we say they represented? What if they published in CSjournals, or about
CS in non-CS journals—does that make their discipline CS? The answer
probably lies somewhere between “all of the above” and “none of the above,”
that is, somewherein the interdiscipline.

Intra-Team Boundaries

How individual s set boundariesfor themselves, partitioning and all ocating time
to projects can significantly impact scheduling and coordination. Scientists
involved in several grants may apportion time and commitment based on which
team demands the most time, which team isjust in the beginning stages of work
(or other critical stages), which team membersare most | ocal and therefore most
visiblefor remindersabout work or which working arrangement or topicismore
prestigious or popular. Within the project, teams negotiate the boundaries of
work, including roles, responsibilities, project scope, and intended outcomes.
They set temporal boundaries, such as when the project will end (or, more
instrumentally, when the funding will run out), and trajectories for the work,
essentially mapping out future boundaries against which progress will be
measured.

Interdisciplinary teamslearnto partition and allocatetime, money, and resources,
aswell asaccessto equipment, software, data, reports, and people. For example,
when studying the same group from multiple perspectives, we needed to manage
our own accessto respondents. We considered how to space requests over time,
and limit accessto ateam to only one set of researchersat atime, much asothers
might book time on equipment or for the use of computing resources. Research-
ersthus may be seen to mark territory, for example, deciding who studies who
and when, determining hand-over points and coordination schedules. As re-
searchers, we became aware of distinctions between our disciplines based on
differencesin methodsand approaches, and attitudesto therel ationship between
the researcher and the participant (e.g., the invisible observer or arms-length
researcher versus the involved, participant observer).
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Individual Attitudesto Boundaries

Group members also consider the boundaries to their own identification: What
disciplinedothey feel they speak for whenworking on aninterdisciplinary team?
How dothey explaintheir work to their homediscipline (however defined)? How
dothey describetheir work whenitispresented for tenure and promotion? Many
individuals on the teams we have studied have been acutely aware of this
problem of crossing boundaries.

Team membersmay also differ intheir need to define boundariesfor their work,
and whether their own perspective sets boundaries (or eschews them). For
example, some researchers may not be comfortabl e unlessthe boundaries of the
study population are set—and hence seek definition of such boundaries by
creating operational definitions of inclusion and exclusion (e.g., being on the
payroll, listed on awebsite, bel onging to adepartment; or bounded by geography,
politics or topology). Others may accept a more emergent, even amorphous
boundary, and hence see emergent definitions of involvement (e.g., by using
“snowball” techniques that begin with a set of people and ask them who to talk
to next; or by letting boundaries emerge from observation). Comfort with this
definition, and even the need for a definition, affects how team members view
the legitimacy of the work.

Goals as Boundaries

Goalsact asboundaries, orienting, but al so constraining, activities. Our research
suggeststhat interdisciplinary activity particularly needsto accommodate change
and adjust goals. Indeed, we arguethat the goal sof interdisciplinary groupsneed
to evolve so they do not become barriers instead of boundaries.

In defining boundaries, creating schedules, marking territory and establishing
trajectoriesearly in aninterdisciplinary project, groups can close discussion too
early; discussion based on anon-confrontational, “illusion of friendship” (Klein,
1990) may lead to quick agreement, missing the opportunity to learn from each
other, jointly “formulating and debating aproblem” (Engestrom, 1999, p. 380),
setting a joint agenda and generating new knowledge (Cook & Brown, 1999).
Not only isknowledge about theinterdisciplinary endeavor at an early stage, and
should be kept open for the generation of new knowledge (Cook & Brown, 1999;
Haythornthwaite, Lunsford, Kazmer, Robins & Nazarova, 2003), so should the
tasks and outcomes be open for continuous negotiation. While all groups have
work to achieve—and as such need to cometogether around acommon goal, and
to create and determine schedules and processes—interdisciplinary groups,
especially those forging new interdisciplinary relations, face the particular
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challenge that outcomes of their work may not be apparent when they begin
working together. Too many approachesto interdisciplinary work start with the
premise of apredetermined, fixed end to be achieved. The organization of work
that ensuescaninhibit collaborativeinterchange. For example, inacollaboratory
for structural biology studied by one of our members, well-defined roles and
schedul esexisted for gatheringinformation onwhat the user community required
(first stage of project), coding that requirement into collaboratory tools (second
stage) and then evaluating the overall result (final stage). While these well-
defined roles produced acollaboration of sorts, the coordinated activity reduced
two-way collaboration, for example, participants entering late in the schedule
were not working together with those whose roles entailed earlier work. What
resultsisnot collaboration, but work characteri zed by coordination, aspiecesare
handed over ascompl eted, thusmissing the potential benefits of fully collabora-
tiveinteraction.

Interdisciplinary work may be particularly difficult precisely because goals
emerge from the interaction, not prior to it. We believe that interdisciplinary,
collaborative work requires continuous negotiation and co-construction of
outcomes, which further entails continuously engaging individuals around the
definition of an emergent and mutually agreeable result from thework (see also
Haythornthwaite, et al., 2003).

Defining parameters early may also lead to misconceptions about what other
team members know or will do. Our knowledge about group membersis at a
formative stage when we begin to work together, as is our knowledge of what
tasks others are responsible for and what they know (Brandon & Hollingshead,
1999; Wegner, 1987). Asan outsider |ookingin onknowledge processes, we may
fail to acknowledgetheside-tasksandinvisiblework (Star & Strauss, 1999) that
aresoimportant to group functioning. Just asmany early management literatures
focused on “processlosses” and failed to give weight to the social relationsthat
keep members committed to the group (McGrath, 1984), so, too, a focus on
interdisciplinary knowledgework alonefail storecognizeother corollary knowl-
edge exchanges. Resultsfrom the scientific teamswe studied (Haythornthwaite
& Steinley, 2002; Haythornthwaite, 2005) suggeststhat anumber of apparently
extraneous kinds of knowledge represent important exchanges among team
members, including advice on how towork with funding agencies, knowledge of
who outsidetheteam can provide personal references or knowledge about future
jobsfor graduate students. From our own experiences, we know the importance
of gai ning knowledgeabout how to communicateviavideo and audio-conferencing.
Seemingly inconsequential issues, such aslearning how to accommodatetempo-
ral delaysinvideoconferencing and how to includeinvisible phone participants,
reflected very important gainsin our ability to accomplish work and communi-
cation at adistance. (These issues are addressed further in the “Working With
and Through Technologies” following section.)
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M anagi ng External Relations

Managing external relations may be considered a corollary to the discussion of
boundaries given above, but in this section, attention isgiven to what is outside
rather than inside the boundary. It is important for teams to recognize and
manage both individual and group relationshipswith these external entities. As
Anconaand Caldwell (1990) note:

To be successful, new product teams must obtain information, resources,
and support from others, both inside and outside of the organization, use
that information to create a viable product, and finally transfer the
technology and enthusiasm for the product to those who will bring it to
market. . . . This makes the new product team highly dependent upon others,
and suggests that an important way of understanding the performance of
these teams lies in examining how they manage relationships with other
groups. (Ancona & Caldwell, 1990, p. 120)

New interdisciplinary teams, like new product teams, have ideas, projects and
careersto sell to granting agencies, home departments and universities.

Teams, particularly grant-funded teams operating in departments in research
institutions, manage anumber of layersof external relations, some of which have
been mentioned above: home departments and colleges, university (or other
institution) administration, review boards (e.g., Institutional Review Boards
(IRBs) that sanction the ethics of the research), and granting agencies. Teams
and team members often need to manage an image of themselves that is then
often used again to promote the external agencies. Thus, teams may liaise with
the public through brochures, pamphlets, web sites and interviews. Teams are
also seen as representatives of such agencies, and may be required to identify
their association under some circumstances, aswell as, paradoxically, disclaim-
ing the agencies’ involvement with the results that are presented (e.g., through
the addition of lines such as “The findings presented in this report do not
necessarily reflect the views of the <fill in the blank> agency”).

Team members also act as representatives of interdisciplinary work in their
homedisciplines. Thus, legitimateresponsibilitiesfor suchwork includestaking
information, knowledge, practices and methods back to home disciplineswhere
they may be used by others (Kanfer, et al., 2000). Thismay pavetheway for the
next generation of interdisciplinariansin aform of legitimate peripheral partici-
pation (Lave & Wenger, 1991), as well as legitimizing the interdisciplinary
endeavor, and possibly fostering new practices in the home disciplines.
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Working with and through Technologies

As contemporary groups work and forge new synergies, they typically do this
with attention to the adoption, integration and creation of new computing
technologies. Both funding initiatives and peer pressure in many settings
encourage teams to adopt new technologies to support distributed knowledge
processes and creative work. We separate out our discussion of them here
because they add another, often unrecognized, cognitive and logistic load on
contemporary teams, as new technologies require the development of new
practices and the reinvention of old ones.

Bridging Practices with Technology

To bridge differences in disciplinary practice, teams often define social and
technical infrastructuresto support their joint work. Many contemporary teams
includeas part of their mandate the creation of new technologiesrelating totheir
research endeavor, such as data repositories, software, analysis techniques,
digital librariesand collaboratoriesfor shared data collection and analysis. This
work entails both defining protocols, data units, database structures, computer
interfaces, storageandretrieval techniques, etc., aswell asencouragingjoint use
of these technologies. In the same manner as for learning, members may need
to engagein altruistic use of technol ogies, seeding shared databasesto establish
acritical mass of data or communication that makes the effort worthwhile for
others (Markus, 1990; Connolly & Thorn, 1990).

However, it is at the definitional interfaces that interdisciplinary teams in
particular meet many challenges. Disciplinary standards on data units, naming
conventions and analysis techniques must be generalized to cover many disci-
plines. Thosewho study processesthat unfold over millenniatry to match up with
datafromthosewho study yearly phenomena. Thosewho work with quantitative
data and approaches try to match up with qualitative data and approaches.
M oreover, long-held definitionsabout what aconcept meansor athing“is” have
established infrastructures that affect what kinds of questions are asked by
certaindisciplines(seeBowker & Star, 1999). Likewise, evolving definitionsfor
new entities, such as“collaboratories,” affect what counts asthe object of study
by different disciplines (see Lunsford & Bruce, 2003).

Toillustratethecomplexity inherentinthemeaning of athing, consider bringing
expertstogether to work on asimplething like soil (Gray, 1980; Bowker, 2000).
Different setsof researcherswill havevery different intuitive definitionsof what
soil is. An agriculturalist views soil as something crops grow in; ecologists see
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soil asincluding hard rock (to which lichens cling), and as part of the earth’s
surface subject to weathering influences. Such disciplinary views suggest
specific ways of looking at soil, and each suggests different kinds of questions
to ask. What constitutes the “universe” of soil differs by classification scheme.
For example, soil classification schemes used for North America and Europe
include national variations found in those countries. However, since these
countrieslack atropical climate, soilsof thetropicsdo not get detailed coverage
in these classifications. Thus, geographic and interdisciplinary differences can
predispose researchersto a particular view of asupposedly common object. In
interdisciplinary work, definitions need to be reopened and compared across
fields, addingtotheoverhead of suchwork thetimeit takesto compl ete projects,
and the uncertainty regarding what the project is about.

Importantly, while systems development is rapid, change in practiceis slower
and more complex. Practice isbound up with traditions within fields, entrained
with funding cycles and the need to show results. Y ou cannot, as the Flora of
North America(http://www.fna.org/FNA/) project discovered, easily convince
botanists to move from traditional glossy plates and printed text to electronic
publication of only partially-vetted results. Changein cultureisslow eventhough
this kind of advance is doubly useful asit speeds up work within the botanical
community, and opensthe borders of that community for researchersin cognate
disciplines to tap into ongoing work more readily. Similarly, the Long Term
Ecological Research (LTER) network (http://Iternet.edu/) has found difficulty
trying to convince researchersto produce truly interoperabl e databases: Every-
oneagreesit would bevaluable; however, getting scientiststo think outsidetheir
current project (and funding cycle) is extremely difficult.

Comparabledifficultiesarefoundin spanning disciplines. For example, the new
field of systemsbiology, which meldscomputer science, engineering and biology,
entailsachange from analyzing “one gene or protein at atime” to examining “a
living thing asawhole”:

Doing systems biology requires a huge change in the research culture. . .In
traditional molecular biology, each scientist works on his own gene, but the
systems approach requires determining the effect of every gene on every
other. You have to give up this ‘my gene, your gene’ stuff. (Eric Davidson,
guoted in Begley, 2003, B1).

A general rule of development to date has been that domain scientists have been
left to deal with the cultural change on their own, with input from frustrated
systems developers who wonder why their programs are not being used (Star &
Ruhleder, 1996).
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Similarly, different fields have different ideas about when data should be made
public, for example, when collected, after publication of results or not at all.
There are different standards on publication venues (online or offline; proceed-
ings, journal article and/or book), and authorship practices (single or multiple;
including or excluding research assistants). Moreover, such approaches are
often so intricately tied to what it meansto be a biologist, computer scientist, or
psychologist that it is extremely difficult to accept another’'s methods as
legitimate practice, and to have those practices accepted across fields and
departments. Interdisciplinary groupsmust makeintegrative effortstolearnand
communicate not only incombiningwhat isknowninafield, butalsoinbringing
together their various approaches and forms of datacollection and handling, and
applying technologies that suit both individual needs and joint work. Crossing
such divides, reopening definitions and even recognizing that differences exist,
addtothechallengesof interdisciplinary work (seeal so Haythornthwaite, 2004).

Bridging Distance with Technology

As developments in information and communication technologies make it
possible and expected that we can work at a distance (anytime, anywhere), we
find that we are paradoxically more fragmented in our communication channels
at the sametime asendeavoring to be moreintegrativein our practices. Not only
must groups create new technical infrastructures to bring their different work
together, they also learn “side” activities associated with accommodating
distributed work practices. They must coordinate work schedules across time
and geography, establish normsfor interpersonal communication vianew media
and keep up with the ramifications of the everyday presence of information and
communi cation technol ogies (such ason and of fline publishing standardsand the
need for representing the team’s research on the internet).

Finding opportunities to communicate are more difficult for teams that cross
departments, institutions and geography since their activities do not have the
same entrainment (M cGrath, 1990) to local environments (e.g., the local coffee
spot), events (e.g., faculty meetings, pub nights), schedules (e.g., semester
cycles, holiday breaks) and time zones (e.g., common work hours). Although it
may seem a trivial point, such lack of common time can seriously hamper
schedulingjoint activities. For example, in our own group, withmembersfromthe
east to the west coasts of the U.S., we have had to find meeting times that do
not have our west coast participants up at 6 a.m., and yet do not occur during
anyone’s core hours of the day when their own local meetings and classes take
place. Further, operating on different semester systems means our break times
do not regularly overlap, and so face-to-face meetings are shoehorned into what
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overlap does exist, often meaning long del ays between such meetings. Thus, we
have found that we spend time learning about the schedules and daily operating
routines of institutions other than our own. (See also Livia, 1999, who describes
how time zone differences between herself and her research partners and
participants affected doing research via the internet.)

Distributed groups may find that part of their learning to work together involves
experimenting with computer-mediated communication (CM C) and work tools
for distributed meeting support, as our group has. Asynchronoustools, such as
e-mail, modify theway individual scommuni cateinformation and coordinatetheir
actions—paradoxically both enhancing and constraining communication (for
reviews, seeKiesler & Sproull, 1992; Wellman, Salaff, Dimitrova, Garton, Gulia
& Haythornthwaite, 1996; Haythornthwaite, Wellman & Garton, 1998; Herring,
2002). For example, thereduced social cuesin an e-mail message may constrain
coordination efforts by failing to engender commitment to a course of action.
Overload in e-mail may lead to important messages being lost in a sea of other
communications; and social gatherings may be curtail ed because of aperception
that e-mail (or other forms of CMC) is “as good as being there.” At the same
time, e-mail communications may provide an ideal way to keep everyonein the
loop on activities, and provide an easy, central means of coordinating action and
recordingactivities.

Our own experiences with communicating via a combination of conferencing
media highlight some waysin which technol ogies modify group dynamics, and
how we had to learn to adjust to them. A common setup for us for most of the
project has been to have a set of people face-to-face in a conference room, a
video display bringing in participantsfrom oneto four sites acrossthe U.S. and
audio-conferencing for remote participantswithout video capabilities. We have
found that distributed group members who join meetings by videoconference,
whilevisibleand obviously present, aredisadvantaged in conversationsbecause
theoneto three second transmission delaysarejust long enough for non-delayed
speakers to jump in first. Phone participants, on the other hand, are physically
invisibleandindanger of being forgotten aspresent at the meeting. The presence
of othersinthelocal meeting room (seen face-to-face) and/or onthelarger-than-
life video display, overshadows these invisible listeners. Over time, we have
learned to pause the requisite one to three seconds for responses from video-
attendees, to poll those “in” the phone for contributions, to voicea“yes’ rather
than nodding and to attend to moretacit signs of presence, such as an additional
breathing over the phone, or soundsthat indicateanew person hasdialedintothe
conference system.

Asgroupslook to technology to support their work processes, we add the caveat
that technol ogy (such asvideoconferencing) doesnot providea*“ solution” tothe
“problem” of collaboration. Instead, we see technology both emerging from and
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modifying practice, |eading on to the next generation of problemsand sol utions.
This pragmatic technologies view (Hickman, 1992) allows usto see technolo-
gies as both antecedent and consequence of distribution, interdisciplinarity and
collaboration, and groups as able to both adopt and adapt technologies to their
needs (Bruce & Hogan, 1998). Similarly the adaptive structuration view
(Descants & Poole, 1994) lets us see social processes emanating from group
uses of atechnology rather than some standard across-the-board definition of
use. Likeinterdisciplinary outcomes, technology use by groups and for groups
needsto be seen as devel oping from use, and to recognize that such changes and
emergent use areimportant aspects of interdisciplinary, collaborative practices.

Conclusion

We have brought together here some challenges characterizing distributed,
interdisciplinary, collaborative practice, encompassing | earning and communi-
cating, preconceptions and expectations, boundaries, external relations and
social and technical infrastructures. Although many groups, interdisciplinary or
not, collaborative or not, will face the challenges discussed here, we find that
another challenge for distributed, collaborative groups is one of quantity: At
every turn there is another aspect of group operation, interaction and endeavor
that must again be worked out from scratch. Education into a single field does
not prepare us for the many factorsthat drive and sustain successful interdisci-
plinary, collaborativework.

With thislong list of challenges, we are concerned lest the reader feel that we
have established a wall of obstacles to interdisciplinary progress. To the
contrary. There are good research and structural reasons why agencies should
fund and support integrative efforts. Chief among them, perhaps, is that the
issues we facein managing the planet (climate warming, biodiversity preserva-
tion) and in managing complex social and political decision making (thetribula-
tions of a globalizing world) necessarily call forth interdisciplinary responses.
However, we believe the success of such endeavorswill depend on recognizing
the characteristics and challenges to such work, and acting to support this new
kind of work. Moreover, the challenges must be recognized asboth technical and
social: Doing technically integrative, interdisciplinary work represents a major
change in the way people work together, what problems they address and how
and what productsthey complete asaresult. Y et it remains an opportunity to be
pursued.
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