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ABSTRACT

We discuss research-in-progress that
cyberinfrastructure (Cl) as boundary objects, amcl$ on
the translation work of actors who span organiraticand
disciplinary boundaries. Those engaged in trarmsiavork
are able to communicate the value of the ClI anghatlhe

Cl's diverse constituencies to a common vision bé t
individuals t

system. Understanding what motivates
engage in translation activities can help infore design of
Cls with respect to the emergent nature of thaikeftolder
constituencies.
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INTRODUCTION
Cl Systems asBoundary Objects

Boundary objects are objects that are “both plasticugh
to adapt to local needs and the constraints ofstheeral

conceptualiz
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parties employing them, yet robust enough to mainéa
common identity across sites. They are weakly sired in

es

common use, and become strongly structured in ichdal-
site use" ([17], [4], [3])- The concept of boundajects
can be a useful tool to think with regarding thsige of ClI
systems: Cl systems need to balance local custtioniza
and other user needs with global system reliability
interoperability with heterogeneous components (eg,
middleware and software). To derive design suggestfor
Cls, we can think of Cl systems as a boundary ¢djec!
systems can be conceptualized as boundary objettati

- They serve or “inhabit” multiple interpretiweorlds
(e.g., [6]) such as the disciplinary worlds of the
engineering communities, those of the IT specilist
those of the industry experts and sponsoring agenci

- In their design to support multiple domains, Cltsyss
evoke and surface the underlying cultural/intelipeet
differences among their subcommunities ([3]), asd a
such pose potentially divisive challenges to the
institutional requirements of each subcommunity.That
is, Cl system design occurs at the intersectionnatf



only different interpretive worlds/cultures but @lef institutions, or changes in behavior of individaators (eg.,
institutional /organizational arrangements andgie$é  individuals’ taking greater initiative to communieathe
that make the ClI's design problematic. value of the CI to diverse subgroups/sub-communifie

- Their design is loosely defined or weakly “struetit  further pursue that question, we focus on key actor
to preserve consistency of global specificationslavh (individuals that were central in the network as#&y and
allowing flexible local instantiations. examine the ways in which they communicated theevalf

- Their design is strongly “structured” in their ldca the Cl system to various constituencies (sub-conitesrof
customization and use; that is, Cls, like boundarywhich they were not a member, the funding agentyero
objects, can have a well-defined structure at thbaj  key decision-makers).
level but a less specified structure at the loga¢l that
permits customization without compromising global
specifications (e.g., regarding security, relidpjliand
interoperability).

Building on studies on boundary-spanning behaviee,
bring the “translation work” of those actors to the
foreground, and attempt to describe it against the
background of other interventions that also ainmedring

the various NEES sub-communities together (e.g.,
Conceptualizing Cls as boundary objects foregrouhés interventions by the funding agency and the boafd o
social dynamics surrounding the CI's development age  directors that aimed to promote project coordimatand
without losing sight of their technical nature.dontrast to  accountability).

stand-alone information systems, Cls include midtip
complementary and integrated resources (equipnagzéa,
software). Integration and complementarity creatghtt What leads individuals that have a stake in thestigpment
coupling (socio-technical dependencies) among thes€rs  of a Cl to assume greater initiative and engageaimslation
and the IS resources. Users rely on a limited afet work? How are the faultlines or divisions among tub-
interconnected resources (technical coupling) amceach  communities bridged or mitigated by individualstians?
others’ willingness to share data, reports andratbsearch-
related contributions (social coupling). The tightioupled
Cl resources might create technical, but not neciégs
social, incentives and structures for cooperatioorg the
various user groups; in fact, the tight couplirfgusers-
resources might create occasions that surface their
underlying differences in goals and values, andhinigus
impede the collaboration that they were designesuifport.

To that end, we pose the following research questio

That question involves examining how individualsqeéve
their role and relation to the various sub-commasit
associated with NEES, how they identify with their
profession vs. their employing organizations (whadften
raises institutional barriers to collaboration), whahat
shapes their professional identity, and how thdfferdnt
modes of identification affect their involvement the
cyberinfrastucture project.

Below we provide more background on this line ce@ch.

Stakenolder Alignment Recent reports on various Cl projects have notesl th
The coordination of the development of large Cljgets challenge and need for alignment of the divergesdlsy
involves complex decisions and tasks that reqiiecinput  values and cultures of CI stakeholders, (e.g., .[1])
of individuals with different backgrounds (or knamsdie Stakeholders need to be aligned in ways that preroth
domains, such as engineering, information technglog effective development and long-term adoption and of
systems design, usability) that represent distitfwbught the CI resources in ways that lead to transformatio
worlds” ([6]). outcomes (e.g., augment or transform current rebear

In a prior study ([16]), we examined the compositiand pra(_:tices)._ How such alignment among stakeholdaeu_s _be
centrality of the various subgroups involved in the?e(:h'evl\elglzl)s ulr;c'eaarrbll:e ugdm?o?nn(?tir?povcs;)lzlsm%Osrg:t?u?r
development of a CIl, and traced the evolution dirth 9 play yp 9 P

L o . activities that bring together key actors, and bgrking
network (changes in its composition and structadgpting . -
the perspective of faultlines. Faultlines are aapkor for closely with Cl project leaders throughout the depeent

potentially divisive characteristics (such as efper and maintenance of the CI system. Neverthelesectare

diversity in a group) that can cause conflict ((%e found a:fner:ger:n dOfartnhoen Vz%%?js:ribiﬁg?égu?1Ict>ltef1’ecaer20| ng key
a strong presence of faultlines in the early nekapor pay 9 4

however, over time as the network of actors becamee !”f".“?”ce ,over_ the developrr_]ent Process, depgnds on
inclusive. individuals’ actions, the ways in which they peweeiand

enact their roles and/or professional identitiethwespect
What might account for that effect? Divisions amongto the CIl. For example, the decisions individualake
subgroups might have dissipated as a result ofgdsin  about exploring and forming new research/work pcast
the project’'s leadership, changes in the incentivesvith the use of Cl resources, and the extent tachviihey
originating from the funding agency that might haveleverage not only the technical but also the saeisburces
increased the responsibilities and rewards for edsffit



afforded by the CI, such as opportunities to caltabe with
other researchers and institutions beyond shaitay d

Research on technology adoption (e.g., [19]), iatiown
(e.g., [7]), user participation (e.g., [2]), andfoirmation
systems development (e.g., [18]) has tended
conceptualize users as a given, predictable groeptdies,
operating within the physical or cultural boundarigf an
organization or a community with a common valueteys
(eg., open-source community). Cl systems diffehat their
users and stakeholders are not always specifiekhown
ahead of time. Even though Cls are funded and dedig
with the explicit goal of promoting research prees such
as interdisciplinary collaboration, their users
stakeholders often extend beyond the immediatepgafu
researchers and might include industry speciali$s,
developers and subcontractors, equipment sites tlagid
staff that host parts of the Cl system, students atimer
prospective researchers, and oftentimes the gepetdic
that stands to benefit (or be adversely affectedjnfthe
outcomes of the CI researchers. Even when Cl spioigso
agencies and designers plan and design the Cinsysith
the diversity of those constituencies in mindsinhot always
the case that those individuals and institutionadilg
assume the role and responsibility of a stakeho(dera
constituency in the case of research groups, depats and
institutions).

We take the position that stakeholders and/or uskesCl
system are not given, static entities that are gsardy

persuasive to those having different
backgrounds and work cultures.

disciplinary

The role that professional identity plays into wduals’
participation in any large-scale collective endeavbas
tbeen noted in Cl-related studies and outside the CI
literature, in the communities-of-practice reseastteam.

Cl studies, such as Ribes and Finholt ([15]) nbt tit is

the identity of those groups, and what kinds obueses to
provide, that aret stake in defining [a] community”. The
communities of practice literature highlights theutoal
shaping of professional identity and a given comityuof
practice through processes of learning and legiema

andperipheral participation ([20]). Social movementidies

note that collective action occurs through the nidtion
of the identity (or multiple identities) which the
actors/participants of the movement share or aesymed
to share (e.g., [5], [13]).

Moreover, studies on boundary-spanning behaviore hav
noted that boundary-spanners tend to engage imslaion’
activities ([4]) that involve “relating practices one field to
practices in another by negotiating the meaningtands of
the relationship ([11]). Levina and Vaast ([11])adr a
distinction between nominal boundary-spanners yiddals
who span organizational or community boundariesiliye
of their formal role, such as project managers, €BBose
occupying higher places in the organizational g, etc)
and boundary-spanners-in-practice (individuals whgage
in boundary-spanning practices without being forcad

) ) mandated to do so by their formal roles and
invested in the success of the Cl system, buterathre A : .
. ) ; . responsibilities). They also point out that wherstaglies on
developed’ through the ways they perceive their . L

) : NS boundary-spanners have focused on their charaaterand
professional role and identity in the context ofe th

communities, and through processes of actual fjaation
in the development of the system, such as coninigub
decision-making (e.g. task forces formed around @ie
development, policy-making groups, governing boaadd
technical specialist groups).

Trandation Work and Professional | dentity

We focus on the translational activities of Cl astahich

we define as actions they undertake to frame andecessarily

communicate the value of the CI system to audientése
various subgroups and sub-communities that ardvaddn
the cyberinfrastucture project. The term ‘translatipoints
to the fact that the value of any CI system isnmextessarily
obvious to its intended users; different individuand
groups might have disparate understanding and nssaf
what the CI system should be like or what it shodtd
those disparate understandings are a function
disciplinary, institutional and professional id¢ies that
individuals and the participating institutions holthd that
individuals can help create a synergistic (butmextessarily
single) vision of the system through framing orraefing
and translating its value, usefulness and the valfie
interdisciplinary research it can promote in wakattare

their impact on project groups and organizationgy.(e
innovation), what motivates individuals to engage i
boundary spanning practices is less well understood

While those studies focus on the overall role ofifmtary-
spanners in helping to create organizational valueh as
innovative products, in our research we slightlyftsthe
focus towards individuals and ask what contributetheir
initiative to engage in translation activities asosub-
communities of research and practice of which thesynot
a member. While not everybody who
designated as a boundary-spanner may engage gtattian
activities, those will likely be effective boundaspanners.
We draw attention to the translation work of boumeda
spanners rather than on the designated role asedfway of
maintaining a tighter focus on the activities amitiatives of
stakeholders that helped create common ground ariieng
various sub-communities. We propose that transiatiork
diand by extension, boundary-spanning) are shapethdy
way individuals perceive and enact their profession
identities. Drawing on studies of professional iitgnand
organizational identification ([14]) we consideofessional
identity as the set of enacted beliefs that indiaid hold
about their being part of a field of inquiry or eofessional
field. Those with a strong sense of professionaniity tend
to personalize the successes and failures of fiedir and



define themselves in terms of their membershifhat field 4.
([12]). Strong identification with one’s disciplina field
(and/or institution) can motivate individuals tkeagreater
initiative and risks towards promoting the develeminof
the Cl system since they and their discipline waikthd to
benefit from implementing the system and ensuringt t
others also see the value of the system. Howewemg
identification with a field and/or an organizatican have
the opposite effect and exacerbate the divisionsnanihe
various CI constituencies if individuals are nogaged in
translation work , that is, are not creating comngoound 6.
but enhance the divisions between themselves/their
organizations and those holding different professicand
organizational identities and perspectivagaking these 7.
perspectives together, we propose that individuals’
involvement in the development of a Cl is shaped an
mobilized by the way they perceive and enact their
professional identity, for instance, by the bourea
(narrower or wider) they choose to draw, figurdiye 8
around their professional identity. '

Resear ch Site

NEES is the George E. Brown, Jr. Network for Eautiice 9.
Engineering Simulation (NEES), a project createdthoy
National Science Foundation (NSF) to better undecst
earthquakes, their causes and effects. The gddE&S is
“to promote collaborative research, shared undedita,
and shared equipment (including engineering equippme
sites, computational resources, and digital lilegriamong
the earthquake engineering community”. The NEESept

involved the creation of NEESgrid, a large-scaléwoek 1}

designed to connect researchers and experimenta
equipment sites comprised of advanced earthquaitinge
capabilities. The NEESgrid project involved mulipl
stakeholder (or constituencies) with different useeds and
work cultures. The immediate user groups and gangrn
committees associated with NEES (including NEESgié
comprised of academics and professionals with diffe
expertise backgrounds and different institutiorféliaions
(academia, private sector, and NSF). This studaied on
interview- and archival data.
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