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ABSTRACT

This paper traces the use of the concept 'comniuntgrawing
attention to the ways in which it serves as an migjag principle
within systems development. The data come
ethnographic study of participants and their atiéisiin the Water

from anstudying

finholt@umich.edu

process for the Water and Environmental ResearcéieBys
Network (WATERS), a US National Science FoundatbiSF)
project intended to serve the heterogeneous sfitedisciplines
the water environment. WATERS is a
cyberinfrastructure (Cl) in that it seeks to pravigccess to data,

and Environmental Research Systems Network (WATERS) services and computing resources to a broad growspgientists,

WATERS is a US National
observatory and cyberinfrastructure project intehtteserve the
heterogeneous scientific disciplines studying theatew
environment. We identify four vehicles by which WEBRS

participants sought to know the needs, conflicts gmals of their
diverse communities: engaging in vernacular didonss
organizing community forums; implementing surveyand

requirements gathering. The paper concludes thatutde of
community in IT development projects is substahtidivorced

from its traditional meanings which emphasize atile moral
orientations or shared affective ties; insteadthiwi systems
development, community has a closer meaning tpoktital

constituency," and is used as a short-hand foesssf@i inquiry,
representation, inclusion and mandate.
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1. INTRODUCTION

Infrastructure is intended to provide stable, l@&aand accessible
resources, supporting the work activities ot@nmunity.This
intuitive formulation has become a staple in stadief
infrastructure[24], but this definition also hidesnormous
complexities, stabilizing the meaning of precisttlgse elements
which are fluid and often contentious. In this pape focus in
particular onparticipants’ work in defining community that is,
the users of an infrastructure — and ask how theteities come
to inform a trajectory of development.

To explore this question empirically, we focusedtioa planning
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Science Foundation-funded educators and policy advisors. It is the identityttmse groups,

and what kinds of resources to provide, that atrestakein
defining the WATERS community. Thus, our goal wagdveal
the problematization of 'community’ by participattemselves.
Rather than taking it as a given, as obvious, enevpre-existing
entity, we explore how '‘community’ is debated, researchedl a
ultimately constituted by representatives who geekobilize its
identity as they go about the work of planning tesbgical
development trajectories.

Mirroring our actors' categories we shall use grentcommunity
to refer to the general body of the scientific domar discipline.
Communities are amorphous and abstract entitiesctitae to be
known through inquiry in the form of, for exampkyrveys or
community forums. In turn, through their represéués,

communities come to shape the technologies, senaoel data
which will be made available through informatiofréstructure.

We focus on a particular event in the planninghaf WATERS
Network in which its target communities were subgtly
overturned. The WATERS Network began in 2005 as
CLEANER: Collaborative Large-scale Engineering A
Network for Environmental Research. CLEANER’s reenot
sensors and IT resources were to be directed plymeatr the
environmental engineering community. However, gdalsdata
integration and cost-sharing led to an alliance wbeh
environmental engineers and hydrological scientist2006 the
Consortium for Advancement of Hydrologic ScienceéJAESI)
was added to the CLEANER team and the project waamed
WATERS to reflect its plans to serve both commaesitiThere is
a blurry boundary between these groups of researcheminally
both are engaged in the study of the water envisrtrbut often
they do so with diverging purposes. Put simply,iemmental
engineers tend to identify themselves as conducéagarch with
an orientation to application (e.g., mitigationlafman impact on
water quality), while scientists tend to emphasiaetributions to
a base of knowledge (e.g., influences on the flod eourse of
rivers). More complexlythe boundary between the scientific and
engineering communities stands-in for debates dlverkind of
data that will be collected, what research the asfructure will
support, and what organizations will receive furgdawards

In order to understand the event which led to theation of
WATERS we must delve into the scientific and techhi



ambitions of the project and we must trace the pugthby which
participants come to know their communities. Téient became
an occasion for us to investigate 'the purposefodstructure’: it
rendered visible to the ethnographic researcher wioek of

participants as they scrambled to redefine theimroanities,

scientific research agendas and the technical dpnednt

trajectories of a major research equipment anditfasiproject.

At a broad level, this is a study of 'user-centedegign in action'
and of how participants give voice to a community the

development of technical systems. We demonstraa¢ ith a

large-scale technology development project, itgppse’ is a
moving target. We focus in particular on how thegtdution of a

‘community' is significantly at play in definingsitpurpose. In
development, ‘community’ serves a similar role tatt of

‘constituency' in the political sphere: it iderdgdi a target
population in order to conduct inquiries on thesiests, goals and
purposes of future users; and in turn, represeestarticulate
this knowledge in the planning process in the hageshaping a
technological trajectory of development.

2. THE USE OF COMMUNITY

In an analysis of infrastructure development we tningscautious
not to hypostatize ‘community,’ since in many senkgs entity is
both the object and outcome of the endeavor. Raatits' use of
the term community within systems design has aindidy
different orientation than those debates endogerousocial
science. In building sensing and information systefior
WATERS the term community has had at least two gegneses:
i) it has referred to aalready existingout amorphous body of the
domain, but ii) has also acted to identifyuaure bodyof users
who will be linked by multidisciplinary ties and ehnetworked
resources of the infrastructure. The two meanings wsed
somewhat interchangeably and reflect the mandatgparposes
of the WATERS project. WATERS seeks to serve hyaiyists
and environmental engineers, but it also seeks eeeldp a
technical platform enabling collaboration and tornfo an
organizational entity to coordinate across thesddi The
infrastructure will support existing scientific anehgineering
activities, but it is also intended to transfornogbh activities,
inaugurating novel interdisciplinary relations —ush it is a
‘community building endeavor'.

The use of community has four primary componentagarable

to constituency: (i) identifying and circumscribiagcollective on
which to conductinquiry (i) so as to produce a form of
authoritative (political) representation thus; (iii) generating
accountability by demonstrating the relevance of the future
resources or services back to that collective, &nyl;to show a
mandateto funding institutions in order to secure funds f
building and sustaining those resources and sexvice

The categories ‘hydrologists’ and ‘environmentabirezers'
include thousands of academic and industrial rebeas

distributed in universities and research instit@e®ss the US, in
departments as varied as geology to resource mamgenge The
totality of American environmental engineering 1@sbers and
hydrologists who could benefit from or use WATERBs (
constituency) are never present at a planning mgefor

WATERS. Rather, it is the representatives of thamnmunity

which speak in its name. Michel Callon [5] has diesad such
representatives, or  spokespersons, as

"punctualized

organizational actors: individual participants wisollectively
stand-in for the whole. These actors always apppecifically,
for example, in our cases as principal investigataommittee
members, executive directors of institutions oteirscientists. We
can think of that small selection of participamtsSWATERS who
come together to build the Network as a samplehef larger
hydrology and environmental engineering communitye work
of 'knowing the community' is partially that of &ising those
relationships which ensure that this sample remains
representative of the larger bodin this sense, the use of the
term ‘community’ within systems development comieser to
that of 'constituency' in the political sphere. d.igonstituencies,
the communities of science have their demograpbissapiled,
are polled for opinion and surveyed to identifyithreeeds. In the
planning and design meetings of WATERS, the interesf
communities are represented by (usually) seniansgisits, who
speak in their name. In turn these community repregives
describe a certain responsibility to their constiities; they bring
community issues 'to the table', and feel accoumtdlack to
them.

We took as our research objgrticipants' workas they went
about knowing, defining and demarcating their comities. Just
‘what the community wants’ can come to be a sigaift
resource as representatives debate amongst themsklture
technological development trajectories, fundingadtions, and
divisions of labor. Put briefly, we treat ‘commuyitis an actor’s
category the content of which is at stake in thecess of
infrastructure development.

2.1 The traditions of community: affective and moral or
practical outcome?

In the social sciences ‘community’ is a notoriouglyickly

concept. For example, historian Thomas Benderraaed a one-
hundred year debate in sociology over the claséicaiulation of

'‘Gemeinschaft and Gessellschaft' [2]. In 1887 then@n scholar
Ferdinand Tonnies published his now canonical pigegning

Gemeinschaft as human associations characterizedffbgtive

ties and shared moral orientations, and Gesseftsaha society
characterized by self-interest and a high divieibtabor. Bender
argues that an irresolvable debate has emerged ther
relationship between the two: Is traditional comitydeclining

in the face of modern anonymous society or is comityu
continuously reinvented at the interstices of dgt&ieendlessly
evolving structure?

IT research is by no means immune to this debatesd two
interpretations of Tonnies' thesis (decline of camity vs. its
reinvention) have trickled into research on digitedd virtual
community [15]. Analysts describe the fall of cigibciety in the
face of the internet [17] or see its reformulationblogs and
social networks [18, 32]. In many senses the debatr the
status of community has become intractable; forphoses of
this paper, we would like to turn our attention d@oslightly
different phenomenorihe use of community

More specifically, we propose to leave the defamiti of
community to the field. How have the interests,|lg@and wishes
of a community come to be problematized for pavtaits in
infrastructure building ventures?

It is difficult to reconcile the use of ‘communityt WATERS
with traditional social science understandings whesmmunity



is “a network of social relations marked by mutiyaland
emotional bonds,” in which a “sense of self and samity may
be hard to distinguish” and where “a community s end in
itself” [2:8p]. 'Water researchers' only rarely kneach other
directly, most often do not interact at all, and asually tied only
by loosely framed interests or through common degdional
and funding agencies; yet 'community’ is regulaipoked by
participants in the WATERS Network. Community is actor's
category; moreover, it is a keyword and organizimigciple in
the development of information infrastructure, oftdiscussed,
debated and deployed.

In this sense we are following an alternate scholaadition to
those described above which take it as the aralystrogative to
evaluate the rise and decline of community. Instesdddraw on a
repertoire of thought which takes community ascamcomeof
participants' activities; we will briefly encapstdathis approach
through the concept of 'boundary work.’

In studies of boundary work the object of study dmes the
activities of actors as they go about defining atefending
demarcations of who is or is not a member of agr@ociologist
of science Thomas Gieryn defines boundary work las t
“attribution of selected characteristics to thetitnion of science
(i.e., to its practitioners, methods, stock of kiedge, values and
work organization) for purposes of constructing acial
boundary” [7:782p] We focus on the boundary wor&usd the
‘hydrology and environmental engineering commusiti@s
participants seek to define each disciplinary fi¢keir diverging
methods, goals, and data. In WATERS, boundariesiefined in
order to understand disciplinary difference, benttalso in order
to find commonalites and develop a single ‘umhrell
infrastructure' [21]. In system development, pdrthe task is to
identify the heterogeneity of users' needs andirequents. This
is analogous to knowing and representing the ister®f a
constituency in the political sphere. The diverginterests of
hydrologists and environmental engineers must festdentified
before they can be reconciled through the constmuctf a single
infrastructure.

2.2 A study of user-centered design in action

In this paper we do not use ethnography to infoesigh, as a
form of requirements elicitation or usability tesfi[9]. Rather,
we turn the ethnographic eye upon the work of tliin and
testing itself [33]: how is community known? Usemtered
design techniques are intended to transform howkvi®rdone
while still respecting existing practices — teclogyl products are
informed by the present but seek to inaugurate Irfateres:

The project of constructing a prototype on thiswieffords
possibilities for respecifying a relevant form obrk in and
through the act of buildng a new artefact; onettha
simultaneously reconfigures the work’s practice l&hi
maintaining its accountability to relevant professl and
organizational constituencies. [27:166p]

It seems high time for such an analysis, as it jgemto help us
disentangle the use of community within informatisystems
design from its traditional moorings which emphastlture,
affect or moral orientation.

We do not take 'the concept' or 'meaning' of comtpuas the
seminal site for investigation. Rather, communitiytgoortance
emerges as it comes to be a category of actioednniques of

inquiry, deployed in surveys and then summarizecports. We
seek to respecify these central epistemologicaboresff as
"commonplace discursive and practical activitieg3:5] and
demonstrate how they come to inform planning astirielogical
design.

As we will see the common or distinct 'scientifimgtices' and
'needs' of environmental engineers and hydrologiggsanvassed
in vernacular conversation, community workshopsyeys and
requirements gathering. The results of such inqoinline the
contours and boundaries of what come to be thertgeneous
communities' of environmental engineering and hiadyp. That
data is then mobilized by representatives in the TWRS
planning process as they design a single 'umbirgitastructure’
[21] for water environment researchers. Thus owstjan is not
‘are communities the relevant unit of analysis fientific
activity?’ but ratherhow do those practices and techniques which
make it known come to render community an actorifdlhe
development of information infrastructure?

3. STUDY RATIONALE AND CASE

Communities of the scale and distribution of theaelied in this
paper are not directly observable entities for d¢flenographer.
Even at the largest conferences such as the Gealdgpciety of
America (GSA) ‘environmental engineers and hydrisksy
cannot be known by participant observation. Wellgesed
interviews can reveal a great deal, but the vagonitnaof people
remain an undifferentiated mass of streaming cemnfes
participants. In this sense, the ethnographic relesés no more
privieged than any other participant in how theyow
‘community’.

Our study rationale is to follow the full range pérticipants'
activities — whether they use ‘vernacular’ formskabwing such
as conversations and community forums, or moreritdr means
such as surveys — in order to trace the procekswfparticipants
go about knowing community. We use the term paudict to
broadly designate those involved directly in thenpiing, design,
implementation of WATERS. We use the term represam to
designate those participants who seek to standean &
community.

Our main field sites have been the meetings of cipal

investigators (PIs), designers and implementersMXTERS.

These are often senior scientists in their fieldsl &eaders in
computer science and IT development. Such meetargs
excellent sites in which participants regularly cdiss the
evaluation, strategizing and planning of their pot§. Because
WATERS is distributed and often organized at aatise, field

research has been highly multimodal, conducted,ef@mple,

through video-based communication (e.g., Accessd)Gand

conference phone calls. We supplemented our etapbgr work

with semi-structured interviews. In addition we bdeen granted
access to portions of the WATERS email listsenecdise these
projects are geographically distributed, email déstons often
include everyday planning and decision making, jgliog a

continuous stream of rich data.

Ethnography does not only describe our method ieant
observation), it also describes our goals: we deetapture the
orientation of participants as shaped through thein activities.
In particular we focus on the constitution of WATER
communities: What is the work that goes into knaywin



CLEANER ( Collaborative Large-scale
Engineering Analysis Networ k for
Environmental Research)

Cases

CUAHSI (Consor tium of Universities
for the Advancement of Hydrological
Science)

WATERS Network (Water and
Environmental Research
Systems)

Targeted
Communities

Environmental Engineering Researchers

Hydrolodscaénti sts

Environmental Engineering and
Hydrological Sciences

Or ganizational Plan observatories and ClI for environmental

Infrastructure, sensor and observatory

Observatories and Cl for

Goals engineering research development for hydrology environmental engineering resear¢h
and hydrology
Timeframes Planning Grants 2004 Initiated 2001 2007-
Project Office Initiated 2005 Continues as am entity independent off ~10yrs with multiple points of
Transitioned to WATERS Jan. 2007 WATERS funded planning, review and

implementation

Accounts R&RA)

NSF Directorate | Engineering ENG (Chemical, Bioengineering, | Geosciences — GEO (Earth Sciences | ENG(CBET) GEO(EAR)
(Division) Environmental, and Transport Systems CBET)| EAR)

Funding Major Research Equipment and Facilities R&RA/ Consortium of Universities MREFC

Mechanism MREFC (planning through Research and Relafed

Table 1: Summary chart of organizations/infrastructures.

community, and how do the results of such workrimfg@lanning
and funding decisions? These activities are the adorof the
surveyors and requirements engineers, and so snpiyer we
focus in particular on the activities of these jggrants, as well
as their instruments (questionnaires) and restagso(ts). Thus,
our method is closer to the theoretical samplinggofunded
theory than the thick description of cultural aofwlogy [25].
We focus on our actors' actions and work, arourd thsage of
the term 'community'.

Finally, in each project we have also begarticipants,
contributing to aspects of planning, proposal wgti social
dimensions feedback, user-studies or requiremefititagon
[19].

3.1 The WATERS Network

The WATERS Network is an ambitious and complex endar

involving the participation of hundreds of scietgjsengineers,
administrators and technical staff. It is geograply distributed
across the US and its timeframe for planning andstaction
stretches to decades. The most optimistic particgpao not
anticipate that the actual construction of WATERS Wwegin

until 2012, with an expected award of hundreds dfians of

dollars. But today twelve planning grants have basarded and
completed, a project office has been established, eleven
testbed sites are in operation, totalling an apprate investment
of three million dollars.

WATERS will include remote automated sensor netwptkols
for archiving, sharing and analyzing data; and supgdor

multidisciplinary and distanced collaboration: 'fig] WATERS
Network plans to deploy an integrated and distedusystem of
environmental observatories at sites across thentopol

[14:6642p]. In addition to hydrologists and envimental

engineers, the Network will also provide services docial

scientists, geochemists, geomorphologists, edwatnd policy
advisors. The larger goal is to transform the scope anit$opf

scientific research. To do so WATERS intervenethatlevel of
data collection, modelling and computational resesr

Research at these sites would be aided by toolsditection,
storage, and dissemination of environmental dattgractive

! While there are multiple constituencies which W/RE seeks to serve, in
this paper we focus on the 'event' which brougigetieer hydrology and
environmental engineering. CUAHSI/hydrology was finst constituency to

be ‘'leveraged' into the initially environmental ergring endeavor.

models that could be tested in real or near-remé;tiand an
integrative cyberenvironment that would help migtdplinary,
geographically dispersed teams of researchers wagkther
effectively. [14:6645p].

The Network is an infrastructure in the sense ithiatintended to
support ‘community research' in a general fashrather than
serving to answer a single set of scientific quest or a
particular team.

WATERS is seeking to secure funds from NSF's M&esearch
Equipment and Facilities (MREFC) account. Thisisagency-
wide special account set up to pay for the acdoisit
construction, and commissioning of major scienfifitastructure
and equipment.

As the WATERS Network is described on its homepage:

The WATERS Network is actually a combination of two
national environmental observatory planning inivies:
CLEANER [...] which has been supported by NSF's
Engineering Directorate and the CUAHSI [...] initiati for
Hydrologic Observatories, which has been suppadotedSF's
Geosciences Directorate. [31]

It is beyond the scope of this paper to fully exelovhy
CLEANER and CUAHSI werébrokeredinto a single project,
however, participants and NSF officers generallgoaat for the
merger through four explanations: i) that both emwnental
engineers and hydrologists are studying the water@anment, ii)
that ClI should encourage multidisciplinary collada@n, ii) that
ClI should facilitate data and resource interopéitgband as such
a single infrastructure would facilitate the creatiof shared
metadata standards and; iv) that the significantestment
necessary to develop observatories and Cl, dentaatigrojects
be leveraged. We title the drive to broker CI petgethe logic of
leveraging.'

The larger phenomena of brokering within Cl, and thgic of

leveraging which largely informs it, deserves fulddtention and
will be the topic of our future research. However,the purposes
of this paper we focus on the result of that briviger the flurry

of activity which ensued to reshape CLEANER's emrvinental

engineering endeavour by incorporating the ‘inteyegoals and
needs' of the hydrological science community. AN&# officer

described the logic of the CLEANER/CUAHSI mergef/hen it

comes to environmental observatory constructiontiquaarly at

this scale [MREFC], and particularly at this lew#linvestment
and complexity, two is too many," (NSF, interview).



4. INQUIRY ON COMMUNITY

The recent past of computer science is dotted adthaimed and
then abandoned high-end computing projects andcapiphs [3,

10]. From such endeavors,
implementing new systems have learned a greatatealt 'best
practices' for planning. For example, the Atkinsp&e [1] (a

programmatic Cl document based on the work of @ hibbbon

panel convened by NSF) collects insights from assests and
scholarly reviews of these programs, as well asifsociological
research in informatics documenting both successfial fatally
flawed results. Many of these studies emphasizantipertance
of communication, coordination and the difficultiek distanced
collaboration; these findings have trickled int@ tholicy make-
up of Cl and observatory development. For instatioe,Atkins

Report tackles the challenge by encouraging newagement
structures and implementation strategies in cotatimn with

social scientists:

Much of the effort under way to use cyberinfrastuoe for
collaborative research is not giving adequate &tento
sociological and cultural barriers to technologyptibn that
may cause failure, even after large investment$3H]

These ‘social’ barriers are to be understood asmatishes
between technical development and existing routireesl
conventions of scientific work within the communityithin Cl a
general consensus has emerged that the soluttorbis found in
user-centered design practices or requirements neegng:
iterative planning and development which is closefgrmed by
the system's intended user base.

The number of methods and approaches to user edrdesign is
quite large, they range from ethnography, surveysd a
participatory design to cultural probes and usedetiag [23].
Overall, the goal of these methodologies is to Iethe
development of 'domain-oriented systems' [6], taiioto specific
kinds of users or tasks while supplying new towile most of
the participants in WATERS are not trained in suwchthods,
'‘knowing community' and having that knowledge infior even
'drive’ — design has come to be a well acceptecbttarf
contemporary scientific information infrastructudevelopment.
Today, social and information scientists, their moels and their
conceptualizations aralways alreadyinfused into large-scale
technology ventures [20, 22]. In this section w# feicus on four
mechanisms for knowing community as enacted within
WATERS: vernacular engagements, community forunseru
surveys, and requirements elicitation.

Participants' primary orientation towards the mergpetween
CLEANER and CUAHSI was an anxiety about how to digve
resources relevant to their respective communiti¥bile the
merge presented logistical and organizational grob| the
overarching concern for participants has been 'lshwuld an
infrastructure serve both groups?' As one envirariaieengineer
characterized the sentiment:

the problem is [...] that instead of just satisfyirthe

environmental engineering community [...] we now h&valso
try to meet the needs of the hydrologic researchneonity, and
they can be a little bit tough. [...] Our community (s more
problem-focused, and the hydrologic community tetodsok at
things [as] more scientific and research basedherthings that
they're interested in as opposed to “here’s théler. | want to
try to find a solution to it”".

Speaking in sweeping terms, the merger of CLEANERI a
CUAHSI is about 'engineering vs. scientific' resbarhowever,
this phrasing is merely a short-hand for a myriddcancerns

those people designing anwhich when inspected more carefully also revealstitiial

historical, organizational and technical conterartiipants in
WATERS themselves make a point to distinguish giscry
histories of environmental engineering and hydrgjagey note
differing scientific norms and traditions, varyin{science
guestions' and demarcate criteria for the kind qumality of data
that will be necessary to answer those questions.

In order to understand the boundary 'science/ergimg and
how it may affect the development of the new WATERS
collaboration, participants have embarked on migltygntures to
'‘know their communities'. They do so in order tse uthat
knowledge to inform planning and design, but atsdeémonstrate
accountability to that community. That is, to show that the
WATERS Network will reflect the needs and reseagolals of
hydrologists and environmental engineers.

4.1 Vernacular Discussions

Vernacular methods of inquiry are usually excluffein formal
discussions of requirements engineering; howeverfound that
participants often emphasized that their sensecafmmunity
opinion' was substantially shaped through i) evayyd
(‘watercooler’) conversations with colleaguesjniguestion and
answer periods following presentations at confezenand iii)
through face-to-face meetings specifically orgadize test new
ideas with resistant or vocal representatives #dag in the coal
mine’). Casual conversations can later serve torimfthe
development of more formal techniques of inquirye.,i
vernacular impressions require the force of surfieglings to
gain rhetorical force. For example, during an wigaw, in asking
a respondent ('A") how she knew what the hydroklgic
community wanted from WATERS, she pointed to veutac
means for knowing, and then when pressed, to mommai
approaches:

DR: How do you know what hydrologists will want fmo
WATERS?

A: Well, | go to a lot of meetings and conferendagad all our
journals, | talk to people. So that's how | know...

DR: So you know because you are a participant ie th
community?

A: Well ... when it comes right down to it though,vife want
some hard numbers, we've also done those survés, t
CUAHSI HIS survey () and then the CLEANER one. 3&0
surveys give us specific details we can share atitlers.

We have found that the reverse is also true. Rieygpdf formal
findings can become an occasion to discuss whabées learned
through vernacular means.

We will use the ternvernacularto refer to information gathering
that is primarily structured in interaction (e.ggnversations or
qguestion and answer periods following presentajioviée will
use the ternformal to refer to social and information science
methods, such as interviews, surveys, user-studiesl
requirements engineering.

2 This said, we do not wish to belabor the distinttieernacular/formal. In
practice they interlock so tightly as to merit disaing the terminology
altogether. However, the distinction serves to remis of the heterogeneity



Conversational interactions are often the richestams for
gathering community opinion. Structuréal situ, conversations
allow the participants to range freely, unlike, fexample,
surveys which substantially constrain topic and gtan of
responses. Often such discussions occur with gpleEsawho are
also friends, collaborators or old school-mates Tbnversations
can be casual, frank, opinionated and need not enelered
accountable by reference to extrinsic ‘facts',(as.is expected of
an official community representative, see belowgc@8ise such
discussions are 'not on the record' there is atlgrésssened
concern with repercussions; the converse of thisugh, is that
while such conversations can serve to inform aretstending of
community opinion, the information so gathered i®t n
particularly accountable. They are simply "impressi I've
gathered from talking to people,” or "the geneese of what
the community is thinking" (Env.Eng.Interview). \Wivernacular
discussions, it is difficult to prove to the comntynthat their
opinions are being taken into account.

Vernacular discussions are often used as thengegtounds' for
design decisions and new planning documents, whahg an
interview one WATERS PI referred to as the "carsaiethe coal
mine," those individuals who serve as the vocalguand of
community discontent:

B: There are certain people that are more sensiivthis topic
than others, that | use as kind of the canarigeencoal mines.
Where, if you keep those people happy, then wesieglokay.
DR: Are they particular individuals or a group?

B: No, they're individuals. One of the individuathat we
(have) from the CLEANER division is ['Bob’], our gineering
canary in the coal mine. He's very worried abous {merger),
very worried.... And we have to work hard to makeesBob is
happy, because that's important. Because if Baiteppy, the
core of our community is also going to be unhagy.his role
is actually, | think, is important. (Env.Eng.Inteaw)

These individuals, who are 'sensitive' to the issoé design
relative to, for example, the brokering of WATERSy not have
any formal authority in the community but are "resed,
connected or just happen to say what everyone rsagy
thinking" (Env.Eng.Interview). By consulting firsivith these
representatives (for example, in reviewing the tdraf a
forthcoming planning document) the hope is tharlaissent can
be tempered by modifying language or ceding conaessfor
design in advance.

4.2 Community Forums

Vernacular opinion is often collected opportunatic at the

professional meetings of scientists or in speciathanged forums
for the community to 'provide feedback'. In bothses such
community opinions are usually expressed
presentations intended to educate or inform thenconity about
the infrastructure development endeavor.

The scope of resource investment in WATERS - fir@nc
human, and temporal — is larger than any comparpigeious

single endeavour in the history of environmentajieeering and
hydrologic research. Its plans for large-scalerimaentation are

of methods participants draw on to know commurdtyd that information
gathering is both an 'everyday' occasioned actavity one that is planned and
implemented.

following

ambitious, and the goals for data interoperabilityd tool

provision can seem opaque to domain scientistthifik () part

of the issue is that the community doesn’t / hasrdtked with

the volume of data that these observatories amggoi generate.
A few people have, but the bulk of the communitgria So |

don't think they understand what they're going te {faced
with)," (interview, WATERS). Unsurprisingly, practng

scientists have occasionally responded with améincd and at
times with stated opposition to "putting all ourgegin one
basket" (comment at WNCW, see below). It is fos ttdason that
when opinions are collected face-to-face they oftecur in

forums which first establish the future goals aedviees of the
Network.

These elaborate presentations introduce the 'sigoals' and
informational services of WATERS while contextualg it as a
public good, or, at least, a good for the scientfimmunity:

| think there’s the issue of infrastructure versasearch. And
first of all, helping the community to understatiis is an
infrastructure projectthatenablesthe research, and that it does
fund some research, test-bedding, so that youddmemunity]
can understand what the infrastructure is that ymed.
(emphasis in original, interview, WATERS)

Community forums are formal in the sense that they events
specifically organized to educate the communitytlen existence
of projects and then collect feedback on their oesps,
evaluations and opinions. However, these events as®
vernacular in that, while they are organized andedy, the
character of the discussions and how ‘communitgllfaek’ is
expressed is often casual and conversational.

Community forums provide a venue for scientistsctmvey
dissenting opinions but they also serve to prowdtidus reports
and demonstrate the emerging results of the plgnmiocess. For
example, the two-day 2008 WATERS Network Community
Workshop (WNCW) was organized to collect feedbaslkamew
programmatic document. The workshop drew approximat00
participants, which included (prominent) practicisgientists,
NSF officers, education and outreach specialistsiJd a
representatives of various state agencies (EPA,3J&@...). The
presentations moved ‘'top down,” beginning with NSF'
disciplinary interests and funding commitments;|daled by
discussions of vision, goals and community neelsn timpact
and outreach; and finally a (still very high ordei¥cussion of
design, outlining details such as scales of measemg kinds of
available instrumentation, data standards and tofds
collaboration. Eliciting community opinion is oftantertwined
with forming it.

Lucy Suchman [26] has entitled such performanpesblic

persuasionsand described how they seek to create structured

venues to engender '‘community debate," while atswirgy to
shape that debate. For instance, in her study efpianning
process for the construction of a bridge, enginbax created a
‘community viewpoint' image. This is a fictional de of the
view of the bridge from the nearby residential zoaesunny
skyline highlighting the modern-marvel bridge asildien
cheerfully played soccer by the shores. The imadegised' the
community about what the bridge would look like,t bualso
served to soften expressions of discontent aboytot@ntial
eyesore. Similarly WATERS has created cartoonishgrdims
populated by instrumented rivers, basins, and @id¥ while



contended scientists lie in grassy fields and agerated data are
funneled to their laptops. Such imagery, and thegammatic
speeches that accompany it, convey the 'transforenaision’ of
WATERS to scientists attending these meetings; thay also
quell opinions that the infrastructure may not setlve needs of
actual scientists.

The question and answer periods at the interstifeformal

presentations become moments for ‘community fedgbdéor

dissent) as scientists (not directly involved ie thrganization of
WATERS) step up to microphones scattered acrossothra and
direct their questions to seated panelists, oftdallenging
science, planning and implementation efforts.

The overall tone in the single room of the WNCW veasnest.
Attendees expressed a sense that what would colre teferred
to as ‘community opinion’ was being forged by thearm
prominent scientists, leaders of the research titisths and
representatives of state agencies. For examplenglanh open
forum one environmental engineer asked a questionnd the
distinction scientist/engineer, that is, that eorinental engineers
are focused on water quality while hydrologistsdtén orient to
questions of water quantity:

| think your presentation was very interesting. Ambted — and
| think you have it right — that we should worryoaib both water
quality and water quantity. But | also noted thhe twater
quantity piece was very well-developed and the wagteality
piece was pretty primitive. [...] If this were a hptbigical
MREFC, | think we're well along. If this is a conmigid water
quality and water quantity proposal, | just dondesthat it's
clear enough just yet. So in my mind we need toadfair
amount of work to make sure that the two discidiaee really
working together. (comment at WNCW)

Nominally, environmental engineers are concernetth wuality:

pollution, contamination, sewage, hypoxia, pot#pili
Hydrologists are concerned with quantity: drainag®sion, and
so on. The speaker continued by specifying detaids would

shift emphasis to engineering concerns, such asiog on water
budgets and nutrient fluxes, and ensuring that@sensaptured
their primary markers such as nitrogen and phosghtevels.
This discussion is 'about science' in the senskitliacuses on
research questions and data, but it is also a iatigot about the
trajectory of planning and development, and whiommunities
will be best served by the future infrastructure.

A common complaint in such community workshops wasote
the lack of clear mechanisms for incorporating teedback’
expressed by attendees: "how is what I'm saying lgeing to
change what you are doing?" (question posed bydee at
breakout group of WNCW). Inevitably in such workpkp the
suggestion was made that such community forum&#rshow,'
merely designed to create an impression of communit
engagement. Workshop organizers found themselvesias to
demonstrate otherwise:

We're here listening. We want to know what the camity
thinks. And most of the material will be placediog| including
videos of the presentations and a report that weité from this
workshop. (WNCW presentation to attending audience)

The claim that community workshops are 'simply siiow'
appears extreme. More reasonably, they simultaneously
rhetorical ventures to shape community opinion,fqrerative
displays to demonstrate community engagemant] genuine

testing grounds (cf. canary in the coal mine) t¢ plans and
documents. That 'videos online' and 'reports' heednly signs
that the community 'is being listened to," is siynihle nature of
the available means for summarizing and commumigagvents
such as workshops.

Put briefly, it is difficult to demonstrate accoability to the
community's feedback as stated within public foruswever,
both casual conversations and workshops also infohe
production of surveys and requirements elicitatiostrumenty
with which participants hope to substantiate veutercopinion
with 'hard data': "wé&nowthat environmental engineers are more
enthusiastic about WATERS [today] than they wengear ago,
now we just need to be able to communicate it,tefinew,
emphasis in original, WATERS).

4.3 Surveys and Requirements

Surveys and requirements gathering produces thé taogible
results about community opinion and needs. In thenrpng
process, findings from such studies are deployed
representatives seeking to shape technical developin ways
which render themselves accountable to their conitiean
Results are accountable in that they can be pyhdicplayed in
reports and presentations using numerical valueaphical
representations (such as pie charts and bar grapids)direct
quotes. Surveys and requirements generate findthgs are
objective, that is, visible and inspectable, andstitarry a
rhetorical weight that knowledge created throughnaeular
means simply does not.

by

Communicating 'community opinion' in authoritativand
unambiguous ways is one of the primary purposesdaducting
surveys and requirements gathering. The findingseshacular
discussions and community workshops can be richcanaplex;
however, they are also difficult to express sudtjnor to
interpret them as directly informing design. In #heeerpt below,
an NSF program officer (responsible for the corgohéunding of
WATERS) for environmental engineering is paraphmgshis
demands from CUAHSI:

You guys are hydrologists. So | can’'t speak for rbjapists.
You're the experts in those field§he evidence to me that you
actually have a community is when | see that yots gome up
with a science plar...] We want you to have 3 (science goals).
That's your problem. If you want this to be sucéelssyou've
got to show me that you can pick 3 things and stwat your
community stands behind it. [...] And | don’t want lhear you
[expletive which means 'complaining’] about howedse your
community is. Every community has differences ofnams
about the way they should go. (NSF, interview, eagihadded)

A great deal of ink has been spilt demonstrating lsarveys or
interviews produce findings that are 'tidier' ththe opinions of
their respondents [8, 30]; shades of grey are cagtin black and
white terms. In constructing questionnaires and ves
requirements, participants often express “"the eéngur
assumption,” identified by sociologist of computingteve
Woolgar, that community opinion and "actual requiests pre-
exist our efforts to 'capture’ them," [34:203]Jislimore accurate to
say that much opinion is formed at the junctiomesfpondent and

® Community forums also serve as the sitesafiministeringquestionnaires,
thus generating formal results.



survey instrument. However, this is not to say tlatthe
production of data, surveyors do not have an catén towards
accuracy and reliability. Rather, it must be ackledlged that
there is also a desire to clarify, simplify and eagenerally
represent ‘community opinion' in such a way thatit be easily
codified and communicated. Similarly, with requirms
engineering, needs must be captured in forms wih be
"operationalized for design" (interview, CUAHSI, roputer
scientist).

The surveys conducted in CUAHSI, CLEANER and then
WATERS did just that. These studies revealed d fi¢lrelatively
clear differences and commonalities across the aemties of
environmental engineering and hydrology, defininge t
boundaries of each field while also pointing torpising avenues
for cooperation. For instance, the WATERS survdfeintially
identified the databases from which hydrologists d an
environmental engineers commonly draw: "each groap very
different needs for data sources. For example, CBWiHembers
are substantially more reliant on USGS streamflatad [11:3p]
while engineers "had a substantially greater isteréhan
CUAHSI members in the USGS and EPAvater quality
databases," [11:3p].

Such results quantified and authorized findingsnfreernacular
and community workshop discussions that had distsiged
engineers as interested in quality of water anddigdists with
quantity (ibid.). The survey results are both matetailed
(identifying particular datasets) and also moréhatritative when
communicated in percentages and pie-charts. Theneptal
boundaries of engineering and hydrology are bugg@dy such
findings, constituting a detailed reality from whaas formerly
impressionistic disciplinary difference.

This said, these fields of differences are compleew by

revealing a wealth of commonalities. For examplkilevthe two

groups prioritize datasets differently, in aggregathey

substantially agree on what they would like to dthwlata: "Both

groups agreed that the most important features enf data

sources were finding specific measures or variatdé%o) and the
accuracy of the data (52%)" [11:2p]. Surveys redistiplinary

difference as ordered preference and heterogen@awctice but

they also point to shared goals, widespread phenarmginterest
and commonly desired computer support. These ageraiv

materials for demonstrating the existence of a lsingater

environment community’ and claiming a mandate foe t
construction of WATERS.

Since the community should 'drive’ developmentyveys and
requirements can serve to demonstrate that the ocmitynis
being given voice in design decisions. The pardoip in
WATERS are called to demonstrate accountabilitynttividual
members of the community (e.g., in forums) but alas the
extended excerpt above shows) to the NSF officergifg
decisions. Funding of WATERS is contingent on desti@ting a
community mandate, i.e., showing how the desigtects the
current research goals and needs of
environmental engineers. Survey findings are aciztil@ in that
participants in WATERS can point to them as captwrihe
‘desires, needs and goals of the community.'

4 United States Geological Survey and EnvironmeRtatection Agency.

For example, in an interview, a computer sciertéstcribed how
he had been challenged in the past with regardbigodata
integration efforts. However, by pointing to thesults of the
survey described above, he can silence dissent coglly
deploying survey findings:

The most important result from our HIS survey was
understanding which datasets are most importantthigr
[hydrological] community. Now, when we provide siees, we
know which databases to prioritize, which to instgr
[Hydrologists] care about hundreds of databased,ve@ only
have time to work on a few at a time. And before, matter
which one we worked on, someone was accusing ignofing
them. Now we just point to the table. You can'twegvith the
numbers.(interview, CS)

In order to receive funding from NSF, the leadgysfiWATERS
will have to demonstrate a ‘community mandate'catiing strong
support for the extant science questions and pdatities of
design. For example, the National Academy of Saereport,
Setting Priorities for Large Research Facility Peojs[16] states
that its sixth criteria for determining which MRER®&oject to
fund, is:

Which projects have the greatest degree of commeunjfiport?

The measure of '‘community support' is an actordaiding the

future funding of WATERS. The concept of commurgyin the

‘hard numbers' and 'soft impressions' of properdaon for

infrastructure design; and it is entrenched in fagdnechanisms
and evaluative criteria of the highest state agemnci

4.4 Representing community: Accountability and mandate
In what James Taylor has called the autonomousryhed
organization [28] participants are actively engagedmaking
declarative statements in the name of ‘their comtgurin this
model ‘the community’ is significant only to the tert that
individuals can successfully mobilize it as thedpresentatives,
thus effecting the outcome ‘community opinion aeeds’ [29:87
ft.17]. Because communities cannot speak on thveir, ®equiring
active representation, they are analogous to doesaties. The
leading figures in WATERS and CUAHSI are one soft
community representatives; not in a simple senseloérarchical
relation, since “authenticity” must be preservedyt lin their
special capacity to stand in for their communif@&87 ft.17].

0]

To be clear then, in the formulation in this paee communities
actors [4]? Yes, they affect the outcome of infiature design,
planning and implementation. However, communitiesjuire
representation through enactment of their needsiredg goals,
extant work practices and so on. Does this mearctimamunities
are 'socially constructed? No. At least, not ity aense of the
term which implies that the 'needs and opinions abmmunity
are fully malleable to its representatives. Knowked of
communities is established by surveys and othensaf inquiry,
or more simply as a product of vernacular membprstihile
(we agree that) knowledge of community is shapethbymeans

hydrologistsl an of inquiry, it does not follow that representativesay cast

communities as they please. Why? Because repréisestanust
render themselves accountable, and thus, as ‘digthen
representatives the community. In this sense, #reysimilar to
political representatives and accountable to theirstituencies.
In order to faithfully stand-in for their commuras,



representatives must demonstrate a mandate onattheofpthat
community.

For example, the requirements elicitation procesSMATERS

consistently showed that both environmental engseand

hydrologists wanted stable and usable support lieir tbasic

software suites, such as spreadsheets (specificalytioned is
MS Excel). Such tools are the bread and butter cafay's

practicing scientists. However, within Cl such aggtions are
considered to be 'stove pipes', making it diffidoltshare data or
use them with the high end computational tools WRBEseeks
to develop. Notably, this finding was in direct ogjfion to

WATERS' goals for open, interoperable and sustd#nalata

archives. But the finding could not simply be dissad: it is

‘what the community wants'. Representatives wha tee far

from a sense of what the community wants can be hane been,
‘called on it." Scientists with grand techno-utopigsions for data
access but no relation to existing data practice lma placed in
question as having lost perspective or having ‘goagve’ to

computer science. In such circumstances just hpresentative
they actually are of their community may be plareduestion.

For spokespersons ‘authenticity’ is not firmly grad in an iron
glove; rather, they must perform a sense of respibitstowards
their community, or perhaps more accurately, towatheir
constituency.

5. CONCLUSION

This has not simply been a study of actors' categoWe have
shown community to be more than a matter of 'meahiRather,
we have traced how this category is set in motionarnacular
conversation, in community forums, in organizingveys or
enacting requirements, and in the streams of prasems and
documents which report findings. Within cyberinfrasture

development, community has been "operationalizedl'

vernacular and formal techniques of inquiry. Morev
community has been encoded into the very procesbah lead
to the funding, planning, design and evaluatiorinbfastructure
development. To transition from its planning anchstouction

phase, WATERS participants are developing detalleclments
with plans for development and particular scienaestjions. To
transition to the next step in receiving MREFC farttey will

also have to show a mandate, demonstrating comynsmajport
for these plans and research goals. 'Communitytoiscept
organizing inquiry, driving design and outliningiteria for

evaluation.

Both amongst our informants, but also within theadsmic
literature, there is a concern that ‘community’ lised as a
rhetorical term: an inherently positive descripémoking ‘warm
and fuzzy' feelings and potentially obfuscating emal
heterogeneity and discord. This concern clearlynstdrom a
more ‘traditional’ usage of the term community amfulated, for
example, in the work of Tonnies and more receniosogists [15,
17, 18, 32]. In such formulations community hademaicpositive
valence, and its decline is considered to be aabguioblem.
However in the ‘techniques and practice’ of Cl mavants
themselves, we have not seen community take on aweltence.
In our studies of large-scale technology plannitige use of
community has:

« little or nothing to do with affective bonds ohased moral
orientations (except to the extent that they spehldoing

'better science,’ 'good research,’ or ensuringirgelligent
investment of resources’); rathegmmunity often serves as a
concept that organizes understandings of differerscel
similarity;

» only a glancing relationship to collocation (timeighborhood
understanding’ of community: same place, same tirha}
substantial relevance to collaboration and cootdina

» served as an organizing principle for multiple ferof inquiry
which seek to 'know," ‘elicit," or 'capture' theéds,' 'existing
work practices,' 'requirements,’ or ‘goals’ of fetusers;

and perhaps most importantly:

e community is used as a short-hand for issues oEsgmtation,
for example, ensuring inclusion and establishingnandate —
in other words, as a near synonym for what in thbese of
politics we would call a constituency

A primary contribution of this work to CSCW resdarand
practice is the concept of constituency as a wayntterstand the
planning and development aspects of technologyept®jwhere
not all the future users can directly bring theincerns to the
table. This is particularly significant as CSCW eashers turn
their attention from the group level of analysishere it is
practical to assess the opinions of all participarto the
community or organizational (or larger) level — wherevious
requirement-gathering strategies will not scale. anproject
intending to serve ‘community interests' (such rdeastructure)
these future users require representation. In ase,cthe concept
of community organized a series of inquiries whicdime to
define both their differences and commonalities; timrn,
representatives mobilized these findings to infalechnology
design and demonstrate a mandate. Demonstratingaradate

. meant accountably showing that planning decisicaighfilly

represented the wishes of the community.

The formation of a single community (‘water envirenmt
researchers’) from heterogeneous beginnings (@mental
engineering' and ‘hydrology’) was an exercise iolitjpal)

representation and then action. We traced partitghavork as
they sought to prove that a single infrastructwald serve the
interests of heterogeneous communities. While WASERay be
an extreme case of technology planning
configuration of constituencies was completely twered, it
served to reveal the work of knowing community dmdv that
knowledge is then mobilized in design. More gergrale have
shown that in such projects the definition of comity is at
stake in shaping the trajectory of technologicaleli@ment,
which is a key insight as CSCW researchers seeltierstand
and influence the creation of large-scale cybeastfucture (vis
[12)).

A final important lesson learned from this case fo8CW
researchers is that 'needs are in motion' andkiaving those
needs is an iterative process of multimodal inquFyom the
'‘perspective of user-centered design', the issumtigo deplore
the indeterminacy which prevents us from fixing g&eted
communities, their needs or requirements, but ® this as a
condition of the possibility for increasing futureesearch
opportunities through the planning and developmeoft
information systems. Another lesson is that 'opingmd needs
are not transparent representations of the comguthiey must
be mobilized as findings, and often such mobilaatis not only

in which the



about good design, it also about the allocatiomesburces, and

debates about 'who and how' technology will setvesers.
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