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Abstract required, an approach that meets end-user

Research has shown that failing to recognize and requirements and aligns stakeholder interests.
understand organizational subgroups, their cultyres
and their reward systems can result in a failure of 2.Users, Stakeholders, and Community
system adoption. Infrastructure building projects f The concepts of “user” and “stakeholder” are often
science are complex forms of collaborative worki tha defined in terms of their interaction with a pautar
involve many subgroups. As part of an ongoing information system [1, 2]. The precise role that
research project, we use ethnographic methods to stakeholders play in the design process depengisrtn
explore the roles, categories, and relationshipatth  on the prevailing design philosophy of a projectnte
are sometimes taken for granted in cyberinfrastitest or organization. For example, the “designer as d#Xpe
research and development. We find a diversity of perspective posits that designers “consider therasel
stakeholders and stakes in the development of a to be the experts, and they see and refer to pesple
cyberinfrastructure for environmental genomics that ‘subjects,” ‘users,” ‘consumers,” etc.” [3]. This
transcends categories such as “users,” “designers,” approach often characterizes users as researdcibj

and “community.” who undergo usability studies and provide inteipeet
data about design prototypes, and stakeholders as
1. Introduction business decision makers who submit requirements to

Research on scientific collaboration, e-Science, the designers as their only contribution to theigtes
and the deve|opment and use of |arge-sca|e process. This distinction .eStab"Shes an artificial
cyberinfrastructures (Cls) is an expanding area of boundary between the de&gner-expgrt anq t_he users
inquiry_ Cls are distributed Organizations supmbm and stakeholders for whom he or she is deS|gn|ng.
advanced technological infrastructures such as In the current study, we approach users and
Supercomputers and high-speed networks. These de-Sig.nel'S as Categorles of stakeholders |mp||CEtEd
projects present special challenges to designets an building Cls. We observe that:

developers because of their large-scale naturéoewd + Categories like “user,” “designer,” etc., repreasen
duration requirements for development and use, and Mmultiple, not unified, interests,
because of their involvement at the “cutting edge” - Important interests transcend the boxes of “usar,”
science. “designer,” and

As science changes, Cls must adapt to new L )
scientific questions and technologies, new usenmgp * Organizations and projects may also be seen as
and changing technical requirements. Human-centered stakeh’olders, a perspective that is aligned with
design methods stress the importance of understgndi Latour’s understanding of translating interestshia

the primary users’ needs for a product or system, Production of science and with research in

developing a set of requirements tied to those sieed  Participatory Design (PD).
and then designing to meet the requirements. ClI The stakeholder perspective allows insight into
projects, however, are comprised of diverse uséts w  the process of translating interests into infragtme
rapidly evolving needs. Additionally, the “usersfea without assuming categories of actors that may ay m
not always end users of the CI; policymakers, mtoje  not be salient in the moment of design. This apghtoa
funders, and other interested parties may congibut also allows us to look more broadly at other catiego
requirements or constraints. of actors who may have a stake in the development o
Therefore, it is useful to revisit the relationship the infrastructure, and to investigate how thosdes
between users and developers in the context o€the are (or are not) represented in the technological
domain. A broader approach to the design effort is artifacts and human structures of Cls.



3. Research Site & Method

CAMERA is a large-scale, multi-year project to
provide CI tools, resources, and expertiserf@rine
metagenomicsresearch. Metagenomics is a “new
science” that transcends a focus on individual
organisms to study the genetic composition of
populations of microbes [4]. The CAMERA project is
one attempt to meet this field’s computation anthda
requirements. CAMERA and its collaborators are
developing specialized tools for data storage, el
and visualization. Anyone can gain access to mbst o
CAMERA's tools and data at the project website.

We studied the development of CAMERA over a
2-year period. We have completed 19 in-depth semi-
structured interviews with 13 members of the prbjec
During 4 months of intense engagement, we observed
8 weekly group meetings of the development team, 6
scheduled subproject meetings, and numerous ad-hoc
meetings. During this time, 1 of the authors also
conducted more than 50 hours of unstructured en-sit
observations and had an assigned desk in the
development team'’s work area.

We also turned our investigations to other
potential stakeholders using a snowball sampling
technique, resulting in an additional 14 interviews
attendance at 10 laboratory meetings of a
metagenomics laboratory, and numerous informal
conversations  with  individuals involved in
metagenomics research.

Interviews were transcribed and, along with field
notes and collected documents, analyzed in Atlas.ti
software using a grounded theory approach [5].

4. Multiplicity of Stakeholders

Discussions of Cl development have recognized
that tensions and cultural differences between doma
scientists and developers can be disruptive [6With
CAMERA, we find that this dichotomy is not
sufficiently nuanced to explain the design process.
Here, the “domain scientist” and “developer”
categories are actually comprised of multiple sub-
categories of stakeholders, all with different reedd
addition, certain stakeholders are involved in
development but are neither domain scientists nor
developers, while other project participants seamge
both domain scientists and developers simultangousl|

In this section, we describe specific types of
stakeholders and their interests, or “stakes.” Our
description is an illustration of the multiplicitgnd
complexity of concerns that play a role in CI
development, and is not intended as a comprehensive
discussion of all possible stakes and stakeholders.

4.1.Blurring of Roles

Individuals who are associated with a CI often
inhabit multiple roles that change as the situation
demands. This dynamic holds true for domain
scientists (users) and computer scientists (deeefdp
on the CAMERA project, partly because the vision fo
CAMERA is that scientists will contribute original
analysis tools and software along with the datg the
submit. As a result, the domain scientists who are
“users” of CAMERA may also find themselves
developing software that will be incorporated ithe
CAMERA system.

The CAMERA domain scientists recognize this
fuzzy distinction between users and developers. The
head of a microbiology lab told us:

| think at least the students and the post docs

in the lab are hopefully getting some pretty

good training in the computational sides of

things. You know, everybody who comes in,
the first thing that theyre given is
introduction to Unix and, you know, how to
program in Perl books because it's going to
be - you know, as necessary tools of the
trade, at least in my lab, as, you know, the
pipetters.(Alex)

We also find an increasing number of “hybrid”
individuals involved in Cl development. For example
computational biologists are trained in both coraput
science and a particular domain. Similarly,
bioinformaticists  bring  sophisticated statistical
techniques to bear on biology questions. These
interstitial categories are breaking down the
user/developer barrier for Cl development in
incremental but profound ways.

4.2. Stakes Beyond Direct “User” Interaction

People who might typically be thought of as
“users” often have a stake in the system that goes
beyond their own direct interaction with the system
For example, one domain scientist told us that he
supports the CAMERA project because it allows him
to free up laboratory resources for other purposes.

My motivation is still about the same. We

really need these tools outside of the labs and

in a centralized system.... It's absurd for me

to be running - | run a lot of computers and |

hate computers a lot.(Christopher)

For this scientist, CAMERA represents an opporunit
for him to shift the burden of maintaining compuster
out of his lab.

Scientists might also gain indirect benefits from
CAMERA's success. One scientist who is designing
an analysis tool that may be included as part ef th
CAMERA system expressed a sense of his
reputational stake in CAMERA:



It's going to be presented as a community
tool.... | think these infrastructures like
CAMERA are really important to organize all

of the people and just being part of this

project is good for me in terms of just

networking with people and just learning

more. And | can really see how if | put on my

vitae later on... that I've been in touch, |

have interacted with the CAMERA people, it

would totally be a positive point.(Anthony)
Scientists who contribute data and tools to CAMERA
find that their own reputation is bound to the aler
success of the infrastructure.

Database systems like CAMERA also provide one
route through which research community values and
boundaries are established. Bietz and Lee [8] found
that sequence databases act as “boundary neggtiatin
artifacts.” The design of the system can favor
particular scientific questions and approaches.
CAMERA will not only support individual scientists’
own work, it may also help to raise the profile of
metagenomic science. This could potentially lead to
more funding, increased legitimization of the field
and greater reputation for early adopters of

for metagenomics data, people and
resources. (Daniel)

CAMERA serves the metagenomics community at the

same time that it is a tool to develop that comryuni

CAMERA is both a community resource and a

community itself.

The CAMERA development team relies on
several techniques to understand the community. For
example, the Scientific Advisory Board includes
domain scientists who meet regularly and provide
guidance for the project. The developers have also
adopted a strategy of testing new features withnalls
number of individual scientists. These “early adogt
were seen not just as individual users, but as
representatives of user communities.

Ribes and Finholt [9] looked at the concept of
“community” within the development of another CI
project, the WATERS Network. There, community
becomes a category that is mobilized through
conversation, community forums, surveys, and
individual representatives. Community is used as “a
short-hand for issues of representation, for exampl
ensuring inclusion and establishing a mandate—in

other words, as a near synonym for what in the rgphe

metagenomic techniques. Scientists have a stake in of politics we would call a constituency” (p. 115).

ensuring that their own approaches are supported by

the system.

CAMERA’s main source of funding is a grant
from the Gordon and Betty Moore Foundation
(GBMF), and like any funding agency they have a
strong interest in the endeavor. Their concernrelde
beyond the success of the project itself. GBMF fuad
number of “Moore Investigators,” scientists who are
given grants to pursue their own scientific progect
Collaboration with CAMERA is written into many of
these grants, which often specify that the investigs
must make their data available through the CAMERA
database. GBMF is funding both the development and
use of the infrastructure, giving it a complex baty
important stake in the CAMERA project.

Other people and organizations may hold a stake
in CAMERA even if they are not as directly involved
in using or developing the CI. For example, CAMERA
exists within a landscape of genetic databases,
requiring at least some level of data sharing and
compatibility with these other systems [8].

4.3. “Community” in CI Development
“Community” plays a significant role in how the

project is defined by participants:
| think the overall goal for CAMERA is to
really build a community around
metagenomics, provide a data repository for
metagenomic-specific data sets and the
associated tools.... It's kind of a community

Like Ribes & Finholt [9], we find that
“community” takes on special significance in ClI
development. However, where they trace the
“formation of a single community from heterogeneous
beginnings” (p. 115), we find that, in the CAMERA
project, “community” remains multiply-defined and
malleable. At various times, participants employed
“community” to refer to: all registered users,
metagenomics researchers, researchers from another
specific discipline (e.g. marine biologists), resbers
who use genetic sequence data in their work, on eve
the broad “scientific community.” Even when
participants speak of “developing the community,”
there is an awareness that this does not necessaril
signify a unitary construct.

So metagenomics is a very interdisciplinary

field and that means including biologists and

ecologists or chemists and computational
biologists, bioinformaticians and then

technical people, computational scientists,
and also too developers, software developers
and other engineers to develop other

technology for; these are all a part of a

community. (Emma)

CAMERA is explicitly part of a larger strategy to
create new, transformative science. CAMERA
participants use community “as a short-hand fargéss
of representation” [9], but the term remains udgful
vague. Its fluidity becomes a resource for devaiepe
as they work to translate high-level project gadats



technological features, supporting the productidn o
technological artifacts within a fragmented and
evolving design space.

At the same time, CAMERA’'s developers
recognize their role in the ongoing developmenthef
scientific community they want to serve:

| think the long-term vision of CAMERA is to

both enable the creation of a new research

community centered around the field of
metagenomics, as well as be the key enabler

at the center - the key computational and

cyberinfrastructure enabler at the center of

that community. (Michael)

CAMERA is mandated to serve marine metagenomics,
but this field will only be part of the eventual
community of stakeholders. Other researchers who
study other environments or use different methads a
likely to use and contribute to CAMERA.
Metagenomics itself will change, with not only new
techniques and data sources, but also the involneme
of new communities. The result will be an inevitabl
shift in the landscape of stakeholders.

5. Discussion

In CI development, it is useful to reframe
“eliciting user requirements” as a process of
discovering and understanding complex and
continuously evolving sets of stakeholders andrthei
interests.
outlined here helps to illuminate the diversity ©f
projects, with their wide variety of purposes and
organizational and social arrangements. The chgdlen
for both the designer and CSCW researcher is to

understand how stakeholders are arranged and how

stakes are (or should be) prioritized in a parécul
context. Designing for stakeholders is but one kmal
step toward recognizing and designing for the
multiplicity of concerns and activities of Cls, and
planning strategically for the continual emergenfe
stakes that must be continually aligned and reatign
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