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ABSTRACT

In this paper we discuss some barriers to the &mtouif
new collaboration technologies,
qualitative research of cyberinfrastructure develept. We
discuss two projects: 1)
technologies that were implemented in a projedyearits
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Empirical research across projects yields somedstiang

based on empirical examples of barriers to the adoption of new coltabion
technologies for scientists.

research on collaborativeSTUDY 1: THE BRAIN IMAGE STUDY (BIS) PROJECT
The major goal of BIS is to develop tools to makdtirsite

development and 2) preliminary findings of based onfunctional MRI studies a common research practidee

interviews of stakeholders in a nascent projectinew
field of scientific endeavor: metagenomics.
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INTRODUCTION

Scientific research is increasingly conducted bygda
multi-institution and interdisciplinary project t@a,
processing exponentially vaster and more completa da
flows and with similarly larger and more complex
sociotechnical structures. The increase in bothatineunt
and kinds of scientific data being generated
overwhelming current software tools. At the sanmaeti
large scale collaborations must work across tintespace,
with collaborators often being geographically disited
presenting additional challenges to collaboration.

The overwhelming increase in data is
intertwined with an intense scramble by individyuaésams,
and organizations to develop new software tools #ued
new sociotechnical arrangements needed to deveildp a
support new tools and the infrastructure needesufport
software tools and new scientific practices surdiog the
collection, processing, and analysis of the dafit
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is addressed.

inextricably

challenges are complex and heterogeneous, combining
technical, scientific, and organizational elemef@strently
data cannot be pooled between machines of different
manufacturers or even between different researtds si
using machines from the same manufacturer, thereby
limiting researchers to studies based on localljected
samples of patients and control subjects. Theseplsam
tend to be small due to the difficulty of locatirapnd
enrolling appropriate research subjects, limitedeas to
expensive machines, and the labor intensive natire
conducting clinical assessments and in-scanner itbagn
tests.

Multi-site studies can ameliorate the problem afdaquate
sampling in medical research. To take advantag¢hef
power of multi-site studies, variability acrossesitmust be
Variability in imaging equipment, data
acquisition and analysis, and patient assessment
compromise the value of multi-site imaging datasets
Completion of the technical and clinical goals dSBwill
enable researchers to tap the power of large-staiki-site
neuroimaging studies.

Methodology and Data Collection

We used ethnographic research methods to coll¢at aa
BIS. We have undertaken participant observation for
several months at weekly on-site, teleconferenciamyl
videoconferencing meetings of various working goapd
all-Function Network meetings. Because the worBIS is
distributed over time and space, and because mtt B
workers only work on BIS part-time, a critical msaof
data collection has been through one-on-one irdesi
Twenty interviews have been completed with indiaidu
from ten different institutions. Pseudonyms haverbased
for names of projects and people.



Findings

While the science undertaken by BIS during the sewf
this study was cutting edge, the collaborative netbgies
were not particularly advanced. Rather, collabgeati
technologies such as data conferencing, desktopngha
teleconferencing, video teleconferencing and, eadht,
wikis were the primary collaborative technologies.
Studying the barriers to the adoption of theserieldyies,
however, points towards potential barriers to tdepdion

of newer technologies.

Mismatch Between Management and User Requirements
Data analysis reveals that there was a mismatchelest

site responsible for maintaining its own list. Elivadp local
control and responsibility where appropriate israportant
feature for collaboration technologies.

When BIS began, it relied heavily on a central vitebfor
disseminating information and documentation retatin
the project. The website was considered the officia
information resource for the public. As a consegeeof its
official status, any time an individual from anyeoof the
several research projects wish to have informatiora
document added to the official website, they neetted
email one individual to procure permission and then
second email with the information would then needé

management conceptions of necessary collaborative?®nveyed to the website manager. The process tiftdna

technologies and the conceptions of the users. Th
management of BIS was highly committed to the esjpen
and flashy video teleconferencing (VTC) system. THe&C
failed to meet many of the collaborative needs I&.B

One group of participants were comprised of higbfife
researchers who travelled frequently. A majorifyttem
indicated in questionnaires and follow-up intergethat
regular teleconferencing better met their needshat it
worked anywhere and was appreciated for being &kt
more reliable, and not requiring the expense @nétin of
additional equipment or software.

Another example of a mismatch regarding the VTQesys
was that of the informatics subgroup. The inforesti
subgroup was comprised primarily of database eegie
computer scientists, and programmers. They fourat th
rather than video teleconferencing, their primaegd was
dataconferencing and screen sharing. As the inficma
participants were sophisticated technology usehgy t
quickly found and used inexpensive or free
dataconferencing and screen sharing software tools.

Orlikowski [4] noted some time ago that for sucdelss
adoption to occur, systems must take into accoiffarithg
incentives. Our study of BIS confirms this findirapd also
underlines the importance of understanding largalesc
scientific collaborations as large, complex orgatians
that contain numerous groups of collaborators with
different backgrounds and information needs. Also
technologists themselves can no longer be considspart
from the scientific endeavor, rather they are aegral part

of the conduct and advancement of science.

Need for Local Contributions to Global Resources

The BIS functioned successfully for years without a
comprehensive list of participants. An officialtlisas kept
on the official website, but was months, and in som
instances, years out of date. Turnover in scientifi
collaborations can be quite rapid due to staff gearacross
universities, within a university, or between puige
particularly at the research associate, post-dod, lawer-
level administrative levels and keeping track ofspenel
changes across geographically distributed groupeeiy
challenging. The decision was made to make eadarels

dew days and was sufficiently cumbersome that robshe

scientists avoided using the BIS website for calfative
work. Servers were in place for large, entire dats, but
scientists tended to rely instead on email and leanelives
for the dissemination and storage comparatively lisma
amounts of data, information, or documentation.

Several months into the project, one of the sciésti
suggested the use of a wiki. As this was a couprs/ago,
while most of the scientists had heard of wikis,ngnaf
them had never used one. However, thanks to its &fasse
it was quickly embraced become a clearinghouse feide
variety of coordinative (e.g. dates and times farious
meetings) and substantive information.

STUDY 2: METAGENOMICS

Metagenomics is a new science that enables the/ stfid
microorganisms by extracting DNA directly from
communities of environmental microorganisms, thus
sidestepping the need for culturing or isolation]. [3
Currently, there is little information on the vasgjority of
microorganisms present in Earth’'s different envinemts
due to the difficulty of culturing them in the ladadory. The
resultant wealth of genes and molecular structures
deciphered from uncultured microorganisms has
tremendous potential in the development of novel
biocatalysts for industrial and medical applicasiofb].
Metagenomics also offers a way to gauge changes in
biodiversity and environmental health. Metagenomic
techniques require significant computational andada
resources, and several groups are working on dewejo
cyberinfrastructure for the field.

Methodology and Data Collection

We are in the second year of a three year studthef
growth of the field of metagenomics, especially the
relationship between new science and cutting edge
computation. We have conducted in-depth interviews
members of three overlapping groups connected & th
Community Cyberinfrastructure for Advanced Marine
Microbial Ecology Research Analysis (CAMERA):
cyberinfrastructure developers (n=10), bioinformiats
(n=4), and microbiologists (n=3). Over a three rhont
period, one of the authors spent more than 50 houos-



site observation of a cyberinfrastructure developnteam. Our informants often mention quality problems withi
Observations included weekly group meetings as agll sequence databases. While publications go through a
several scheduled subproject meetings and numexdus extensive peer review process, database submis$ionst,
hoc meetings. Observations also included shadowingand many of the submitted sequences are nevehattdo
several of the team members, sitting in on casuala particular publication. Some sequences are alsmisted
conversations among the team, and noting genetedrpa. in a “draft” form but are, for whatever reason, eev
of interaction among team members. We have alsocompleted. New sequencing technologies make itilpless
conducted observations and attended lab meetinga of to re-analyze older samples to provide higher guali
microbiology lab and attended an international sbdp sequences, but these are uploaded as new sequeribes
on developing data standards for genomics anddatabase. The result is that sequence databasésincon
metagenomics. Data collection is ongoing. many entries that are incomplete, duplicate, ot plain
wrong.
Preliminary Findings
In some senses, metagenomics is an inherentl
collaborative science. Once DNA sequences have bee
assembled, the next step in a metagenomic studyp is
determine if the organism has already been diseovand
catalogued. Genomes are characterized by theiredegfr
similarity to other known genomes, which can previd
clues to the functional properties of the organiSeientists
can explore the evolutionary history of organismg b
comparing the amount of difference in the genonfeasvo
organisms of the same species. All of these amnahespiire
comparing the sample genome to enormous databdses
known genomes. The quality of the science depemds o
having high-quality contributions from all membefthe
community.

t the same time, these databases have no estblish
Hﬁechanisms for correcting errors. They have adopted
model from scientific publication: once the sequens
published in the database, it is not changed. diffgcult if
not impossible for a future scientist to updatesrect, or
even post a comment about a sequence. Communitysnor
while functioning to advance science, also servernact
barriers to the adoption of potentially useful abbrative
technologies.

ONCLUSION

ollaboration technologies become more important as
scientific  collaborations become increasingly large
distributed, complex, and data intensive. At thme time
that collaborations become increasingly complexdadhe
Community-contributed databases are not new infidid. collaborative technologies and the barriers torthdoption.
GenBank, for example, is an open-access database &is we have noted in this brief discussion barriews
nucleotide sequences that has been in operatiae $he adoption take many forms. Many barriers to adoptesult
early 1980s. Many other sequence databases exist fdrom the interplay of the social and the technicalthe
specific countries (e.g. the DNA Data Bank of Jgpéor sociotechnical system.
specific kinds of sequences (e.g. metagenomic seggdan
CAMERA), or with specialized tools (e.g. RAST
annotations in The SEED). Since 1996, genome relsees
have been required to make their genome sequenddis p
[2], and most journals now require scientists toveha
deposited the sequence into a public database ebdiesy
can publish their results.

A holistic understanding of large scale scientific
collaborations as large, complex organizations toatain
numerous groups of collaborators with different
backgrounds and information needs will help enstia
barriers to adoption are not inadvertently builtlimsimple
terms, collaborative technologies must be approptimthe
needs and abilities of the precise subgroups thay t
At the same time, metagenomics research is dongagly support. As we have seen, the needs of each usepgin

in the context of microbiology laboratories, and cyberinfrastructure (Cl) may often be relativelyigible to
collaborative analysis tends to be more “traditidha others, including but not limited to managementerEfiore
Research projects are typically housed within aglsin  great care must be taken to identify the variows gsoups
laboratory, or sometimes in two or three labora®iin a  and their respective needs.

collaborative project. While data is considered wlig
resource, analysis is primarily the domain of theividual
or small group.

Related to the point above, another significantribarto
adoption is the desire to have the latest and most
sophisticated collaboration technologies. While the
This suggests that fertile ground for scientificciab technologies used to collect and analyze the dtea must
software is more likely to be found (at least adiff) around be cutting edge, specifically collaborative teclogiks are
data sharing activities. It can be useful to corapdmese  often best served by technologies that are simmplglire
databases to other large community contributiortesys  very little learning, and are already easily acitdss(e.qg.
like wikis. Such comparisons may lead to potensiatial wikis, and telephones). Most scientists were raloictto
solutions for some of the problems inherent in ¢herent invest more than very small amount of time to le@rmise
generation of sequence databases. new technologies unless the benefits were subataamid
related directly to their research.



Needs for local vs. global control of tools, infation, and

organizational structures of Cls change over tiatiewing
flexibility so that over time control over resouscean be

reallocated or shared as appropriate will assisth wi

adoption, but also perhaps sustained use over time.

1.
In the metagenomics domain, there is absolutely an
“social.”

opportunity to make these databases more
Allowing community members to comment on, discase]
modify existing sequences could provide significadtled
benefit to the database. Scientists could flagiboefrors,
create links to related sequences, or combine chipli
sequences into single records.

(e.g. a journal publication).

Of course, there are barriers to
and allowing one scientist to edit another’'s segaemay
not be acceptable. Typical review processes irstiences
rely on human editors to select
knowledgeable reviewers. Scientists may insistianitihg

the ability to edit or comment in the database deened
contributors.

Finally, it would be unwise to assume that if thésacial”
features are implemented scientists would rustséothem.
It is important to understand what incentives ageassary

to convince scientists to spend their scarce tinme o

improving the quality of these community resources.

implementing such
practices. Community norms revolve around authprshi 4

reputable and
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