
























actions than other users. Screen readers may not
provide a reliable way to back up when the user
incorrectly selects a hyperlink or toolbar option. A
voice recognition program can be only as accurate
as the vocabulary and pronunciation it has learned
from the user. New vocabulary or deviations in
pronunciation that arise in the context of a Web
conference pose challenges. However, these are
limitations inherent in the screen readers and
voice recognition programs rather than in the Web
conference tool.

Efficiently and comfortably usable with mini­
mum fatigue. Screen reader use in the Web con­
ference, producing a second voice overlapping that
ofthe current speaker, is highly susceptible to cre­
ating user discomfort and fatigue. In contrast, if a
transcriptionist is entering real-time closed cap­
tions, the attendee with a significant hearing im­
pairment will not likely experience any greater fa­
tigue than if watching a captioned television news
report or movie. The user of voice recognition soft­
ware as their primary source of textual input may
experience difficulty following the present speak­
er's discussion ifsimultaneously preparing a group
chat messa.ge. Users with varying attention, learn­
ing, or cognitive impairments may experience dis­
comfort or fatigue keeping up with multiple si­
multaneous inputs/outputs.

Avoids posing disadvantages or creating stigma
for users. As discussed above, the inability ofa per­
son with a disability to meaningfully and effective­
ly participate in activities with persons who do not
have disabilities creates unnecessary stigmatiza­
tion.

Using Collaboratory Infrastructure

To answer the second research question (How is
the cyberinfrastructure practically used?), we used
a mixed-methods analysis (i.e., interviews, obser­
vations, content analysis) to describe how the par­
ticipants in the collaboratory actually used the in­
frastructure developed for the projects. The results
of that evaluation are presented below.

People-to-People

The technologies to support the people-to-people
aspect of the collaboratory are primarily Listservs
and 1M applications. A Listserv for the Employer
Demand project was established that included the
e-mail addresses for all of the participating re­
searchers. To date, a limited number of messages
have been sent out to the list (N 20), mostly to
announce meeting dates and to provide project up­
dates; only one Listserv has been established. Ide-

ally, a number of separate Listservs would be es­
tablished for various networks and subnetworks
within the projects. To date, we have not yet es­
tablished a Listserv for the Southeast DBTAC
project, which, although it had an earlier start, has
not progressed as rapidly as the Employer De­
mand project. 6

As Handel and Herbsleb (2002) showed, pres­
ence awareness systems and particularly group
chat applications can provide a tremendous boost
to geographically distributed collaborators. From
our baseline data collection, we know that 23 par­
ticipants have used 1M. However, in our case, we
have thus far implemented 1M only within the
project management team. This implementation
has been very successful, with the project director
for both networks (first author) and the collabor­
atory coordinator for both networks (second au­
thor) communicating nearly every week on 1M. We
standardized our 1M client as AOL 1M (a free 1M
client, available for download at http://www.aim.
com!) simply. for compatibility and disseminated
this throughout the project leadership team.

People-to-Resources

As we describe above, a CMS is the primary col­
laboratory infrastructure used to enhance the peo­
ple-to-resources element of our colla.boratory. De­
spite some of the accessibility challenges identified
in the previous section, the project portals have
been one of the more successful elements of the pi­
lot collaboratory development. Both project portals
have been designed to be as accessible as possible
under current conditions and have served as a ma­
jor organizing point both for public information
about the projects and for the various project
teams.

For each network and subnetwork in the proj­
ects, we have created separate roles within the
CMS, so that we can assign relevant rights (e.g.,
read, write access) using high levels ofgranularity.
This means, for example, that when a member of
a specific project in the Employer Demand Collab­
oratory logs into the portal, she or he is able to see
not only what a member of the public can see but
also information (i.e., folders, documents, discus­
sions) unique to their team (i.e., not visible to col­
laboratory participants who are not members of
her or his team). Both portals have grown in size
and evolved their own unique structure to reflect
the corresponding structure of the project.

6 Possibly because of clearer project goals on the Employer De­
mand project.
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People-to-Facilities

Finally, the technology used to. support the peo­
ple-to-facilities element of the collaboratories is
Web conferencing. Our Web conferencing server,
built on technology licensed from Elluminate, is
one of the most cross-platform Web conference
tools on the market (Cogburn & Kurup, 2006). We
have integrated access to the Cotelco Web confer­
encing server into each of the project portals. Also,
we began each collaboratory with a presentation
from the second author on the collaboratory con­
cept and organized a series of hands-on training
sessions for the collaboratory leadership team and
participants.

To date, the Web conferencing has been most ef­
fective within the Employer Demand collaborato­
ry. In the Southeast DBTAC collaboratory, we
were able to use Web conferencing to hold project­
planning meetings with the director but have not
held Web conferences with the participants. In
contrast, we have held a series of meetings with
various segments ofthe Employer Demand project,
including (a) the leadership team, (b) the entire
network of geographically distributed partici­
pants, and (c) each of the project teams. Prepara­
tion for these meetings included substantial re­
mote interaction by members of the Cotelco team
to prepare c9mputers and troubleshoot potential
problems, but no face-to-face visits were needed by
any technology support staff. Overall, these find­
ings are encouraging and lead us to think about
the implications of these two pilot studies.

Discussion

The purpose of these two pilot studies is to study
the degree to which collaboratory infrastructure
may be of benefit to the national disability com­
munity. As discussed, two primary research ques­
tions were asked: (a) To what degree can accessible
cyberinfrastructure be developed within this com­
munity? and (b) How is the cyberinfrastructure
practically used? Although the pilot studies are
less than 2 years into their 5-year grant periods,
the preliminary findings present a clear indication
of the short- and long-term potential of cyberin­
frastructure for the national disability community.

In our first pilot study, the Southeast DBTAC
collaboratory aimed to illustrate the potential of a
geographically distributed management structure
and the increased potential for integrating re­
sources and information from a range of commu­
nity and policy-making practitioners. As a geo­
graphically distributed research network, the Em­
ployer Demand collaboratory is much closer to the
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original conception of a collaboratory. Perhaps this
similarity explains the more rapid progress in this
pilot collaboratory than in the Southeast DBTAC.

As anticipated by the authors, the communica­
tion technologies involved in the pilot collaborato­
ries most implicated by accessibility concerns were
software applications, Web-based information and
applications, and telecommunications, video, and
multimedia products. Largely, this proved correct.
The current versions of the CMS and Web confer­
encing tool used presented various barriers to ef­
fective communications while offering potential so­
lutions to some barriers. Persons with significant
visual impairments likely are most affected by in­
complete or limited access to the essential content
ofthe Web portals and Web conferences.

Individuals with fine motor or hearing impair­
ments experience fewer instances ofincomplete ac­
cess, although it is likely that they encounter bar­
riers to one or more types ofessential content (e.g.,
inability to fully use voice recognition programs
because of interference with other speakers, digi­
tally recorded content that is not closed captioned).
Importantly, these barriers are associated with the
Web conferences and not with the Web portals.

People with cognitive impairments may encoun­
ter barriers to more advanced features ofboth Web
conference meetings and the Web portal (e.g., mod­
erating and application sharing, editing Web por­
tal content). Individuals with attention deficit dis­
order (with and without hyperactivity) and learn­
ing disabilities likely experience greater difficulty,
discomfort, or fatigue with simultaneous multiple
inputs/outputs of the Web conference tool than
with the Web portal.

Based on the extraordinary potential for a cy­
berinfrastructure to enhance the ability for geo­
graphically distributed networks to collaborate
more efficiently, we predict that the collaboratory
organization form will become more widespread in
science, industry, and policy making. If that is the
case, it is imperative that UD principles are in­
cluded in their design, development, and imple­
mentation. Although doing so additionally may re­
quire up-front effort for those new to UD princi­
ples, these pilot studies have shown that it is pos­
sible to address these principles meaningfully in
the design and implementation of collaboratories.
Furthermore, if open-source application frame­
works are used to develop these products, it would
be wise to use the opportunities they present to
modify code and build customized modules on UD
principles.

Existing technology does not appear to allow the
creation of a universally designed Web portal, for
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instance, whereby a person with a visual impair­
ment could shed their reliance on screen readers
or magnifiers. The present study, however, dem­
onstrates that applying UD principles to our un­
derstanding of the technologies and their uses for
cyberinfrastructure-enabled knowledge communi­
ties is an important framework for improving 21st­
century access to information for people with vary­
ing disabilities. In the future, the application of
UD principles to cyberinfrastructure technology
design may obviate expensive and complex assis­
tive technology.

RECOMMENDATIONS FOR
eOLLABORATORY DEVELOPMENT, LAW,
AND PUBLIC POLICY

We offer several recommendations for interdis­
ciplinary teams designing collaboratories and for
law and public policy. First, hundreds of CMSs are
available, many at no cost to the Web developer.
Careful consideration of these systems' compati­
bility with Section 508 or WAI Web accessibility
standards and assistive technologies and the flex­
ibility to permit manipulating the code for greater
accessibility are vital when selecting a CMS, if
their collaborative benefits are to be realized by
people with disabilities. The same holds true for
Web conference tools. Emerging real-time closed
captioning using the latest voice recognition tech­
nology offers a great possibility for collaboratories
composed of a relatively finite membership and
could ensure that all Web conferences are archived
with captioning. Applying UD principles across
disciplines in higher education and program and
product design may preclude reliance on expensive
assistive technologies and raise public awareness
of UD benefits for all.

Second, in terms of future research and collab­
oratory development, we encourage other re­
searchers to follow our lead by including UD prin­
ciples in their empirical studies. This area of re­
search would benefit from more carefully con­
trolled laboratory experiments, including analyses
ofthe usability ofthese applications by people with
varying physical, sensory, and cognitive abilities,
and across browsers and operating systems. Also,
more field studies of the type described here would
help us better understand the impact of these ap­
proaches on the national disability community.

Finally, in terms of law and public policy, W3C
currently serves on the Telecommunications and
Electronic and Information Technology Advisory
Committee among several dozen industry, disabil­
ity, standard-setting, and government organiza-

tions and bodies, for the purpose of reviewing the
508 standards and recommending improvements
(71 Federal Register 38,324, 2006). The W3C, a
strong advocate for accessibility, has the opportu­
nity to encourage applying the UD principles as a
baseline for 508 standard design. Federal technol­
ogy standards, where federal funds are involved,
could come to mandate a new higher standard of
equality and inclusiveness for people with disabil­
ities. As science and many forms of commerce and
employment move increasingly to take advantage
of these developments, patient and principled at- .
tention must be paid to ensure cyberinfrastructure
is fully accessible.
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APPENDIX

Sample Questions From the Collaboratory
Member Survey

Note: Contact the second author, Dr. Derrick
Cogburn, for a complete copy of the survey code­
book.

Closed question Open-ended question

4. What is your highest level of education com­
pleted? C

6. What is your primary field of training? 0
7. Which category would best reflect your cur­

rent family income? C
11. Which ofthe following statements best reflects

the style ofleadership that you most prefer? C
12. What type of organization do you primarily

work within? C
16. What is your primary role/function within the

organization? C
17. In an average month, how frequently, if at all,

do you interact face-ta-face with the following
members of the Employer Demand Project? C

18. In an average month, how frequently, if at all,
do you interact virtually (e.g., using instant
messaging, Web conferencing, e-mail lists,
blogging, application sharing, document re­
positories, etc.) with the following members of
the [ ] collaboratory? C
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22. On the following scale, how confident do you
feel in your ability to work effectively with
your [ ] team members without being located
in the same building? C

25. From the following list, which item gives you
the greatest sense of community, or feeling of
belonging? C

26. Now, I want to ask you some questions about
how you view other people. Generally speak­
ing, would you say that most people can be
trusted or that you can't be too careful in deal­
ing with people? C

29. The members of the [ ] collaboratory....
a. approach their jobs with professionalism

and dedication.
b. are competent in the preparation for their

job
c. are reliable and will not make my job more

difficult by careless work.
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d. are trusted and respected by most people.
e. are considered to be trustworthy.
f. do not require me to monitor their perfor­

mance.
30-32. For each of the following (basic, interme­

diate, advanced) information and communi­
cation technologies, please rate your personal
experience. C

34. On a scale of 1-5 (1 being lowest), how often
do you use any of the following assistive tech­
nologies when working with personal comput­
ers and/or the Internet? C

35. What operating system do you use most fre­
quently? C

36. Where do you usually access the Internet/
World Wide Web when doing your research
work? C

37. At what speed do you usually access the In­
ternetlWorld Wide Web from this location? C
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