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A b s t r a c t Objective: To describe the experiences, lessons, and implications of building a
virtual network as part of a two-year community health research training program in a Canadian
province.

Design: An action research field study in which 25 health professionals from 17 health regions
participated in a seven-week training course on health policy, management, economics, research
methods, data analysis, and computer technology. The participants then returned to their regions to
apply the knowledge in different community health research projects. Ongoing faculty consultations
and support were provided as needed. Each participant was given a notebook computer with the
necessary software, Internet access, and technical support for two years, to access information
resources, engage in group problem solving, share ideas and knowledge, and collaborate on projects.

Measurements: Data collected over two years consisted of program documents, records of interviews
with participants and staff, meeting notes, computer usage statistics, automated online surveys,
computer conference postings, program Web site, and course feedback. The analysis consisted of
detailed review and comparison of the data from different sources. NUD*IST was then used to
validate earlier study findings.

Results: The ten key lessons are that role clarity, technology vision, implementation staging, protected
time, just-in-time training, ongoing facilitation, work integration, participatory design, relationship
building, and the demonstration of results are essential ingredients for building a successful network.

Conclusion: This study provides a descriptive model of the processes involved in developing, in the
community health setting, virtual networks that can be used as the basis for future research and as a
practical guide for managers.
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In recent years, such concepts as electronic work
groups,1–3 virtual teams,4,5 and network organiza-
tions6,7 have become increasingly popular as new
ways for groups and organizations to embrace the in-
formation age and globalization of business. Virtual is
defined as ‘‘being in essence or effect but not in fact
or name,’’ and network as ‘‘an interconnected or inter-
related chain, group, or system.’’ In the context of
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work groups and organizations, the notion of a virtual
existence suggests that the persons dealing with one
another are no longer required to be in the same place.
Instead, through information and communication
technologies, they can communicate, interact, collab-
orate, and negotiate in a distributed fashion across
time, space, and organizational boundaries.8–10

Of particular interest is the recent emergence of vir-
tual teams and networks that are touted as the foun-
dation for new forms of organizations and ways of
conducting business in a rapidly changing environ-
ment.11–13 Thus far, the literature has focused on dif-
ferent aspects of virtual forms. These include the
nature of the individual and group interactions
involved,4,5 the underlying context,14–16 and the con-
sequences.17,18 Still, there is much to learn about the
development of these virtual forms and their effects
in different organizational settings. For instance, what
are effective ways of developing these virtual forms?
What are the major issues and challenges faced by
group members day to day? And what lessons can be
drawn from the implementation of these virtual forms
in particular contexts?

This paper describes the experiences, lessons, and im-
plications of a two-year action research effort to build
a virtual network as part of a community health re-
search training program in a Canadian province. In
the paper, the term virtual network refers to teams that
span multiple geographically dispersed organizations.
First, relevant literature on virtual teams and net-
works is reviewed. Second, the training program is
described as the study background. Third, the study
design is outlined in terms of the participants, staff
and sites, technology, research methodology, and data
sources. Fourth, implementation experiences from the
study are presented. Fifth, key lessons are summa-
rized. Last, implications of the lessons are discussed.

Relevant Literature

Different models for developing virtual teams and
network have been described in recent literature. For
instance, Johansen et al.19 have proposed the use of a
team performance model to establish virtual teams
within organizations. This model has seven stages of
team building—orientation, trust building, goal and
role clarification, commitment, implementation, high
performance, and renewal. Each stage is built on the
prior ones in an inclusive way. For example, trust
building and goal clarification are based on good im-
plementation and are even more important for high
performance. Renewal is seen as a way of revitalizing
the goal and commitment of a team. Technology plays

an important part through all seven stages by sup-
porting communication, interactions, and collabora-
tion among team members and their environment.

Lipnack and Stamps20 have proposed five principles
for developing networks as a new form of organiza-
tion. These principles consist of a unifying purpose,
independent members, voluntary links, multiple lead-
ers, and integrated levels. According to these research-
ers, networks are an organic form of organization that
is both a process and a structure. They progress
through distinct stages of development, from startup
and launch, through performance and testing, to final
completion. Again, technology is crucial in enabling
these developmental stages to form the desired social-
technical networks.

Thus far, empirical studies on virtual organizational
forms have focused on the patterns of interactions,
underlying contexts, and broader consequences. For
example, Eveland and Bikson21 have reported that
electronic groups evolve differently from face-to-face
groups and require significant investments of time
and energy on the part of members to master the tech-
nology as well as a high level of assistance during the
learning process. Huff et al.22 have observed that ac-
tive participation in electronic communication can
lead to increased relationship and commitment within
groups. Hiltz23 has found that users will accept a sys-
tem if they believe the task is worth the effort, if there
is an active facilitator, if the system can expand their
social network, and if they perceive improvement in
the quality of work.

Zack and McKenney16 have found that different
groups using the same functional structure and per-
forming the same task with identical communication
technologies, but in different social contexts, would
appropriate technology in ways that are consistent
with their existing social structure. Different effects
of virtual work groups have been reported, includ-
ing subjective satisfaction, personal career advance-
ment, and productivity gain in the organizations in-
volved.23–25 To ensure sustainability, Miles and Snow26

have maintained the need for network organizations
to adapt or renew continually over time through ex-
ternal and voluntary relationships with others.

These findings suggest that virtual networks go
through different developmental stages as they evolve
and mature over time. Different factors such as inde-
pendent members, voluntary links, relationships,
commitments, and adaptations can influence ways in
which these networks emerge to become functional
entities. More important, interactions among and per-
formance of network members can vary, depending
on organizational and social contexts. These findings
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provided the initial conceptual foundations on which
this study was based. For instance, we used the notion
of developmental stages as a guide when developing
the network in this study. Other aspects of virtual net-
works such as purpose, links, relationship, technology
use, and renewal helped sensitize our study design
and interpretation of findings. It is important to note
that, while our virtual network emerged over time in
the study, its members had to contend with a wide
range of group development issues on a regular basis.
These issues led to our understanding of other group-
related concepts in developing virtual networks,
which are discussed in lessons learned.

Study Background

Currently, there is a problem in the Canadian health
system in that relevant research findings are not being
used by health professionals to enhance their decision
making.27–29 For instance, the Evidence-based Medi-
cine Working Group has reported that the most com-
mon source of information for decision making is still
colleagues, and the information is based primarily on
personal opinions and prior experiences.30 Even more
alarming, a recent survey in Canada by Woodward et
al.31 has revealed that most health professionals had
infrequent contact with researchers, and about half
thought the research community was not helpful to
them. To help overcome this problem, a community
health research training program was implemented in
a Canadian province as a two-year pilot project from
May 1996 to April 1998. This program was sponsored
through a partnership among regional health author-
ities (17 in all, referred as the health regions), the pro-
vincial health department, two universities, and a
funding agency.

In this program, each region sent one or two health
professionals to participate in a seven-week training
course (in two 3.5-week sessions) on health policy,
management, economics, research methods, data anal-
ysis, and computer technology. On returning to their
regions, these participants were to apply the acquired
knowledge to community health research projects,
policies, and issues. Ongoing faculty consultation and
support were provided over two years as needed. At
different points during the two-year period, partici-
pants were evaluated on their knowledge, perfor-
mance, and influence as measures of the effectiveness
of the program.

A crucial component of this program was the use of
computer technology as an enabler to establish a vir-
tual network, in which participants could access var-
ious information resources, engage in problem-solv-

ing tasks in groups, and communicate with faculty
and colleagues to share ideas and knowledge and col-
laborate on initiatives. As part of the training pro-
gram, each participant was given a notebook com-
puter with the necessary software applications,
Internet access, and technical support for two years.

Study Design

Participants, Staff, and Sites

Twenty-five health professionals from 17 health
regions were enrolled as participants in this program.
These participants were selected by their regional ex-
ecutives and given responsibilities to design and con-
duct research projects, provide information to support
decision making, and act as expert resources on com-
munity health issues. The participants ranged from
nurses to planners and community health research of-
ficers. Their experiences included community health,
prevention and promotion, administration, and con-
tinuing care. All had at least a bachelor’s degree, and
five had master’s degrees in health-related disciplines.
One third of the participants had positions that had
been newly created to enable them to work full-time
in the training program. Two thirds retained their ex-
isting positions and worked only part-time, between
20% and 80% of their regular hours, in the program.

The staff consisted of the program coordinator, 2
training coordinators, up to 35 instructors and expert
resources (the number varied over time), and 4 sup-
port staff. The program coordinator was responsible
for all aspects of the program, from planning, bud-
geting, and staffing to implementation. The training
coordinators were university faculty members who
worked half-time as liaisons between participants and
faculty resources and as advisors for participants with
their projects. Most instructors and expert resources
were academics from universities, who taught the
courses or acted as domain experts as needed. Two
technical, one library, and one clerical staff person
provided part-time technology, administrative, and
research support. Two action researchers worked on
this study with help from two assistants. The orga-
nizers also hired two independent consultants to eval-
uate the overall effectiveness of the program.

Multiple sites were involved in this study. These in-
cluded the 2 training sites where courses were held at
the beginning of the program, the 17 health regions
where participants worked, and the central office
where program and technical support were adminis-
tered, as well as annual conferences, teleconferences,
and workshops attended by participants. A larger
number of interactions took place virtually, via the In-
ternet, fax, phone, and conventional mail.
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The Technology

Each participant was given a notebook computer with
dial-up Internet access and remote technical support
for two years. Five types of software tools and re-
sources that made up the customized system were
installed: productivity tools for spreadsheets, word
processing, data management, and statistical analysis;
communication tools for Internet access, e-mail, Web-
based computer conferencing, newsgroup, Telnet, and
file transfer; system monitoring tools for access con-
trol, usage statistics, and automated surveys; system
utilities for backup and remote management; and in-
formation tools and resources that comprised online
bibliographic databases, health information resource
inventories, and a resource inventory organizer. A
Web site was maintained by support staff to provide
program, participant, and project information and
links to relevant Web sites.

Research Methodology

The methodology used in this study was action re-
search, which links theory with practice through an
iterative process of problem diagnosis, action inter-
vention, and reflective learning.32–35 Action research is
used in social science to solve real-world problems
while contributing to new knowledge through reflec-
tions on the experiences. Often, an intellectual frame-
work is included to guide the problem-solving pro-
cess and extraction of lessons.32 To ensure rigor,34 the
action researcher should provide a detailed account of
the research that includes defining the study design,
declaring one’s role, taking part in the change process,
reiterating the process, exiting the situation, and re-
flecting on the study in a systematic fashion so that
results are transferable.

In this study, our objectives were to build a virtual
network as an integral part of the program and to
share our insights from this experience as new knowl-
edge. The literature on developing virtual networks
and factors that influence their interactions and per-
formance provided an initial framework for our study
design and the interpretation of findings. For instance,
we envisioned this network evolving over time in
stages. While respecting participants as independent
members, we encouraged them to forge links, collab-
orate on projects, and integrate the technology into
their daily practices. The findings were described and
interpreted within the community health setting, tak-
ing into account the context, perceptions, and prac-
tices of the health professionals involved.

As action researchers, our roles were to suggest the
technology to be adopted, facilitate the use of certain

software tools and information resources, collect data
for analysis, and offer feedback to participants and
staff on a periodic basis. We did not take part in any
final decision making regarding use of the technology
and suggested changes. Instead, these decisions were
always left to the organizers, participants, and staff.
(See Appendix A for more information on action re-
search.)

Data Source and Analysis

Different subjective and objective data were collected
during the two-year period. Sources of subjective data
included program documents, participant interviews,
staff interviews, meeting notes, automated online sur-
veys, computer conferences, program Web site, addi-
tional training course feedback, and program evalu-
ation documents. Sources of objective data included
computer usage statistics and help-desk logs. Exam-
ples of questions used in our interviews are given in
Appendix B. For ethical reasons, we did not track any
private e-mail communication among participants
and staff. The type, volume, and source of data col-
lected are summarized in Table 1.

To provide an overall impressionistic view of the
study, our initial data analysis consisted of a detailed
review of program documents, meeting notes, and in-
terview transcripts. These findings were then com-
pared with online survey responses, usage statistics,
and course feedback for consistency. At the end of the
project, we analyzed the interview transcripts again
using NUD*IST* to produce a set of concepts and
themes to validate earlier findings. Any discrepancies
were resolved by careful re-examination of the origi-
nal data. (See Appendix C for more information on
data analysis techniques.)

Implementation Experiences

The training program went through several transi-
tions from Jan 1996 to Apr 1998. These changes are
categorized into five distinct but overlapping stages:
defining expectations, initial deployment, coping with
technology, improvement over time, and working as
a virtual network. The key events that occurred are
shown in Table 2 and described below.

*NUD*IST refers to non-numeric unstructured data indexing,
searching, and theorizing software, from QSR Ltd. It was used
to identify concepts from raw data, such as interviews, in order
to further categorize them as themes.
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Table 1 n

The Types, Volume, and Sources of Data Collected over Two Years
Type Volume Source

Program documents. These included pretraining surveys, computer in-
structional objectives, course outlines, technology feasibility study,
project selection criteria, project milestoning map, computer support
policies, development of second training program.

10 sets of documents Staff, organizers, coordinators,
and participants. Given to
researchers.

Participant interviews. Three sets of telephone interviews conducted in
Dec 96, Jun 97 and May 98.

63 interviews Participants. Collected by re-
searchers.

Staff Interviews. Face-to-face interviews with project sponsor, coordina-
tors, and support staff conducted in Dec 96, Apr 97, and Apr 98.

12 interviews Staff. Collected by researchers.

Meetings. Notes from meetings with coordinators, curriculum subcom-
mittee, technology and content support staff, and facilitation sessions.

34 meetings Minutes recorded by staff;
notes by researchers.

Online surveys. Automated online surveys from program integrator con-
sisted of one set of registration surveys and three sets of interval sur-
veys collected in Oct 96, Apr 97, and Apr 98.

46 surveys Participants. Summarized by
researchers.

Discussion groups. Computer discussion conference were for participants
and were moderated by participants.

16 conferences
14 surveys

Participants. Summarized by
staff.

Program Web site. The Web site was maintained by program staff with
15 hypertext-linked sections and monthly Web site hit rate statistics.

15 sections
19 months-hits

Participants, Web stats by staff.
Given to researchers.

Help desk logs. Logs recorded the history of technical assistance pro-
vided to participants and staff from Jul 96 to Jan 97.

267 log entries Technical staff, participants.
Given to researchers.

Computer usage. Three sets of application usage and online survey data
from the program integrator of each participant’s notebook were col-
lected in Oct 96, Apr 97, and Apr 98.

30 sets of usage data Participants. Collected by re-
searchers.

Training courses. Workshops on resource inventory, needs assessment,
grant proposal writing. Microsoft Access, and distance education
used face-to-face meetings, an interactive Web site, and video confer-
encing

31 feedback
1 group input

Participants. Collected by staff;
forwarded to researchers.

Program evaluation. Evaluation reports produced by independent con-
sultants provided by participants, regional executives, and managers
at seven weeks, six months, one year, and 18 months were evaluated
by independent consultants.

4 reports Collected by independent con-
sultants.

Defining Expectations

Prior to Jan 96

Discussions on the need for this program began with
the funding agency nine months prior to the inception
of the program in May 96. The vision was to build
capacity for health regions to synthesize community
health research information in ways that can be used
by health professionals. The organizers believed that,
with an appropriate technology platform, system sup-
port, information resources, and academic faculty,
health professionals can work more effectively within
and between regions to increase the use of research
findings in community health practice. As one
organizer said ‘‘. . . the idea is to work together on
research projects and be able to use the computer to
assist them, whether it is data collection and interpre-
tation or getting a report together and transferring
data.’’

Jan–Apr 96

During this time, intensive program preparation took
shape. For example, training objectives were defined
by the curriculum committee make up of coordina-

tors, regional executives, and selected experts from
universities. Specifically, participants were to become
proficient in using the computer to communicate,
exchange information, and collaborate with one
another. Also, they were to become local resources
for their region to facilitate health research and to
access and use research information for decision
making.

Mar 96

Pre-training surveys obtained from participants in
March indicated varying levels of computer literacy,
consisting mainly of experience in word-processing
and spreadsheets, with limited Internet exposure and
data analysis. Since computer skills were expected a
three-day computer training module was planned to
cover all the tools and resources supplied with the
notebook. While general computer training was to be
provided, no instructions would be given on how to
use technology in specific projects. The program also
required each participant to engage in three or four
projects over the two-year period, at least one project
being a group project requiring collaboration among
participants between regions.
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Table 2 n

Key Events During the Five Developmental Stages
Problems/Needs Interventions Reflections

Defining expectations,
Jan 96–May 96

n Infrastructure needed to fa-
cilitate research

n Technology needed for the
training program

n Need to define objectives
n Concerns with roles, time,

and computer skills

n Explored alternatives
n Organizers selected technology
n Clarified vision, roles, objectives,

expectations

n Leadership in technology
deployment

n Unclear role expectations
from participants, staff,
and regions

n Concern with time, skills
not fully addressed

Initial deployment,
May 96–Aug 96

n Integrator not ready
n Participants lacked skills
n Software problems, tensions

over support
n Participants overwhelmed by

information

n Installed Windows95 in May; In-
tegrator in July

n Computer training added to
training sessions

n Developers/support staff cor-
rected problems

n Technology leadership,
facilitation

n Training according to
skills, need

n Concern with role, time
n Integration in regions

Coping with the tech-
nology, Sep 96–Jan
97

n Lack of time, skills need, and
role clarity

n Lack of follow-up with some
participants

n Need for training/support
n Limited technology use

n Technology facilitation for partic-
ipants

n Coordinator reaffirmed role in
regions

n Training workshops provided

n Concern with roles
n Facilitation useful
n Technology use with

time, need, skills, and
roles

n Support networks
n Practical training

Improvements over
time, Jan 97–Oct 97

n Need to maintain contact
n Concerns with role, time,

support, skill, integration
n Need to document and track

projects

n Held a one-year reunion
n Offered workshop
n More proactive facilitation
n Registered projects in Web site

inventory

n Alternative delivery
n Role refinement
n Technology facilitation
n Work integration
n Support networks

Working as a virtual
network, Nov 97–
Apr 98

n Only some technologies used
but not others

n Regions supportive, but ex-
pectations unrealistic

n Participants comfortable with
technology but need more
time, support, and training

n Request for second program

n Assessed need, concerns, oppor-
tunities, impacts, suggestions

n Over 70 projects in Web site in-
ventory

n Trainees conducted surveys for
feedback

n Organized second program
n Produced second reports

n Improved second pro-
gram initiated

n Program raised use and
awareness of research in-
formation in regions

n Impacts too early to
quantify

n Ten lessons learned sum-
marized

Initial Deployment

May 96

The technology was deployed in two phases, because
the system monitoring software, called the program
integrator, was not ready when the program started
in May. The installation took place during the first on-
site training session, when most of the communica-
tion, information, and productivity tools were intro-
duced, with Windows 95 as the temporary program
manager.

Jul 96

The program integrator† was installed during the sec-
ond training session in July. Shortly after its introduc-
tion, many software bugs were detected in it, which
required immediate fixes by the developers. The com-

†The program integrator is a custom operating environment
similar to the Windows program manager, which controls ac-
cess to all the applications on the system.

plex configuration of different software on the note-
books and the support staff’s lack of prior exposure
to the integrator made it difficult to diagnose and cor-
rect many of the technical problems that occurred.

May and Jul 96

Computer training was provided as part of the onsite
training sessions in May and July. Conducting these
sessions had been difficult because of intermittent sys-
tem crashes and different skill levels among partici-
pants, which proved very distracting. In post-training
evaluation, participants reported that they were over-
whelmed by the volume of information that was pre-
sented and felt that the computer training was inef-
fective because of time pressures, lack of basic
computer skills, and information overload.

Jun and Aug 96

Even after participants had returned to their regions,
the help-desk logs revealed that there continued to be
hardware and software problems with their note-
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books, requiring frequent phone calls for technical
support. This was complicated by the need to link
participants’ notebooks with their local Internet ser-
vice providers and to share network printers in their
organization. As a result, many participants were
frustrated with the unstable system and the process
by which they had to go through to use it.

Coping With the Technology

Sep–Oct 96

We formed a technology facilitation group with the
coordinators and support staff to understand better
how participants were using the system. The auto-
mated online survey and application usage log col-
lected from participants through their notebooks in
October revealed that the most frequently used tools
were word processing, Netscape, e-mail, computer
conferencing, and some online bibliographic data-
bases. More advanced tools, such as an information
resource organizer, statistics and desktop database
software, and Internet health information resources
were not used (see Appendix D for usage analysis).

Nov–Dec 96

By November, the technology had stabilized, with
many fewer phone calls and e-mails for support. Our
phone interviews in December revealed that partici-
pants had been grappling with technical issues, use
of various applications, and their changing roles. For
instance, several participants had difficulties integrat-
ing their notebooks with their regional information
systems to share patient and other information. Some
reported not having enough time to learn to use the
tools and resources. A few had problems with what
their role should be in the region. As one participant
sand ‘‘My role is still evolving, and my colleague and
I are working on being utilized more effectively in the
region.’’

Dec 96

The program coordinator visited the executives in
each region to inquire about their perception of the
program and to reaffirm roles and expectations for
participants. The responses were positive in terms of
the quality and amount of research information being
made available, types of initiatives launched, and op-
portunity to build relationships with other regions.
There remained some concerns over roles and expec-
tations, since a few participants had had their roles
redefined several times in the region.

Dec–Jan 97

Despite technical problems, participants maintained
that they were positive with their experiences and the

concept behind the technology, especially in electronic
communication and online information searches.
Many participants still felt inadequate with their tech-
nical skills and had requested more training and sup-
port. One participant explained, ‘‘You tend to use only
what you are familiar with because you don’t have
time to find out what the [other] technology does.’’ In
response, the coordinators planned several training
courses to be offered in 1997.

Improvements over Time

Jan 97

It became apparent in early November 1996 that the
amount of project, resource, and online discussion in-
formation accumulated on the Web site had become
disorganized, clumsy to access, and confusing to man-
age. In January 1997, under out guidance, the support
staff reorganized the Web pages, computer confer-
ence, information resource inventory, and project reg-
istration process on the Web site. The intent was to
move toward an online knowledge inventory where
projects, research information, and online discussions
would be registered and summarized.

Jan–Apr 97

Participants reported in early 1997 that 60 individual
projects were planned or under way. Seven collabo-
rative projects had taken shape, involving many
participants using different communication media,
including face-to-face, phone, and computer con-
ferencing. Some had assumed a greater research role
in their regions by being asked to produce informa-
tion for senior executives, provide education to man-
agers and staff, and work on different projects. One
participant said, ‘‘[We are] able to identify, develop,
implement and report research projects that are rec-
ognized as valuable in the region.’’

Jan–May 97

Having protected time to work on projects was a con-
cern of participants, since many had other areas of
responsibilities. A few participants reported uneasi-
ness with using technology for such tasks as infor-
mation search and document preparation, since some
coworkers did not regard it as real work. In several
smaller regions, technology was the only link to the
outside world, providing the means to share ideas
and information that was not feasible otherwise.

Jun 97

Data from interviews, online surveys, and computer
usage by June revealed a drastic increase in partici-
pants’ reliance on technology, especially e-mail, the



368 LAU, HAYWARD, Building a Virtual Network

Internet browser, online databases, selected informa-
tion resources, and productivity tools. Many partici-
pants still wished for more computer training, partic-
ularly in information searches, data analysis, and
resource inventory building. Some suggested having
support staff to do literature search, data entry, and
analysis. Most indicated that they used software they
were familiar with or needed to get the work done,
but not tools with which they lacked skills, need, or
time to learn. Comments to such effect include ‘‘I need
to create more time to use the technologies’’ and ‘‘. . .
some time dedicated regularly to updating my skills
and knowledge of technology.’’

Jan–Oct 97

Four training courses were held using different deliv-
ery modes. These were in grants proposal writing,
needs assessment, information resource management,
and database using Access. The delivery modes con-
sisted of face-to-face meetings, Web site and e-mail,
video conferencing, and computer conferencing. The
attendance at these sessions ranged from 6 to 12 par-
ticipants depending on the topic, location, and avail-
ability. Most participants were satisfied with the
courses, but some suggested an emphasis on experi-
ential learning, provided in a just-in-time fashion as
needed.

Working as a Virtual Network

Sep–Dec 97

The virtual network emerged by mid-1997, with most
participants having integrated technology as part of
their work routines. Many used technology frequently
to prepare, search, manage, and analyze research in-
formation; to interact with each other to share ideas,
information, and experiences; and to collaborate on
projects. The computer usage statistics and self-re-
ported use from online surveys suggested that the
most frequently used tools and resources were e-mail,
Internet browsers, Word, Powerpoint, online biblio-
graphic databases, and selected information resources
from the inventories (see Appendix B). The use of
computer conferencing peaked in early 1997 but
ceased shortly after that because of lack of time, fa-
cilitation, and meaningful discussions.

Dec 97

The 18-month evaluation conducted by consultants in
December suggested that the most important program
component was establishment of the virtual network
for information sharing and peer support. As one par-
ticipant said, ‘‘The best part of [this program] was
meeting a group of enthusiastic, creative, committed

[colleagues] that I can now share ideas and strategies
with.’’ The regions were seen as supportive of the pro-
gram but not always realistic in their expectations or
resource need. Coworkers were supportive, but some
did not fully understand the role of participants in the
region. Most participants reported high comfort levels
with technology, information searches, and applying
knowledge in decision making but identified the need
for more research time, support staff, and training in
data management, statistics, and evaluation.

Jan–Apr 98

By early 1998, participants had completed 76 research
projects. Summaries of these projects, including rele-
vant literature, research design, and results were
posted on the program Web site with help from sup-
port staff. Online surveys and interviews in April re-
vealed that most participants were very positive
about their overall experience over the two years.
Many participants indicated that they were so depen-
dent on technology that they could not do their work
without it. Some mentioned that they were able to
work closely with senior management in their regions
and believed they had made a positive influence on
the way research was conducted and findings were
used.

Mar 98

Because of the positive responses received from the
regions, health ministry, and professional associations,
the organizers initiated a second training program to
commence in May. Feedback was gathered from co-
ordinators, participants, and us as researchers to help
plan this second offering. Goals were to simplify the
initial computer training, develop appropriate role
expectations, maintain close interactions, offer more
follow-up courses with different delivery modes,
maintain more customized project support, ensure
adequate time and resources, provide needs-based
training, and actively promote achievements of the
program.

Post-May 98

The consultants wrote in their final evaluation report
that the program had been successful in raising the
awareness and use of research information in the
regions, but it was still too early to quantify the im-
pacts. The participants completed 70 individual proj-
ects and 6 group projects in total. Although they were
satisfied with the program, they had many sugges-
tions to improve its organization and delivery, such
as more training, support, protected time, and recog-
nition. Overall, the consultants reported that ‘‘[the
program] was a very positive professional experience
for participants due to the networking opportunities
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Table 3 n

Summary of the Ten Key Lessons Learned in this
Study

Description

Lesson 1 Ensure ongoing role clarity. Establish role early, re-
iterate to renew importance, and be flexible
over time.

Lesson 2 Provide technology vision to foster shared under-
standing. Articulate vision on intentions for
technology to achieve network purpose.

Lesson 3 Encourage participatory network design. Engage
members in design, implementation, and eval-
uation of network through action research.

Lesson 4 Allow implementation staging to stay focused. Im-
plement technology incrementally for members
to learn and use tools meaningfully.

Lesson 5 Provide protected time for work and learning. Pro-
vide adequate time for members to learn tech-
nology to conduct work.

Lesson 6 Provide technology, content, and process facilitation.
Ensure proactive ongoing facilitation to im-
prove effectiveness of network.

Lesson 7 Encourage technology integration with work prac-
tices. Integrate technology with work practices
and routines of network members.

Lesson 8 Provide just-in-time, experiential, needs-based work-
place learning. Provide ongoing training to use
technology and interact with others.

Lesson 9 Build relationships with peers and external members.
Establish linkage with peers and others to
share ideas and information and collaborate
on work.

Lesson 10 Promote network’s accomplishments. Promote re-
sults and achievements to others to ensure ac-
ceptance and recognition of network.

and increase in their research skills and knowledge
base.’’

Lessons Learned

Ten lessons have been identified from the implemen-
tation experiences. The basis for these lessons in the
community health setting and how they compare with
related literature are discussed in this section. The les-
sons are summarized in Table 3.

Lesson 1: Ensure Role Clarity on an
Ongoing Basis

In this study, many participants had expressed con-
cern about their roles in the health region and expec-
tations from their managers and coworkers; some had
their roles redefined several times over two years.
There was also evidence that the extent of technology
use was influenced by the participant’s perceived role.
For instance, participants reported that they con-
ducted frequent literature searches because they were
expected to provide current research information. In
their team performance model, Johansen et al.19 em-
phasize the importance of goal and role clarification
in the establishment of virtual teams. The need for
role clarity is supported by other studies on effective
work groups,36–38 particularly in dynamic teams with
shifting roles, tasks, and membership.4,39,40

These findings led to lesson 1, that in the planning of
a virtual network, the roles of its members must be
established early on to provide them with a clear
sense of purpose and expectations. This is especially
important with health professionals, who often have
multiple roles in the organization. The role should be
reiterated periodicaly to re-emphasize its importance,
and it should be flexible to enable the member to
adapt to changing organization goals and priorities
over time.

Lesson 2: Provide an Initial Technology Vision
to Foster Shared Understanding

In retrospect, the intended uses of the technology in-
cluded in the network were never clearly articulated.
For instance, while computer proficiency was ex-
pected, no directions were provided on how partici-
pants should learn the technology or use it in their
projects. Even though follow-up workshops were of-
fered, many participants were left on their own to
adopt the technology. The introduction of computer
conference summaries, Web-based resource inventory,
and online project registration are examples of areas
in which it was necessary for organizers to show new

ways in which technology could be used to enhance
the network.

These findings emphasize the importance of defining
intentions for technology use in a virtual network. For
instance, Caldwell and Gambon,11 and Mohta41 dis-
cuss the essential elements of virtual teams, such as
having a centralized Web-based data network, and
ways by which technologies can be used to enhance
effectiveness. Others address consequences of inter-
active communication on social presence,42 norms,
and control.43 The key is to ensure that a technology
vision is synchronized with the organization’s pur-
pose.20

These findings led to lesson 2, that a vision is needed
to articulate how technology can enable development
of the network to achieve its purpose. This vision
must be communicated to members early on and re-
iterated over time to ensure a common understanding
of the intentions for the technology. This is important
with health professionals, who often have little com-
puter experience and need to be shown by way of
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examples what technology can do and how they can
use it appropriately and effectively.

Lesson 3: Encourage Participatory Design of
the Network

In this study, the use of action research was viewed
favorably by participants; they offered valuable re-
flections on technology use and suggestions for its im-
provement. Examples of participant engagement in-
cluded their written feedback on initial training,
ongoing requests for more training and support, and
recommendations for the second program. Many sug-
gestions were implemented eventually with favorable
consequences.

Lipnack and Stamps20 emphasize the need to em-
power network members by involving everyone in
the process of network development. This participa-
tory approach has been used in designing organiza-
tions,44,45 developing communities,46 and introducing
information systems.47 It advocates that those affected
by change should play an active role to influence the
design process and its outcome.

These findings led to lesson 3, that the development
of a virtual network can be enhanced by a participa-
tory approach to engage health professionals in its de-
sign, implementation, and evaluation. Action re-
search, with its iterative process of problem diagnosis,
action interventions, and reflective learning through
participation, is well suited for this type of network
development.

Lesson 4: Keep Implementation Staging Focused

In our study, because of technical problems, infor-
mation overload, and varying computer skill levels,
participants viewed the initial implementation of
technology as mostly ineffective. As a result, only the
technology that was most familiar to the group was
adopted and used. Subsequent feedback from partic-
ipants suggested an incremental but more focused ap-
proach to implementation and the need to integrate
technology with learning and work practices.

In his study of information technology design and or-
ganizational change, Eason59 argues that the technical
system must be designed to serve the functional needs
of the individual users in a usable and acceptable way.
More recent studies suggest that virtual teams require
more time and effort to establish their communication
skills and social norms over a distance.21,42 Thus, the
introduction of technology must be carefully staged
to ensure that network members learn to understand
its meaning, use, and benefits.4,11,14

These findings led to lesson 4, that in the development
of a virtual network, technology should be imple-

mented in stages to ensure that members can learn to
use the tools in meaningful ways. This incremental
approach provides the focus for health professionals
to bring the meaning and relevance of technology to
different types of work that they face during different
stages of a project, such as communication, informa-
tion search, data collection and analysis, and report
writing.

Lesson 5: Provide Adequate Protected Time for
Work and Learning

Having protected time for work and learning was an
important issue in this study. Many participants com-
plained about the lack of time to learn the technology,
conduct research, and interact with others. This was
most obvious for part-time participants in the pro-
gram. Some would have preferred the provision of
support resources to expedite their work, such as hav-
ing an assistant do data entry, analysis, and literature
retrieval.

In their team performance model, Johansen et al.19 de-
scribe the need for dynamic roles, shared leadership,
multiple media, and shifting relationships. These are
all time-consuming undertakings that require team
members to constantly learn to interact with others
under different circumstances. Eveland and Bikson21

have found that electronic work groups require mem-
bers to make significant investments of time and en-
ergy to master the technology. To be effective, network
members must be given adequate time and support
to learn and use the technology effectively in the vir-
tual environment.5

These findings led to lesson 5, that in the development
of a virtual network, its members must be given ade-
quate time to learn how to use technology to conduct
their work. Health professionals, especially those with
multiple roles, need time and guidance to learn the
technology and use it effectively in projects. To ex-
pedite work, support such as data entry and analysis,
information search, and clerical support should be
provided as needed.

Lesson 6: Provide Ongoing Technology, Content,
and Process Facilitation

In our study, distinct forms of technology, content,
and process facilitation were needed to help partici-
pants become more effective in their work. Technol-
ogy facilitation relates to technical support, such as
troubleshooting, assisting with software and hard-
ware use, and helping users integrate technology into
their organization. Content facilitation relates to
expert consultation on specific projects in terms of is-
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sues, research design, and interpretation of results.
Process facilitation expedites research with such sup-
port as literature retrieval and delivery, data entry,
and analysis.

The importance of facilitation on enhancing group
performance is well documented for synchronous
groups.49–51 To connect virtual networks, Lipnack and
Stamps20 suggest the use of coordinators as the ‘‘glue’’
to match needs to resources. Similarly, Grenier and
Metes52 introduce the notion of ‘‘circuit riders’’ to deal
with concerns, listen to complaints, take on problem
solving, and keep the network alive.

These findings led to lesson 6, that ongoing technol-
ogy, content, and process facilitation is needed to im-
prove the effectiveness of a virtual network and of its
members over time. Proactive forms of facilitation, in
which facilitators periodically reach out to health pro-
fessionals to probe their needs and offer direct assis-
tance, should be encouraged.

Lesson 7: Encourage the Integration of
Technology with Work Practices

In this study, participants adopted technology and
used it to conduct various tasks that ranged from in-
formation searches, data collection and analysis, doc-
ument preparation, and communication to project col-
laboration. Many were so dependent on technology
that they could not function without it. However, our
results also revealed that many participants used only
a subset of the technology, based on their needs, avail-
ability, and skills. Some participants had difficulty in-
tegrating the technology into their regional systems to
access patient information and printing resources. A
few even felt uneasy using the technology, since oth-
ers did not see it as real work.

Lipnack and Stamps20 propose that a network’s pur-
pose has to be translated into concrete work activities,
from which physical channels of communication can
be set up for interactions. Anson et al.53 suggest that
group support systems can be used to support a wide
range of research tasks, including library search, idea
generation, data collection and analysis, and publi-
cation of results. Grenier and Metes52 argue that tech-
nology use, to be effective, must be regarded as work
and not as support or an adjunct to work.

These findings led to lesson 7, that in the development
of a virtual network, one must ensure that the tech-
nology is integrated into the work practices and rou-
tines of participating health professionals. This in-
cludes the compatibility of the technology, its fit with
the type of work, and recognition of its use as an in-
tegral part of the health professionals’ work.

Lesson 8: Provide Just-in-time, Experiential,
Needs-based Workplace Learning

Most participants requested more ongoing technical
training, but they preferred training to be customized
to their project needs, competency levels, available
time, and location. Many mentioned the need for ex-
periential learning to better relate training to their
workplace. To be effective, some suggested that train-
ing be provided just in time, immediately before the
start of a project that requires the new skills.

Townsend et al.5 argue that virtual team members
must be trained to quickly move into new teams be-
cause of the dynamic nature of their memberhsip.
Grenier and Metes52 suggest that the learning process
with virtual team members is expected to be driven
by a need or desire to develop competencies, by con-
tinuous learning that supplants learning events, and
by the acquistion of knowledge in context and
through work.

These findings led to lesson 8, that network members
require ongoing training to learn to use technology
effectively to carry out their work and to interact with
others. The training should take into account the com-
petency of members, their availability, and the nature
of work involved. Health professionals prefer just-in-
time, experiential, and needs-based learning through
different modes of delivery to enrich their learning
environment.

Lesson 9: Build Relationships through Peer
Support and External Members

One positive aspect of the program that was empha-
sized by participants was the emergence, among them-
selves, of a peer support network for information shar-
ing, exchange of ideas, problem solving, and counseling
support. Participants also expressed the importance of
interacting with coworkers and linking with other or-
ganizations especially those in smaller, remote regions,
to share expertise and collaborate on projects.

Small-group research suggests that it is important to
maintain internal and external relationships to ensure
the effectiveness and well-being of work groups.37,54,55

In their study of virtual student teams, Knoll and Jar-
venpaa4 describe the need to learn different forms of
collaboration, socialization, and communication skills
to be effective. Ancon56 stresses that groups, to be suc-
cessful, need to establish contacts and initiate programs
with others both inside and outside the organization.

These findings led to lesson 9, that in the development
of a virtual network, the establishment of ongoing
peer support among health professionals should be en-
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F i g u r e 1 Conceptual model used to describe the de-
velopment of virtual networks in the community health
setting.

couraged, so that members can share ideas, exchange
information, and counsel each other. Also, members
must be encouraged to develop ongoing relationships
with coworkers and external organizations to share
their expertise, skills, technology, and experiences.

Lesson 10: Promote the Network by
Demonstrating Its Accomplishments

About nine months into the program, some partici-
pants reported that the regions were pleased with their
work in terms of the quality and volume of research
information being made available, the types of initia-
tives launched, and the relationships established with
other regions. By the second year, participants reported
having completed 76 projects. Many felt they had
made a positive difference in the ways that research
was conducted and findings were used in their region.
When planning for the second program, participants
emphasized the need to actively promote results and
achievements within and outside the regions.

The team performance model by Johansen et al.19 de-
scribes the need for high team performance to ensure
its sustainability over time. There are different levels
of results, ranging from group to department to cor-
porate. Ideally, each level should match its intended
goal and feed into the higher level to achieve the ag-
gregate benefits. Ancona56 observes that successful
teams promote their team’s achievements in their or-
ganization, even though member satisfaction and co-
hesiveness may suffer in the short run.

These findings led to lesson 10, that the results and
achievements of a virtual network should be pro-
moted to others, both inside and outside the organi-
zation, as a way of ensuring acceptance and recogni-
tion. This is important in the health setting when there
are limited resources and competing priorities in the
organization.

Implications

This study has provided some new insights into the
development of virtual networks in the community
health setting. The lessons can also serve as a practical
guide for managers who want to establish virtual net-
works for health organizations. First, we outline a
conceptual model for developing virtual networks ob-
served in the study (Figure 1). The model is not in-
tended to be a generalized framework for establishing
virtual networks. Rather, it is derived from our find-
ings during the development of the network in a com-
munity health context, in which participants used
technology to enhance their day-to-day work prac-
tices and to make greater use of research information

in decision making. This means that caution is needed
when generalizing these findings in other contexts.

Our conceptual model illustrates how a virtual net-
work in the community health setting progresses
through various developmental stages, as health pro-
fessionals learn more about the technology and use it
increasingly to support their work practices. Over
time, increased use of technology can lead to modifi-
cations in how participants work and interact with
each other. These new routines, in turn, may lead to
further improvements as participants reflect on how
the technology can be better used. The ten lessons
identified here have significant implications for the
ways the network evolves over time. While these les-
sons have an ongoing impact on the overall network
and its members, the extent of their influence is
thought to vary during different stages of evolution.

Specifically, having a technology vision for the net-
work (lesson 2), providing role clarity for involved
health professionals (lesson 1) and engaging members
in the design of the network (lesson 3) can enhance
its development during the early stages of defin-
ing expectations and initial deployment. As the net-
work evolves, it can be strengthened and reinforced
through the proper staging of the technology (lesson
4), peer and external relationship building (lesson 9),
proactive facilitation (lesson 6), and provision of pro-
tected time for the health professionals (lesson 5). As
the network matures, the ability to sustain it depends
on how well health professionals can integrate tech-
nology into day-to-day practices (lesson 7), provide
workplace learning as needed (lesson 8), and promote
their accomplishments (lesson 10).

This study has contributed to our understanding of de-
veloping virtual networks in a community health con-
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text. The use of action research with an interpretive
stance provides different perspectives from network
members on how technology can be used over time to
foster communication, collaboration, and learning. This
view is consistent with our belief that the intentions for
technology are socially constructed in specific contexts.
Thus, its use can be refined over time by network mem-
bers to improve their work practices as they learn the
benefits and limits of the technology.

This study has some limitations that require further re-
search. First, our virtual network evolved over a two-
year period and made use of a given set of technology.
The results could be different if some other technology
were used or if the study had continued for a longer
period, since network members are known to refine
their technology use and practices over time. Second,
our findings are based on the development of a virtual
network in a community health research training pro-
gram. Further studies are needed to determine how the
findings compare with findings from the development
of virtual networks in related health settings, such as
mental health. Last, as action researchers, we were in-
timately involved in developing the network and inter-
preting the findings. Readers should be aware that re-
searchers from a different tradition or those who use
another method, such as the case study, could reach dif-
ferent conclusions from ours.

The authors thank the organizers, instructors, coordinators, par-
ticipants, and support staff of the research training program
described in this paper, for their valuable feedback over the past
two years.
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APPENDIX A

Use of Action Research in Information Systems Studies

Kurt Lewin58 introduced action research in the 1940s, to
study social change in naturalistic settings. Since then it
has been used by information systems researchers to in-
stigate change using technologies and to study their ef-
fects.32,33,35 For instance, Eason59 used action research to
study information systems and organizational change
by developing techniques that could be used in the
design process and studying how effective the tech-
niques were so that they could be refined over time. An-
other example in medical informatics is the MEDEA
project by Timpka et al.,60 to develop clinical hypermedia

through participatory design that refined the system in
iterations.

There are three steps in action research, which are carried
out in iterations in a social context: problem diagnosis, ac-
tion intervention, and reflective learning. Often, an intellec-
tual framework is used to guide the problem solving pro-
cess and extraction of lessons. The outputs of action
research are solutions to the problem and lessons as new
knowledge. These components are shown in Figure A1
described below:
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F i g u r e A1 Schematic representation of the components
of action research.

n Problem diagnosis: A specific problem or need is iden-
tified by engaging those directly affected as partici-
pants in the study.

n Action intervention: Interventions are planned and im-
plemented with the help of participants, to address the
need or problem.

n Reflective learning: Researchers and participants engage
in reflections to assess what they have learned
from the experience of addressing the problem or
need.

n Social context: The problem or need must be situated
in a given setting directly involving the participants as
part of their daily work.

n Intellectual framework: Theoretic or conceptual formu-
lations help the researchers and participants under-
stand the nature of the problem or need and determine
how to address it.

n Iterations: The problem-solving process is often car-
ried out in iterations, whereby the experience from
each cycle is fed into the next to improve the solu-
tions.

n Solutions: After one or more iterations, based on the
original or revised intellectual framework, an im-
proved and satisfactory solution is implemented.

n Lessons: Experiences are generalized as new knowl-
edge in the form of lessons learned.

APPENDIX B

Examples of Questions Used in the Study

Sample trainee phone interview questions (varied
slightly over time):

n What technologies are you using for your initiatives?

n Please elaborate on how you are using the technologies.

n Please rate the impact of the technologies on your
work in the program as being very positive, positive,
neutral, negative, or very negative. Please elaborate on
the impact.

n Do you have any suggestions to help you improve
your use of the technologies?

n To what extent have you used technologies to collab-
orate with other members of the program? Please rate
this as none, sometimes, often, or exclusively. Please
elaborate.

n How has the learning you have experienced so far
been facilitated through the use of the above technol-
ogies?

n Is there a need for you to integrate your laptop with
the information systems department in your region?
Please elaborate.

Sample coordinator interview questions:

n What technologies are you using for your initiatives?

n Why do you use the ones that you do? The ones that
you don’t?

n What technologies do you think the participants use
in the program?

n Why do you think they use the ones that they do? The
ones that they don’t?

Sample online survey questions for trainees, about their
notebook computers:

n Does your current job entail computer knowledge—
yes, no, or not sure?

n Rate your skill level of computer knowledge, from 1
(poor) to 5 (excellent).

n Repeat the above two questions for research analysis,
dissemination of research findings, public/clinical pol-
icy analysis, general management, daily management.

n At this time, how would you define successful out-
comes as related to this program for the region, board,
community, and yourself?

n At this time, what problems, issues, or opportunities
do you expect to encounter as related to this program
for the region, board, community, and yourself?

n How often do you expect to use (each tool listed)—1
(not at all), 2 (less than once a month), 3 (less than
once a week), 4 (more than once a week), 5 (daily).

n Which computer system features do you like the most?
The least? What suggestions do you have to improve
the computer system?
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APPENDIX C

Data Analysis Techniques

F i g u r e A2 A NUD*IST index tree node, showing three nodes representing three themes: interactions, roles, and learning.
The interactions theme is expanded to show the associated concepts as subnodes.

Both objective and subjective data were collected and an-
alyzed over the two-year period. The initial analysis,
which was impressionistic through content analysis, was
made by manually studying the data and making mental
interpretations of what they meant. Then the data were
analyzed again using the software NUD*IST followed by
triangulation of the findings. The types of analysis are
summarized below.

n Objective data consisted of the help-desk log and com-
puter usage by participants. Help-desk log entries
were tabulated by the type of call and its frequency.
Usage data were tabulated by application type and fre-
quency of usage.

n Subjective data included participant and staff inter-
views, online surveys, documents, meeting notes, and
course feedback. Participant interviews were recorded
on tape and transcribed verbatim. Summary notes
were kept during staff interviews. Content analysis
was performed on all subjective data collected.

n Content analysis is the interpretation of textual data
such as interview transcripts to identify distinct con-
cepts. Once identified, the concepts were further cat-
egorized into themes on the basis of their inter-rela-
tionships.

n NUD*IST is computer software used to tag concepts
buried in textual data, such as interview transcripts.
These concepts were identified by interpreting the
meaning of the text. Once tagged, the concepts were
organized into nodes and trees representing different
themes. The themes were then used to construct a sto-
ryline. Examples of nodes defining various concepts
under the interactions theme, obtained from inter-
views with participants, are shown in Figure A2.

n Triangulation is the comparison of data from different
sources to confirm their consistency. For instance, com-
ments in participant interviews on use of selected soft-
ware were verified against the computer usage log re-
trieved from participant notebooks.

APPENDIX D

Technology Usage Analysis

Technology usage findings are shown in the tables on the
facing page. Table A3 shows that:

n The average number of sessions per user remained
about the same during the first year and dropped
slightly in the second year.

n The average number of hits per user increased steadily

in year one then decreased somewhat to reach a steady
level in year two. Hits refer to the times an application
was active.

n The average number of applications used per user
dropped slightly in year one but increased in year two.

n The number of hits per session increased in year one
then reached a steady level in year two.
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Table A1 n

Ratings of the Impact of Technologies on
Participants’ Work in the Training Program

Rating Dec 96 Jun 97 Mar 98

5 (greatest)
4 (great)
3 (some)
2 (little)
1 (none)

30.5%
26.1%
39.1%
4.3%
0%

72.7%
27.3%
0%
0%
0%

76.5%
17.6%

5.9%
0%
0%

Average rating 3.8 4.7 4.7
Respondents 23/25 22/25 17/25

Table A3 n

Computer Usage Analysis, by Session, by Hit, by Application, and by HITS per Session
Aug–Oct 96 Nov 96–Jan 97 Feb–Apr 97 May–Jul 97 Aug–Oct 97 Nov 97–Jan 98 Feb–Apr 98

Average sessions 23.2 22.6 24.7 24.1 20.3 21.9 21.1
Average hits 40.3 69.5 72.7 82.6 57.3 55.3 56.6
Average applications 4.0 3.9 3.5 5.7 5.5 5.1 6.1
Hits per session 1.7 3.1 2.9 3.4 2.8 2.5 2.7

Table A2 n

Percentage Use of Self-reported Top Five
Applications by Participants

Dec 96 Jun 97 Mar 98

Word 100 Word 100 Word 100
E-mail 100 E-mail 100 E-mail 95
Web board 100 Netscape 100 Netscape 90
Netscape 96.5 Access 63.6 Online 85

libraries
FTP 91.3 Online 54.5

libraries
Power- 85

point


