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Abstract

The InterMed Collaboratory involves five medical institutions (Stanford University,
Columbia University, Brigham and Women’s Hospital, Massachusetts General Hospital, and
McGill University) whose mandate has been to join in the development of shared infrastruc-
tural software, tools, and system components that will facilitate and support the development
of diverse, institution-specific applications. Collaboration among geographically distributed
organizations with different goals and cultures provides significant challenges. One experi-
mental question, underlying all that InterMed has set out to achieve, is whether modern
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communication technologies can effectively bridge such cultural and geographical gaps,
allowing the development of shared visions and cooperative activities so that the end results
are greater than any one group could have accomplished on its own. In this paper we
summarize the InterMed philosophy and mission, describe our progress over 3 years of
collaborative activities, and present study results regarding the nature of the evolving
collaborative processes, the perceptions of the participants regarding those processes, and the
role that telephone conference calls have played in furthering project goals. Both informal
introspection and more formal evaluative work, in which project participants became
subjects of study by our evaluation experts from McGill, helped to shift our activities from
relatively unfocused to more focused efforts while allowing us to understand the facilitating
roles that communications technologies could play in our activities. Our experience and
study results suggest that occasional face-to-face meetings are crucial precursors to the
effective use of distance communications technologies; that conference calls play an impor-
tant role in both task-related activities and executive (project management) activities,
especially when clarifications are required; and that collaborative productivity is highly
dependent upon the gradual development of a shared commitment to a well-defined task that
leverages the varying expertise of both local and distant colleagues in the creation of tools of
broad utility across the participating sites. © 1998 Elsevier Science B.V.
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Between collaboration and competition lies cooperation. Both collaboration and
cooperation imply sharing data and other scientific resources, but the motivations
and expected benefits are quite different. Cooperation may be impelled primarily
out of narrow self-interest and may yield mutual benefit but not joint benefit. It can
be construed as an exchange relationship... Collaboration can be construed as a
communal relationship that implies social trust and synergy among participants,
with mutual benefit as the result.

@@L p-®

1. Introduction

The rapid proliferation of new biomedical knowledge, coupled with an increasing
need to use limited resources more efficiently, has presented unique and formidable
challenges to the domain of medicine. The world is also witnessing a remarkable
transformation in communications technologies that is creating new opportunities
for scientific exchange and access to health care information. As researchers
aggressively seek new biomedical knowledge and solutions to systemic problems in
the delivery of health care, it is appropriate to ask how the revolution in communi-
cations may facilitate scientific collaboration and prevent unnecessary duplication
of effort.
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We report here on a multi-institutional project inspired by recommendations in a
1993 report on national collaboratories from the Computer Science and Telecom-
munications Board of the National Research Council (NRC) [3]. The preface of
that report succinctly defines the notion on which we have built our work: ‘A
national collaboratory is a center without walls, in which the nation’s researchers
can perform their research without regard to geographical location—interacting
with colleagues, accessing instrumentation, sharing data and computational re-
sources, [and] accessing information in digital libraries... [Such a collaboratory is]
more than a mere interconnection of computers [and offers] a complete infrastruc-
ture of software, hardware, and networked resources to enable a full range of
collaborative work among scientists’ (p. vii). Our InterMed project seeks to
demonstrate the viability of the collaboratory concept in the context of medical
informatics research. InterMed was initiated as a collaboration among the Section
on Medical Informatics (SMI) at Stanford University, the Decision Systems Group
at Brigham and Women’s Hospital (BWH), and the Department of Medical
Informatics at Columbia University. Workers in the Laboratory of Computer
Science at Massachusetts General Hospital (MGH), and the Centre for Medical
Education at McGill University are now also closely involved?. The broad project
goal is to use the power of the Internet to accelerate our individual progress in
building site-specific applications using software and information components made
available by our collaborators, to identify and construct shared infrastructure that
can facilitate our local goals, to provide a broadly applicable model for such
collaborative work, and to evaluate the collaboratory activities with a variety of
functional, cognitive, and observational metrics.

The InterMed collaboration should be distinguished from many other collabora-
tive groups in that we did not request (nor have we been funded) to join in the
construction of any single application but rather have sought jointly to create
infrastructural components that we can share among our sites in the local creation
of diverse application systems. After ~ 1 year of collaborative activity, we realized
that we needed to understand better the nature of our group decision making, goal
setting, and development work. Experts in cognitive evaluation from McGill
University accordingly joined the collaboratory as observers and evaluators, seek-
ing to provide measures and recommendations that would provide us with forma-
tive insights into the collaborative process and thereby to help us to work together
more effectively.

The geographical separation among the InterMed sites has necessitated extensive
use of communications technologies to support the collaborative activities. In this
report we summarize the InterMed philosophy and mission, describe our progress
over three years of collaborative activities, and present study results regarding the
nature of the evolving collaborative processes, the perceptions of the participants
regarding those processes, and the role that telephone conference calls have played
in furthering project goals. Both informal introspection and more formal observa-

2 Due to the evolving focus of our activities, early participation in the collaboratory by the University
of Utah had ended prior to the study period described in this paper.
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tional work helped to shift our activities from relatively unfocused to more focused
efforts while allowing us to understand the facilitating roles that communications
technologies could play in our activities. The research products of the collaboration
have been described elsewhere [1,4—8] and will be discussed here only in sufficient
detail to provide a context for the data regarding the collaborative processes
themselves.

2. Overview of the InterMed collaboratory

The emergence of advanced networking capabilities is making it feasible to
consider component-based architectures that leverage the efforts of multiple partic-
ipants (potentially at multiple sites), allow reuse of components, foster the emer-
gence of standards, permit integration of services from multiple platforms, and
provide a mechanism for evolution of older, more monolithic (‘legacy’) systems.
Traditional systems for health care are primarily of a legacy nature and are poorly
positioned to provide the architectural infrastructure needed for effective sharing
and reuse. The InterMed collaboratory’s members are similar to other investigators
who are concerned about the complexity of software development, the time
required to field new applications, and the failure to benefit from the experiences of
others except through published articles [9]. We accordingly support ongoing efforts
to develop tools and services that cater to the domain-specific needs of biomedical
applications (biomedical middleware) and that facilitate the development of hori-
zontally integrated workstation environments for medical professionals. InterMed
has sought to make the construction of applications more effective by allowing
developers to focus on the flow and integration of information and not on the
details of the underlying components. To do this we analyzed existing applications
under development at the participating sites, seeking to abstract generic needs that
could cut across the various organizations. Those abstract requirements then guided
us in the design and construction of shared components that could meet the diverse
needs of the participating groups.

Our work has been facilitated through the use of electronic mail, file servers,
World Wide Web browsers, other Internet-based applications, and conferencing
tools. Fig. 1 presents schematically the communication options available to the four
collaborating InterMed groups, listing also some of the attributes, applications, and
areas of medical expertise that characterize and distinguish the specific institutions.
As is indicated in the diagram, the McGill evaluation group has studied the use of
communication facilities, as well as the evolving attitudes and goals of the partici-
pants at the four sites, each of which has a long history of medical informatics
research and development. Individuals at each site have diverse backgrounds from
different domains of medicine as well as in different areas of applied medical
informatics. The four sites also have distinct clinical and scientific cultures that
constrain their work environments and influence research directions. Stanford’s
Section on Medical Informatics (STANFORD) and Brigham and Women’s Hospi-
tal’s Decision Systems Group (BWH-HARVARD) have tended to be oriented
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toward basic research, whereas research activities at Columbia Presbyterian Medi-
cal Center (COLUMBIA) and Massachusetts General Hospital (MGH-HAR-
VARD) have tended to be more strongly grounded in specific applied clinical
contexts. Our collaborative activities have been enabled through both synchronous
and asynchronous communication media. Synchronous tools, such as conference
calls, support the simultaneous interaction of two or more group members.
Asynchronous tools, such as electronic mail, permit users to work independently
and to exchange extended communications.

The objectives of InterMed, as with any multi-group collaborative design process,
are to further common goals as well as individual group- or site-specific goals. A
high degree of integration requires a shared awareness of views, beliefs, and
knowledge, despite the differing backgrounds and motivations of the participants
from the various sites. However, successful collaboration also necessitates that each
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Fig. 2. InterMed Collaborative Guidelines Model Development.

group have distinct and complementary skills, domain knowledge (in our case from
clinical medicine), technical expertise, and resources. The four primary institutions
involved in InterMed clearly satisfy this latter criterion.

The initial work of the InterMed group had focused in part on the development
of a generic vocabulary model that could be shared among the participating sites
and support the needs of a wide variety of applications [6]. As we gained insight
into the process by which we were evolving a shared view of a vocabulary server’s
role and the representation requirements, we attempted to abstract the process,
defining an approach to ‘collaborative model development’” which we hoped would
apply to other multi-institutional group development activities [10]. This initial year
of work was in many respects frustrating as we began to realize that each
collaborative site was highly constrained by local application-system requirements.
It was difficult to focus our energies on vocabulary solutions and components that
would provide well-defined capabilities of use to all participants.

With introspection, and with assistance from the McGill team as is described
below, we learned how to select among subgoals and to reach a group consensus on
priorities despite our varying cultures and local requirements. In particular, we
began to move from the more abstract vocabulary-development work to the
generation of a shared model for clinical-guideline representation and use. All
InterMed sites had previously worked locally on guidelines development and on the
integration of guidelines into clinical systems. Through extensive discussion, meet-
ings, and e-mail exchanges, a shared model of clinical guidelines began to emerge
(Fig. 2). As we learned about each others’ approaches to guidelines representation
and execution, we began to identify the common characteristics as well as methods
for resolving some of the apparent central differences among the approaches. This
led to the development of a shared representation for clinical guidelines which we
have called the GuideLine Interchange Format (GLIF) [5]. The goal became
solidified as we sought to work toward the creation of an Internet-based guideline
server that would allow clinical guidelines to be downloaded and adapted for local
use at each of our participating sites. It is important to emphasize, however, that
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the agreement on this task had not been anticipated at the outset of our collabora-
tion; it required an evolutionary process of discussion, feedback, and gradually
improving understanding of what needs and goals best tied us to one another.

In the sections that follow, we provide pertinent background on the field of
collaborative work from which our own evaluation efforts have drawn. We then
describe some of the ways in which the evaluation process has contributed to our
understanding of collaboration and the role of communications technologies in
supporting group activities.

3. Computers, collaboration, and collaboratories

There is growing consensus that we are entering an era in which new forms of
communication and collaboration will be enabled through the medium of net-
worked computers. Such change may completely transform science, as well as other
aspects of our lives. There is particular excitement about the prospects for enhanc-
ing collaborative research [11]. This has generated a sense of optimism that new
collaborations will radically change the way research is done, enabling rapid
progress into vexing and longstanding scientific problems. However, there is a need
to temper the current rush of enthusiasm with a more realistic outlook for the
challenges at hand. Enabling technologies in and of themselves do not necessarily
guarantee progress. As we have learned, computer-mediated collaboration is a
difficult enterprise, fraught with numerous cognitive, cultural, social, and technical
challenges. However, we have come to believe that genuine collaboration at a
distance via the medium of the computer is attainable.

Smith (1993) has argued that there is more to collaboration than two or more
individuals jointly working on a project: ‘Collaboration carries with it the expecta-
tion of a singular purpose and a seamless integration of parts, as if the conceptual
object were produced by a single good mind. A requirement for collective intelli-
gence is achieving a critical level of coherence in the work of the group’ [12]. Smith
proposes a theory in which a group of people can carry out a task as if the group
itself were a coherent intelligent agent working with one mind rather than a
collection of independent agents. The theory is built around extensions of informa-
tion-processing theory to include concepts such as collective memory, strategy,
processing, awareness, and control. Cooperative work, as opposed to collaboration,
is viewed as less stringent in its demand for intellectual work, in that different
individuals can carry out tasks satisfactorily without knowing the specifics of what
others may be doing. Smith cites the human genome project as an endeavor in
which the research efforts are largely cooperative rather than collaborative. Major
clinical informatics efforts such as the Visible Human Project and the IAIMS
Consortium might be viewed similarly. Cooperative efforts are largely equal to the
sum of their parts, whereas collaborative efforts are more synergistic and interde-
pendent.

Grosz (1996) similarly distinguishes between interaction and collaboration
[13,14]. The crucial difference lies in the individuals’ goals and intentions. Agents



104 E.H. Shortliffe et al. / Artificial Intelligence in Medicine 12 (1998) 97—123

need the intent to work in an integrative manner if they are to interleave planning
and acting. Grosz points out that collaborative situations involve agents who have
different beliefs and capabilities, and that partial knowledge is the rule, not the
exception. Rochelle and Teasley define collaboration as ‘a coordinated synchronous
activity that is the result of a continued attempt to construct and maintain a shared
conception of a problem’ (p. 235) [15]. From our perspective, in which we have
been focusing on the use of modern communication technologies, synchronous
interaction is less important for some collaborative purposes (as is described
below), but the construction and maintenance of a common conception is an
essential component of the collaborative process.

Although collaboration requires effort and can be difficult to achieve, it is fairly
commonplace and is often critical to team decision-making. Orasanu and Salas
(1993) identify several important team characteristics in the context of decision
making [16], including involvement of two or more individuals, multiple sources of
information, interdependence and coordination among members, adaptive manage-
ment of internal resources, individuals with defined roles and responsibilities, and
team members possessing task-relevant knowledge. Orasanu (1990) also studied the
performance of airplane pilots and flight crews trying to cope with emergency
situations during simulated flight [17]. Orasanu was able to distinguish between
high- and low-performing crews on the basis of their situation-assessment strategies
and their communication patterns. The high performing crews gathered more
relevant information, more explicitly defined problems, and planned accordingly. In
addition, the captains of the superior crews more explicitly stated plans, explana-
tions, and anticipated actions. Orasanu concluded that effective decision making is
predicated on shared mental models which are built through patterns of skilled
communication.

Patel, et al. (1996) have similarly characterized the process of team decision
making in intensive-care medicine [18]. In this setting, multiple participants includ-
ing attending staff, residents, nurses, and other personnel plan and act in a highly
interactive and integrated fashion. Data are collected by different team members
based on the distribution of responsibilities for information gathering, manage-
ment, and processing. Each individual team member does a task-specific situation
assessment, attends to any immediate problems, and then coordinates the informa-
tion with the person at the next level of the hierarchy. The situation assessment
involves identification and classification of the current state of the patient. The
nurse is responsible for making continuous observations of the patient’s condition
and noting any changes in the patient’s status. The nurse communicates pertinent
information to the resident who will take appropriate action and then communicate
with the expert clinician. The goal for each person is to work toward stabilizing,
maintaining, and improving the patient’s state.

The common thread in discussions of team performance is that collaboration
refers to a unique process involving coordinated and integrated plans and actions,
as well as shared beliefs and values among collaborators. The issue is not merely
one of semantics, but it is central to the development of collaborative and
communication technologies. In McGill’s assessment of the InterMed collabora-
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tory, the issue speaks to how one approaches the problem from a theoretical and
methodological point of view. A collaborative enterprise or a collaboratory can best
be viewed as a cognitive entity in which the processes of information acquisition,
planning, decision-making, and learning have properties that in turn shape behav-
iors and determine outcomes. Grosz cites several examples from sports, science,
design, and health care to support the view that interactions that fall short of
genuine collaboration are not likely to lead to successful outcomes [13].

It is our contention that certain tasks necessitate genuine collaborations, whereas
others may not. There is a continuum from loosely coupled cooperative efforts to
highly integrated joint initiatives. In any sustained coordinated group endeavor
such as InterMed, activities and tasks will fall somewhere on the continuum
between highly integrated and loosely coupled.

There has been a surge of interest in studying collaboration, spurred on by the
rapid developments of computer-based and communication technologies coupled
with the dramatic growth of the Internet. The latter phenomenon has led to the
creation of virtual communities that arise due to shared interests, visions, and goals.
We have also witnessed the development of two emerging disciplines, computer
supported cooperative work (CSCW) [19] and computer-mediated communication
(CMC) [12]. These disciplines were created in response to the need to understand
collaborative processes and to further the development of systems that facilitate
communication and collaboration. CSCW is principally concerned with furthering
the development of new technologies which support work in groups with different
purposes, and of varying sizes, permanence, and structure. CMC researchers are
more concerned with the psychological, sociological, and cultural dimensions of
computer-based collaboration.

One objective of this article is to show that collaboration can be seen as a distinct
psychological construct. If we can define the attributes of this construct, then we
can begin to develop a theoretical framework that can answer questions about the
relative success of a given collaboratory process. The framework should make
distinctions between collaborative and noncollaborative processes, as well as iden-
tify factors predictive of successful outcomes. It is against this background, then,
that we have sought to measure and dissect the collaborative activities that have
been undertaken by workers on the InterMed project.

4. Methods and results

Influenced by past collaboration research described above, we are conducting a
multi-dimensional evaluation of the InterMed collaboratory, focusing on our
ongoing effort to develop a common approach to representing, encoding, and
sharing clinical guidelines via a server available on the Internet [20]. The evaluation
work began with electronic (e-mail) interviews performed with two or three
participants from each of the InterMed sites. The interviews covered a range of
issues concerning beliefs about collaboration, project objectives, priorities, expecta-
tions, and problems. As we describe below, the results of this evaluation affected
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our approach to shared task definition, since we realized that our initial work had
not permitted the kind of synergistic relationships that we sought to achieve in a
true collaborative activity. In the months that followed, we carefully analyzed the
role of telephone conference calls in supporting our growing understanding of
shared goals and coordination of tasks. The analysis of conference calls, also
described below, sought to determine whether the collaboratory participants were
accurate in their subjective assessment of the roles that such calls play in supporting
the collaboration. Separate analyses of e-mail use and face-to-face meetings are
described elsewhere® [2,21].

5. Electronic (e-mail) interview

In early 1996, ~ 10 months after the initiation of the InterMed project, two or
three participants at each site were asked to respond to a series of e-mail interview
questions posed by the McGill team. The objective was to determine points of
convergence and divergence in members’ beliefs, expectations, and goals. The
interview consisted of a total of 21 open-ended and structured questions, devised by
the McGill evaluators and addressing issues pertaining to four areas of interest: (1)
collaborative processes; (2) team and task responsibility; (3) communication; and
(4) priorities and progress.

Questions relating to collaborative processes solicited opinions on the meaning of
collaboration and on the subjects’ understanding of InterMed’s activities and goals.
The questions on research-team tasks and responsibilities focused on factual
information about involvement in InterMed by the subject investigator and the
research team. The third set of questions was intended to assess subjects’ percep-
tions of the utilities of different asynchronous and synchronous communications
media for various tasks and purposes.

The final section addressed questions pertaining to individual and site-specific
priorities, and the subject’s personal beliefs about the state of progress of the
InterMed collaboratory.

We mailed the questions to nine participants at the different institutions and
received eight responses, including three from Stanford, three from Columbia, and
two from BWH-Harvard*. The responses ranged from rather lengthy expositions to

3 These studies involved an analysis and characterization of the process of communication and
computermediated design activities that have evolved in the InterMed collaboratory. The analysis was
based on observational data collected from InterMed activities (e.g. audio-tapes of a two-day mini
workshop) and a rich repository of archival data, including email communications, progress reports, and
related artifacts (including all papers, working documents, presentations, proposals, and developments at
each collaborator’s World Wide Web site). Another analysis has involved experiments conducted at each
InterMed site as team members ‘thought aloud’ while encoding a clinical guideline into InterMed’s
GLIF [8]. The objective of this evaluation work has been to gain insight into the mechanisms of the
design and development process.

4 The subject from MGH-Harvard was unable to respond due to other obligations at the time of data
collection.
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brief statements. In addition, some individuals did not provide answers to all of the
questions. The results are summarized in the sections below.

5.1. Collaborative processes

This section consisted of four questions that solicited: (1) opinions concerning the
process of collaboration; (2) the purpose of InterMed’s definition (in our original
funding proposal) of two tiers of activity to distinguish shared data bases and
knowledge bases from the software components that use them; (3) a question that
asked for comments on two polarizing statements designed to assess views of the
model which best characterized the InterMed collaboratory to date; and (4) a
request for comments on cross-site cultural differences. Most of the questions were
open-ended and the responses are thus descriptively summarized in this paper.

The first question generated two kinds of responses: four subjects identified a
typical sequence of collaborative activities, whereas the other five respondents
focused more broadly on goals of the process. There was substantial convergence
among the four respondents who characterized the sequence of collaborative
activity, with the following processes accepted consistently across sites:

1. analysis of relevant perspectives and generation of a common goal,

2. planning activities characterized by communication (largely by e-mail) regarding
emerging notions of a common model,

3. distribution of task responsibilities and activities,

4. representation and implementation of the model, plus group work on tangible
products,

5. later-stage efforts to achieve synthesis.

Other responses made it clear that these processes represent a shared idealization of

the collaborative model rather than a characterization of what had actually

happened during the course of InterMed activities. Although the subjects appeared

to understand what collaboration should be, they generally realized that it had been

difficult in the initial year to reach the kinds of agreement and shared goals that

were crucial for effective collaboration.

There was agreement among respondents on the purpose of the two tiers
(definition of shared knowledge and data as opposed to the software components
that use them). Subjects suggested that the tiers serve as a useful initial reference
point, and subsequently were effective in focusing communication and research
planning, although stringent adherence to the distinction between the two tiers was
viewed as unnecessary as detailed work had progressed.

The third and fourth questions were open-ended, with the third asking subjects to
comment on the following statements:

A. InterMed is a highly integrated collaborative endeavor with largely shared

assumptions. Work on common projects requires shared efforts and a high

degree of interpersonal and intergroup integration.

B. InterMed is a more loosely coupled cooperative project in which each team

provides shared expertise and resources toward some common goal and also

toward institution-specific goals. Progress is largely a function of individual
initiative, which is later coordinated within the larger InterMed context.
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Statement A represents an ideal for any collaborative endeavor. Statement B by our
criteria falls well short of ‘genuine collaboration’. Thus, the two statements reflect
a continuum between a loosely coupled cooperative process (B) and a seamlessly
integrated one (A). The statements generated an interesting range of responses as
illustrated in the following quotes:

I would say that our vision is that InterMed should be described by the first one
(Stanford)

B is much more the case. There are honest intelligent efforts at all sites to
collaborate, when a focused topic emerges that people can sink their teeth into
there is good response (Columbia)

Although the first sentence is accurate, I think the second sentence understates
the degree of collaboration that we are witnessing (Stanford)

The second statement is more accurate for now (BWH)

Although each of the respondents recognized that statement A reflects a highly
idealized, fully integrated model of collaboration, the five respondents from BWH-
Harvard and Columbia indicated that statement B was probably a more accurate
representation of the InterMed Collaboratory at the time of the interviews. The
three subjects from Stanford indicated that the correct answer for InterMed lay
somewhere between A and B, reflecting a somewhat more optimistic perspective on
the degree of collaboration and integration that was being achieved. A similar
pattern of responses emerged in response to the fourth question:

Each InterMed site is a rather distinct setting with its own local priorities,
constraints, and cultures. Comment briefly on how this has (positively and ad-
versely) affected progress in InterMed projects.

Each of the subjects responded that the differences among sites had impeded
progress, but they also noted that the differences were critically important in
developing a collaboratory. The three respondents from Stanford did acknowledge
that the difference had been a hindrance and had taken some time to resolve, whereas
the other respondents suggested that the different priorities and clashes of cultures
continued to create difficulties and slow progress. One could speculate that because
the Stanford group functions principally in an academic research setting, its priorities
may differ from sites whose research activities are more closely affiliated with clinical
service requirements. It is not uncommon for theoretical and practical perspectives
on priorities to clash in the biomedical sciences as well as in other domains.

5.2. Research team, tasks and responsibilities

The second section of the questionnaire consisted of three questions pertaining to
the distribution of tasks, including percent involvement of team members in
InterMed projects. The schematic in Fig. 3 illustrates the roles typically played by
members of the InterMed teams.
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The diagram was generated partly in response to a question in which we asked
participants how different members of their group contribute to InterMed-related
projects. There are no sharp demarcations between roles, however, and individuals
often fulfill more than one function. In addition, each site differs in important
respects. The principal investigators (PIs) are involved in top-level planning, team
management, and coordinating the broad objectives with the PIs at the other sites.
There are also individuals at each site who coordinate tasks at a more detailed level
and who orchestrate the communication process between and within groups.
Conceptualizers are principally responsible for developing, refining, and coordinat-
ing guidelines and/or vocabulary models. Their activities have been most critical to
InterMed’s objectives. The programmers play an important role, given the currently
active development objectives of InterMed, but their feedback and experience is
communicated to the group as a whole, where coordinators and conceptualizers
then guide the planning and redesign process. Each site has affiliated members who
contribute a small percentage of their time to InterMed or related projects. The role
structures are not strictly hierarchical and members may play more than one role.
Stanford appears to have the clearest differentiation within the team, whereas
Columbia has the least degree of demarcation, with certain individuals fulfilling
multiple roles; BWH is somewhere in between the other two sites.

Much was revealed by questions regarding the percent time devoted to InterMed
and related projects by various team members. There are individuals on each team,
most notably the ‘conceptualizers,” who devote most of their working hours to
InterMed and related projects, whereas the senior team members devote ~ 20% of
their time. Six of the 15 InterMed members who were referred to in the responses
from subjects devote > 50% of their time to InterMed and related projects. The
other contributions vary considerably. There is clearly substantial overlap between

Principal
Investigators

Coordinators/
Communication

Conceptualizers/
Model development

Programmers/ Other Research Fellows

Development

and Affiliated Physicians

Fig. 3. Roles and responsibilities of InterMed team members.
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InterMed and related projects at each institution, reflecting the degree of integra-
tion of InterMed activities within each site. This explains the difficulty in defining
the explicit time commitment of participants to InterMed activities as opposed to
related projects that build on InterMed infrastructure or similar technologies. Such
overlap provides motivation for the work and is almost certainly a contributor to
the sustenance of a collaboratory.

5.3. Communication

There were five questions that addressed factors pertaining to the utility of
different methods of communication as perceived by the participants in the
collaboration. One of the questions asked subjects, based on their first 18 months
as members of the InterMed collaboratory, which methods of communication they
found best suited for specific modes of activities such as planning, presenting, and
brainstorming. The responses are summarized in Table 1.

As the Table indicates, there was substantial agreement on the forms of commu-
nication which are best suited to planning (conference calls), presentation (World-
Wide Web), discussing specific technical problems (e-mail), and evaluating and
critiquing proposals (e-mail). There was less convergence on which forms of
communication are most useful for brainstorming and resolving conflicts. Interest-
ingly, participants could not agree on whether synchronous or asynchronous forms
were best suited for these two activities. Brainstorming is an ill-defined activity, and
one in which team members often engaged spontaneously and opportunistically.

In general, responses to communication questions suggested that InterMed
members had reflected upon the impact of different methods of communication on
collaborative activity. They were aware of the advantages and limitations of each
form of communication. Participants suggested that e-mail was most useful for
detailed work and the advantages include convenience of access, and its utility in
preparing documents. The limitations include the necessary effort involved in
drafting a message, longer response time, and the possibility of ignoring messages.
Two of the Stanford respondents indicated that conference calls and face-to-face
meetings enhance e-mail communication. Review of project archives shows that the
advantage of face-to-face communications was recognized as early as February
1995. In that month’s progress report, the authors indicate that e-mail has serious
limitations and that it is most effective when used among individual’s ‘who know
each other well and have shared perceptions of the problems on which they are
jointly working.” The questionnaire responses demonstrate a collective self-aware-
ness, which is an attribute of a successful collaboratory [12].

5.4. Priorities and expectations

There were seven questions that addressed issues concerning priorities, expecta-
tions and progress in InterMed related projects. The questions generated a broad
range of responses, although all the priorities were in keeping with the original
research proposal and most had to do with vocabulary systems (a topic which was
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still a major focus of attention at the time the e-mail interviews were performed).
The responses are summarized in Table 2.

There is a general sense that expectations were not satisfied, due either to
unrealistic goals or differences at each InterMed site. Note, however, that the
responses were provided in February 1996, well before development activities for
the GLIF representation language had gelled and the project’s group meeting had
been held in Boston (April 1996). As this study was being performed and the results
analyzed, it became clear to the PIs and conceptualizers that the focus on
vocabulary development had not been fruitful. It was for this reason that a major
redirection of the project was undertaken, leading to the emphasis on clinical
guidelines and a flurry of more focused activities that culminated in the Boston
workshop. This was clearly a turning point in the project, and current (1997)
perceptions of the degree of collaboration and shared vision are much more positive
and uniform across the sites.

5.5. Discussion of results

In considering the degree of collaboration that had been achieved by February
1996, most respondents indicated that close collaboration reflected an ideal,
whereas cooperative individual efforts were more characteristic of the current state
of affairs. Several individuals noted that the level of integration had increased over
the course of the project, further suggesting that true collaboration is not created de
novo but, rather, grows as people work together and come to understand each
others’ goals and attitudes. Each of the participants emphasized that face-to-face
meetings served to build trust and to promote understanding and cooperation. This
is consistent with other findings in computer-mediated communication research
[22]. However, InterMed is unique in the extent of its reliance on electronic
communication, due to the distances among the workers, and in its focus on
infrastructure development rather than the creation of single applications or
products. In addition, the complexity of the domain of medicine demands a level of
coherence in communication that is more substantive than in many other types of
collaborative endeavors.

When asked about participants’ roles, tasks, and responsibilities, the respondents
indicated that there were no sharp demarcations and individuals often fulfill more
than one role. The principal investigators are involved in top-level planning, team
management, and coordinating the broad objectives with the PlIs at the other sites.
There are individuals at each site who coordinate tasks at a more detailed level and
orchestrate the communication process between and within groups. Conceptualizers
are principally responsible for developing, refining, and coordinating guidelines
and/or vocabulary models. Their activities have been particularly critical to achiev-
ing InterMed’s objectives. The programmers play an important but more peripheral
role, given the currently active objectives of InterMed. It is interesting to note the
substantial differences among the sites: Stanford appears to have the clearest
differentiation within the team, whereas Columbia has the least degree of demarca-
tion, with certain individuals fulfilling multiple roles; BWH appears to be some-



113

E.H. Shortliffe et al. / Artificial Intelligence in Medicine 12 (1998) 97—123

Surwooy110J jou a1e suonedrdde uowwo)
JURIOMIp Joyjel are dnoid

OB2 JO Spadu AIR[NQBOOA “PIzI[elId)ew
JOU QARY S[00] JUAUIAFRUBW AIB[NQBIOA

pas1owd sey [opowr [000101d wow

-wo)) ‘Arenqeooa o3 sayoeoidde ojdnnn
JUISI[BAIUN dTOM

sreos Tentuy ‘ssaroid pue Jurures] yon
duIepIMs B Ul UOTIBWIOJUI JO $$001d

oy} 0) AIe[nqeooA wolj pagueyd sey urewt
-0 ‘pauueld se ssarsord 309dxs jou se0(g

pajedonue uey) I9MO[S SSAIT0IJ

uonejuIw
-opdwr umo 1oy} pajowold sey ays yoeyg

suoneodrdde uowwo)

AIenqeooA

P9[[OIIUOD J[qeIRYS B I0J Pasn 2q p[nod
JRY) S[00] 2JUBUIIUIBW AIB[NQBOOA PlIng

UOT}RIOQE[[09 JO 92130p 19)8aID)
IoAI0s A1B[NQBOOA [RUOTOUN]

uorneIuds
-01dar 93pa[mouy puk [y WOIJ SUOSSI IS

Pajels QUON

1S
[oBd 1B SWIAISAS AIR[NQBIOA M sadudLrdd
-Xd QAIIOJ[[0D UO Paseq uSIsop 2AneId00D)

donoerd 03 K109y Addy
d3ueyordaur viep LTH XU ay) o[dwo)

Ppoye)s QUON

pajels auoN

pajeIs QUON
suoneond

-de o[qesnoy "Are[nqeooa [eoIpaw judsardal
pue asn suonedrdde [eorpowr moy uIed|

aremijos peseq-jusuoduwo))

90BJIOJUI JOAIOS pUB U0
-pjuasardar Arenqeooa uowrwod dopaasq

H
D

d
vIquinjo)

o)
plofumig

q

v
HmE

saguey)

suoneloadxy

sanLoLd

s £q 109lqng

K101R10QR[[0D) PIJAIAIU] U} SUIpIe3al PaAIdsqo sadueyd pue ‘suoneidadxs ‘sonuond sjoslqng

z olqer



114 E.H. Shortliffe et al. / Artificial Intelligence in Medicine 12 (1998) 97—123

where between these two extremes. These distinctions are likely a function of the
unique organization and culture of each institution and generally reflect the nature
of their work environments (for example, an academic focus versus significant
clinical responsibilities).

The differentiation of roles is analogous to distinctions among workers in other
medical settings who function as a kind of layered network [18]. Each individual
has a general understanding of the overall process, and is responsible for specific
task components, the results of which are then communicated to other team
members. Ideally, a smoothly functioning team will operate efficiently, yet maintain
sufficient redundancy to avoid catastrophic errors. This kind of team effort entails
both cooperation involving individual responsibility, and collaborative work involv-
ing shared responsibility.

Team members agreed substantially on the effectiveness of various modalities,
such as e-mail and conference calls, for purposes such as planning, brainstorming,
critiquing proposals and other collaborative activities. Conference calls were viewed
as being most effective for planning and resolving conflicts, whereas e-mail was
unanimously seen as the most effective modality for technical work, and critiquing
proposals®>. The World-Wide Web was believed to be an effective vehicle for
preparing and sharing scientific presentations or sharing documents with images
among the team members.

Questions that addressed priorities, expectations and progress generated a hetero-
geneous group of responses. Though all the priorities were in keeping with the
original proposal, most had to do with vocabulary systems, which was an initial
focus of the InterMed work. There is a general sense that expectations were not
fully satisfied due either to unrealistic goals or differences among the InterMed
sites. As a result, a decision was made to begin to emphasize shared modeling of
clinical guidelines, which provided a more focused set of goals that met needs at all
InterMed sites. This change had a dramatic effect on the group’s productivity and
sense of shared vision in the months that followed. All participants also recognized
the synergistic effects of joint papers, presentations, and demonstrations.

6. Analysis of meeting activity during conference calls

The InterMed collaboratory has held conference calls at regular intervals (rang-
ing from every 2 weeks to once a month). Our evaluation team recorded, tran-
scribed, and analyzed the content of a series of conference calls between February
and April of 1996 using a coding scheme developed by Olson and colleagues at the
University of Michigan [11]. The scheme was developed to analyze group meetings
for collaborative software design. They have extensively tested this analysis in a
wide range of design meetings settings, focusing on two broad categories of
activities: (1) task-related activity which focuses on the work itself, and (2) executive

5 Detailed analysis of e-mail communications that occured among team members is provided else-
where [21].
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Table 4
Categories of activity expressed as speaking turns averaged over five conference calls

Activity category Mean STDEV
No. of participants 15 2.2
No. of active (=5 turns) participants 8 0.4
Speaking turns coded 208 26.7
Time (min) 41 4.9
Issue 25 8.1
Alternative 19 3.3
Goal 8 2.7
Criterion 5 0.6
Summary 2 1.1
Walkthrough 1 0.2
Project management 16 3.6
Meeting management 10 2.2
Clarifications 122 29.7

activity concerning the management of the project or the meeting itself. Table 3
describes the coding categories that were used in classifying every sentence uttered
during the InterMed conference calls.

6.1. Summary analysis

The categories of activity identified for five InterMed conference calls are
presented in Table 4. A ‘turn’ is uninterrupted speech by a single individual, and the
table reflects the average number of turns in a conference call that were devoted to
each of the specified categories. The data reflect calls that took place over a three
month period in which there were considerable changes in the specific focus of
InterMed activity. The first call took place a few weeks after guidelines research had
become the focal point of InterMed work in early 1996. The final call occurred
three weeks after a mini workshop that brought many project members together for
face-to-face sessions in Boston. The calls lasted between and 69 min, and the
number of participants ranged between ten and 13. Interestingly, the number of
active participants was consistently eight or nine speakers, irrespective of the length
of the calls.

The meetings were characterized by differing degrees of executive level activity
(e.g., project management) and work-related activity (e.g., addressing issues).
Clarifications are central to all of these telephone communications and suggest that
the calls are the principal medium for generating mutual understanding. Certain
activities commonly associated with software design (i.e., summaries and walk-
throughs) did not play a central role in calls, reflecting either the stage of
development in the various InterMed projects or the failure of conference calls to
provide a suitable medium for such tasks.

The conference calls were organized by Stanford and in general Stanford had a
greater number of both active and nonactive participants than other sites. In most
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of the calls, 50% or more of the turns were taken by Stanford participants. The calls
often had large and diverse agendas (e.g., technical issues regarding the shared
server, selection of clinical guidelines to be used for experimentation, the role of
peer review in selecting guidelines for use, scheduling a group workshop, submitting
jointly authored papers, and concerns about security) that had been partially set up
through a series of e-mail exchanges during the previous few days. Each topic
received only brief discussion. Although the calls had loose agendas, they were
reasonably tightly moderated by one of the principal investigators who actively
directed the content of the dialogue and the exchange of turns by soliciting input
from specific participants and invoking closure once the issue had been efficiently
aired. The moderator would occasionally hand-off the lead for specific topics of
discussion, but would then reassume control. The predominant activities were
planning and brainstorming. Planning activities centered around developing and
refining the guidelines research agenda. The brainstorming mode was used to chart
new directions and to solicit content areas for the guidelines.

6.2. Illustrative dialogues

One conference call focused less on executive activity and more on technical
details, although three of the four principal investigators were present, contributing
sparingly. The discussion was dominated by InterMed members who were working
on specific aspects of the guideline representation (conceptualizers), specifically the
different guideline models.

The content of the discussion was very similar to that found in e-mail exchanges
[2,21]. However, the form of the discussion was very different. Consider the
following excerpt between an InterMed participant from Stanford and one from
BWH. The discussion just prior to this excerpt focused on the purpose of a
guideline model, the information needed, and its relationship to specific local
applications. There was also a certain misunderstanding concerning the difference
between classes and instances in a guideline model:

BWH: But in answer to your question,... yeah, what I call the guideline model,
that’s directly just taken from those ideal classes.

Stanford: Classes, right...
BWH: Classes right.

Stanford: ...so what about the picture where you actually got transitions filled in
with particular assertions and.

BWH: Right, so those are instances of classes.

In this exchange, the two speakers have managed to ground the meaning of the
basic form of BWH’s guideline model. This grounding is necessary before discus-
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sion can proceed to more advanced issues. The earlier misunderstanding is partially
due to difference in terminologies as well as more fundamental differences in
approaches embodied in BWH and Stanford guideline models.

The following discussion concerns how the guideline representation would be
instantiated when using it within a local application.

Stanford: Right. But you were kind of envisioning how a local application would
instantiate this guideline.

BWH: Not so much. How the guideline would be instantiated in this common
representation and then a local application would, if it was running directly off
of the guideline server, would download whichever of those instances are useful
and run its application that way.

Stanford: Maybe I’'m missing something simple but how are, since ideal instances
don’t, I mean since there aren’t instances in IDL per se...

BWH: Right

Stanford: ...how do you store permanently instance information about particular
guidelines, like...

The above discussion suggests that Stanford members had different expectations
about the delineated role for the guidelines server/representation and the modeling
language or syntax. The BWH participant then explains how the representation/
model may be translated in order to interface with clinical information. In
particular, he articulates the approach used by BWH:

BWH: Sure, well what we’ve done here is when you translate IDL into a
particular language, for instance C++...

Stanford: Right

BWH: ...you end up with data structures, right? So then in instances when one
of those data you have a set of data structures filled out.

Stanford: Right but that means that they’re not persistent.

BWH: Oh, well that’s right, but you can always... what we’ve done is define a
relational database that allows you to store that information.

Stanford: Ah ha, that sounds interesting. Um, we would be interested in looking
at that perhaps?
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At this point the two discussants established a common understanding and went on
to pursue the search for commonalties in the Stanford and BWH approaches. The
subsequent 27 conversational turns were devoted to this issue. Interestingly, this
issue was the subject of considerable discussion in previous e-mail conversations,
although from the dialogue in this conference call, it was apparent that substantive
differences in understanding remained. The attempt to delineate the precise role of
a guideline model and/or server continued to be a source of differences in
understanding.

Another conference call was supposed to be devoted to issues surrounding
collaborative paper submissions for that year’s SCAMC meeting (the annual Fall
Symposium of the American Medical Informatics Association). The predominant
mode of exchange during this call was conflict resolution. This period had been
punctuated by frequent e-mail exchanges on this matter and by considerable
progress, which ultimately resulted in successful outcomes (as determined by
InterMed submissions and acceptances, and the level of integration on one paper in
particular which was jointly authored by participants from all sites). The first part
of this conference call did address details concerning the submissions and related
guideline points of convergence, and especially points of divergence. In particular,
the discussions dealt with specific differences in the Stanford and BWH approaches
to modeling. Then a Stanford discussant made reference to an e-mail discussion
that had recently ensued among several senior investigators. That discussion dealt
with the broad objectives, goals and basic philosophies that are at the core of
InterMed activities. This issue is illustrated in the following excerpt:

MGH: Yeah, basically I got concerned because... I couldn’t figure out what they
were trying to do. I really was trying to find some sort of concept of the
objective. And what we would do, in any way that would seem to be useful to the
rest of the world.

Stanford: Ah, but that’s where I haven’t really commented yet in response to
that. Maybe we can get this dialogue going a little bit now, and let others
participate because it secems sort of related to just the conversation that others
were just having as well. It really has to do with what the fundamental nature of
this endeavor is. I view this as a scientific enterprise, in which we are trying to
derive some basic principles and insights from a lot of very specific and applied
activities of each of our sites. And ultimately the nature of science in our field is
to do that kind of thing. The goal being that if we really get at a firm conceptual
understanding, that allows us to define a representation and a perspective on
guidelines that is compatible with what each of us with our own local needs has
defined, that we will have made a contribution to the field that goes well beyond
what that specific shared representation does for any one of us. That shared
representation helps define what others should be doing at our own institutions
and elsewhere in the future...
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MGH: Well I think part of my problem was that it seemed that 90% of the effort
was spent on the theoretical underpinnings without really examining a sufficient
number of real, honest-to-goodness guidelines and real, honest-to-goodness
applications to see what the problem was.

This discussion continued for a few more minutes before attention was turned
towards modeling issues to be addressed during the workshop. The competing goals
of theoretical science and applied development are part of the fabric of InterMed,
and more generally, medical informatics as a discipline. Progress is to some degree
contingent on the convergence of different visions of InterMed’s ultimate objec-
tives.

6.3. Discussion of results

In examining the content of the conference calls, one can identify two broad
categories of activities: task-related activity which focuses on the work itself, and
executive activity which concerns discussion related to the management of the
project or of the conference call itself. Clarifications were shown to be central to
both executive-level and work-related activities during these telephone conferences,
suggesting that synchronous telephone communication is the principal medium for
generating mutual understanding and resolving conflicts. Activities commonly
associated with software design or similarly detailed technical work did not play a
central role in conference call discussions. It is also clear that conference calls have
the advantage of rapid response time and can facilitate high-level planning, setting
agendas, and motivating work.

Each of the conference calls can be characterized by the number of participants,
the level of active participation, the topical structure (subjects of discussion), the
goals generated, and decisions taken. This analysis can be related to various other
outcomes such as the timely completion of a task. Over the course of time, the
conference calls generally became more work-oriented and focused, indicating a
greater level of shared understanding. The calls are further embedded in a particu-
lar activity pattern. They are usually preceded by a flurry of e-mail messages that
address both content-related issues (e.g., guideline issues) and agendas for the
upcoming call. The calls then serve to chart and refocus activity, often leading to
further differentiation of individual and team responsibility. This leads to e-mail
communication which serves to summarize the calls and to delineate further the
specific issues that had been discussed and consensus that had been reached. The
details, especially those of a technical nature, are best handled through e-mail.

7. Conclusions
The Internet is well established as a tool for collaborative research in areas such

as nuclear physics and biotechnology. With its increasing role in medicine, it has
been natural for the Internet to become a tool for collaborative medical informatics
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research. We have sought to understand aspects of collaboration which are well-
supported by Internet facilities such as e-mail and the World Wide Web, and which
are best-supported by synchronous communication via face-to-face meetings or
telephone conference calls, viewing InterMed as an ongoing experiment in com-
puter-mediated collaborative design. We have sought to understand this design
process, and the role of the Internet as a medium for such an endeavor, as reported
in this paper and elsewhere [2,8]. Evaluating a collaborative design process necessi-
tates an analytic framework for understanding how the various activities lead to
constructing distributed representations, task environments, problem spaces, and
cognitive strategies. We hope that the framework we have devised will also facilitate
the iterative design-implementation-evaluation process for other domains.

Formative evaluations of the sort we have described here can play a crucial role
in the evolution of a collaborative activity such as InterMed. As has been noted,
insights from McGill’s e-mail interviews helped to solidify the PIs’ decision to
convert the group’s energies from vocabulary work to the development of a shared
representation for clinical guidelines. Furthermore, we have learned how best to
leverage the various communications options available to us, matching specific
technologies to the kinds of tasks for which we have found they are best suited. It
is clear that e-mail and use of the Web are inadequate mechanisms for the
development of an effective collaborative activity; they must be complemented by
occasional face-to-face meetings and by conference calls during which clarifications
and executive oversight can be facilitated most effectively. With proper use of
conference calls and occasional meetings, however, e-mail and other Internet
technologies can play a remarkable role in supporting collaboration at a distance
[2,21].

Electronic collaboratories offer great opportunities for unparalleled progress in
science as well as in other disciplines [23,24]. There are still numerous technological,
sociocultural, and cognitive challenges to be met. InterMed to a large extent reflects
both the promise and challenges. This new form of collaborative enterprise is still
in its infancy. Genuine collaboration requires a high-level of sustained commitment,
which necessitates much effort [12]. However, the payoff can be substantial in that
the collective can achieve objectives that the individual teams cannot achieve
through simple cooperative work. A collaboratory, like other institutions, develops
a particular approach which characterizes recurrent work-activity and communica-
tion patterns. Some of the patterns are more effective than others and part of the
growth of the collaboration occurs as participants discover those patterns and make
them routine elements in their work activities and communications. One of our
ongoing central research objectives is to describe and understand these patterns so
that communication and successful outcomes can be facilitated.
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