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Medical Informatics and the
Science of Cognition

VIMLA L. PATEL, PHD, DAVID R. KAUFMAN, PHD

A b s t r a c t Recent developments in medical informatics research have afforded
possibilities for great advances in health care delivery. These exciting opportunities also present
formidable challenges to the implementation and integration of technologies in the workplace. As
in most domains, there is a gulf between technologic artifacts and end users. Since medical
practice is a human endeavor, there is a need for bridging disciplines to enable clinicians to
benefit from rapid technologic advances. This in turn necessitates a broadening of disciplinary
boundaries to consider cognitive and social factors pertaining to the design and use of
technology. The authors argue for a place of prominence for cognitive science. Cognitive science
provides a framework for the analysis and modeling of complex human performance and has
considerable applicability to a range of issues in informatics. Its methods have been employed to
illuminate different facets of design and implementation. This approach has also yielded insights
into the mechanisms and processes involved in collaborative design. Cognitive scientific methods
and theories are illustrated in the context of two examples that examine human–computer
interaction in medical contexts and computer-mediated collaborative processes. The framework
outlined in this paper can be used to refine the process of iterative design, end-user training, and
productive practice.
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Recently there has been a proliferation of articles, ed-
itorials, and edited volumes reflecting on the state of
the art and future challenges of medical informat-
ics.1 – 4 Clearly, there are numerous technologic, socio-
logic, and organizational issues that are important
concerns of the discipline. As a discipline matures,
there is a need to broaden horizons and critically ex-
amine directions, especially in regard to educating fu-
ture practitioners and researchers. We approach the
field of medical informatics from a somewhat differ-
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ent vantage point—namely, as researchers in the area
of medical cognition, education, and human–com-
puter interaction. We are particularly concerned with
how theory from these disciplines can inform the
practice and training of medical informaticians.

In this paper, we address the role of cognitive science
in addressing current and future needs in medical in-
formatics. We first consider a range of philosophic
and conceptual issues in defining disciplinary bound-
aries. This transitional period in the history of infor-
matics affords us a great opportunity to capitalize on
technologic and sociologic trends to shape clinical
practice and education. Medical information systems
embody ideals in design that often do not readily
yield practical solutions in implementation. Theories
and methods from cognitive science can greatly in-
form medical informatics by addressing issues such
as the usability of systems, the process of medical de-
cision making, and the training of physicians and end
users. Specifically, we present our own research and
methodologies pertaining to 1) usability assessment of
medical information technologies and 2) the analysis
of scientific collaboration.
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The Nature of the Discipline

What is the proper subject matter of the discipline of
medical informatics, and what falls outside its pur-
view? Shortliffe5 considers medical informatics ‘‘a ba-
sic science discipline in medicine,’’ although one that
has evolved distinct characteristics that have tended
to separate it from other traditional academic and re-
search medical specialties. He suggests that medical
informatics holds both realized and potential impor-
tance for the science and practice of medicine. He ar-
gues that the failure to define a scientific basis for the
emerging discipline of informatics has limited its im-
pact on scientists in other medical fields and has hin-
dered its timely introduction into medical education.

Warner suggests that medical informatics is an emerg-
ing discipline. He defines medical informatics as ‘‘The
study, invention, implementation of structures and al-
gorithms to improve communication, understanding,
and management of medical information.’’6(p207)

In our view, this definition is somewhat narrow, fo-
cusing on an older model of computing. Recognizing
the central roles of designers and users of these tech-
nologies in the field of medical informatics, Greenes
and Shortliffe7 define medical informatics as ‘‘the field
that is concerned with the cognitive, information
processing, and communication tasks of medical prac-
tice, education, and research including the informa-
tion science and the technology that support these
tasks.’’ This definition stretches the conventional
boundaries of informatics and places computing and
technology in a more supporting role. There appears
to be a growing belief that medical informatics is more
than the thin intersection of computing and medical
practice. In a recent editorial, Hasman and Safran8

suggest that we need to emphasize communication
and collaboration rather than computing. In our view,
this captures a critical shift in the nature of the infor-
matics paradigm. It suggests a place of prominence
for a human dimension as reflected in the social and
cognitive sciences. In fact, cognitive science has long
since had a place at the periphery of medical infor-
matics, especially in relation to medical artificial in-
telligence and medical decision making.9 However,
we believe that methods and theories in cognitive sci-
ence can make a more profound contribution to this
discipline. Maintaining rigid disciplinary structures
may not allow sufficient adaptability to capitalize on
important trends. For example, communication tech-
nologies have made possible long-distance collabora-
tion, which is beginning to transform the way people
work.

The integration of cognitive science in the field of
medical informatics presents some interesting and
worthwhile challenges. Different disciplines can in-
form and shape the field of medical informatics to
generate a more comprehensive and multifaceted per-
spective, which requires the development of shared
objectives, methods, and vocabulary. These issues are
considered in the following section.

On Dialects and Languages: Toward a
Convergence of Meaning

The evolution of any discipline mirrors natural and
cultural evolution in important respects. Any com-
munity of learning and practice made up of people
from diverse areas—such as computer science, epi-
demiology, information science, and biomedicine, as
well as educational research, sociology, anthropology,
and psychology—needs to find a means of effective
communication among the participants. Each of these
disciplines has evolved its own language of commu-
nication, and the ongoing struggle is to find common
ground. In the development of a hybrid language or
dialect, speakers create a form of discourse known as
pidgin.* For example, in Fiji, the language spoken in
the market place, pidgin Hindi, is a combination of
Fijian, Hindi, and English. This emerging language is
a melange of terms and structures from its various
languages of origin. It serves as the means of minimal
or functional communication. An example of the
emergence of this sort of dialect can be found in at-
tempts by medical informaticians to identify concep-
tual units and their organizational structures. The
foundational disciplines use a range of constructs, in-
cluding ‘‘terminology’’ (from information science),
‘‘vocabulary’’ (from medicine), and ‘‘ontology’’ (from
computer science and philosophy), all of which have
similar referents.

As a language develops, it may evolve into a form
known as creole. Creoles are real languages, but their
roots in other languages are clearly apparent. One
area of medical informatics research involves defining
standards for exchanging information among systems.
The diverse informatics community has settled on the
term ‘‘message’’ for the unit for exchange. This term
is now widely understood, and it has a distinct mean-
ing, different from its meaning in medicine (which is
more concerned with content than structure) or in
computer science (where it has a predominant mean-

*We owe a great dept to Paul Smolensky for this analogy. We
would also like to thank David Evans for contributing to the
development of these ideas.
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ing related to object-oriented programming). Simi-
larly, in cognitive science, (human) information proc-
essing has taken on a different meaning from its more
conventional usage in computer science.

We in informatics are trying to communicate with
each other through a common dialect. Many of us are
not native speakers of medical informatics; rather we
speak a pidgin variation that liberally draws on our
native disciplinary tongues. Disciplines often have a
long evolutionary history. A mature discipline in
which everyone speaks the same dialect affords a
range of grounding in communication strategies to co-
ordinate shared meanings.10 While medical informat-
ics is developing a substantial shared terminology,
there are still considerable idiosyncrasies that hamper
communication. Controlled medical vocabularies are
an interesting case in point, because there are several
emerging standards, each with different assumptions
and subtle difference in meanings that can create
boundaries. The roots of medical informatics can be
traced back to at least the late 1950s.11 However, 40
years is a relatively short time in the history of an
emerging discipline. In the process of creating a cre-
ole, different objectives and vocabularies are negoti-
ated across disciplinary boundaries. The clarity, valid-
ity, and utility of these theories and methods become
apparent and become incorporated into the emerging
discipline.

In the current state of informatics, methods, theories,
and concepts are drawn mostly from computer sci-
ence, information science, and other domains. As a
real language and culture develop, people are born
into the new community; similarly, when new mem-
bers of informatics come of age, they will increasingly
graduate not in computer science or experimental
medicine, but from programs devoted to medical in-
formatics. Cognitive science and neuroscience are
multidisciplinary fields that have witnessed similar
developments in recent years. We are, perhaps, cur-
rently somewhere between pidgin and creole, where
the disciplinary and institutional boundaries are still
very apparent.

At the moment, informatics is in a transitional state.
As the disciplines mature, affiliated research com-
munities may endeavor to concentrate their efforts
more narrowly by targeting a specific set of objectives,
or they may broaden their vision to consider a wider
range of issues. Both kinds of transitions are not un-
common in the world of science and, in fact, are not
mutually exclusive. In the next section, we argue for
a place of prominence for cognitive science in the
evolving disciplinary matrix of medical informatics.

In our view, cognitive science can contribute to the
basic science dimension of medical informatics as well
as inform the practical aspects having to do with de-
sign and implementation.

Cognitive Science and Medical Informatics

One source of concern is the pressing need for effec-
tive information management in medicine. The ur-
gency of this matter has been spurred, in part, by the
rapid proliferation of new biomedical knowledge, di-
agnostic procedures, and therapeutic interventions.
These developments have been paralleled by ad-
vances in computer-based technologies for recording,
storing, managing, accessing, and communicating in-
formation. As in most domains, there is a gulf be-
tween technologic artifacts and end users.12 Medical
practice is a human endeavor, and there is a need for
bridging disciplines to enable clinicians to benefit
from rapid technologic advances. Theories and meth-
ods from cognitive science can provide an effective
complement to other medical informatics approaches
in addressing issues of the usability of systems, the
processing of information, and the training of physi-
cians.

Cognitive science is a multidisciplinary field incor-
porating theories and methods from psychology, lin-
guistics, philosophy, anthropology, and computer sci-
ence in the study of cognition. In recent years, theories
and methods from cognitive science have been ap-
plied to a wide range of practical domains, including
medical education and informatics.13 Medical cogni-
tion includes studies of cognitive processes, such as
perception, comprehension, reasoning, decision mak-
ing, and problem solving in medical practice itself and
in representative experimental tasks (e.g., simulated
patient problems). Cognitive science in this respect
acts as a basic science and provides a framework for
the analysis and modeling of complex human perfor-
mance. For example, theories of human memory and
knowledge organization lend themselves to character-
izations of expert clinical knowledge that can then be
contrasted with representation of such knowledge in
medical systems. With the advent of emerging medi-
cal information technologies, we need to be concerned
with the ways in which people can use these systems
accurately, efficiently, and safely. Table 1 presents par-
allel issues in cognitive science, medical cognition,
and medical informatics.

Cognitive science and studies of medical cognition
can meaningfully inform and shape design, develop-
ment, and assessment.14,15 Similarly, basic cognitive re-
search has begun to have an effect on the develop-
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Table 1 n

Parallel Issues in Cognitive Science, Medical Cognition, and Medical Informatics
Cognitive Science Medical Cognition Medical Informatics

Knowledge organization and human
memory

Organization of clinical and basic science
knowledge

Development and use of medical knowl-
edge bases

Problem solving, heuristics/reasoning
strategies

Medical problem solving and decision
making

Medical artificial intelligence/cognitive
models of decision support

Perception/attention Radiologic and dermatologic diagnosis Medical imaging systems

Text comprehension Learning from medical texts Electronic text processing

Conversational analysis Medical discourse Medical language processing

Distributed cognition Collaborative practice and research in
health care

Computer-supported collaborating agents

Coordination of theory and evidence Diagnostic and therapeutic reasoning Evidence-based clinical guidelines

Mental models Skills training Cognitive usability assessment

ment of decision support technology.16 Also pertinent
is the emerging area of distributed and collaborative
cognition.17 This notion suggests that cognitive pro-
cesses such as planning, learning, and decision mak-
ing can be construed as a joint effort among various
agents including human beings and machines. With
the rapid ascendance of the Internet as a vital com-
munication medium, collaborative endeavors in med-
ical informatics research have become increasingly
prominent.18 In the next section, we illustrate how
cognitive science methods and theories can be used
to further our understanding of human computer in-
teraction in medical contexts and computer-mediated
collaborative processes.

Human–Computer Interaction and Medical
Technologies

Despite the great potential of medical information
technologies, their implementation and integration
into medical practice have often proved to be more
difficult than was anticipated.14,19,20 Much research has
focused on a range of technical issues in the imple-
mentation of these systems, including computer com-
munication and networking, physical input devices
(e.g., mouse and keyboard), and the development of
software standards for controlled medical vocabular-
ies.21,22 However, research has only recently begun to
investigate the cognitive and social dimensions of
physicians’ encounters with computer-based technol-
ogies in medical practice.23

Human–computer interaction is a science of design
that seeks to understand and support human beings
interacting with technology.24 In our research, we are
principally interested in characterizing the usability
and learnability of medical technologies.25 ‘‘Usability’’

refers to the capacity of a technology to be used easily
and effectively by a range of users (e.g., health care
workers), given specified training and user support,
to perform a range of tasks (e.g., diagnosis and patient
management) within a specified range of settings
(e.g., clinics, offices, and hospital wards).26 ‘‘Learna-
bility’’ refers to the ease with which a user can attain
certain levels of competency. Training is an essential
(and often overlooked) ingredient in promoting the
effective use of technologies. We have observed that
training is too often narrowly focused on attaining ba-
sic competency in the use of a system (e.g., basic com-
mands, navigation, etc.). Although this is an essential
aspect of the learning process, there is a need to tailor
training toward developing specific cognitive skills
that will lead to more productive use. For example, a
medical student can learn to do a Medline search rel-
atively easily. However, it is more difficult to develop
effective search strategies that can maximize the yield
of relevant literature and minimize extraneous costs.
The development of expertise is clearly predicated on
substantial experience. However, advanced training
can significantly accelerate the learning curve.27

Our laboratory is actively engaged in research eval-
uating medical record systems and computer-based
learning systems.25,28 The objectives are twofold: to
contribute to a process of iterative design in the de-
velopment of more effective systems, and to continue
to refine a theoretic and methodologic framework for
the cognitive use of medical technologies. We employ
two classes of usability techniques: usability inspec-
tion methods and usability testing. Usability inspec-
tion methods are a set of analytic techniques for char-
acterizing the usability-related aspects of the interface.
These methods are typically employed by an analyst
or experimenter working with the system being
tested. Usability testing involves observing end users
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employing a system to perform representative tasks
(for example, recording a patient history in a com-
puter-based patient record system). We have devel-
oped a set of cognitively based video analytic tech-
niques for characterizing subjects’ behavior. These
methodologies have been employed in a range of
tasks and settings. In this section, we illustrate the use
of the usability inspection method known as the cog-
nitive walk-through (CW).

We have adapted this design evaluation methodology
to study the usability and learnability of medical in-
formation systems.25,29 The purpose of a walk-through
is to evaluate the process by which users perform a
task and the ease with which they can do this. The
CW methodology involves identifying sequences of
actions and goals needed to accomplish a specific task.
More specifically, the primary aims of the CW pro-
cedure are to determine whether the user’s back-
ground knowledge† and the cues provided by the in-
terface are sufficient to construct the goal structure
necessary to generate the action sequence required to
perform a task and to identify potential usability
problems. To do this, an experimenter/analyst per-
forms a task simulation, ‘‘stepping through’’ the se-
quence of actions necessary to achieve a goal. The
principal assumption underlying this method is that
a given task has a particular generic goal-action struc-
ture (basically, ways in which a user’s objectives can
be translated into the particular actions). This analysis
also provides us with substantial insight into the cog-
nitive demands of a task. For example, tasks that re-
quire the user to execute lengthy sequences of actions
or require movement between different screens make
heavier demands on a user’s working memory.

The walk-through is an example of a strong theory-
based approach with clear practical implications. This
approach draws on theories of problem solving, skill
acquisition, and human–computer interaction. The
end product of an analysis is a set of cognitive models
that can both inform theories of human performance
and have obvious consequences for design and im-
plementation. We illustrate below the CW procedure
in the context of a Medline search. This is an activity
with which most readers have some familiarity and
which is sufficiently complex to illustrate the CW

†Individuals who use a system vary considerably in their back-
ground knowledge. To simplify matters, we can identify three
broad classes of users: beginners who have minimal or no ex-
perience; novices who have a limited command of the basic
functionality of the system; and experts who have attained con-
siderable mastery in their use of the system. A walk-through is
generally concerned with modeling beginners and novices.

methodology. In the following scenario, the top-level
goal is to perform a database search to locate perti-
nent review articles about the relationship between di-
abetes and pregnancy. The following outline illus-
trates a goal-action sequence for accessing the
MEDLINE database from the Ovid bibliographic infor-
mation retrieval system:

Goal: Find recent review articles related to preg-
nancy and diabetes.

Subgoal: Do MEDLINE Search.
Subgoal: Access Ovid Browser and Query Sys-

tem.
Action: Open Browser.

System Response: List available database (e.g.,
PsychINFO, HEALTHSTAR, MEDLINE).

Subgoal: Open MEDLINE database (1993–1997).
Actions: Scroll down and select MEDLINE.
Action: Press ^Enter&

In the preceding sequence, there are three subgoals
and three actions needed to access MEDLINE. The CW
characterizes the (hypothetic) goals and subgoals of
the user, related actions, system responses, and poten-
tial problems. Subgoals reflect inferences needed to
connect a higher-level goal to specific actions. The ac-
tions arise from the user’s intentions but are critically
shaped by system responses. In the following char-
acterization of a goal-action sequence, the next goal is
to do a keyword search for articles related to diabetes.

Goal: Find articles related to diabetes.
Subgoal: Do a keyword search on diabetes.

Action: Enter key combination ^Control& ^R&.
System Response: ‘‘Enter a word or phrase to be

searched in titles and abstracts.’’
Actions: Type in diabetes and press ^Enter&.

System Response: Returns 22,998 entries.

The same sequence is then repeated for the term
‘‘pregnancy.’’ Once these goals have been accom-
plished, the two sets of results must be integrated to
find those entries that correspond to both diabetes
and pregnancy. This part of the walk-through is illus-
trated by the following segment:

Goal: Merge list of entries.
Potential Problem: Subject must map term

‘‘combine’’ to action ‘‘merge.’’
Subgoal: Combine data sets (diabetes and preg-

nancy).
Action: Enter key combination ^Control& ^N&.

System Response: Screen with two sets and in-
structions. ‘‘Use the spacebar to select at least two
sets to combine and then press ^Enter&.’’

Actions: Scroll to diabetes and press spacebar.
Actions: Scroll to pregnancy and press space-

bar.
Action: Press ^Enter&.
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System Response: Combine sets screen: Choose
Boolean connective ‘‘and’’ or ‘‘or.’’

Potential Problem: Choice of connectives.
Actions: Select ‘‘and’’ and press ^Enter&.

System Response: Returns 870 entries.
Potential Problem: List is too extensive.

The top-level goal of the entire search necessitates sev-
eral actions, and there are a number of potential prob-
lems of which only a few are indicated here. The prob-
lems may pertain to the surface characteristics of the
interface (e.g., clarity of dialogue elements) or may be
of a more conceptual nature (e.g., mapping terms to
actions). The system returns 870 entries, which would
make the task of finding relevant articles too cumber-
some. The user must then find a way to narrow the
search space. The final goal relates to limiting a search
to articles in English, studies of human subjects, and
review articles.

A MEDLINE search is a task of minimal-to-moderate
complexity. (Current e-mail programs are systems of
minimal complexity, whereas most computer-based
patient record systems are of substantial complexity.)
Our analysis indicated that this complete task requires
22 actions and involves 12 goals and subgoals and
nine transitions between screens. A first-time MEDLINE

user may be frustrated by the complexity of the in-
terface and the sequence of actions necessary to ac-
complish a goal. In addition, the transitions between
screens will invariably cause navigational problems
for some users. After using the system a few times,
however, the user is likely to develop sufficient facility
to achieve a range of basic goals without too much
difficulty.

The walk-through can serve a number of purposes,
including contributing to the iterative software design
process and aiding in the development of instruc-
tional materials. We have also used this method to
develop a coding scheme to analyze end users’ per-
formance of a task.25 The walk-through reveals a sub-
set of potential user problems but is most effective
when used in conjunction with video-based usability
testing involving representative end users. This ap-
proach can also yield valuable information about the
efficiency of various procedures (e.g., the number of
actions needed to search a database); the prior knowl-
edge needed to draw various inferences from the sys-
tem’s behavior; the consistency of tasks supported by
a system (most tasks should have similar goal-action
hierarchies); and the transparency of system feedback
(responses to users’ actions). Video-based usability
testing can also contribute to effective training by
characterizing productive strategies and by making
transparent the various affordances of the system

(e.g., undocumented shortcuts) as well as the con-
straints.

We have used the CW technique to characterize the
learnability of multimedia instructional software and,
more recently, have applied this technique in the
study of various kinds of computer-based patient rec-
ord systems. These systems represent immensely com-
plex interactive environments that make numerous
conceptual as well as perceptual and motor demands
on the user. There is a critical need to study cognitive
aspects of the interface and its effects on both ad-
vanced and novice users. In addition, these systems
greatly affect information gathering strategies and
problem representation. As these systems proliferate,
they are likely to have a substantial impact on the way
medical students as well as novice physicians learn
clinical medicine. We are currently engaged in an ef-
fort to understand and delineate the cognitive dimen-
sions of physicians’ interactions with computer-based
patient record systems.

Computer-based systems do not merely facilitate or
enhance the performance of a given task; they also
have an enduring impact on the mastery of related
tasks. Salomon et al.,30 in considering the effects of
technology on intellectual performance, introduce a
useful distinction between the effects with technology
and the effects of technology. The former are con-
cerned with the changes in performance displayed by
users while equipped with the technology. For ex-
ample, when using an effective medical information
system, physicians should be able to gather informa-
tion more systematically and represent this informa-
tion in a more structured manner. In this capacity, the
medical information technologies may alleviate some
of the burden on the physicians’ working memory
and permit them to focus on higher-order thinking
skills, such as hypothesis generation and evaluation.
The phrase effects of technology refers to lasting
changes in general cognitive capacities (knowledge
and skills) as a consequence of interaction with a tech-
nology. For example, extensive use of information
technologies may result in enduring changes in di-
agnostic and therapeutic reasoning even in the ab-
sence of the system. This suggests that medical infor-
mation systems and decision-support technologies
may have ancillary positive consequences but may
also induce complacency and certain dependencies on
systems. In our view, effective training can serve to
maximize the positive consequences and minimize the
counterproductive ones.

The focus of much research in human–computer in-
teraction has been on understanding the solitary in-



Journal of the American Medical Informatics Association Volume 5 Number 6 Nov / Dec 1998 499

dividual who uses a computer or workstation and de-
riving guidelines for design based on this
understanding. Although we view this work as im-
portant, there is clearly a need to understand the so-
cial, contextualized, and distributed nature of work in
health care settings. This issue is discussed in the next
section.

Collaboration in Medicine

Recent communication technologies are beginning to
transform the ways in which individuals work.31 The
community of researchers in medical informatics is
uniquely positioned to exploit as well as advance
these new capabilities to improve the quality of health
care delivery. Collaboration has always been central
to health practices, with nurses, physicians, and sup-
port staff jointly contributing to patient care. Similarly,
researchers in the medical informatics community
have been engaging in joint efforts for many years.
However, these efforts have been somewhat impeded
by geographic distances, which seem to create a kind
of cultural and institutional isolation. This accounts in
part for the many idiosyncratic and incompatible
medical information systems that have been imple-
mented in various clinical settings. The Internet and
other communication technologies have paved the
way for unparalleled collaborative activity and shared
expertise.

The InterMed Collaboratory is an Internet-based med-
ical informatics project involving five participating
institutions.32 – 34 There are two broad mandates of this
project. The first is to further the ‘‘development, shar-
ing, and demonstration of software and system com-
ponents, data sets, procedures, and tools that will fa-
cilitate the collaborations and support the application
goals of these projects.’’18 The second is to provide a
distributed suite of clinical applications, guidelines,
and knowledge bases for clinical, educational, and ad-
ministrative purposes. The development of a shared
integrated library distributed across institutions with
different kinds of expertise is increasingly recognized
as a necessity for providing access to a broad range
of informatics resources to meet the needs of health
care professionals.

We have conducted an evaluation of the InterMed col-
laboratory with two complementary objectives in
mind—to assess whether the project has reached or
is on course to reach its stated objectives, and to assess
the collaboration as an ongoing experiment in com-
puter-mediated collaborative design. One of the cen-
tral goals of the collaboratory is the design and
implementation of a methodology for sharing

computer-based generic guidelines based on a stan-
dard representation model.35 Guideline-related activi-
ties have accordingly been the focus of our research.

We present a brief synopsis of our investigations. The
InterMed enterprise aims to provide a broadly appli-
cable model for shared component-based, collabora-
tive development in medicine. We similarly view the
ultimate objective of our research as the development
of a broadly based analytic and methodologic frame-
work for evaluating and investigating computer-me-
diated collaborative design. We anticipate that such a
framework will have the potential to contribute sub-
stantially, by informing and shaping models of collab-
orative technology development.

The InterMed Collaboratory has been working to de-
velop a representation called the Guideline Inter-
change Format (GLIF) to facilitate the sharing of
guideline information among different systems and
institutions. This is a challenging and important un-
dertaking, given the large effort required to produce
guidelines and the benefits that could be derived from
minimizing duplication of effort, facilitating modifia-
bility and, through iterative design, reducing ambi-
guity. One of our first objectives was to understand
and characterize the different InterMed teams and in-
vestigate the processes they had defined in efforts to
achieve their goals. We have also endeavored to study
InterMed’s evolving communication patterns, ongo-
ing decisions, and distributed and collaborative activ-
ities. InterMed employs a range of asynchronous and
synchronous communication media including e-mail,
telephone conferencing, video conferencing and face-
to-face meetings. The World Wide Web has also pro-
vided a medium for demonstrating and sharing tools,
models and graphic representations. The study of this
collaboratory has employed a wide range of analyses
including electronic interviews, sociometric analyses
of e-mail communication (patterns of dyadic and
group communication over time), discourse analysis
of dialogue, and meeting activity analysis designed to
characterize planning and design. We have also ex-
amined the translation of text-based clinical guide-
lines into a GLIF representation.36

Sociometric analysis‡ is a method used to characterize
relationships among individuals. We have employed
it to study communication patterns among members
of the InterMed Collaboratory. This method involves
representing the number of exchanges in which each
individual takes part as well as the channels of inter-

‡It is a method commonly used to study relationships among
peers in a classroom in view to identify children at risk.
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F i g u r e 1 Sociometric analysis of e-mail communica-
tion among InterMed collaborators during April 1996.

action, such as who communicates with whom and
the frequency of this interaction. In these sociometric
representions, each node corresponds to an individual
participant in the interchange. The links between
nodes correspond to the channels and the frequency
of communication between the participants. Repre-
sentations are then developed for the overall time pe-
riod in question and, to examine the evolution of com-
munication patterns, sociometric representations are
developed at various points in the evolution of the
collaboration. The analysis can be used as a basis for
characterizing clusters of project-related activity and
the division of labor.

Figure 1 presents a sociometric representation of the
communication patterns of InterMed members during
a month of e-mail exchanges. It both characterizes the
patterns of interaction among individuals with and
beyond their institutional boundaries and charts the
evolution of these patterns over time. Members from
the four institutions involved in InterMed are
grouped together, and InterMed central refers to the
listserver that distributes e-mail to every participant.

The sociometric representation of the four weeks of e-
mail communication indicates identifiable clusters of
communication. There is a considerable degree of
cross-site communication, with a select number of in-
dividuals being the main participants in communica-
tion with individuals at other institutions (partici-
pants B, C, G, J, and L), and there was considerably
less intrasite communication. Furthermore, the list-
server (InterMed Central) was the predominant

method used to disseminate information. Our total
analyses have spanned the first 96 weeks of the
InterMed Collaboratory’s guidelines research.33 We
have looked at changes in communication patterns
across various time intervals (e.g., one week), in re-
lation to specific decision points (e.g., selection of clin-
ical guidelines), and as guided by various events such
as the preparation of publications or grant proposals.
This method provides certain insights into the divi-
sion of labor in the planning, design, and implemen-
tation processes.

Sociometric analysis is a valuable but coarse method
that focuses on structure (e.g., frequency of ex-
changes) rather than content (e.g., substance of a mes-
sage or topic) for studying communication patterns.
We have employed this method in conjunction with
other methodologies such as discourse analytic tech-
niques to characterize productive as well as counter-
productive episodes of collaboration. In brief, the re-
sults have characterized patterns of convergence and
divergence in InterMed’s goals and objectives, adap-
tive as well as suboptimal activity patterns, and the
distinct role each of the communication modes has
played in shaping the collaboration. This has been
used to chart the progress over the period of data col-
lection, showing patterns of collaboration and coop-
eration using different media (conference calls, e-mail,
progress reports, and face-to-face interaction).

Although there has been exponential growth in inter-
est and research, collaboration science is still in its in-
fancy. Collaboration is increasingly central to the field
of informatics and more broadly to the work force at
large. How can collaboration be a more productive
enterprise? What patterns of communication facilitate
decision making in design and development? Alter-
natively, what patterns of communication and activity
lead to suboptimal outcomes? Which technologies can
be most effectively used to achieve various goals (e.g.,
joint writing of papers)? The objective is to develop
an explanatory framework that will address these
concerns. This framework has been used to both char-
acterize research collaborations and collaborative
practices in professional health care settings.34

Conclusions

Medical informatics is an emerging discipline char-
acterized by rapid development and exciting new in-
itiatives that promise to have a significant impact on
the practice of medicine. In this paper, we have ar-
gued that the cognitive and social sciences can illu-
minate different facets of design and implementation.
Dramatic technologic changes, such as those occur-
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ring today, invariably go hand in hand with profound
social and cultural changes. Tension and strife result
when the latter do not receive adequate attention. It
has been well documented that technologic develop-
ment often outstrips its productive use in a commu-
nity of practitioners. Enhanced functionality and effi-
ciency afforded by new machinery need to be
balanced with concerns for usability, learnability, and
adaptability to the needs of the setting. With perpet-
ual change being one of the few certainties, the chal-
lenge is to adapt to the constantly shifting balance
between recognizing and promoting these technologic
changes and understanding the social consequences.
Stable paradigms for clinical computing remain some-
what elusive for the moment. As long as there is a
complementarity between the social and cognitive on
the one hand and the technologic on the other, a sat-
isfactory equilibrium can be more readily achieved.

This article identifies several ways in which cognitive
science can contribute to objectives that concern re-
searchers and practitioners in medical informatics.
These were illustrated in the context of two research
scenarios, one involving usability inspection and the
other focusing on patterns of communication in col-
laborative processes. The methodologies and theories
illustrated in this paper are oriented toward under-
standing and characterizing the cognitive, and to
some extent the social, impact of technology. We have
expanded on a framework drawn from cognitive sci-
ence, human–computer interaction, and research in
computer-mediated communication. The results of
this research can contribute to tangible changes in sys-
tems, training, and practice. Similarly, the study of
practice can help shape theories of human perfor-
mance, technology-based learning, and scientific and
professional collaboration that extend beyond the do-
main of medicine.
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