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I. Introduction

Aworkstation is the means by which
the health-care professional interacts
with the information artifacts of health
care. Some of these artifacts may be
information resources such as patient
data, images, and plans; others may be
education and decision-support re-
sources, research materials, and policy
and guidelines. Still others may be
representations of communication pro-
cesses - electronic mail messages and
stored video images of human partici-
pants, or live audio or video communi-
cation.
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The nature of professional worksta-
tions is undergoing change because of
transformations in both health care
and in the information-technology
world that affect directly what a
workstation’s purpose is and how it
should be designed. An IMIA Work-
ing Conference on the Health Care
Professional Workstation was held in
June, 1993 [1]. We take this opportu-
nity to review the progress that has
been made since that time and to iden-
tify the most promising current ap-
proaches to construction of worksta-
tion applications.

1.1. Seeds of change

Significant paradigm shifts are now
underway coincidentally in both the
health care and the information-tech-
nology world. Surprisingly, they have
a number of similar features. Both
have major implications for the pur-
pose and design of professional health-
care workstation applications.

1.1.1 Re-engineering of Health-care
Change in the health care-delivery
system has been stimulated by de-
cades of inexorably rising costs that
finally reached a point where the need
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to control them has led to the adoption
of alternative financing/payment mod-
els. Pursuit of cost effectiveness, effi-
ciency, and quality have led to the
creation of a variety of new enterprise
forms for health-care delivery. The
major direction of change is from a
system dominated by monolithic and
independent providers (physicians,
small groups, hospitals, and other ser-
vices), to ones in which a “federated”
model predominates. New enterprises
includeregional networks, integrating
patients, primary-care practitioners,
community hospitals, tertiary centers,
and other services formerly indepen-
dent or only loosely associated; na-
tional chains of managed-care organi-
zations and hospitals; and vertical ser-
vices such as radiology and pathology
offered on a national or even interna-
tional basis [2-4].

The “extended enterprises” now
being formed involve alliances that
cross institutional boundaries and, in
some cases, are no longer constrained
by geography (e.g., for teleradiology
services). Competition among practi-
tioners and other service providers is
causing them to learn to be more effi-
cientand to function as “components”
in the extended enterprise, and the
enterprise management to function as
the integrators of these providers and
services. While the impetus for such
change is less strong in some nations
than currently in the USA, the root
problem of increasing cost of medical
care, requiring systemic change in
health-care delivery, is widespread.

These new forms of health-care
delivery are made possible in large
part by, and dependent upon, informa-
tiontechnology. Existing health infor-
mation systems, largely evolving from
hospital-based systems, are not typi-
cally well suited for the new require-
ments of the health-care industry. The
information systems to support the
health-care enterprises of the future
will need to be adaptable to new forms
of delivery, and to provide both inter-

faces to the various components of the
enterprise, and enhanced communica-
tion, monitoring, and analysis of pro-
cess and outcome.

1.1.2 Information Technology
Upheavals.

The information-technology indus-
try is curiously going through a trans-
formation very similar to that of the
health-care industry: from monolithic
and independent providers of applica-
tions to a highly federated model of
software [S]. Duringthe past few years,
avariety of methods has become avail-
able for constructing applications by
linking of distributed information re-
sources as well as application compo-
nents. Large mainframe- and mini-
computer-based applicationsinhealth-
care and in business are, after years of
inertia, beginning to give way to net-
works of client-server systems with
users interacting via workstations [6].

Personal-computer applications,
largely in the form of independent
programs or single-vendor suites of
programs, have in some cases become
bloated integrated, feature-laden be-
hemoth programs. These applications
are beginning to see challenges in the
form of new applications that are con-
structed in an entirely different fashion,
as an integration of components, plug-
ins, “applets”, orother extensions, often
provided by multiple vendors, and with
network access to these elements and to
other tools and services.

“Application as integration” is a
paradigm in which application-spe-
cific behavior is divided into the task
of providing a user-interface layout,
that of “orchestrating” how individual
software components are brought to-
gether, and the tasks performed by the
components. Components function as
a “middleware” layer, adapting infor-
mation resources to application-spe-
cific needs [7]. Object-oriented tech-
nology is a key underpinning of com-
ponent middleware [8]. Traditional
software providers are being chal-

lenged by this new model to find new
ways to incorporate network aware-
ness, and to make some or all of their
services into separable components.

2. Requirements

2.1. Workstation Applications as a
Focal Point

As health-care is being reshaped
through new enterprise forms based
on a component/integration strategy,
the information technology to support
itisalsousing acomponent/integration
strategy to reinvent itself. As a conse-
quence, it is increasingly feasible to
match the record keeping, decision
making, education, and communica-
tion needs of a health-care user with
functional components that meet those
needs, which possess the information
tools and services suitable for these
tasks. This is the essence of object
technology, in which functionality is
encapsulated in the object. In other
words, one can create a mapping of
functional needs to information
componentry. This should facilitate
the construction of workstation appli-
cations that are highly tailored for spe-
cific uses.

Note that in the above and the re-
mainder of this paper, we will consider
health-care “workstations” as the user
devices through which a health-care
professional (provider, manager, or
other worker) interacts with the health-
care system and other participants.
The workstation can be a device of
personal-computer size or of more
powerful class, traditionally referred
to by the “workstation” rubric; we will
consider these interchangeably for our
purposes.

In the extended enterprise, a health-
care workstation application may need
to support a variety of users, with
configurability suited to those users’
information needs and the demands on
themarising fromtheirenterpriseroles.
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A primary change that has occurred is
the need for practitioners to be now
more sensitive to the demands for sys-
temic cost-effectiveness and quality
which may, at times, conflict with
their perception of optimal care for
individual patients. Information tools
to support informed decision making,
including guidelines and education
resources, are becoming more essen-
tial as part of routine practice, and
capturing of events for monitoring and
analysis are now becoming necessary.
As aresult, the number and variety of
interactions required of a health-care
worker are increasing. A primary-care
physician may need to view not only
patient data and images, but guide-
lines and other decision aids, directo-
ries of referring physicians, and vari-
ous reference materials. Findings, in-
terpretations, and plans need to be
recorded. Problem-specific informa-
tion resources may need to be pro-
vided to the patient.

To enable this set of capabilities,
specialized services need to be made
available by a variety of information
sources, including the electronic medi-
cal record system and PACS, as well
as referral directory servers, guideline
repositories, literature reference ser-
'vices, expert system and analytic tools,
and others. Because of their diversity,
they are likely tobe found on disparate
systems rather than on a single institu-
tional computer. Evenif suchfunctions
could be offered within a single system,
an institution might find this limiting in
terms of the ability to find “best of
breed” for each function and make it
available. Ideally, desirable services
should be able to be incorporated into
the system, independent of where they
arelocated, or whetherthey areinternally
provided or external.

2.2. Roles for a Professional
Workstation

Many kinds of health-care worksta-
tion applications are possible. We fo-

cus here only on the framework for
constructing them. The following are
roles performed by a workstation ap-
plication,

Identification and Context-setting
The workstation must identify and

authenticate its user and establish au-
thorization and access privileges. The
nature of the application depends on
who its users are and the tasks it is
called upon to perform. One can envi-
sion patient-oriented, student, nurs-
ing, primary care, specialist, manager,
policy analyst, or researcher worksta-
tion applications. Each of these indi-
viduals has a different world view, is
engaged in a specific set of activities,
and has particular information and
communication needs. The interface
characteristics and behavior of the
workstation also should be based on
the most effective mode of interaction
for that user. This could depend not
only on the nature of the tasks, but also
on individual preferences, or on fea-
tures of the environment. For example,
a patient interacting with the health-
care system at home via an interactive
two-way television system might use
primarily point-and-click and voice
for communication. A travéling nurse
doing home visits may depend on a
portable digital assistant with pen-
based input and wireless communica-
tion. A radiologist would be likely to
require a multi-screen display station
with capacity for displaying, manipu-
lating, and annotating high-resolution
images.

Portal for Access to Information

A workstation is usually not itself
the location for information but a por-
tal for locating and accessing the in-
formation. Forexample, a primary care
physician examining a patient with
recurrent dizziness might need to ac-
cess the medical record for prior clini-
cal history, medications, and otherdata.
She may wish to check the side effects
of the medications being taken, or

>4

consulta workup guideline. Consider-
ing the problem to be neurological in
nature, she may wishto find a neurolo-
gist to whom to refer the patient from
an on-line directory. .

A radiologist interpreting a case
might need to access the prior clinical
history of a patient, images from pre-
vious examinations, tools for manipu-
lating the images, such as 3-D recon-
struction, image enhancement, or im-
age fusion, computer-aided detection
tools, anatomic atlases, differential-
diagnosis aids, teaching cases relevant

* tothe problem at hand, forms for struc-

tured reporting, clinical guidelines for
appropriate workup of the problem,
and multimedia mail facilities for send-
ing an interpretation together with an-
notated images, highlighting the perti-
nent findings.

Locus for Information Integration
By supporting access to multiple

kinds of information resources, as iden-
tified above, a workstation application
is increasingly being called upon to
bring together these disparate resources
for the purposes of a particulartask. The
complexity of health-care is pushing
clinical applications, for example, to
utilize educational and knowledge-based
resources such as clinical guidelines to
be more cost-effective, forcing tighter
integration among separate resources.

Means for Initiation and Recording
of Events

The workstation is a primary loca-
tion at which data are entered, deci-
sions are made, and orders initiated.
Medical record keeping through form
completion, dictation with voice rec-
ognition or transcription, or pen or
keyboard entry are carried out. Since
the workstation identifies the user, with
security and authentication procedures
imposed as required, it is responsible
for tagging all data and events initiated
by the user with appropriate source
identification and date and time stamps.
Captured events can then be recorded
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in archival database storage, and used
for alerts and reminders, for research,
for audit, for education, or for process
and outcome studies.

Locus for Communication

The workstation is a place for initi-
ating and receiving communications.
Thisincludesemail, video conferences,
and alerts and reminders. '

Functional Linkage
A workstation application can serve

to coordinate interactions among dis-
parate information resources that pro-
vide specific functionality, facilitating
the flow of information among data-
bases, specialized processing tools,
and other services, located either on
the same computer or on different host
computers and servers.

2.3. Design Desiderata
Inconsidering the features required

for workstation applications, .the fol-

lowing appear to be most important:

Ubiquity

The workstation application needs
to be adaptable to the work habits of
the individual. If a practitioner moves
from place to place or covers patient
care while at home as well as at an
office, then workstation capabilities
eitherneed tobe portable or accessible
from these different locations. It also
should support a variety of different
hardware and software platforms.

Consistency
The workstation integrates a vari-

ety of functions. Thus, it is important
that it does this via a consistent user
interface so that each function does not
require unique forms of interaction.

Completeness
We also require that all of the capa-

bilities needed be available within the
framework of the workstation applica-
tion so that they can be integrated with
one another and avoid duplicate entry of

informationtoaccomplishrelated tasks.

Ease of Use

In addition to consistency, ease-of-
use depends on matching user-inter-
action mechanisms to the setting. Pa-
tient-oriented interactions will need to
take into account literacy levels, abil-
ity totype, availability of certain hard-
ware, etc. Professionals on the move
require highly portable devices with
flexible data-entry tools. Some work-
ers need to keeptheir hands free, which
will favor use of voice input, whereas
accuracy requirements or ambient
noise levels may require pen or key-
board input in other situations.

Adaptability to User Needs,
Configurability

Some users prefer viewing infor-
mation in different formats, e.g.,
graphical vs. narrative vs. tabular.
Some prefer pointing devices, key-
boards, pen, or voice as the primary
input mode. Some require adaptability
to both portable and desktop use, de-
pending on where they are located.
Depending on the kind of user, differ-
ent views into the same information
resources and presentation formats are
most appropriate.

Extensibility .
Asnew requirements are identified,

the workstation should be able to in-
corporate information services to meet
these needs without extensive modifi-
cation. Changes can be expected to be
relatively frequent, so this is essential
for the longevity and continued utility
of the workstation.

Point of View

It is desirable for the workstation
application to be able to support a
specific point of view that matches
well the tasks of the user. Depending
on the user, a suitable point of view
might be, for example, chronological,
source-oriented (e.g., specialty-based),
body- system oriented, problem ori-

ented, or management oriented.

We posit that the problem oriented
point of view will become especially
important as a means to cope with
“information overload”. Physicians,
for example, faced with the need to
integrate clinical data, medical knowl-
edge, institutional constraints, and
patient needs and preferences, will
require assistance in focusing on the
specific information pertinent toacur-
rent problem. Problem-specific infor-
mation access is a goal of the GEODE-
CM project at our institution; patient-
management states are used to antici-
pate the information-resource needs of
the physician, to facilitate data access,
structuredrecord keeping, decision mak-
ing, and workflow management [9].

3. Construction of
Workstation Applications

Although we will focus the subse-
quent discussion on component inte-
gration, we give a brief historical per-
spective, because it helps to under-
stand some of the forces that affect the
speed or lack thereof in adoption of
new paradigms.

3.1. Historical perspective

The earliest health-care systems in-
volved user interaction via video-dis-
play terminals. In that situation, the
application executed entirely on the
mainframe or minicomputer to which
the terminal was connected, and was
responsible for controlling the nature
of the user interface at the terminal.
These are called central applications.

In many circumstances, personal
computers and workstations are also
used for terminal emulation, to ex-
ecute applications on existing health-
care information systems, in which the
application remains primarily central.
Nonetheless, the introduction of work-
stations generally shifts the locus of an
application centrifugally. The extreme
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is the use of workstations for execut-
ing stand-alone workstation-based
applications or those in whichuse of a
network is limited to sharing of file
and print services.

Workstations tend to function now
most ofteninahybrid fashion, in which
the application is split between pe-
ripheral and central functions, for ex-
ample, providing a graphical user in-
terface to “legacy” mainframe or mini-
computer-based central systems. Be-
sides improving the “look and feel”,
userfriendliness, and ease of use, these
have the added advantage of allowing
new features to be added to the work-
station. For example, some worksta-
tion-based health-care applications
have been developed for specialized
reporting (e.g., voice input stations
[10], or pen- or mouse-based struc-
tured form input [11,12]), for image
interpretation [13], or for teleconfer-
encing [14]. All of these have the
feature that they share common data-
bases but add new functionality. These
are client-server applications. The
workstation functions as a client, pro-
viding graphical user interface, data
entry, and some local processing ca-
pabilities; and one or more servers
support storage and retrieval of data,
dispatching of communications, and
other shared functions.

Component integration is the new-
est approach to constructing applica-
tions; yet, it is an extension of the
client-server approach. The invoca-
tion of a component by an initiating
process is essentially a client-server
relationship. Applications of this new
breed, however, have a many-to-many,
rather than a primarily many-to-one
relationship between clients and serv-
ers. They have the ability to create
linkages among multiple kinds of func-
tionality which may be on different
systems. For example, a radiology in-
terpretation station may link a hospital
information system, aradiology infor-
mation system, a PACS (Picture
Archiving and Communication Sys-

tem), and various knowledge sources.
A clinical workstation may link pa-
tientdatato external expert systems or
educational resources, or to a
MEDLINE search.

3.2. Component Integration
Methodologies

Component integration shows
promise as a most robust model for
workstation construction. The princi-
pal emerging technologies for this are
the World Wide Web (WWW),
CORBA, Java, OLE, and OpenDoc.

3.2.1 The World Wide Web

The basic paradigm for WWW is
one in which documents residing on
distant computers are accessed by a
workstation-based ‘“browser”, and
through which hypertext linkage
among documents can occur, all of
which can be potentially located any-
where in the world, provided that they
are on Internet-connected computers
[15-17]. Inthis setting, the application
is not the WWW browser, but rather
the set of interlinked documents col-
lected for a particular purpose. The
browser may be considered to be es-
sentially a facilitator of the process, a
kind of extension of the workstation’s
operating system to enable WWW
access.

The WWW hypertext-transfer pro-
tocol (http) is used as the invocation
mechanism for obtaining remote docu-
ments. The documents may be stored
statically on disk, or they may be gen-
erated dynamically in response to an
http server invocation. The latter is
achieved by treatinga server-side script
or program as the target of an http
request, and invoking the program
through the Common Gateway Inter-

face, or CGI. Scripts may involve ac- *

cess to a database, arbitrary process-
ing of data, and constructionof adocu-
ment to be returned to the requesting
workstation.

Data can be entered into WWW

formsand sent todistant computers. In
fact, the term “browser” is somewhat
of a misnomer for the WWW access
tool, as the inclusion of forms for data
entry, applets, and other mechanisms
fortailoringbehaviorenable the WWW
environment to support transaction
processing and other interactive func-
tions. Thus, it can be used for health
information system applications.

Documents displayed by the
browser have an internal format, in
which various elements of the docu-
ment are encoded in tagged fields. The
markup language used for tagging,
HTML, can identify text, headers,
images, tables, and other elements,
some of which have become agreed
upon as standards and some of which
are proprietary implementations by
specific browser implementors. Since
the HTML tags can be arbitrarily ex-
tended, elements can be defined that
add new kinds of functionality. One of
these is a Java applet (see below),
whichis a set of code to be executed as
asmall program on the client worksta-
tion.

WWW document elements are in-
terpreted either by the browser or by
other auxiliary or “helper” programs,
which might include a Java runtime
engine, an image decompression and
display tool, a 3-D animation tool, or’
other locally resident “plug-ins” or
extensions.

Cross-platformexecutionis possible
to the extent that the browser and all
auxiliary programs exists for each tar-
get platform. Extensions allow the user
interface to be somewhat more flexible
than the basic hyperlinking interface
mode supported by most browsers.

A number of groups have used the
WWW model to build professional
workstation applications for access-
ing and updating the electronic medi-
cal record [18-20], for supporting re-
search investigation [21], and for edu-
cation [22,23], among other applica-
tions.

The various functions performed
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by a WWW-based application may be

viewed in some sense as components,
and the WWW as the integration
mechanism. The main deficiency of
the WWW model is that it does not
intrinsically foster standardization of
components. Standards can be cre-
ated, to be sure, but any ad hoc docu-
ment or applet can be linked to any
other document. Thus, it requires dis-
cipline extrinsic to the WWW model
itself to attempt to identify functional
components and to standardize inter-
faces to them. Certain types of images
(GIF and JPEG) are supported, as are
sound and motion video sequences.
The WWW can be used to access data
from relational databases by using a
common interface standard for SQL
query called ODBC (Open DataBase
Connectivity) developed by Microsoft
Corp. [24]. Beyond that, however, very
little convergence on standards has yet
occurred. Components for accessing
EMR data could be developed though,
supporting HL.7 [25], and others for
accessing clinical images supporting
DICOM [26,27]. Still others could be
adopted foraccessing MEDLINE (e.g.,
based on Z39.50 [28]), drug-formu-
lary references, cancer-trial protocols,
clinical practice guidelines, and other
kinds of capability.

3.2.2 CORBA

The Common Object Request Bro-
ker Architecture (CORBA) is an ap-
proach to formally standardizing net-
work-distributed software components
[29,30]. CORBA is a set of standards
put forth by the Object Management
Group (OMG), a world-wide industry
consortium including over 600 soft-
ware vendors and virtually all major
computer and operating systems manu-
facturers (with the exception of
Microsoft Corp.; see below).

With CORBA, a health-care appli-
cation can be constructed for a work-
station in which a table, a graph of
laboratory data, oraradiographis pro-
duced by acomponent which retrieves

the data from an appropriate clinical

database or image server, an interpre-

tation is produced by a component
connected to an expert system, and a
guideline for further workup is dis-
played by a component connected to a
guideline server [31].

Functional elements of the system
aredecomposed intocomponents, such
that these are invoked through for-
mally defined interfaces. The mes-
sages, data types, and message con-
tent for these interfaces are specified
using a programming language—inde-
pendent Interface Definition Language
(IDL). These specifications are
mapped onto invocation (client side)
and implementation (server side) lan-
guages through the use of code-gen-
eration tools. Communication between
the client and server code is encapsu-
lated within the automatically gener-
ated invocation and implementation
stubs, which hide the details of net-
work-message transfer from the com-
ponent implementor and client.

Thus, a component can be imple-
mented in C, C**, SmallTalk, LISP, or
any of a variety of other languages,
and can interoperate with components
written in other languages. Stub map-
pings that define the production of
invocation, and implementation stubs
from IDL have been defined and stan-
dardized for many of these languages.
Additional standards for other aspects
of the component run-time environ-
ment, including the Internet Inter-ORB
Protocol (IIOP) for TCP/IP networked
invocation, have alsobeen developed,
allowing components written with dif-
ferent CORBA implementations to
interoperate. Still other languages such
as Visual Basicand MUMPS can com-
municate with CORBA components if
they are able to invoke extensions that
implement IDL stubs.

CORBA is a truly platform-, pro-
gramming language-, and network—
independent standard, allowing the
construction of mixed application en-
vironments that integrate diverse dis-

tributed systems. CORBA is both a
powerful tool in architecting large dis-
tributed systems, and a good tool for
linking between new workstation-
based applications and older legacy
information systems.

Applications can be constructed
from CORBA-compliant objects, or
components, by various “interface
builders” or application-construction
tools. These enable auserto determine
the ‘visual layout of screens, and to
attach components to various visual
and non-visual elements. Forexample,
buttons may be attached to compo-
nents that generate a list, retrieve an
image, or analyze a set of data. The
attachment is done by a scripting lan-
guage thatdetermines howevents, such
as user input or elapsed time, should
be used to invoke a component, and
which parameters should be passed to
it. Several CORBA-compliant appli-
cation-constructiontools arenow avail-
able commercially, and have been ap-
plied to the development of clinical
workstations [32]. Another, known as
Arachne, has been developed by our
laboratory, a publicly available ver-
sion of which is distributed by us via
the Internet [33].

Since CORBA’s IDL is object-ori-
ented, itis well suited to the creation of
component interface standards through
the definition of IDL component
classes. These standards are important
in the development of a multi-vendor
component market, since the integra-
tton of components relies as much on
the semantic compatibility of compo-
nent interfaces as it does on the stan-
dardization of the component’s runtime
environment. Arachne includes a vari-
ety of basic interface standards, in-
cluding those for visual object display
and screen- space arbitration, text and
large image transfer and handling, and
basic types for application GUI con-
struction.

A component-based software engi-
neering environment known as SEE,
although not CORBA -compliant, was
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used to implement the HELIOS clini-
cal workstation [34]. The HERMES
project is aimed at integrating distrib-
uted components to encapsulate func-
tions of a variety of legacy systems to
support clinical investigation [35].

CORBA-based applications in
health-care are somewhat of a rarity
yet, due to the relative newness of
application-construction tools. How-
ever, components are being utilized
alsoina variety of other environments
as well, to extend functionality.

A competing component-integra-
tion architecture known as COM (Com-
ponent Object Model) [29] is sup-
ported by Microsoft Corp. (Bellevue,
WA), the only major computer vendor
that is not currently a participant in the
Object Management Group consor-
tium. This may have considerable im-
petus on the marketplace, because of
Microsoft’s influence. However,
interoperability with CORBA is highly
likely [29] because of the magnitude
of its acceptance by other vendors.

3.2.3 Java

Java, as mentioned in the context of
the WWW above, is a C+-like lan-
guage [36] developed by Sun
Microsystems Inc. (Sunnyvale, CA).
Java is currently primarily an inter-
preted language (although compilers
are under development) that is ex-
ecuted in the context of a runtime
engine, available for many hardware
platforms. Java capabilities are being
licensed by Sun to many other vendors.

Although Java is a complete soft-
ware development environment, cur-
rentinterestcenters on its use in devel-
oping dynamically extensible appli-
cations. The Java technology allows
small executable “applets” to be sent
over a network from a WWW server
(or other server) and executed on a
client workstation containing the Java
runtime environment. The resultis that
WWW browsers and other applica-
tions can be extended dynamically to
include new processing and interface

functionality, as defined in the Java
applets. Security of the client worksta-
tion is maintained by restricting the
capabilities of the Java applet in terms
of disk and memory access (e.g., to
prevent the spread of viruses), and by
allowing higher levels of access to
applets on the basis of their authenti-
cated and verified origin.

The basic emerging model of inte-
gration in Java is thus the incorpora-
tion of add-on functionality into a cen-
tral client application that acts as the
host to applets. The application is the
point of integration, and communica-
tion is centered around the retrieval,
loading, and execution of visually
manifesting Java components. Java
currently does not support communi-
cation among applets, nor is the inte-
gration of non-visual applets stressed
in its use. Standards fostering these
additions are under discussion and are
likely to be developed in the future.

3.24 OLE

Microsoft’s Object Linking and
Embedding (OLE) [29] is another stan-
dard that provides support for compo-
nent development and integration.
OLEisbased onamodel that currently
relies on dynamic loading of compo-
nent code where components publish
an interface for invecation after they
are loaded into the invoker’s process
space. The invoker makes calls to the
component uponinspection of the com-
ponent interface. With OLE Network,
component invocation will be extended
to include transparent network com-
munication.

OLE interfaces are not object-ori-
ented, and are not specified formally
through the use of an invocation inter-
face-specification language as is done
in CORBA. As with Java, the bulk of
interest in OLE has been on its use in
developing dynamically extensible
applications, and most OLE compo-
nents are visually manifesting applets
that are intended to extend the func-
tionality of larger host applications.

OLE is controlled solely by
Microsoft, and is licensed selectively
to vendors. It is currently available on
all Microsoft operating systems
(Win3.1, Win95, WinNT) and
Macintosh; it was not intended or de-
signed to be cross-platform, and has
not emerged as a competitor on UNIX
and other environments.

3.2.5 OpenDoc

Visual embedding of parts of dis-
parate applications on a screen is the
early focus of most of the technologies
described above, even where the tech-
nologies are intrinsically capable of
supporting other types of integration.
Another standard, called OpenDoc
[29], is concerned specifically and
exclusively with the visual integration
of components in the context of a
document-centric application architec-
ture, where the document may consist
of many dynamically assembled com-
ponents. OpenDoc has been devel-
oped by the Component Integration
Laboratory (an industry consortium of
Apple, IBM, Adobe, Lotus, Novell,
the Object Management Group, Oracle,
and many others).

OpenDoc is based on IBM’s Sys-
tem Object Model (SOM) and adheres
tothe standards defined by the CORBA
specification, including the use of IDL
in component interface standardiza-
tion. OpenDoc represents a suite of
document-centric component interface
standards that are built on the generic
distributed object standards of
CORBA. Applications using OpenDoc
adhere to these component interface
standards and incorporate the
OpenDoc runtime, which includes
implementation of the basic document
integration interface classes.

OpenDoc is freely licensed and can
interoperate seamlessly with OLE-2
(although the technology is primarily
based on CORBA). OpenDoc was
designed to be cross-platform and is
currently available on the Macintosh,
MS Windows, UNIX, and OS/2 oper-
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ating environments.

4. Discussion

4.1. Mix and Match Strategy

The plethora of component tools
and construction methodologies that
are emerging provide very flexible
methods for creating workstation ap-
plications. One can build a worksta-
tion using the WWW as the primary
information-delivery model, and in-
clude extensions which access remote
databases, or execute Javaor CORBA
components. Java can be extended to
access CORBA components. CORBA
components can be constructed that
access information using WWW pro-

tocols and interpret HTML, or incor-
porate the Java run-time engine.

Any given application might be
constructed of components based on
any and all of these technologies, since
gateways can be constructed on so
many axes.

4.2. Standardization Efforts

The goal of this work, component
integration, can be achieved in a vari-
ety of ways, as we have discussed. The
best way to do this is not settled, since
there is so much flexibility provided
by CORBA, Java, WWW, and visual
embedding methodologies.

Intrinsic to progress, however, is re-
usability. If one implementor devel-
ops a useful tool or makes available a
valuable service, it should be able to

be incorporated into applications wher-
ever needed, and be independent of
the integration strategy used. This will
be best achieved if standards are
adopted for classes of components.
HL7,DICOM, Z39.50, and other stan-
dards for specific classes of resources
are already being adopted. Others will
evolve for guidelines, expert systems,
and other functionality. In a compo-
nent-based environment, interfaces to
components are messages; standards
work needs to focus on the syntax and
semantics of the messages for specific
classes of components.

Another common theme that relates
to the ability to integrate diverse
componentry in health-care is the use
of a common semantics for health-
care concepts. If a guideline tool or
event processoris to operate on aclini-

Fig. 1: Workstation integration of OLE, Java, OpenDoc, and other CORBA GUI-level components with WWW, CORBA, and Java-based network
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cal repository, or a physician referral
directory is to provide a list of special-
ists, appropriate forapatient’s clinical
problem, a mapping is needed between
the representations of the clinical find-
ings in the electronic medical record
and those used in the guideline logic or
in the event-processor’s knowledge
base or in the referral-directory search
process. Further evolution of the Uni-
fied Medical Language System
(UMLS) [37] and extensions that link
it or other derivative vocabulary re-
sources to workstation applications
[38] are required.

4.3. Putting it all Together

The appearance of the WWW, Java,
CORBA, and related technologies, has
shifted the paradigm for a workstation
application. The application is the ag-
gregate of the work performed in sup-
port of the user. Most of the work,
retrieving data, analyzing it, display-
ing it, entering findings, generating
alerts, receiving advice from an expert
system, etc., is done by the compo-
nents. The integrating framework de-
termines the graphical layout of the
components that have visual manifes-
tations (not all of them do), and the
sequences in which components are
invoked, along with parameters that
need to be passed in the form of mes-
sages tothe components. The integrat-
ing framework itself may be provided
by a component that lives on a distant
computer.

Thus, acomponent-integration tool
might allow an application developer
to graphically construct a user inter-
face that incorporates OpenDoc and
other CORBA components, OLE com-
ponents, WWW documents, and Java
applets into a composite application
framework. High-level scripting might
be used in addition to integration of
non-visual components, including
image repository and processing ser-
vices, patient data repositories, sched-
uling services, guideline and vocabu-

lary services, and others (see Fig. 1).

The technology is now available to
build the health-care information sys-
tem environment cooperatively. It is
not surprising that in recent years a
number of consortia and collaborative
groups have formed to address this
problem, both in the public sector and
in industry.

4.4. Economic Implications

In a previous section we listed an
extensive and ambitious set of require-
ments for workstation applications. It
is probably fair to say that no existing
health-care information system fully
provides these capabilities. Further-
more, it is even questionable whether
they should be part of such systems. A
workstation may perhaps be more ef-
fective if itis viewed as independent of
particular systems, functioning rather
as a means for accessing health-care
information systems as well as other
resources, and integrating them. The
following industry relationships can
be considered:

4.4.1 Single-vendor Complete
System

With this approach, a health-care
information system is made available
by a vendor along with specific work-
stations tied to that system. The ad-
vantage is that all components work
well together, because of the unified
architecture and central responsibil-
ity. Disadvantages are that it makes it
more difficult to take advantage of
“best of breed” components devel-
oped by third parties, and extension
and modification are dependent on
vendor motivation to provide them.

4.4.2 Multiple Distributed Systems
In this model, a workstation may be
used to interact with multiple systems
provided by different vendors, but the
systems themselves are notintegrated.
This is somewhat typical of the situa-
tion today, in which a vendor HIS may

be accessed via the same workstation
able to run local teaching programs
and CD-ROM-based electronic text-
books, and on which the Internet can
be used for E-mail and WWW access,
and MEDLINE searches can be per-
formed.

4.4.3 Component and Integrator
Marketplace

Pursuit of the component-integra-
tion model opens up a variety of new
economic opportunities, although this
marketplace isnot yet well established.
Opportunities exist at a number of
levels, as component tool providers,
as content service providers, and as
integrators of specificapplications. The
robustness of the modelis based onthe
ease of adaptation to changing needs,
extensibility as technology advances,
reusability of components, and en-

‘abling of cooperative work.

4.5. Other Issues

New complexities arise in the com-
ponent-integration model. Responsi-
bility for an application is distributed,
complicatingcontractual relationships,
liability, issues of ownership, and se-
curity. The evolution from existing
systems to this new approach needs to
be addressed. Legacy systems will not
disappear quickly, but will gradually
migrate to back-end servers, as they
are encapsulated as components.

Another important challenge is to
learn how to adapt an application to a
user’s needs. This is facilitated by
component-integration strategies be-
cause it can separate the visual presen-
tation aspects from the communica-
tion and processing aspects of an
application’s work. To be effective, an
application will need to provide a
“pointof view” that supports the user’s
work. As we stated earlier, we predict
that a principal direction for this in the
future will be approaches that foster
the incorporation of clinical guide-
lines and problem-oriented views as
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frameworks for supporting the work
of the health-care professional.

Next generation workstation appli-
cations will need to integrate resources
for clinical practice, education, and
decision support, in ways such as de-
scribed above. The changes in health-
care require this capability. Fortu-
nately, technology is now able to pro-
vide it.
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