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Summary
Clinical information systems (CIS) could drive progress in health care

in the 21st century. We must examine the organizational and social is-
sues surrounding these systems to truly understand their potential use,
benefit, and impact on health care delivery overall. After extensive re-
view of the literature on CIS research, we produced a “CIS research
landscape.” This landscape enabled us to examine and potentially im-
prove delivery of health care services from the perspective of its major
constituents (ie, patients and their families, clinicians, processes for de-
livering care, organizations, patient populations) by using the informa-
tion captured in CIS. We then identified aspects of the care delivery
system which need to be addressed to improve the quality of care deliv-
ered: the care must be safe, effective, patient-centered, timely, efficient,
and equitable. In addition to the static picture of this research land-
scape, we needed to portray the research process and how it relates to
operational aspects of health care delivery. The CIS research landscape
that we describe should help researchers and research funders alike fo-
cus their time, effort, and money on important questions. The answers to
these questions should in turn greatly improve the overall health care
delivery process. In a subsequent article, we will describe how we used
this research landscape in conjunction with the known operational, fi-
nancial, technical, governmental, and social constraints of Kaiser
Permanente (KP) to develop a specific CIS research agenda.

Background
Information technology could

drive progress in health care in the
21st century.1 Although people
have studied how to use technol-
ogy to improve health care for over
50 years,2 there remains much to
learn if we are to take full advan-
tage of this potential.3

A recent Institute of Medicine
report, Crossing the Quality
Chasm: A New Health System for
the 21st Century, identified the de-
velopment and application of more
sophisticated clinical information
systems (CIS) as essential for health
care.4 Vigorous research is needed
on all aspects of CIS for health care
for full leverage of state-of-the-art
technology to deliver the highest-
quality, lowest-cost patient care.

A clinical information system is

a collection of various informa-
tion technology applications that
provides a centralized repository
of information related to patient
care across distributed locations.
This repository represents the
patient’s history of illnesses and
interactions with providers by
encoding knowledge capable of
helping clinicians decide about
the patient’s condition, treatment
options, and wellness activities.
The repository also encodes the
status of decisions, actions under-
way for those decisions, and rel-
evant information that can help
in performing those actions. The
database could also hold other
information about the patient, in-
cluding genetic, environmental,
and social contexts.

We will define such a CIS as a

computer-based system that is dedi-
cated to the collection, storage,
manipulation,a and presentation of
all the clinical information impor-
tant to delivery of patient care.5 We
must examine the organizational
and social issues surrounding these
systems to truly understand their
potential use, benefit, and impact
on health care delivery overall.6

To capture key aspects of the
field and to establish priorities for
developing leading-edge clinical
applications, we have defined a
comprehensive research land-
scape. This landscape encom-
passes a broad range of research
questions to help us better un-
derstand the design, develop-
ment, implementation, and evalu-
ation of CIS as well as how such
systems affect health care deliv-
ery. Without a map of the land-
scape, CIS research and develop-
ment tends to focus on short-term
projects designed to meet the im-
mediate goals of the individuals or
groups involved in a specific
project. Although these goals are
clearly correct at a micro level,
such decisions may be both short-
sighted and counter to long-term
goals of the CIS in particular and
the organization in general. At
the request of KP’s National Re-
search Council, the authors of this
article have developed—and de-
scribe here—this CIS research
landscape, which includes current
CIS research activities and high-
lights potential new areas for re-
search. (The succeeding article in
this series describes specific re-
search questions and potential
projects that would fit within the
CIS research agenda.)
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Aspects of CIS Research
Evaluating Functional
Aspects of a CIS

Friedman and Wyatt7 identified
five main aspects of interest in the
study of CIS. They noted that, to
be comprehensive, each system
would be evaluated on each of the
following aspects:

• Need for the system (ie, na-
ture of the problems to be ad-
dressed and how frequently
these problems occur);

• Development process (ie, the
development team and its
methodology);

• Intrinsic structure (ie, parts
and functions of the system
that can be observed or in-
spected without actually run-
ning the system, such as flow
charts or mockups of the
graphical user interface);

• Functionality (ie, system re-
sponse time, accuracy, reli-
ability, or ease of use);

• Impact (ie, how the system af-
fects the health care provid-
ers, patients, processes, and
organizations who use the
system).

Results of Using a CIS:
Identifying Progress

In the last 50 years, numerous
research efforts have been de-
signed to help investigators learn
more about CIS and their effect
on the health care delivery pro-
cess. The following sections high-
light several of the most impor-
tant dependent variables that
have been examined.8 Within
each study area, research can
span all functional aspects of a
CIS. For example, researchers
might be evaluating a new CIS
feature to detect adverse drug
events9 and thus improve qual-
ity of care in an intensive care

unit, but they may illustrate in the
process the need for a system to
help clinicians order the appro-
priate antibiotic.10

Clinical information systems are
often touted for their potential
ability to improve quality of
health care. One way they im-
prove care is by supporting cli-
nicians in the decision-making
process.11 The most widely used
CIS function for this support is
presenting patient-specific infor-
mation in a legible, organized,
and timely manner.12 Other CIS
interventions that have been
examined include al lowing
clinicians to:

• access the medical literature,13

• ask clinical14 or administrative
questions of aggregates of
patient data,

• receive automatic warnings or
suggestions when the
patient’s data satisfy certain
logical rules,15

• receive critiques when pro-
posing therapies16 or ordering
diagnostic tests,

• access guidelines for stan-
dards of care,17

• analyze tradeoffs and the
likelihood of alternative out-
comes (decision analysis),18

and
• receive lists of differential

diagnoses.19

Related to quality of health
care, safety of the systems and
their underlying software has re-
cently become an important
topic.20,21 Studies22 have examined
patient safety, especially as it re-
lates to errors of omission and
commission made by clinicians
or the entire health care system.
In a seminal study, McDonald23

found that physicians prompted
by computer were more likely to
respond to various clinical events

for common conditions routinely
managed or caused by medica-
tions. He concluded that these
oversights were due more to
“man’s limitations as a data pro-
cessor rather than to correctable
human deficiencies.”23:abstract

In cost-related evaluations,
many investigators have exam-
ined whether a CIS can affect health
care resource utilization. For ex-
ample, Tierney et al24 looked at
how a physician’s direct entering
of patient orders affects the
charges assessed the patient dur-
ing an inpatient stay. Evans et al10

showed that a complex clinical
decision support system inte-
grated with a comprehensive
electronic patient record could
both improve quality of care and
reduce its costs. Time efficiency
of clinical computers has been in-
vestigated from the standpoint of
the effect of a CIS on the time re-
quired to perform certain clinical
tasks.25 Investigators have also
examined whether a CIS can im-
prove various patient-focused,
time-related measures, including:
outpatient clinic waiting time,
time to receive appropriate treat-
ment,15 and hospital length of stay.

Research has also examined
various issues surrounding clini-
cians and providers. Satisfaction
of patients with their clinicians
and the care they receive as well
as satisfaction of clinicians with
their work environment is a ma-
jor concern.26 Adoption of CIS as
a routine component of the pro-
cess of delivering patient care has
received considerable attention.
The historical patterns of tech-
nology implemented in health
care have been investigated to try
to understand the technologic
and sociologic factors that cre-
ate barriers or facilitate the pro-

[CIS] improve
care is by
supporting
clinicians in
the decision-

making process.
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cess.27,28 By providing direct access
to relevant clinical information at
the time and place it is needed,29 a
CIS can have a positive effect on
both patient and provider educa-
tion.30 Various electronic-informa-
tion-technology-based communica-
tion systems have been examined
for their ability to improve conti-
nuity of care for patients by improv-
ing access and coordinating the ac-
tivities of clinicians.31,32

The article33 most often credited
with starting the entire field of com-
puter applications in medicine fo-
cused on a statistical method of
reasoning about medical condi-
tions. Investigators then began ex-
perimenting with different ways
to implement algorithmic reason-
ing techniques that exploit the va-
riety of relationships that exist in
different medical domains. These
include associations, probabilities,
causality, functional relationships,
temporal relations, locality, simi-
larity, and routine clinical prac-
tice.34 The process of representing,
maintaining, querying, and reason-
ing about time-oriented clinical data
is another major theoretical and
practical research area in CIS.35

The CIS Research Process:
Asking Specific Questions

Given this CIS research back-
ground, a CIS clearly is much
more than simple installation of a
computer system within a health
care institution. CIS represents a
major change in the way health
care is delivered. Although the list
of potential research questions
related to CIS design, develop-
ment, and implementation is
lengthy, reviewing a small group
of examples is useful. The next
13 generic research questions are
followed by a specific sample
question that could be asked and

answered with appropriate CIS
functionality by a group of expe-
rienced CIS researchers.36

1. Does the system work as de-
signed?

Are the alerts and remind-
ers generated for a specific
patient correct and “of use”
to the clinician?

2. What is the impact of various
system enhancements or
modifications?

Does the new patient sum-
mary display screen help cli-
nicians quickly understand the
patient’s past medical condi-
tions and treatment and allow
more meaningful discussion of
the current reason for the visit?

3. Is the system used as anticipated?
After implementation of a

physician order entry (POE)
system, the percentage of or-
ders entered by physicians
could be examined.

4. Does the system produce the
desired results?

Does the new POE system
actually reduce occurrence of
adverse drug events?

5. Does the system work better
than the procedures it re-
placed?

Does the new clinical labo-
ratory alerting system reduce
the time patients spend in a
critically abnormal physi-
ologic state compared with
the previous telephone noti-
fication system?

6. Is the system cost-effective?
Does the increased time

clinicians spend entering
data during the patient visit
lead to efficiency or im-
provement in quality within
the overall health care sys-
tem and thus justify its con-
tinued use of this practice?

7. How well have individuals

been trained to use the system?
What percentage of clini-

cians can successfully perform
a series of tasks required to
manage a simulated patient
encounter?

8. What is the anticipated long-
term impact on how depart-
ments interact?

When routine drug/drug-in-
teraction checking is moved
out of the pharmacy and onto
the clinician’s desktop ma-
chine, what is the impact on
the pharmacy department’s
morale and productivity?

9. What are the long-term effects
on the delivery of medical care?

Does provision of regular
health maintenance reminders
to clinicians at the point of
care improve the long-term
health outcomes of chroni-
cally ill patients?

10. Will the system have an im-
pact on management of the
organization?

Does incorporation of real-
time reminders about the cur-
rent drug formulary decrease
variability in prescribing behav-
ior and thus reduce costs of
managing the organization?

11. To what extent does impact
depend on the practice setting?

Can the same data entry and
review screens be used by
both primary care and spe-
cialty care clinicians?

12. Can we establish a perfor-
mance baseline against which
future CIS enhancement can
be compared? Can such regu-
larly collected clinical or ad-
ministrative data be used to
measure impact of future CIS
enhancement? And are there
additional data items that, if
recorded, would present a dif-
ferent picture?

By providing
direct access to
relevant clinical
information at
the time and

place it is
needed, a CIS

can have a
positive effect

on both patient
and provider
education.



65

o
rig

in
a
l re

se
a
rch

The Permanente Journal/ Spring 2002/ Volume 6 No. 2

13. Does the increasing complex-
ity of modern medicine and
the CIS required to implement
it help or hinder clinicians and
their patients? And how does
use of the CIS affect the pa-
tient-provider relationship?

The CIS Landscape
Our goal was to map the CIS re-

search landscape so that organiza-
tional and science goals could be
realized through the funding and
conduct of actual CIS research. This
landscape would, in theory, encom-
pass all relevant projects. To visu-
alize this landscape, we needed to
describe the relevant research by
classifying projects along important
dimensions of the landscape.

A CIS potentially touches and af-

fects all aspects of the health care
delivery system. Therefore, a re-
search agenda should address the
key components of any potential
system and the way that these com-
ponents interact in the course of
care delivery. We thus began by
considering an abstract model of
health care delivery that made ex-
plicit these key components and the
interaction among them.

Key Participants in the Health
Care Delivery System

The most important participants
in the health care delivery sys-
tem are the patients and their
families who receive the care and
the clinicians (physicians, nurses,
and members of the allied health
professions) who provide the

care. In addition, we identified
the interaction between these
two sets of participants, which
we termed the “processes” of
delivering the care. These pro-
cesses describe or control the
way care is delivered. We also
recognized that the organizations
(hospitals, integrated delivery
networks, health maintenance
organizations, insurance compa-
nies, and government agencies)
supporting the providers are key
participants in the overall system.
Considering entire populations of
patients as a single participant is
also often valuable. Finally, we
identified the data, information,
and knowledge that the CIS must
record, store, and display for all
of the other participants.

Table 1.  Grid of potential relationships and sample research questions

Patients and
families

Process of
health care

Health care
providers

Health care
organizations

Patient
populations

Clinical
knowledge

Safe Can we develop
systems to
promote a safe
and healthy
lifestyle?

Can we develop
systems to
improve safety
of the care we
deliver?

Effective Can CIS enhance
delivery of
preventive
services?

How can we best
represent data
and knowledge?

Patient-
centered

Will patients
benefit from
Internet access
to their health
record?

Timely Can we develop
systems to warn
providers about
life-threatening
events?

Efficient How should
on-line decision
support fit
provider
workflow?

Equitable Can we measure
patient health to
help decide on
spending?

The table column headings name participants in the health care delivery system, and the row headings name potential areas for
improvement in the health care delivery system.

Our goal was to
map the CIS

research
landscape so that

organizational
and science goals
could be realized

through the
funding and

conduct of actual
CIS research.
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Key Need for Improvement
in Health Care

Once we had identified the key
participants involved in the health
care delivery system, we began
to identify key aspects of the care
delivery system that require im-
provement. We decided to use the
six areas targeted for improve-
ment from the Institute of
Medicine’s recent report on im-
proving quality of the health care
delivery system, ie, that it be safe,
effective, patient-centered, timely,
efficient, and equitable. Table 1
combines these six areas for im-
provement with the key partici-
pants involved in the health care
delivery system to create the CIS
research landscape. Sample re-
search questions that could be
pursued within each of the inter-
secting boxes are shown. (The
succeeding article in this series
will explore each of these re-
search areas in detail.)

Good research operates on the
basis of carefully building knowl-
edge across time and eventually
enters the everyday operations of
a health care system. Therefore,
we wanted to portray the actual
research process—an iterative
cycle of knowledge acquisition
and application building (Figure
1)—and its relation to operational
aspects of health care delivery. In
most instances, this relation is
slow and iterative. Moreover,
good research can take place any-
where in the research cycle, and
a specific researcher may choose
to enter the CIS research process
at any point in the cycle; thus, the
focus of particular research ques-
tions in a specific research area
can change depending on the re-
search stage within the research
process. Good research can take
the form of basic research—which

focuses on how processes work—
or applied research—which fo-
cuses on using these processes to
implement change (Figure 1).

Summary
The scientific fields associated

with design, development, imple-
mentation, and evaluation of CIS
have made tremendous progress
to date. Although various aspects
of these systems have been suc-
cessfully incorporated into the
routine health care delivery pro-
cesses, much remains to be dis-
covered, implemented, and
tested. The CIS research land-
scape we have described should
help researchers and research
funders alike focus their time,
effort, and money on important
research questions. The answers
to these questions should, in turn,
significantly improve the overall
health care delivery process. In
the succeeding article, we will
describe how we used this re-
search landscape in conjunction
with the known operational, fi-

nancial, technical, governmental,
and social constraints present
within KP to develop a specific
CIS research agenda. ❖

a Manipulation implies existence of

information management tools to

provide clinical reminders and alerts,

linkages with knowledge sources for

health-care decision support, and

analysis of aggregate data.
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Vague Forms of Speech
Vague forms of speech have so long passed for mysteries of science;

and hard words mistaken for deep learning,
that it will not be easy to persuade either those who speak or those who hear them,

that they are but a hindrance to knowledge.

John Locke, 1632-1704, 17th century Oxford scholar,
philosopher, medical researcher and physician


