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Strategies and Methods for Aligning Current and
Best Medical Practices

The Role of Information Technologies
ERIC C. SCHNEIDER, MD, and JOHN M. EISENBERG, MD, Washington, DC

Rapid change in American medicine requires that physicians adjust established behaviors and acquire
new skills. In this article, we address three questions: What do we know about how to change physi-
cians' practices? How can physicians take advantage of new and evolving information technologies
that are likely to have an impact on the future practice of medicine? and What strategic educational
interventions will best enable physicians to show competencies in information management and
readiness to change practice? We outline four guiding principles for incorporating information sys-
tems tools into both medical education and practice, and we make eight recommendations for the de-
velopment of a new medical school curriculum. This curriculum will produce a future medical
practitioner who is capable of using information technologies to systematically measure practice per-
formance, appropriateness, and effectiveness while updating knowledge efficiently.
(Schneider EC, Eisenberg JM. Strategies and methods for aligning current and best medical practices-the role of infor-
mation technologies. West j Med 1998; 168:311-318)

Rapid change both inside and outside of American
medicine is engendering a new set of demands on

the physician, demands to change established behaviors
and acquire new skills.1 Patients and purchasers of care

want more detailed levels of accountability for the price
and quality of medical services. New payment mecha-
nisms are implicitly defining constraints on resources

for the care of most patients. Physicians are increasing-
ly moving from independent and small-group practice
into larger, progressively more organized delivery sys-
tems. The boundaries and uses of the hospital for patient
care, education, and research are being redefined. All of
these organizational changes are happening along with
an explosive growth of specialized medical knowledge.

American medicine is also being asked to expand its
concept of health care beyond the biomedical model of
diagnosing and treating acute disease to a model that
will include focusing on population health, distributing
equitable and appropriate resources to populations,
incorporating new measures of success in caring for
chronic disease, assuming financial risk for the costs of
care, and adopting new ways of managing health infor-
mation. Traditionally, physicians have not been trained

to consider financial risk for patient care, to account for
the health of populations, to work in large groups, or to
coordinate the services of other institutions such as

home health care agencies. Even maintaining and build-
ing the traditional knowledge base of clinical medicine
has become a daunting task for practitioners because of
the growth of biomedical knowledge.

As clinicians adapt to rapid change in American
health care, they will need not only education about the
science of medicine as it is now but also education that
prepares them to incorporate new information, new

knowledge, and new capabilities into their practices.
The educational reengineering necessary to realize this
agenda will require aggressive and creative efforts by
medical educators, who must be provided with the
resources they will need to carry out this charge.

In this context, the Pew Health Professions Commis-
sion recently set an ambitious agenda to train the next
century's health care professionals.2 Two promising
developments can move us toward the new practice world
envisioned in the Pew Commission's Third Report: an

increasingly refmed understanding of methods for chang-
ing physician practice behavior and the advent of new
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technologies for information and communications. We
must proceed carefully, mindful of the words of T.S. Eliot:
"Where is the wisdom we have lost in knowledge? Where
is the knowledge we have lost in information?"3

Technological change has been part and parcel of med-
ical practice in this century. The technologies generated
by biomedical research for medical diagnosis and treat-
ment have been continuously integrated into practice
since the 1960s. Medicine, however, has not yet suffi-
ciently embraced the new technologies of information
processing and communications. The resistance to change
is surprising given the degree to which the practice of
medicine is centered around the processing, evaluation,
synthesis, and transmission of information. In a typical
day, a staggering amount of information flows between
health care professionals and their patients, colleagues,
ancillary service vendors (such as laboratories and home
health agencies), knowledge resources, and purchasers.

The need to enable and sustain this information flow
is heightened by unexplained variations in medical prac-
tice; organizational change driven by the marketplace;
the social and financial accountability newly imposed by
purchasers, employers, and patients; and the difficulty
physicians have in changing their own practices. At least
two related developments will profoundly alter the train-
ing and continuing medical education of physicians:
computerized physician workstations and communica-
tions technology. This revolution is forecast by the num-
ber of studies of changing the behavior of physicians
that in some way incorporate computers as a tool; it is
also clear when noting the ubiquity of computers in
other industries. One can imagine that all medical prac-
titioners, through detailed and real-time communication,
will be able to align their own practices with state-of-
the-art collective knowledge about the approaches to
diagnosis and treatment-approaches that offer the
greatest potential for benefit and the least potential for
harm within the constraint of available resources.

This paper will address three questions. First, what do
we know about how to change physicians' behavior, espe-
cially regarding the psychology and sociology of behavior
change? Second, what new and evolving information tech-
nologies are likely to have an impact on the future practice
of medicine, and how can physicians take advantage of
health information technologies in order to practice the
most effective style of medicine? Third, what strategic edu-
cational interventions will best enable physicians to mani-
fest the competencies described in the Pew Commission's
Third Report and adapt to evolving technologies so that
they can practice cost-effective medicine? In other words,
how might we best prepare a physician who is knowledge-
able about current medical practice to embrace a lifetime of
evolving science, organization, and fmancing?

Changing the Behavior and Practices
of Physicians

Physicians may sometimes appear quite malleable in
adopting new technologies and other times unresponsive

to deliberately planned change.4 There are six categories
of methods for achieving change in physicians' prac-
tices: education, feedback, physician participation in the
change, enforcement of administrative rules, financial
incentives, and financial penalties.5 A complex, interact-
ing set of factors appears to drive physician decision
making, with no one factor consistently dominating. It is
thus difficult in most cases to affect all or even most of
the important factors, and simple interventions have
generally produced little if any sustained change.
Greater success rates have come with multimodal
approaches that combine several methods of improving
medical practice.

Education

Continuing medical education (CME) strategies have
been found to produce small or moderate alterations in
physicians' practices and, in rare cases, small changes in
patient outcomes. It is important to note, however, that
CME-broadly defined as "imparting clinical informa-
tion to physicians in order to persuade them to alter clin-
ical practice"-is a collection of diverse approaches to
conveying information.6 It can involve the following
approaches: educational materials, including computer-
based interactive formats; formal conferences or
seminars, including teleconferences; outreach visits by
pharmaceutical, academic, or health plan educators;
local opinion leader influence; patient-mediated educa-
tion methods (such as patient reminders); and physician
reminders. According to a recent review of the litera-
ture, the most effective of these approaches seem to be
direct reminders, patient-mediated interventions, out-
reach interventions, opinion leaders, and multimodal
combinations of the interventions. The combination of
outreach and a trusted opinion leader appears particular-
ly potent.7 For example, targeted one-on-one interven-
tion (known as academic detailing) has decreased the
excessive prescribing of new and expensive medica-
tions,8 improved blood transfusion practice,9 and
increased the use of antimicrobial prophylaxis in cesare-
an section surgery.'0 More traditional methods of
imparting information (such as lectures and convention-
al written materials offered in print or electronically)
seem less successful.

Practice guidelines are formalized protocols summa-
rizing the best available evidence for treatment decisions
about common conditions. They have been developed
and implemented widely, but they have also shown vary-
ing effectiveness in changing practice.1 Physician
awareness of guidelines remains surprisingly limited
outside of evaluation trials, calling into question their
effectiveness in the absence of an aggressive dissemina-
tion strategy.12 Guidelines may be effective, however,
when given in specific ways. For example, computer-
ized or paper-based reminders derived from guidelines
and delivered to clinicians on a "just-in-time" basis
appear to have a significant positive influence on physi-
cian practice change, at least in the context of a rigorous
evaluation. Managed-care organizations have begun to
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modify guidelines for use within their physician panels,
but the structure and effects of these strategies have not
yet been reported in an unbiased, evaluative manner.13
Feedback

Feedback to physicians regarding their practice pat-
terns has become a common feature of managed-care
practice. Physicians often receive multiple reports from
separate insurers about selected groups of patients under
their care. Most of the time, however, this information
amounts to a summary of resource utilization. Less
often, physicians' outcomes or other indirect measures
of quality are reported back to them.

The effect of widespread use of a paper-based, per-
formance-report feedback approach has not been well
studied. Based on evidence provided by a limited num-
ber of rigorous evaluations,5 it appears that physicians
cannot respond well to feedback unless they believe that
the process on which they are receiving feedback needs
change or they can act directly to change the process
about which they are receiving feedback. The majority
of current feedback efforts do not have these character-
istics, however, so they are likely to be of modest or no
effectiveness.

Physician Participation

Continuous quality improvement interventions occur
frequently in hospitals and health plans across the coun-
try, but careful evaluations are rarely conducted to assess
the impact of these programs.14"15 Gains in patient out-
comes have been reported in nonexperimental settings,
but the enthusiasm and advocacy of the proponents of
these programs can hardly be separated from the effect
of the programs themselves.'6 A randomized trial of
continuous quality improvement methods to increase the
use of preventive services is under way, and it will pro-
vide an opportunity for a more impartial evaluation.'7
Physician participation in quality improvement efforts is
an intuitively desirable goal and a necessary precondi-
tion to successful practice change. It is important to note
that physician participation by itself does not always
lead to physician behavior changes or to improved
patient outcomes.

Administrative Rules
Administrative rules restructure the physician work

environment to achieve selected goals. They are not
designed strictly to change physician behavior, but
rather to restrict the options available to physicians
either by direct intervention in decision making or by
indirect restructuring of the practice process. Examples
of indirect restructuring include altering pharmacy for-
mularies to restrict the use of certain medications and
altering test ordering forms to decrease the use of certain
types of tests.

Direct intervention most commonly takes the form of
utilization management, often described as "utilization
review." The utilization management approach dates back
to World War II and has been modified many times since

then.'8 All utilization management programs have in com-
mon the insertion of a third-party reviewer who judges
whether a treatment or procedure should be approved; he
or she usually does so according to a set of explicit rules
that have been established (for length of stay, for exam-
ple). Utilization management programs differ from one
another based on the timing of the management (prospec-
tive, concurrent, or retrospective), the training of the
reviewer (physician, surgeon, nurse, or administrator),
and the criteria for review (implicit or explicit). These
programs often use administrative rules to determine
appropriateness and feedback to give clinicians results.

Studied in many settings and formats, it appears that
in virtually all cases the effectiveness of utilization man-
agement is limited, even for its stated goal of reducing
utilization. In most instances, utilization rates may ini-
tially decrease slightly but then return to baseline-even
while the intervention stays in place. In other instances,
a one-time decrease in utilization occurs, after which the
rate of increase is similar to the preintervention rate. As
a behavior change method, some have speculated that
utilization management creates a "sentinel effect,"
which is difficult to demonstrate and, if it exists, sug-
gests that physicians may change practice principally for
those elements of care directly subjected to review. An
additional problem of utilization management is that it
may not adequately specify which care is inappropriate
or unnecessary. Therefore, utilization management, like
other administrative-rule approaches, could decrease the
rate of inappropriate and appropriate care. These con-
cerns imply that administrative-rule methods such as uti-
lization management, when designed to create barriers
to using tests or treatments, are relatively inefficient and
usually ineffective ways of achieving sustained behavior
change.'9 Furthermore, these approaches do not expand
the appropriate use of medications or tests for patients
with pertinent need, nor do they control the inappropri-
ate use of medications or tests for which barriers are not
in place. They are usually perceived by physicians as
meddling in the physician-patient relationship and in
clinical judgment, and they are an important element of
the "hassle factor" in medical practice.

Financial Incentives and Financial Penalties
The growth of managed care has brought more physi-

cians into at-risk payment schemes than ever before. For
instance, some part of a physician's salary may be subject
to withholding or bonus payments depending on an
assessment of his or her performance-usually limited to
measures of resource utilization. This method is distinct
from capitation payment, in which the physician accepts
a fixed payment per patient for some period of time (a
year, for example). There are many variations of at-risk
payment schemes that can be characterized according to
the intensity of incentives or disincentives, the areas of
measured performance, and the size of the risk pool. In
general, the more severe the risk, the more effective the
scheme is in reducing utilization. Whether appropriate
utilization is reduced is unclear and most likely depends
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on many factors. Of note, at-risk payment schemes tend
to eliminate the distinction between financial penalties
and financial incentives by making them implicit and
thus defined only by the physician's perception of what
is a reasonable target income at any given time.

The effect of monetary arrangements in changing
practice appears to depend largely on the financial
arrangement already in place. Like administrative-rule
approaches, financial mechanisms alone do not appear
to change behavior in fundamental ways. In addition,
physicians can obtain stop-loss insurance to mitigate the
risk. In theory, this will blunt the power of the interven-
tion. The research on the impact of financial incentives
and penalties is scant, however, and it may be that these
financial incentives and penalties were ineffective
because they were simply too small.

The Impact of Information Technology on
Changing Physician Behavior

Technological change poses both a challenge and an
opportunity. The challenge is to educate physicians in
the use of current information technologies and to adapt
the practice of medicine to new devices. The opportuni-
ty lies in using the potential of information technologies
to transform medical practice itself and craft interven-
tions that will lead to more effective practice. In this
way, technological change transforms medical practice,
which then facilitates further technological change and
application. This cyclical process is already taking place
in some medical practices in response to the aforemen-
tioned market and professional changes. How might
computerization and communication links play an
important role in furthering these transitions?

Table 1 lists the operational needs that practicing
physicians will have in the future. They will need access
to information and to those who can help them use the
information. They will need links to other health care
professionals and tools to help them manage information.

Table 2 summarizes the current information and com-
munications technologies that apply to medicine. It is

unlikely that these lists will remain the same for five, let
alone ten, years. The past ten years have shown how fre-
quently yesterday's gadget is entirely replaced by today's
invention. A recent article describing Internet applications
has become almost obsolete because of the quick diffu-
sion of the World Wide Web and its graphical browsers.20
The information technologies in Table 2 are likely to
evolve but remain, even as the devices change. For exam-
ple, the personal computer may be a desktop model, a
notebook model, or even a hand-held device. Data trans-
mission may encompass signals passing over wires,
through optical cable, via satellite, or by infrared beam.
We will address the four forms of information tech-

nology that will play the most important roles in
supporting medical practice: computer-based decision
support, computerized patient records, telecommunica-
tions technology, and computer-based simulators. An
additional development is the growing use of the Inter-
net as a health information resource by patients. The
examination of this development is beyond the scope of
this paper, but it is a movement that promises to trans-
form the physician-patient relationship through electron-
ic communication.

Computer-Based Decision Support
The term "decision support" encompasses all of the

tools by which physicians can improve their decision
making. These tools can be divided into two categories:
passive and active. Passive tools are computerized knowl-
edge resources that can be efficiently searched and used
by the physician. Examples include textbooks, guidelines,
journals, and prediction rules, which are formulas to esti-
mate the likelihood of a disease or outcome based on
patient factors. Computerizing these sources allows effi-
cient updates, and they can be searched from a worksta-
tion without leaving the office. A future challenge is to
identify for physicians products and resources that are the
most current, accurate, searchable, and accessible.

Active tools are those that continuously survey com-
puter-physician interactions and are programmed to
intervene under a defined set of conditions. For example,

TABLE 1.-Future Medical Provider Needs

, Access to continuously updated and practical knowledge on an
as-needed basis

* Access to consultants and teachers for both effective patient care
and learning

* Rapid, efficient, and detailed communications links to ancillary
service providers (laboratory, pharmacy, hospital, home health
agency)

* Clinical data management tools for:
-rapid recording and retrieval of patient information
-integration of clinical data from outside sources
-population health management/preventive care
-self-assessment of clinical practice patterns
-tracking of financial consequences of clinical decisions

TABLE 2.-Information Technologies

a Knowledge Resources/Decision Support
-Passive support tools (Bibliographic reference, guidelines,

journals, simulators)
-Active support tools (Notification systems, diagnostic tools,

prediction rules)
* Communications Software

-Telemedicine
-Internet

t Computerized Patient Record (Data Management)
-Standardized, structured (relational), capable of integrating

data from many sources
-Data analytic software tools

* Computer-Based Simulators
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a system may provide prospective feedback to physicians
at the time a test is ordered. This feedback might include
advice as simple as the cost of a test or as complex as the
likelihood that the test will be positive based on the
known characteristics of the patient and presentation, or
even a recommended algorithm for further work-up of
the suspected diagnosis. Another active application is
already frequently used with electrocardiograms: a
machine-generated interpretation that the physician can
use as a basis for his or her own interpretation. Active
and automated health infonnation system surveillance
mechanisms have been shown to improve the quality of
medical care.2"-24 In prototype settings, where order-
entry is computerized, order templates decrease the vari-
ability of test and pharmacy use, and logical engines can
screen for adverse drug events much more effectively
than traditional methods for capturing them.25 Prototypes
of some diagnostic decision-support systems have been
tested and found to have shortcomings, but refinement of
their design and use are likely to follow.2"28 In the fore-
seeable future, the artificial intelligence engines that
process clinical data will be unable to reliably emulate
complex expert thinking, but they will play an important
supporting role by alerting the clinician to situations that
require human intervention.

Computerized Patient Records

The computerized patient record has been a clearly
articulated concept since the 1970s. Several workable
models have been developed successfully, but imple-
mentation and dissemination have been difficult.29
Despite much evidence of benefit in efficiency and
quality of medical practice when computer-based
records are partially implemented,3031 there are several
problems that have worked against widespread adop-
tion: the lack of standards for electronically storing and
transmitting medical data, the awkwardness of data
entry interfaces, the high cost of hardware and software
acquisition and maintenance, worries about confiden-
tiality and security, and limited exposure of health care
professionals to computers.32

The Netherlands -has already widely computerized its
physician workforce.33 What steps must be taken to
make this possible in the US? The development of stan-
dards (through groups such as Health Level Seven and
the American National Standards Institute) is moving
forward aggressively. The National Committee for Vital
and Health Statistics has been charged through recent
legislation to accelerate the adoption of electronic data
exchange standards including standardized medical
vocabularies, unique patient and physician identifiers,
and security and confidentiality standards.34 Interfaces
are improving greatly through the use of graphical dis-
play and the development of portable hand-held tools.
The multimedia capacity of most personal computers
can already support the storage and retrieval of sounds,
images, and video recorded during physical examina-
tions. Hardware and software are much less expensive
today than in the past. Cultural barriers may be falling as

physicians, especially those who have used computers
throughout college and during medical training, learn of
time-saving advantages for tasks such as retrieving lab-
oratory results, entering orders, and prescribing medica-
tions-tasks that are poorly supported by conventional
paper medical records.35-37

Legitimate concerns have been raised about the secu-
rity and confidentiality of medical records stored in this
new medium.38'39 Finding the solutions to these prob-
lems is not trivial, and ensuring that they are solved will
greatly enhance the adoption of computerized patient
records. 40,41

Analytic capacities that follow naturally from the
adoption of computerized patient records will include the
computer automatically notifying the physician and
patient when preventive services, follow-up tests, or pre-
scription refills are due. In some settings, computerized
patient records are already useful to physicians who want
to profile their past practice, benchmark their practice
against other groups of physicians' practices, assess out-
comes of treatment for patients with a defined condition
or finding, and closely track resource expenditures day
by day. The power of these capabilities to influence prac-
tice is not yet known, but it is likely to be substantial.

Telecommunications Technology
Two forms of communication technology have devel-

oped separately, but are likely to merge over time:
telemedicine and the Internet. Telemedicine is the link-
ing of geographically separated health care professionals
using electronic means (not limited to the Internet).42
Telemedicine technology creates new capacities for the
delivery of expertise to distant or logistically problemat-
ic places (such as prisons). The most advanced thinking
in this area has occurred in military medicine, in which
the problem of bringing surgical expertise to the extreme
forward end of the battlefield has fostered the testing of
systems that allow a medic armed with interactive tech-
nology on the scene to transmit images and data to a
trauma surgeon off the battlefield. In the most advanced
application, a mobile surgical robot can be positioned
with the victim and directed by the distant base surgeon
using a specialized workstation with built-in virtual real-
ity technology.43 Specialized microsurgery is another
extension of this concept.44

In more routine civilian clinical application, the iso-
lation of physicians and expertise in dispersed practice
sites can be overcome through telemedicine technolo-
gies. Such a capability can enhance communication
between specialist and generalist providers; its imple-
mentation has occurred in many rural settings.45 It can
include sound and video capability sufficient for physi-
cians to perform almost any part of the physical exami-
nation-auscultating heart sounds or inspecting skin
lesions, for instance. Many educational programs are
beginning to take advantage of telemedicine as a teach-
ing tool. The need to deliver centralized didactic and
interactive teaching to medical students and residents
who are scattered in ambulatory sites could be met
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through multiple interactive audiovisual downlinks if
providers had such technology in their offices.

The most notable breakthrough of Internet technolo-
gy is in the ability to link independent computers with-
out having to share all of their software.46 The capacity
of the Internet for linking physicians to patients, to pas-

sive knowledge bases, to active decision-support tools,
to other physicians, and to ancillary services such as lab-
oratories or pharmacies far exceeds its current use. The
decentralized architecture of the Internet is well suited to
the organizational changes that require linking small
geographically dispersed practice groups into larger
information-rich structures.

The Internet offers specialized capacities such as

e-mail, topical discussion groups, and ease of access to
both passive and active decision support tools. Many
government agencies, specialty societies, medical jour-
nals, commercial health ventures, and patient advocacy
groups maintain web pages. A properly trained person

can access and download guidelines, alerts, medical lit-
erature, and statistics rapidly through a personal comput-
er no bigger than a notebook.47'48 Training in the effective
use of World Wide Web-based knowledge resources will
be an important asset to future physicians.49

Computer-Based Simulators

For more than three decades, Air Force pilots have
used simulators to prepare for combat. In medicine, sim-
ulation applications range from simple to complex. At
the simple end of the spectrum, a large number of soft-
ware programs, many in the public domain, can guide
physicians through advanced cardiac life support
(ACLS) protocols or diagnostic dilemmas by presenting
text scenarios with multiple choice response opportuni-
ties. With newer, more powerful computers now avail-
able, these programs can be enhanced with graphic
images such as physical finding photographs, electro-
cardiographic tracings, diagnostic imaging results,
histopathologic findings, and even video clips. The
branching logic of the clinical scenarios can mimic the
diversity of real clinical cases. At the complex end, sim-
ulators strain the current available hardware capacity to
create the visual, auditory, and sensory experience of a

procedure such as endoscopy, arthroscopy, or

surgery.5"52 However, the rapid advances in hardware
power will soon support widely available virtual reality
simulations.

For those in medical training, simulation offers the
opportunity to confront clinically realistic decisions
without putting actual patients at risk. The generalist can
evaluate and manage rare cases that would otherwise be
unlikely to present during a training period. The tertiary
care-based specialist can evaluate and manage common
conditions that may rarely be seen in the hospital. These
educational tools can provide feedback to the trainee
about his or her decision-making as well as the evidence
and logic for preferred approaches to clinical manage-
ment. Although the power of simulated decision making
and education appears able to influence patients dramat-

ically53 and preliminary studies of the effectiveness of
simulation-based feedback and education are promising,
more studies are needed.5>57

Recommendations for Future Training
The case has been made for incorporating informa-

tion technologies into medical education and train-
ing.58'59 The potential of information management tools
to change behavior and thereby shape medical practice
is outlined above. A recent, brief essay by Bates and
Komaroff articulated a type of future virtual group prac-
tice.60 Knowing what we know about changing physi-
cians' behavior, what are realistic steps in curriculum
development and incorporating information systems
tools into both medical education and practice? We sug-
gest that four principles guide this effort:

1. Physician participation in the development of the
information system infrastructure must be a high
priority. Those who have successfully adopted
computer-based medical record systems engaged
physician leaders in the development process.

2. Education about information technologies must
be interactive and sustained, and it must involve
teachers who use information and communica-
tions tools themselves.

3. Performance measurement and monitoring,
although important in assessing minimal stan-
dards of competence, should not be the sole or
primary objective of creating information sys-
tems. Compelling literature suggest that judg-
ment-based systems tend to precipitate resistance
or at best indifference.61'62 Using these tools pri-
marily for utilization review is likely to make
their implementation more difficult and may sac-
rifice other potential benefits.

4. Physicians and educators should ensure that
health information practice tools are nonpropri-
etary or at least can be independently and pub-
licly evaluated. Decision support tools must be
open to scrutiny, especially if they will be used to
evaluate the balance between costs and benefits
of alternative diagnostic or therapeutic strategies
for individual patients.

We recommend the following to develop an appro-
priate curriculum for medical education that responds to
these challenges.

1. A foundation in basic computer literacy should
be a requirement of entering medical students.63

2. Applied medical informatics should be intro-
duced early in the curriculum to increase future
physicians' familiarity with the basic informa-
tion tools of practice (including using computer-
ized medical records, retrieving computer-based
knowledge resources, and understanding the
basics of the Internet).
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3. An evidence-based curriculum should include
training in health evaluation sciences (such as
cost-effectiveness analysis, decision analysis,
health services research, and basic statistics
knowledge) with an emphasis on practical
approaches to drawing inferences from databases
and using data to understand the health of popu-
lations.

4. The curriculum should introduce a quality
improvement paradigm that includes system
analytic, process, and outcomes-assessment
modules and introduces methods for critical self-
assessment and behavior modification.

5. Interdisciplinary team approaches to learning
and studying should be incorporated into the
early years of medical school to facilitate broad-
er system-based thinking, conflict resolution,
and management skills.

6. The training of medical informaticians should be
a priority for medical educators-there will be a
sizable need for trained personnel to create,
maintain, and constantly upgrade the knowledge
infrastructure that will support clinical decision
makers in the future.

7. Academic medical centers should take on the
important role of evaluating the software that is
applying the medical knowledge base to practice
and ensuring that it is sound (for instance, that it
transmits correct knowledge and does not
implicitly discriminate against certain classes of
patients).

8. Research and teaching about methods for ensur-
ing confidentiality and security of electronic
records and communication should be incorpo-
rated into medical education.

Conclusion
There are multiple technological changes in motion

that challenge us to think creatively about preparing
future medical practitioners. In the context of the social
and economic turmoil that will continue to confront the
present day health care professional, the full effects or
uses of technology cannot be predicted easily. In this
new era of medical care, health care professionals will
have to be accountable for clinical decisions as never
before. The importance of systematically measuring
appropriateness of the process of medical care and its
effectiveness in patient terms is paramount; physicians
will be expected to change their practices according to
the findings of such measurements.

The speed of change in the knowledge base of med-
ical science has long been considered a threat to tradi-
tional medical education. Today, existing knowledge is
revised so often that clinical algorithms acquired to care
for patients with a disease such as HIV infection become
obsolete within a few years if not months. New areas of
knowledge and evidence relevant to clinical practice but
not traditionally part of the curriculum of medical train-
ing have come of age as useful tools to guide practice.

The application of quantitative decision models to what
have traditionally been intuitive clinical decisions (or
heuristics) promises to reduce some of the variability of
clinical decision making. Cost-benefit analysis, clinical
effectiveness, health status, and functional assessments,
as well as guidelines and prediction rules now need to be
incorporated into the practitioner's lexicon.

Many educational changes will be necessary; infor-
mation and communications technology can make it pos-
sible for health care professionals to function effectively
and rapidly adapt new practices in this new world. If the
experience of other service industries (such as banking or
airlines) can be viewed as a guide, the resources devoted
to health care information management (currently esti-
mated at less than 3% of revenue) will grow dramatically
over the next ten years, simply to match what is invested
in other information-rich industries (close to 8%). The
integration of information technologies into health care
has been predicted for many years, but it has never quite
passed the formidable hurdle of practitioner acceptance
and adoption. Soon, practitioners will have neither the
option nor the desire to resist if they intend to practice the
most effective style of medicine.
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