Effective Use of Educational
Technology in Medical Education

Common Technologies in Medical Education

There are numerous frameworks that may be used
to characterize and classify educational technology
applications. Collogquium participants considered
three broad categories based on the predominant
usage in medical education. While these applications
overlap in lerms of technology components and
mstructional possibilitics, they are sulliciently

distinctive to consider independently:

1. Computer-aided Instruction (CAI)—Instruction
in which computers play a central role as the
means of information delivery and direct
interaction with learners (in contrast to applications
such as PowerPoint); to some extent human
instructors are replaced. These programs may
make use of Tnternet technologies (Web-based
learning), and mclude a wide variety of

standalone applications or online materials.

2. Virtual Patients (VP)—A specific type of com-
puter-based program that simulates real-life ¢linical
scenarios; learners emulate the roles of health
care providers to obtain a history, conduct a
physical exam, and make diagnostic and
therapeutic decisions.

. Human Patient Simulation (HPS)—The usc ol
mannequins or models to simulate patient care
environments for instructional or assessment
purposes. Tools in this category include task-based
trainers that simulate specific procedural tasks
(e.g., virtual reality colonoscopy trainers).

Each of these approaches has .ld\“lnt.lgc'\ and
disadvantages (see Table 1) based on its inherent
technical capabilities.

lype of Instruction Advantages

Useful for visnalizing complex processes

Independent exploration of complex phenomena

Easy access
Relatively low-cost of production

Table 1. Advantages and disadvantages of various educational technologies.

Disadvan 1ges

Limited physical interactivity
Limited fidelity

Virtual Paticnts

Easy access
Readily customized

Encampasscs multiple aspects of clinical encounter
Longitudinal and multidisciplinary care lessons

Limited physical interactivity
Limited fidelity
High production costs

Immersive, active experience
emotional and sensory learning

Fosters critical thought and communication

Animates basic science in clinical context

Cost and space requirements
Limited to simulator and staff availability
Engincering limitations
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Effective programs match instructional approaches
with educational goals. The medical education
environment may include any combination of
cognitive, perceptual, and psychomotor educational
goals. Each type of goal may be achieved through
the use of at least one educational technology. Table
2 suggests how the various technologies might be
used, bused on a combination of available research,

perceived benelits, and technical capabilities:

The Role of Fideliry

When designing an application that simulates a
biomedical or patient care phenomenon, instructors
should consider the appropriate level of fidelity and
the degree to which the technology accurately
simulates the intended task, resource, or environment.
Miny computer-gided instruction applications are
considered low-to-medium fidelity as the display is
limiled (0 a computer monitor and learner interaction
consists of standard keyboard and mouse inputs. Tn
contrast, human patient simulation (HPS) applications
arc often high-fidelity because they require learners
to assumgc the behaviors ol a healthcare providers
in realistic healthcare environments centered on

N !-:'" ’

models and mannequins. However, even with
human patient simulation scenarios and full-scale
simulations, there are limitations to the fidelity that
can be achieved. Moreover, perceived fidelity has a
strong subjective component and participants may
have different experiences, Fidelity should be
conceived more as a negotiable currency than un
absolute concept,

How fidelity affects learning is not clearly
understood; certain high-fidelity features can be
costly and haven't yet proved to improve learning.
Furthermore, some low-fidelity models have been
shown to improve surgical skill acquisition.
Appropriately matching the level of fidelity with the
learner’s expertise and the corresponding
educational goal is, however, generally accepted.
This being the case, since the optimal level of fidelity
(realism) required likely varies depending upon the
learner’s degree of prior practical experience and
CXPOSUTE, 4 novice can engage in a meaningful
learming experience with less sophisticated fidelity
than might be needed for an expert learner who has
already acquired substantial expertise and

Table 2. Educational technologies best suited to accomplishing particular educational goals.

Educational Goal

Suggested Educational Technology

Facilitate basic knowledge acquisition Computer-aided Instruction .
Virtual Patients .
lmpru_v:d;r;n mg J: Cargl: Computer-aided Instruction 3
Virtual Patients s
Human Patient Simulation A
l;h.anct ;crcrpm_a.'l'_ ;ar'mtinn : et Computer-aided Instruction i
Virtual Patients 4
I;p;—rt:n: :;Ec;oris;mm Human Patient Simulation
Task Trainers e o |
Practice rare/critical events Virtual Patients w
Human Patient Simulation il
Conduct team training Human Patient Simulation fa 3
lr:prﬁﬁe psychomotor skills Task Trainers \
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experience. While not defimtively substantiared,
Figure 1 illustrates the conventionally posited
relationship of optimal level of fidelity along the
navice, experienced, and expert learner continuum.

Mast cost-effective

/ Best learning
s

High
=

Initial Learning

None

Low

Fidelity (realism)

'-‘:gh

Figure 1. The hypothesized relationship between
level of learner and degree of fidelity. This
diagram suggests that the optimal level of
fidelity may change with the learner's level of
experience. Diagram adapted from Alessi S,
Fidelity in the Design of Instructional
Simulations. Journal of Computer-Based
Instruction. 1988; 15: 40-47.

Evidence-Based Features and Practices that Promote
Effective Learning

Mudtimedin
(computer-aided instruction, virtual patients)

When designing or purchasing an educational
technology resource that contains multimedia
components, particular attention should be paid ro
the selection, sequencing, and presentation of
information. Certain elements can induce cognitive
overload and detract from learning, such as the
presentation style of information and the appropri-
ateness of the learning material. Thus, one challenge
of effective mstructional design is creating apphications
thut include only those Teatures that promote learming
while avoiding gratuitous elements that may distract
Richard Mayer's widely accepled ten instructional
multimedia principles can offer medical educators

guidance on the application of multimedia

components in educational interventions in order to
maximize the positive effects for optimum student
learning, With these principles in mind, instructional
multimedia should conform to the following:

I. Coherence Principle—Fxclude extrancous words,
i‘lLtLll'L‘.\ and sounds.

(=]

Pre-Training Principle—Ensure students possess
prior knowledge about names and characteristics
of the main concepts.

3. Spatial Contiguity Principle—Present
corresponding words and pictures in close
proximity to one another,

4. Temporal Contiguity Principle—Present
corresponding words and pictures simultaneously
rather than successively.

W

Signaling Principle—Highlight important words,

6. Redundancy Principle—Pair animation and
narration together without on-screen text.

Voice Principle—Use non-accented human
spuken voice for narration over a machine
simulated or foreign-accented human voice.

8. Personalization Principle—Employ conversational
stvle, instead of formal, to present words.

9, Segmenting Principle—Ofier narrated animation
in learner-paced segments rather than a
continuous unit

10. Modality Principle—"air animation and

narration together instead of pairing animation
and on-screen text,

Simularion
virtil patienes, lLuman patient sunudarion)

An increasing number of \i\;-;'l.lli{m’l programs in
miedical education employ high-fidelity simulauons,
They vary in how technology s utilized, how

inatructors are encaged, and the extent 10 which the

ACLIVILY 1n |:‘.u\||,u~|'.!la.'d into the

sirmiiial
curriculum, Because they can be costly, investments
in high-fidelity simulations vsually demand evidence

of positive results. A recently published gualitative,
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systematic review-—spanning 34 years and 670
peer-reviewed journal articles—identified 10
characteristics of effective high-fidelity medical
simulations in a range of specialties, including
anesthesiology, cardiology, and surgery. Many
charucteristics are consonant with Ericsson’s model
of deliberate practice for mastering professional
performance. Although this list was derived from
research on high-lidelity simulation, many principles
may well .ippl)‘ ter virtual |'I;ltit:11ls

1. Feedback—Tlurmative and constructive feedback
of performance 1s the single most important
feature of simulation-based medical education. It
is the most important factor in ensuring skills
transfer to patient settings and helps slow the
deterioration of skill over time,

L

Repetitive practice—Oypportunitics lor learners
to engage in focused, repetitive practice with the
intent of skill improvement. not idle play, is an
essential learning feature, This factor is also
essential to ensuring skills transfer to actual
patients; the practice “dose” should be determined
by learners’ needs, not instructors’ demands,

3. Curriculum integration—Simulation-based
education should not be an extraordinary activity,
but built mto learners’ routines and required
truining schedules, and grounded in the wavs
learner performance is evaluated. Simulation
should also be fully adopted within the broader
medical school educational program and not
dependent on a single “champion,” who often has
competing research or patient care responsibilities,

4. Range of difficulty level—I carning is enhunced
when learners have opportunities 1o engage in
medical skills practice across a wide range ol
difficulty levels. Helping learmers master skills at
mcreasingly ditficult levels slows their deterioration
of skills over time.

L

It

Multiple learning strategies—Idcally.
simulations should offer a variety of educational
strategies including large groups (e.g., lectures),
facilitated small groups (e.g., tutorials), and
both individual and small-group learning
without an instructor. The strategies adopted
should be determined by the desired outcomes,
the available resources, and the institution’s
educational culture.

Capture clinical variation—High-fidelity medical
simulations that capture or represent a wide
variety of patient problems or conditions are
more effective than simulations having a narrow
patient range. This provides more “contextual
experiences” that are critical for obtaining
problem-solving skills.

Controlled environment—In a controlled clinical
cnvironment, learners can detect and correct
patient care errors without adverse consequences,
while instructors can focus on learners rather
than patients,

Individualized learning—Learners’ apportunities
for reproducible, standardized educational
experiences i which they are active participants,
not passive bystanders, is an important feature,

Defined outcomes or benchmarks—Lcarners arc
more likely to master key skills if outcomes are
defined and appropriate for their training level
prior t the simulator exercise.

. Simulator validity—A high degree of reahsm or

fidelity provides an approximation of complex
clinical sitwations, principles, and tasks and is
essential to help learners increase their perceptual
skills and to sharpen their responses to critical
incidents. Although it is important 1o note that
the desired outcome should be matched with the
appropriate degree of fidelity. Many competencies
can be learned and mastered with relatively
low-fidelity simulators.

[ Arnien an Medieal € olleges, 2007
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Faculty Development and Training

The effective use of technalogy in medical education
is in large part dependent on faculty readiness. This
iy expecially true for sophisticated mannequin-hased
devices and virtual veality environments that may
imvolve physiological responses to drug administration
and druy interaction, interpretation of three-
dimensional visual displays, and interpersonal conflict
within medical tecams, Medical faculty should be
prepared in at least two ways to insure optimal use
of these educational technologics: they must be
skilled in the technical operation of simulators and
other devices, and know how to employ the
technologies to facilitate learning and assessment.

Fxpertise in clinical teaching is necessary within «
simulated clinical environment but is not sufficient,
as there are important differences in the two
settings. Faculty traming in the specific demands of
simulation-based teaching is key, especially with
high-fidelity settings utilizing human patient
simulation technology.

These demands go beyond an understanding of
simulator technology. In clinical teaching, patients'
needs ilways Like priority. In simulation-based
teaching, learners’ needs become central, dramatically
altering the emphasis of the encounter. This shift
may have u significant impact on teaching style and
should be explicitly addressed.

Mareover, approaches to debriefings, feedback, and
learner support within a simulation may differ
from those employed by teachers in clinical practice.
Considerable support may be needed to help
clinicians function effectively in simulated settings.

Faculty use of educational technology to maximum
advantage will not occur by chance or seniority,
The academic medical community should develop
competency-based faculty training and certification
programs in the use of advanced educational
technologies. The programs should teach the
theoretical underpinnings of educational technology,
coupled with practical expertise in specific
approaches. Just as the weight of evidence shows
that climical experience alone does not determine the
quality of an individual's delivery of health care,

’

medical faculty competence in educational
technologies should be assured, not assumed. In
many cases, specialists with formal training in
instructional design can serve as useful advisors to
faculty content experts.

In addition, certified training expertise should be
available to various health professionals, as physicians
are not the sole source of medical education.
Clinicians in physical therapy, respiratory therapy,
specialized pursing, and surgical support, among
others. should be cligible for training and certification,
especially for simulator operation.

Putting it All Together

There is clearly no single theory or set of principles
to guide the practical use of technology in medical
education. Rescarchers have proposed dozens of
frameworks and models. Ideally, the effective use of
educational technology should begin with the
classic instructional design approach, a systematic
method of analyzing learner needs and developing
appropriate instructional activities. The ADDIE’
framework is commonly used to help organize an
educational technology project. The acronym
represents the following steps:

Analyze  Analyze relevant learner characteristics
and tasks to be learned

Design Define abjectives and outcomes; select
an instructional approach

Develop  Create the instructional materials
Implement Deliver the instructional materials

Evaluate  Fraure that the instruction achieved
the desired goals

Assosciation of Amencan Medical ©alleges, 2007
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The design, develupment, and implementation
phases of this process have been further extended
by educational psvchology researchers, Robert
Gagné’s Nine Evenrs of Instruction constitutes one
instructional design framework:

I, Gain attention—Capture learners’ attention by
presenting i problem, a case, a compelling
question, or an interestng statistic. Focus learners’
attention so they will be engaged by the material.

2. Inform learners of educational objectives—
Convey expectations to learners by introducing
the educational objectives, Consider describing
them in terms of specific knowledge, skills, or
behaviors that learners are expected to acquire.

3. Stimulate recall of prior knowledge—Iclp
learners build on what they alrcady know by
reminding them of prior knowledge (previous
material, personal experience, etc_) that is
relevant to the current material.

4. Present the material—Present logically
organized information (or practice) 1o avoid
cognitive overload. Consider incorporating
Maver's principles for the effective use of
multimedia. Organize material in order of
increasing difficulty. Periodically revisit concepts
to facilitate recall.

5. Provide guidance for learning—OfTer learners
specific guidance on how o best understand
congepts or acqguire skills. Use a different media
or format 1o avoid confusion with the
mstructional material,

o

Elicit performance—Present learners with
numeraus opportunities to use newly acquired
kl"ln\\'lc:dgc, skills, or behavior. Rl.'pl:.lll:d practice
allows learners w confirm their understunding.

Pruvide feedback—Provide lcarners with
specific, constructive, and immediate feedback
regarding their performance.

8 Assess performance—Assess learners against
the aforementioned learning objectives to
determine if the knowledge, skills, or behavior
have been appropriately acquired.

Y. Enhance retention and transfer—Review the
maitcerial. Inform learners of opportunities 1o
apply the new knowledge, skills, or behavior
Offcr opportunities for additional practice.

Gagné's method is intuitive to many instructors and
can readily be used within educational technology
environments. While the relative merit has not been
proven for each recommendation, they continue to
serve as ‘good practices’ employed by researchers,
Table 3 suggests how the principles might be
elfectively used with the three common educational
technologies. While, medical educators may not be
accustomed w such a tormal approach in developing
an educarional activity, instructional design may be
even more important when using educational
technologies than in face-to-face teaching, because
the learning activities must be explicitly planned in
advance. A systematic approach to instructional
design 15 essential to the effective use of educational
technology, and indeed, educators unfamiliar with
such approaches may benefit from engaging experts
in instructional design when newly developing
learning materials.

ncan Modwal ©allieges, 2007
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Table 3. Technical approaches to help realize each phase of instructional design.

Gain allention

Inform learners of
educational ubjectives

Stimulate recall of
prior knowledge

Present the material

Provide guidance for
learning

Elicit performance

Provide feedback

Assess performance

Enhance retention and
transfer

Computer-aided Instruction

Present o short patient scenario, an

interactive model, or a compelling
video clip.

Clearly state desired learning
objectives/oulvomes.

Analyze material presented in
“gain armention” phase or offer an
advance organizer 1o help bridge
prior and new knowledge.

Use text or multimedia to present
basic concepts (see Maver's
principles) through combinations
of lecture, narratives, cases,
inlerictive multimedia, and drll
and practice problems.

(ruide understanding hy analyzing
problems, summarizing, or
alternate explanation of concepls.

Assign practice problems or cases,

Dehiver speafic teedback regarding
practice problem performance

Deliver a post-exercise exam
aligned wath the learning
abjectives,

Caonsider revisiting material
through perindic emuil npdates,
reminders, or practice cases

Virtual Patients

Iisplay an opening video (e,g.. a
dramutic patient presentation).

Clearly state desired learning
ubiectives/ vulcumes.

Present & series of multiple choice
questions relared to the “gain
attention” phase and consider
olfering succuel feedback.

At the end of a single virtual
encounter, direct learners 1o a
Web-hased, menusdriven tutorial
that addresses core topics of the
witse,

Use a virtual preceptor to provide
decision guidance when o much
time has elapsed.

After they view a tutorial on
diagnostic imaging. ask learners to
interprer a series of radingraphs,

When learners ask virtual patients
ntervicw questions, the virtal
precepror comments on their
relevance to the chief complaint,

At program’s end, learners receive
SOOrCs ‘\ll'l'll“.lfl?l";.“ theur
performance on multiple-choice
qntslirllh.,

After using the virtaal patient,
learners write a narrative reflection
on how it reminded them of a

real-lite patient experience.

H Patient Simulation

Put learners in urgent patient
scenarios (e.g., cardiac urrest) with
worsening condition until appropriate
action taken.

Clearly state desired learning
ubjectives/ outcomes.

In “gain artention” phase, elicit proper
actions to manage cardiac arrest—
&g, implement proper protocol for
pulseless ventriculir tachycardia.

Pravide clinical experiences in
controlled settings applicable to real
clinical situations, Learner
experiences should evoke feelings
associated with simular clinical
siluations.

With clear goals allow leafners to
muake mistakes while guiding them
on technique or course of action.

Offer opportumties for all learners to
be actively engaged and evaluated in
simulation experience regardless of
role.

Focused formative feedback during
simulatiom or teachable moment
Review viden recordings during
formal debriefing with faculty and
peers.

Align objectives and learming
oppartumitics with performance
evaluations. Use checklists and rating
scales to evaluate processes or
Outcomes,

[ntegrate learning strategies and
evaluation tools feom simulation into
clinical practice. Tmplement mandatory
remediation training tor skills most
prone to deterioration.

_“8_
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A Research Agenda

Colloquium participants agreed that the current
evidence base for educational technology in medicine
15 anemic. Although numerous publications have
documented the feasibility of technology
enhunce learning in various settings, little is
established about precisely when to employ
technology during medical education (versus the
many other methods and media available), and
how best to use it when it is employed. Although
much cun be learned (rom rescarch in non-medical
education fields, future rescarch on educational
technology in medical training will require a
significant change in focus, Simple answers are
unlikely. Rather, solutions will be contingent upon
multiple facrors including learner attributes,
desired learning outcomes, institutional
characteristics, and vther factors in the learning
environment, Future research will have to
accommaodate these complexities as well.

Colloquium participants called for fewer studics
that simply compare instructional approaches

(e.g., computer-aided instruction versus lectures)
and instcad sct our the challenge that subscquent
research should clarify the uses of technology to
facilitate learning—for example, the effectiveness of
specific technological features or instructional
methods—and when and how to integrate
educational technology into the medical training
continuum,

-

&

Proposed Rescarch Questions

Addressing the following research questions will
serve to clarify the appropriate use of education
technologies in medical education:

HOW
* How can instructional methods and designs be
tailored to individual learner’s needs?

How does the use of educational technology
differ for groups compared with individuals?

How does fidelity impact learning outcomes,
educational contexts, and learner characteristics?

.

Which technology approaches are appropriate for
particular learning outcomes?

How can we best integrate educational technology
into existing curricula?

What is the most appropriate use of specific
simulation technologies?

What infrastructure (human and technical) is
needed to effectively support educational
technology in the curriculum?

WHEN
What are the barriers to successful integration of
educational technology into the curriculum?

.

What are the characteristics of individuals and
institutions that have successfully integrated
educational technology into the curriculum?

How can educational technology be integrated in
existing educational scttings?

What is the cost-benefit ratia of various
technologies?

.

What outcome measures are reliable, valid, and

feasible?

0

What training oppartunities will help ensure that
educators possess the necessary competencies
listed abowe?

e = Amencan Medical © alleges, 2007
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Case Study 2
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OT UNTIL ABOUT 100 YEARS AGO COULD A TYPICAL

patient expect to benefit from the medical care

provided by a typical physician. Today most pa-

tients benelit [rom medical care, but all patients

could benelit more if clinicians routinely provided care con-

sistent with the latest scientific knowledge. One report sug-

gests that only 55% of US adults receive care consistent with

current recommendations.’ In 2001, the Institute of Medi-

cine concluded that a chasm lies “between the healthcare

we have and the healthcare we should have.™ Moreover, the

resulis of efforts 1o improve medical quality have been mod-
est and uneven to date.’

Two components are necessary Lo improve the quality of

medical care: advances in evidence-based medicine (EBM),

which identify the clinical practices leading to better care,

£2007 American Medical Assoclation. All rights reserved.

Downloaded from www.jama.com at SAGA UNIV MEDICAL LIB on September 2, 2008

ie, the content of providing care.* and knowledge of how
to put this content into routine practice. These advances in
evidence-based management (EBMgt) identify the organi-
zational strategies, structures, and change management prac-
tices that enable physicians and other health care profes-
sionals 1o provide evidence-based care, e, the context of
providing care.” Until both components are in place—
identifying the best content (ie, EBM) and applying it within
effective organizational contexts (ie, EBMgt)—consistent,
sustainable improvement in the quality of care received by
US residents is unlikely to occur.

Providing High-Quality Care
Ensuring the delivery of high-quality care requires integra-
tion of knowledge [rom EBM and EBMgL. The content of
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what should be done—eg, evidence on which drug, medi-
cal device, procedure, or treatment plan is most likely to im-
prove patient outcomes—needs 1o wake into account the or-
ganizational and community context in which the care is
delivered. Randomized clinical trials (RCTs) emphasizing
internal validity are the gold standard for ereating EBM, bui
have limited generalizability to patients, clinicians, and treat-
ment settings different from those in the RCTs.* Practical
or pragmatic clinical trials can address some of the gener-
alizability issues but can be costly and generally do not ad-
dress explicitly the underlying organization of care.” EBMgt
[ocuses on the underlying organizational issues that infllu-
ence how care is delivered. The evidence hase comes largely
from the social and behavioral sciences, human factors
engineering, and the field of health services research. In
addition to RCTs, EBMgt uses observarional data and ap-
proaches such as the PDSA (plan-do-study-act) quality-
improvement method for making small-scale changes 10
improve care.”

An example of the value of using EBM and EBMgL 10-
gether is treatment of patients with acute coronary syn-
dromes. Evidence-based guidelines recommend that symp-
romatic patients presenting in the emergency department
receive immediate evaluation, in an effort to decrease the
time between the onset of symptoms and the initiation of
treatment. In practice, not all patients at risk for an acute
coronary syndrome receive prompt evaluation or treat-
ment because of factors that can vary across emergency de-
partments, eg, triage bottlenecks due 1o limited space *

One hospital, however, reduced its door-to-balloon time
for patients with acute myocardial infarctions (AMIs) after
reviewing the existing management research on workflow
processes and drawing on case studies from similar hospi-
tals for ways to initiate electrocardiograms faster in symp-
tomatic patients.” This hospital was able to use EBMgt knowl-
edge to help put EBM into practice.

Substantial ¢linical evidence and esiablished guidelines
recommend the use of certain medications in patients with
AMI: yer. use of B-blockers after an AMI continues to be
uneven across hospitals. Four organizational characteris-
tics of hospitals are associated with greater improvement in
use of B-blockers over time than that evident in lower-
performing hospitals. These include developing shared goals
for improvement, providing substantial administrative sup-
pori. having strong physician leadership. and using cred-
ible data feedback ™

Using the best knowledge to identify what to do and how
to make it part of routine practice appears obvious, but this
integration of content and context seldom happens. Within
both EBM and EBMgt there are substantial, similar barriers
to evidence use: time pressures, perceived threats to au-
tonomy, the preference for “collogquial” knowledge based
on individual experiences, difficulty in accessing the evi-
dence hase, difficulty differentiating useful and accurate evi-
dence from that which is inaccurate or inapplicable. and lack
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of resources."'" Integrating EBM and EBMgt also requires
practitioners who are aware of and able to draw on evi-
dence from both. Few physicians read management stud-
ies: few managers read clinical studles; and few persons read
all relevant studies within their own field.

EBMgt for Chronic Iliness and Patient Safety

More than 90 million US residents have at least 1 chronic
condition; many have more than 1; and chronic conditions
account for nearly 75% of all health care expenditures.'* Dis-
case registries, clinical guidelines, automatic reminder sys-
tems, sysiem redesign processes, physician feedback re-
ports, and patient self-management education programs, ie,
elemenis of the chronic care model, are associated with bet-
ter patient outcomes."* Yet practices in the United States with
20 or more physicians use, on average, fewer than half of
the recommended chronic care model elements when car-
ing for patients with asthma, congestive heart failure, de-
pression, and diabetes, and only 1% of such practices use
all recommended elemenis for all 4 conditions. "

EBMgt can help expand the use of recommended
chronic care processes by providing knowledge about
incentives and organizational capabilities. For example,
existing research examining the influences of financial
rewards to physician practices for meeting quality stan-
dards ("pay-for-performance” programs) has found mixed
elfects.”'" Future evaluations of these programs should
inform such questions as how much payment is required 0
induce desired behavior; what are the unintended or nega-
live consequences; whether payment incentives are best
placed ar the level of the group, the individual physician, or
both; and how the payment incentives interact with the
practice setting, organizational structure, or other quality-
improvement initiatives. 3

Elfective management for patients with chronicillness also
requires the elfective use of health care teams. An impor-
tant component is providing teams with the necessary in-
formation, resources, autonomy to experiment, autonomy
to select members suited to each task, and feedback to track
performance.'® Teams with such characteristics also make
a greater number of changes and more in-depth changes (eg,
creating disease registries) in implementing elements of the
chronic care model 1o improve care.'

Medical care is not nearly as sale as it could and should
be. EBMgt can help by using knowledge from human fac-
tors engineering,'” on high-reliability organizations,” on
changing organizational culture, and on developing high-
performing teams.’' For example, using Lean Production
process engineering methods, Virginia Mason Medical Cen-
ter reports decreasing ventilator-acquired pneumonia cases
from 40 per year in 2000 to 5 in 2006, saving an estimated
10 lives and $1.7 million in costs.** Furthermore, a recent
study of more than 100 intensive care units found a signifi-
cant reduction in catheter-related bloodstream infections
by developing a comprehensive unit-based safety program,
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or CUSP, that involved changing the culture of senior lead-
ers, team leaders. and front-line staff.”' Specifically, the
management evidence suggests that better performance
comes from having a culture in which caregivers tell cach
other aboul their mistakes. ask for help when needed, share
with cach other how they have fixed their mistakes, and
continually question what is being done and how to do it
better.™

Integrating EBM and EBMgt

The nexus of EBM and EBMgt represents an important fron-
tier for improving the nation’s health care sysiem. Given the
likely increased demand for better and measurably valu-
able care, combined with increasing cost and quality pres-
sures and calls for health care reform, the following sug-
gestions may be helpful for promoting the integration of EBM
and EBMgt and for reducing the barriers to their use.

Synthesizing the LBMgt Knowledge Base. The federal
government should consider establishing a national
evidence-based health care management center. For
example. the Ageney lor Healtheare Research and Quality
could extend its Evidence-Based Practice Centers initiative
with input from the National Quality Forum and related
groups. The program's primary responsibilities would be o
ensure that management/organizational research data are
rigorously assessed and synthesized. such as with mera-
analyses; made widely available in usable forms for manag-
ers and clinicians: and ellectively linked (o other evidence-
hased management and medicine repositories. Related
elforts from other countries include the National Institutes
for Clinical Excellence in the United Kingdom, which has
established an NHS (National Health Service) program for
service delivery and organization (hitp//www.sdo.lshim.ac
k) the Cochrane Collaborative on Effective Practice
and Organization of Care Group; the UK National Library for
Health (hup#www.nelh.nhs.uk/): and the Canadian Health
Services Research Foundation with the development of
HEALnet (hupd/www.chsrl.ca/). The national program also
would provide an annual assessment of gaps in knowledge and
suggest areas for further research atrention for funding agen-
cies and the research community. Of particular imporance
is the need for ngorous, scientifically sound syntheses of or-
ganization-wide interventions and iniuatves o improve the
uptake of evidence-based clinical guidelines and practices, 10
increase patient safety. and 10 improve the overall quality of
cane Prn\'ldl'd

Adding to the EBMgt Knowledge Base. Practice-based
rescarch networks should be expanded, such as Ageney lor
Healthcare Research and Quality’s Accelerating Change and
Transformation in Organizations and Networks. This net-
work involves partnerships of hospitals. health plans, phy-
sician organizations, and rescarchers 10 address questions
regarding the scientific evidence on what does and does not
work o improve eare in real-world settings. Similarly, the
joint National Academy of Engimeering/Institute of Medi-
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cine Report on Building A Better Delivery System' has rec-
ommended that Congress fund university-based pracritioner-
linked Engincering/Healthcare Management Research
Centers that bring together engineers, clinicians, research-
ers lrom multiple disciplines, and executives to work on ex-
panding the applications of 1ools and methods for improv-
ing care, evaluaring the applications, and rapidly sharing the
learning. The federal government also can require that all
Medicare demonstration projects involve explicit evalua-
tion of patient outcomes as well as implementation efforts,
ie, both content and context. These initiatives should be
linked with the Natonal Institutes of Health translational
roadmap research agenda and are consistent with the goal
of translating scientific knowledge from the bench to the
bedside to the community

Creating the Marker for EBM and EBMgt Integration.
External accreditation, certification, and licensing bodies
should consider “evidence” of EBM and EBMgt linkages in
their reviews. While such reviews should emphasize out-
comes rather than the methods used 10 achieve them, or-
ganizations and individuals should be held accountable for
not using evidence-hased approaches, much like clinical per-
formance efforts target both process and outcome end points.
The Quality Improvement Organizations of the Centers for
Medicare & Medicaid Services can provide assistance in the
implementation of EBM as well as EBMgt and ensure that
inierventions to improve care use the best available evi-
dence [rom hoth. ™ These entities can help create a national
expectation thai clinicians and managers will work 1o-
gether w identify issues, lormulate questions and interven-
tions. and work with the research community to address both
content and context. Furthermore, hospital and health sys-
tem governing boards might create financial incentives for
managerial and clinical leaders to implement evidence-
hased changes that result in improved quality and cost per-
formance.

Developing the Intellectual Capital to Support Integration.
There is great need for improving the education of all health
care prolessionals in the use of EBM and EBMgt. Relevant top-
ics would include assessment of what constitutes credible and
applicable evidence, how to conduet meta-analyses and sys-
tematic reviews, and how 1o apply evidence in everyday prac-
tice. Clinical residency and management accreditation groups
should consider Including these topics in their list of require-
ments [or training programs

Conclusion

Practice and policy recommendations and interventions are
needed to bring both components—EBM and EBMgt, the
content and the context—together to provide better pa-
tient care, Only an integrated evidence-based approach can
reduce the quality gap and instill greater confidence in the
US health care system
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