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TO FULFILL SOCIETY’S EXPECTA-
tions that physicians “can and
will attend equally to all aspects
of health care,” the Associa-

tionofAmericanMedicalColleges’Medi-
cal School Objectives Project Report I1

has stated that physicians must be altru-
istic, knowledgeable, skillful, and duti-
ful. Maudsley2 subsequently pointed out
thatprescribingsuchundergraduateout-
comes is much easier than achieving
them. He notes that approximately 25
major reportsonmedical educationhave
been issued this century, most of which
have“identified thesameorsimilarprob-
lems, claimed that previous recommen-
dations have gone relatively unheeded,
argued that reform is essential and
urgently needed, and prescribed strik-
ingly similar corrections.” Despite these
comments, there have been significant
changes in medical education over the
past 2 decades, with technology a major
factor in this change. Although its main
impact on medicine and medical edu-
cation appears to be in the area of infor-
mationmanagement, technology isplay-
ing an increasingly important role in

skills training, which is related to the
“skillful” attribute listed in the Medical
School Objectives Project report.

Although the use of simulation tech-
nology, including multimedia com-
puter programs, only now is gaining
wider acceptance in medicine, such tech-
nology is well established in other dis-
ciplines. Examples include the use of
flight simulators for pilots and astro-
nauts,3-5 war games and training exer-
cises for military personnel,6 manage-
ment games for business executives,7,8

and technical operations for nuclear
power plant personnel.9 Simulations are

not identical to “real life” events. In-
stead, simulations place trainees in life-
like situations that provide immediate
feedback about questions, decisions, and
actions. Flight simulators closely ap-
proximate in-flight situations, and the
airline industry has demonstrated that
they improve pilot skills.10,11

Skills may be defined as “actions (and
reactions) which an individual per-
forms in a competent way in order to
achieve a goal.”12 One may have no skill,
some skill, or complete mastery. There-
fore, when teaching or testing a skill, the
level of acceptable mastery must be
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Changes in medical practice that limit instruction time and patient avail-
ability, the expanding options for diagnosis and management, and ad-
vances in technology are contributing to greater use of simulation technol-
ogy in medical education. Four areas of high-technology simulations currently
being used are laparoscopic techniques, which provide surgeons with an op-
portunity to enhance their motor skills without risk to patients; a cardiovas-
cular disease simulator, which can be used to simulate cardiac conditions;
multimedia computer systems, which includes patient-centered, case-
based programs that constitute a generalist curriculum in cardiology; and
anesthesia simulators, which have controlled responses that vary according
to numerous possible scenarios. Some benefits of simulation technology in-
clude improvements in certain surgical technical skills, in cardiovascular ex-
amination skills, and in acquisition and retention of knowledge compared
with traditional lectures. These systems help to address the problem of poor
skills training and proficiency and may provide a method for physicians to
become self-directed lifelong learners.
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defined based on the training level. In
competitive fields such as athletics,
music, and chess, results from tourna-
ments can be analyzed to rank individu-
als’ skills on an interval scale. Accord-
ing toEricsson,12 thedifferencesbetween
individuals, from novice to champion,
“are among the largest reproducible dif-
ferences inperformanceobservedfornor-
mal adults.” He also suggests that simi-
lar large differences would be expected
in other domains of expertise (includ-
ing medicine), in which a long period of
education followed by an apprentice-
ship is required. Medical practice also
may have corollaries in sports, where
there is evidence that elite athletes use
their perceptual-motor expertise in vari-
ous situations to predict what is coming
next and select appropriate actions.13

The most important identifiable fac-
tor separating the elite performer from
others is the amount of “deliberate prac-
tice.” This includes practice under-
taken over a long period of time to attain
excellenceaswell as theamountofongo-
ing effort required to maintain it. Delib-
erate practice has been defined as the
opportunity to tackle“awell-definedtask
withanappropriatedifficulty level for the
particular individual, informative feed-
back,andopportunities forrepetitionand
corrections of errors.”14

The problem in medical education is
that the subjects necessary to “delib-
erately practice on” are human beings
with all their diversity and variability.
Changes in medical practice that have
reduced physician teaching time and de-
creased the availability of patients as edu-
cational resources and the rapidly in-
creasing options for disease diagnosis
and management have created a need for
new methods of instruction, knowl-
edge acquisition, and assessment. Ad-
vances in high-fidelity simulations of hu-
man conditions constitute such new
methods and could add immeasurably
to our teaching armamentarium.

Unlike patients, simulators do not be-
come embarrassed or stressed; have pre-
dictable behavior; are available at any
time to fit curriculum needs; can be pro-
grammed to simulate selected find-
ings, conditions, situations, and com-

plications; allow standardized experience
for all trainees; can be used repeatedly
with fidelity and reproducibility; and can
be used to train both for procedures and
difficult management situations.

This article focuses on 4 areas in
which high technology simulations are
being used to teach and test a variety
of skills in medicine and discusses the
evidence of their effectiveness. The ad-
vantages of such simulations are out-
lined for both the initial training of im-
portant skills and as a potential means
for lifelong development and reinforce-
ment of these skills.

LAPAROSCOPIC SIMULATORS
Laparoscopic surgery is technically dif-
ferent from traditional open surgery,
and many practicing surgeons did not
learn the skills required for laparo-
scopic procedures during residency
training. These skills include profi-
ciency in ambidextrous maneuvers with
new instruments and enhanced hand-
eye coordination and depth percep-
tion.15 Several methods have been de-
veloped to assist physicians in acquiring
laparoscopic skills. Early examples in-
clude training with other certified lapa-
roscopic surgeons and courses involv-
ing practice with animal models.
Laparoscopic surgical simulators pro-
vide an additional method for sur-
geons to enhance their motor skills in
a standardized, controlled environ-
ment without risk to patients.

Examples of laparoscopic simula-
tors include the Laparoscopic Surgical
Trainer,16 Body Form laparoscopic
trainer,17 and McGill Inanimate System
for Training and Evaluation of Laparo-
scopicSkills (MISTELS)program.15 The
latter consists of a box covered by an
opaque membrane to simulate skin, 2
trocars,a laparoscope,andavideomoni-
tor placed in line with the operator. Sev-
eral exerciseshavebeendeveloped,each
emphasizing a specific skill essential for
proper laparoscopic technique, includ-
ingassessmentofhand-eyecoordination;
cutting technique; placement of surgi-
cal clips, ligating loops, and mesh ma-
terials; andneedle transfer, sutureplace-
ment, and knot-tying skills.

Several reports have described the de-
velopment and use of training exercises
that simulate skills involved in laparo-
scopic surgery, including knot tying and
suturing18,19 and the use of saphenous
veins to simulate common bile duct ex-
ploration.20 Recent studies with newer
simulators have included several skills
for training and assessment of speed and
precision. Derossis and colleagues15

evaluated surgical residents and practic-
ing surgeonsand found that levelof train-
ing and frequency of skill repetition were
significant predictors of overall skill pro-
ficiency on the simulator. In a fol-
low-up study by the same group,21 sur-
gical residents trained with a simulator
showed significantly (P,.05) greater im-
provement on the simulator compared
with controls on 4 of the tasks and for
overall scores.

Surgical techniques that require re-
peated practice to master specific skills
lend themselves to simulator use. Sur-
gical program directors and those re-
sponsible for continuing medical edu-
cation should consider use of simulator
training along with current didactic ses-
sions before allowing trainees to per-
form these invasive techniques on pa-
tients. The traditional reliance on an
apprenticeship may no longer be the
only method to remain technically pro-
ficient in an era in which the tech-
niques and the instruments of surgery
are continually changing.

HARVEY, THE CARDIOLOGY
PATIENT SIMULATOR
TheHarveysimulator is a life-sizedman-
nequin that provides a comprehensive
cardiology curriculum by realistically
simulating 27 cardiac conditions. The
physical findings programmed in the
simulator for each disease include blood
pressure; bilateral jugular venous,
carotid, and peripheral arterial pulses;
precordial impulses in 6 different
areas; and auscultatory events in the 4
classic auscultatory areas that are syn-
chronized with the pulses and vary with
respiration.

A curriculum of cardiovascular dis-
eases with learning goals, a teaching
manual, test instruments, and self-
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assessment slide programs for each con-
dition has been developed by a na-
tional consortium of physicians and
educators.22 The slide programs in-
clude all the elements normally avail-
able with a patient, including history,
blood chemistry results, and noninva-
sive and invasive laboratory data. In ad-
dition, appropriate medical and surgi-
cal therapy is presented, along with a
summary of the pathology and epide-
miology of each disease.

The Harvey simulator can be used in
the education of a variety of trainees. The
simulator may be used to teach the be-
ginning student such basic techniques
as taking blood pressure and recogniz-
ing a heart murmur. For the senior medi-
cal student, Harvey correlates heart
sounds with respiration, provides nor-
mal and abnormal carotid and jugular
venous pulsations, and correlates physi-
cal findings with historical and labora-
tory data. The simulator also has poten-
tial applications for the postgraduate
training of primary care physicians. For
example, at 2 annual conventions of the
American Academy of Family Physi-
cians, more than 1500 physicians par-
ticipated in 8 4-hour teaching sessions
that emphasized the importance of bed-
side diagnostic skills in evaluating pa-
tients with suspected cardiovascular dis-
ease.23 Despite the large audiences, each
physician was able to participate in the
evaluation of findings presented on Har-
vey through the use of individual
stethophones for auscultation and closed
circuit monitors for visualization of
pulses. Responses from a course evalu-
ation indicated that participants were
nearly unanimous (1280 of 1333) in
thinking that the simulator was a valu-
able teaching tool with which they
would like to have further experience.

Harvey has been rigorously tested to
establish its educational efficacy. In a
multicenter study involving 208 se-
nior medical students at 5 medical
schools,24 fourth-year medical stu-
dents who used the cardiology patient
simulator (CPS) during their cardiol-
ogy elective performed significantly bet-
ter than the non-CPS–trained group,
who learned in the traditional manner

from patients. This was true not only
on the CPS skills posttest (P,.001), but
also on the patient skills posttest
(P,.03). In addition, there was no sta-
tistically significant difference in the
way patients perceived the profes-
sional behavior of CPS-trained and non-
CPS–trained students. This finding ad-
dresses the concern that simulators may
negatively affect physician behavior. In
another study involving 203 second-
year medical students at the Univer-
sity of Michigan, incorporation of Har-
vey into a required physical skills course
significantly improved overall cardiac
examination skills as measured by pre-
tests and posttests of unknown find-
ings on the simulator (P,.001).25 An
additional observation was that the use
of Harvey reduced the time faculty and
students would have spent locating
enough patients to examine a wide va-
riety of cardiac problems.25

These data suggest that simulation
technology is a reasonable addition to
the medical curriculum, skills learned
on a simulator are transferable to pa-
tients, and student behavior toward
patients is not adversely affected by
exposure to a simulator. Combining
simulation technology with tradi-
tional patient-centered teaching has the
potential to prepare medical students
to provide medical care with in-
creased confidence at the bedside. This
is especially important at a time when
the cardiac bedside examination re-
portedly is being taught less fre-
quently and less effectively26 and some
medical students and residents have dif-
ficulty identifying even common car-
diac auscultatory findings.27

The CPS may also be used in the
place of patients for testing bedside car-
diovascular examination skills. In con-
tradistinction to testing skills using pa-
tients, the CPS provides complete
control over the task selected and its
complexity. Patient findings can be pre-
sented uniformly and the process of
skills testing can then be standard-
ized. A multicenter study involving se-
nior medical students called for test-
ing individuals on a full range of 200
CPS simulations.24 Standardization

allowed improved sampling of stu-
dent performance so that any area (eg,
vital signs, nonauscultatory events, and
auscultation) could be assessed. Other
educators have used Harvey to assess
cardiovascular bedside skills of resi-
dents.28-30 Recently a more portable car-
diology patient simulator, Simulator K
(M64 New Cardiology Patient Simula-
tor AVP Training System, Kyoto Kagaku
Co, Kyoto, Japan), was developed by
Japanese cardiologists who recognize
the potential use of simulation to fa-
cilitate bedside skills testing.31

UMEDIC MULTIMEDIA
COMPUTER SYSTEM
The UMedic multimedia computer sys-
tem has been in development for the last
14 years and contains multimedia fea-
tures that include computer and video
graphics and real-time digitized video
and audio.32 Ten patient-centered, case-
based programs constitute a compre-
hensive generalist curriculum in car-
diology. The program structure
includes history; bedside findings; di-
agnosis; laboratory data, including elec-
trocardiograms, radiographs, real-
time echocardiograms and angiograms;
treatment, including videos of sur-
gery; and summary discussions. Learn-
ers can choose to study all of the above
sections or only the bedside evalua-
tion, which does not include the labo-
ratory data and treatment sections. The
system can be used alone or linked to
Harvey and also can be used by an in-
structor in an auditorium setting.

Throughout each patient-centered,
self-learning program, a physician in-
structor provides demonstrations of
bedside findings using Harvey, narra-
tive explanations, and feedback on im-
portant points in video segments. Mul-
tiple-choice questions are presented
during the program to focus on key
teaching points, to encourage prob-
lem solving, and to enhance interac-
tive learning. An administrative pro-
gram tracks 27 categories of learners
and records their performance and time
spent completing the tests.

A recent multicenter study demon-
strated that this system can be inte-
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grated into a 4-year medical school cur-
riculum.33 A total of 1586 students at 6
medical schools completed 6131 pro-
grams and favorably rated the educa-
tional value of the system compared with
other learning materials. The study re-
sulted in a recommended 4-year cur-
riculum plan for the UMedic system.
Valid pretests and posttests were cre-
ated to measure outcomes in bedside
skills34 and were used in an additional
multicenter cohort study involving se-
nior medical students (n = 208) at 5 in-
stitutions that compared the UMedic sys-
temwith traditionalmethods for teaching
bedside skills in cardiology.35 In the in-
tervention group, UMedic modules re-
placed instruction in bedside skills that
occurred during teaching rounds and in-
dividual patient workups. There was a
statistically significant improvement in
the pretest to posttest scores of the
UMedic trained students compared with
students who had not used the UMedic
modules (P,.001).

ANESTHESIA SIMULATOR
Simulators have been used in anesthe-
siology training for 30 years, beginning
with the SIM 1 system.36 Advances in
technology over the next 20 years led to
the development of more sophisticated
simulation systems, including a com-
puter-only program that provided a
highly sophisticated model of human
physiology and pharmacology to deter-
mine precise responses to drugs and in-
terventions37 and a hands-on simulator
that realistically re-createdcognitive tasks
of anesthetic administration, patient
monitoring, and intervention.38

Currentanesthesia simulators suchas
theEagle(CEAElectronicsInc,Bingham-
ton, NY) and METI (Medical Education
Technologies, Sarasota, Fla) use whole-
bodymannequinsthatprovidemorethan
40realistic andsophisticated findings in
7 anatomic areas. In addition, the simu-
lationsystemsusually includeactualhe-
modynamic monitoring systems, anes-
thesia machines, and supplies typically
used in an operating room. Computer
programs control the responses of the
simulator, which vary according to 50
possiblepreprogrammedscenarios.The

simulatormaybehousedinaclinicalskills
laboratory or, more commonly, placed
in an actual or mock-up operating suite.
It can be controlled by an experienced
trainer fromthebedsideor fromaremote
control booth. While these simulators
were primarily developed by anesthesi-
ologists to be used for training and test-
ing those in the field,applicationof these
devices has broadened quickly. Simula-
tors have been used to train and assess
medical students during anesthesiology
and surgery clerkships; residents in sur-
gery,radiology,obstetrics,andemergency
medicine; critical carenurses; andrespi-
ratory technicians.39

An additional feature of these simu-
lators is the ability to program sce-
narios that allow individuals or teams to
train for unforeseen or catastrophic
events, eg, cardiac arrest, traumatic in-
jury, or surgical procedures that re-
quire the cooperation of individuals with
varying expertise and training such as
surgeons, anesthesiologists, and critical
care nurses. One method that has been
used to train and assess multiprofes-
sional performance is called Anesthesia
Crisis Resource Management.40 This sys-
tem can assess technical performance,
such as placement of instruments or ad-
ministration of medications, as well as
behavioral performance, ie, the appro-
priate use of sound crisis management
behaviors including leadership, commu-
nication, and distribution of workload to
other members of the team.41 The train-
ing sessions can be videotaped and re-
viewed so that items requiring remedia-
tion can be addressed and corrected.

Reports of anesthesia simulators ini-
tially focused on development and user
acceptance. However, the high cost and
requirements for accompanying equip-
ment, space, and personnel have re-
sulted in research to justify the installa-
tion of such devices. Reports on the use
of simulators by residents and practic-
ing anesthesiologists demonstrate that
the simulators are judged to be highly re-
alistic,38,42,43 increased training is associ-
ated with an increased correction of
problems,44 and unplanned incidents
during simulation were usually a result
of human error.45,46 Other studies of an-

esthesiology residents and practicing an-
esthesiologists showed that training on
a simulator can improve the acquisi-
tion and retention of knowledge in com-
parison with traditional lectures.42,47 Al-
though an advanced level of training was
associated with fewer unplanned errors
and management flaws, mistakes still oc-
curred at a surprising rate.42,45,47

The METI simulator also has been
used at an annual scientific meeting for
continuing medical education of anes-
thesiologists.48 If these simulators are
accepted as a valid measure for perfor-
mance evaluation, they may become an
important component of certifying
competence.41 The advantage of these
systems compared with the current
method for testing and certification, in-
cluding written and oral examina-
tions, is that they allow the examinee
to demonstrate clinical skills in a con-
trolled clinical environment while still
exhibiting cognitive and language
skills.41 As Gaba49 has pointed out, “no
industry in which human lives de-
pend on the skilled performance of
responsible operators has waited for
unequivocal proof of the benefit of
simulation before embracing it.”

COMMENT
There is a long-standing debate regard-
ing the potentially dehumanizing ef-
fects of using technology in the prac-
tice and teaching of medicine. As
Howell50 cogently points out, such con-
cerns are not new, but have been voiced
since the turn of the last century. He
questions whether worrying about ma-
chines detracting from the caring as-
pects of medicine and technologies en-
croaching on physicians’ abilities to use
judgment is justifiable. Simulation
training avoids using patients for skills
practice and ensures that trainees have
had some practice before treating hu-
mans. If simulators enhance the clini-
cian’s diagnostic skills, then these de-
vices have the potential to reduce the
number of diagnostic tests (some in-
vasive) a physician orders for a given
patient. Recent studies51,52 support the
view that “a well-performed cardiovas-
cular examination, using physical ma-
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neuvers and bedside aids . . . remains
the most cost-effective tool for the ini-
tial evaluation of these patients.”53

Several practical questions should be
addressed when assessing the value of
simulators. These include the cost of
purchasing the simulator, amount of
use once purchased, the time saved by
teachers, the cost of maintenance, the
frequency and cost of technical and soft-
ware upgrading, and the cost of train-
ing faculty to use the system and inte-
grate the simulator into the curriculum.
Costs of simulation systems range from
less than $5000 for most laparoscopic
simulators16 to $75 000 for Harvey (D.
A. Lawson, written communication,
June 25, 1999), to well over $100 000
(range, $125 000 to $200 000 with price
depending on the number of features
and accessories) for highly sophisti-
cated anesthesia simulators.54 Thus, it
is important that the perceived ben-
efits of this type of training be evalu-
ated and proven if resources are to be
allocated to purchase these systems.

A recent survey of 5 medical schools
that use Harvey in their curriculum and
a review of their technical records re-
sulted in the following data for the 1998-
1999 academic year (J. W. Mayer, MD,
University of Miami School of Medi-
cine, Miami, Fla, written communica-
tion, June 18, 1999). The average class
size was 150 students. Harvey was used
during the second, third, and fourth
years: in the second and third years to
teach the entire class and during the se-
nior year in a cardiology elective (20%-
80% of the class). When all 3 class years
were in session, the simulator was used
an average of 22 hours per week to teach
medical students. The majority of train-
ing (17 h/wk) was carried out in small
groups in a self-learning mode while the
remaining time (5 h/wk) involved in-
structors teaching with Harvey. At other
times nurses, physician assistants, resi-
dents, and fellows used the device. The
simulator was also used at several post-
graduate conferences, which reflected its
potential role as a component of life-
long professional development.

Most of the hands-on, self-learning
hours on the simulator represent what

in the past was possible only through
teacher-student time at the bedside and
can be interpreted as time saved by the
instructor. For both faculty teaching
and self-learning, time also is saved by
not having to identify patients with a
variety of bedside findings and locate
appropriate examples of diagnostic
studies (eg, electrocardiograms) that are
presented in the software programs.

The only maintenance is cleaning the
simulator’s skin with alcohol every 1 to
2 weeks. The only “required” upgrades
have been updates of the teaching slide
programs every 3 to 4 years (at a cost of
a textbook, approximately $200) so that
the CPS curriculum stays current with
diagnostic and therapeutic advances.
Schools that obtained the simulator
when tape cassettes generated the heart
sounds had an optional digital-audio up-
grade 5 years ago at less than 10% of the
purchase price. There was no cost for
training faculty other than 1 hour of ori-
entation, and the average time spent to
integrate the simulator into the curricu-
lum was 3 hours. These data were ob-
tained from medical schools that have
active Harvey programs and may not re-
flect usage at all institutions that pur-
chased the simulator.

As with many new technologies, the
high price of simulators reflects the cost
of initial research and development. Ad-
vances in technology should enable im-
provements and refinements to these
devices, and as their use continues to
increase, the price for many of these sys-
tems should decline. For example, ac-
cording to its technical engineer (D. A.
Lawson, oral communication, July 6,
1999), advances in digital sound tech-
nology and solid-state circuitry have re-
duced the current cost of Harvey to ap-
proximately one half of what it was
more than a decade ago.

The key element in the successful use
of simulators is that they become inte-
gratedthroughout theentirecurriculum
so that deliberate practice to acquire ex-
pertiseover time ispossible.Byanalogy,
the number of years someone plays a
sportorpracticesaprofessionbears lim-
ited relation to how well they perform.
What does correlate with quality of per-

formance is the amount of ongoing de-
liberatepractice that includes “informa-
tive feedback and opportunities for rep-
etition and correction of errors.”12

Unfortunately, most medical stu-
dents and practitioners have little regu-
lar access to professional feedback with
opportunities for repetition and correc-
tion of errors. The regular use of simu-
lators incorporated into structured con-
tinuing medical education programs as
well as in self-assessment and self-
directed remediation programs offers
great promise for lifelong professional
development.Severalorganizationshave
recognized the role of simulation tech-
nology in continuing education and
recentlyhave implementedguidelinesor
programs to foster its development. For
example, the Association of American
MedicalColleges’Medical SchoolObjec-
tives Project, in its Medical Informatics
Objectives, states “. . . the successful
medical school graduate should be
able to . . . effectivelyutilizevariouscom-
puter-based instructional (and self-
assessment) tools, including electronic
tutorials and patient simulations.”55 The
American Board of Internal Medicine
shares this view, as reflected in its deci-
sion to formaPhysicalExaminationSelf-
Evaluation Process committee.56 The
committee is now developing a multi-
media computer-based, self-assess-
ment program focusing on physical
examination and physical diagnosis
skills.56 The American College of
Cardiology Task Force on Teaching
endorses innovations in teaching meth-
ods and evaluation techniques, includ-
ing the use of Harvey and interactive
computer software.57

New technology and the changing
medical education environment are
likely to ensure that the use of simula-
tors will continue to increase. Simula-
tion techniques are moving rapidly from
the game and military fields into medi-
cal education, skills training, and the
daily practice of medicine. The task for
medical educators will be to embrace
and harness this potential and use it to
enhance the self-directed acquisition of
skills throughout the lifelong medical
education continuum.
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