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Abstract
Purpose
Educators increasingly use virtual patients
(computerized clinical case simulations)
in health professions training. The
authors summarize the effect of virtual
patients compared with no intervention
and alternate instructional methods, and
elucidate features of effective virtual
patient design.
Method
The authors searched MEDLINE,
EMBASE, CINAHL, ERIC, PsychINFO, and
Scopus through February 2009 for
studies describing virtual patients for
practicing and student physicians, nurses,
and other health professionals.
Reviewers, working in duplicate,
abstracted information on instructional

D

iagnostic errors represent a
significant source of patient morbidity,
and cognitive errors represent the most
common cause of diagnostic error.1–4
Cognitive errors also lead to suboptimal
treatment decisions.3 Evidence suggests
that most cognitive errors arise from
faulty interpretation, synthesis, and
judgment rather than insufficient data
gathering or fund of knowledge2,3,5 and
that decreasing the incidence of cognitive
error will require that health care
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design and outcomes. Effect sizes were
pooled using a random-effects model.
Results
Four qualitative, 18 no-intervention
controlled, 21 noncomputer instructioncomparative, and 11 computer-assisted
instruction-comparative studies were
found. Heterogeneity was large
(I2⬎50%) in most analyses. Compared
with no intervention, the pooled effect
size (95% confidence interval; number of
studies) was 0.94 (0.69 to 1.19;
N⫽11) for knowledge outcomes, 0.80
(0.52 to 1.08; N⫽5) for clinical
reasoning, and 0.90 (0.61 to 1.19;
N⫽9) for other skills. Compared with
noncomputer instruction, pooled effect
size (positive numbers favoring virtual
patients) was ⫺0.17 (⫺0.57 to 0.24;

providers experience multiple, varied
patient cases.6,7 Yet even as the rapid
growth of medical information and
expectations for quality care have
increased the complexity of medical
decision making, we see decreased time
for education8 and heightened concerns
regarding patients as educational
subjects.9 Safer and more efficient means
of facilitating the development of
clinically relevant knowledge and skills
are needed. The computer-screen-based
virtual patient, “a specific type of
computer program that simulates reallife clinical scenarios; learners emulate
the roles of health care providers to
obtain a history, conduct a physical
exam, and make diagnostic and
therapeutic decisions,”10 has been
proposed as one way to develop these
essential cognitive clinical skills.4,11–13
Educators would benefit from a better
understanding of the potential
effectiveness of virtual patients in health
professions training, the design features
commonly employed when
implementing virtual patients, and which
of these features are associated with
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N⫽8) for satisfaction, 0.06 (⫺0.14 to
0.25; N⫽5) for knowledge, ⫺0.004
(⫺0.30 to 0.29; N⫽10) for reasoning,
and 0.10 (⫺0.21 to 0.42; N⫽11) for
other skills. Comparisons of different
virtual patient designs suggest that
repetition until demonstration of
mastery, advance organizers, enhanced
feedback, and explicitly contrasting cases
can improve learning outcomes.
Conclusions
Virtual patients are associated with large
positive effects compared with no
intervention. Effects in comparison with
noncomputer instruction are on average
small. Further research clarifying how to
effectively implement virtual patients is
needed.

improved learning outcomes.14 A review
and synthesis of evidence from existing
studies could inform decisions on when
and how to effectively use virtual
patients. Although previous reviews have
focused on surgical and procedural
simulators,15–18 we are aware of only one
review of research on virtual patients.19
This review had important
methodological limitations, including
incomplete accounting of existing
studies, limited assessment of study
quality, and no quantitative pooling of
study results. Other reviews of computerassisted instruction have incorporated
research on virtual patients as only a
small minority of included studies.20 –26
In the present review, we sought to
identify and summarize all studies
involving virtual patients for training
health professionals.

Supplemental digital content is available for this
article at http://links.lww.com/ACADMED/A23.
Clickable links to the material are provided in
the HTML text and PDF of this article at
www.academicmedicine.org.
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Method

This review was planned, conducted, and
reported in adherence to standards of
quality for reporting meta-analyses
(QUOROM, MOOSE, and PRISMA).27–29
No ethical approval was needed, as the
study did not involve human
participants.
Question
We sought to answer two questions: How
effective are virtual patients in
comparison with no intervention and
alternate instructional methods, and what
virtual patient design features are
associated with higher learning
outcomes?
Data sources and searches
We included studies published in any
language that investigated use of a virtual
patient to teach health professions
learners (students, postgraduate trainees,
or practitioners in a profession directly
related to human or animal health,
including physicians, dentists, nurses,
pharmacists, veterinarians, and physical
therapists) at any stage in training or
practice. We defined a virtual patient as
“a specific type of computer program that
simulates real-life clinical scenarios;
learners emulate the roles of health care
providers to obtain a history, conduct a
physical exam, and make diagnostic and
therapeutic decisions.”10 This excluded
other forms of computer-based learning
in which patient cases did not require the
user to interactively gather patient data,
and other forms of simulation such as
standardized patients, manikins, parttask trainers, and systems requiring
specialized equipment not found on a
typical personal computer. We excluded
studies using computer cases for which
replication would require hardware not
included with a typical personal
computer (e.g., haptics input devices or
virtual reality head-mounted displays)
because such cases differ from virtual
patients in educational objectives and
instructional methods. We also excluded
computer simulations used for
procedural planning or disease modeling,
simulations that did not involve
obtaining a history or exam, and
computer-mediated consultations on real
patients. Some early studies (i.e., before
the ability to display computer graphics)
used slide projectors and videotape
recorders as part of the virtual
environment. We included such studies
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provided that the external visual system
was fully integrated with a computerized
virtual patient, and a modern personal
computer would be able to replicate the
system without special equipment. We
made no exclusions based on
outcome type.

virtual patient) (ICC ⫽ 0.83). We also
identified studies with rigorous
qualitative analysis (ICC ⫽ 0.74). For all
studies, we abstracted information on

An experienced research librarian (P.J.E.)
designed a strategy to search MEDLINE,
EMBASE, CINAHL, ERIC, PsychINFO,
Scopus, and the University of Toronto
Research and Development Resource
Base using search terms including
“virtual patient,” “computer simulation,”
“problem-based learning,” “case-based
learning,” “clinical simulation,” and
“medical education” (see Supplemental
Digital List 1, available at
http://links.lww.com/ACADMED/A23).
We used no beginning date cutoff, and
the last date of search was February 16,
2009. We identified additional studies by
searching reference lists of all included
articles.

• the method of interview (learners
interrogated the virtual patient using
free text [natural language] or using a
predefined menu of questions; ICC ⫽
0.84),

• the training level of learners,
• the clinical topic,

• the type of case progression (free
navigation [patient status remained
essentially unchanged as learner gathers
information], linear [patient evolved
over time, but followed the same course
regardless of learner decisions], or
branching [patient evolved with learner
decisions affecting subsequent events];
ICC ⫽ 0.65),
• the presence of learner collaboration
(learners completed cases alone or as a
group; ICC ⫽ 0.70), and

Study selection

• the type(s) of outcome evaluated20:
satisfaction, knowledge/attitudes,
clinical reasoning, skills, and/or
behaviors in practice or effects on
patient care (ICC range 0.74 –0.96).

We worked independently and in
duplicate to screen all titles and abstracts
for inclusion. In the event of
disagreement or insufficient information
in the abstract, we reviewed the full text
of potential articles, again independently
and in duplicate. We resolved conflicts by
consensus. Chance-adjusted interrater
agreement for study inclusion,
determined using intraclass correlation
coefficient30 (ICC), was 0.69.

For quantitative comparative studies, we
coded, for both the virtual patient and
the comparison, the presence of features
of effective simulations identified in a
review of simulation15 (ICC range 0.58 –
0.83), namely:

Data extraction and quality assessment
• feedback provided to learner (low,
moderate, or high),

We developed a data abstraction form
through iterative testing and revision. We
abstracted data independently and in
duplicate for all variables where reviewer
judgment was required, using ICC to
determine interrater agreement and
resolving conflicts by consensus.

• opportunity for repetitive practice
(present/absent),

We classified studies as descriptive
(description of a virtual patient with only
a single-group postintervention
evaluation or no evaluation), nointervention controlled (single-group
pretest–posttest comparison, or
comparison with another group receiving
no intervention), media-comparative
(comparison with a group receiving a
noncomputer educational intervention),
or computer-assisted learning
comparative (comparison with a group
receiving a computer-assisted educational
intervention, including an alternate

• curriculum integration (virtual patient
was an integrated part of the
curriculum/course [present], or an
optional activity [absent]),
• range of task difficulty (some cases
designed to be harder than others;
present/absent),
• multiple learning strategies (few [0 –1
strategies], moderate [2–3]), or many
[ⱖ4] strategies, such as providing
worked examples, offering hints,
enabling group discussion, giving
feedback, or requiring learners to list a
full differential diagnosis, justify
choices, or explicitly contrast different
cases),
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• clinical variation (cases reflected a
spectrum of illness states;
present/absent), and
• individualized learning (how well the
system adapted to individual learning
needs: low, moderate, or high; branching
navigation was considered moderate).
We also coded the amount of
interactivity (degree to which the course
design encouraged learners to cognitively
engage20; ICC ⫽ 0.71), the time spent
learning (ICC ⫽ 0.85), and the number
of cases or practice problems. We
abstracted information on study design
(number of groups [ICC ⫽ 0.99],
method of group assignment [ICC ⫽
0.72], and timing of assessments [pretest–
posttest versus posttest-only; ICC ⫽
0.87]), outcomes (subjective/objective
[ICC ⫽ 0.63–1.0]), quantitative outcome
results, and methodological quality.
Methodological quality was graded using
an adaptation of the Newcastle–Ottawa
Scale for cohort studies20,31:
representativeness of the intervention
group (ICC ⫽ 0.87), selection of the
comparison group (ICC ⫽ 0.37),
comparability of cohorts (statistical
adjustment for baseline characteristics in
nonrandomized studies [ICC ⫽ 0.58], or
randomization [ICC ⫽ 0.88] and
allocation concealment for randomized
studies [ICC ⫽ 0.27]), blinding of
outcome assessment (ICC ⫽ 0.47–0.91),
and completeness of follow-up (ICC ⫽
0.30 –0.73).
For qualitative studies, we abstracted the
information sources, analytic method,
and main themes identified.
Data synthesis
We abstracted information separately for
outcomes of satisfaction, knowledge,
clinical reasoning, skills, and behaviors/
patient effects. We converted each mean
and standard deviation (SD) or odds
ratio to a standardized mean difference
(Hedges g effect size [ES]).32–34 When this
information was unavailable, we
estimated the ES using statistical test
results (e.g., P values).32 For two-group
pretest–posttest studies, we used posttest
means adjusted for pretest or adjusted
statistical test results, or, if these were not
available, we standardized the difference
in change scores using the pretest
variance.33 For crossover studies, we used
means or exact statistical test results
adjusted for repeated measures, or, if

these were not available, we used means
pooled across each intervention.35,36 For
one study reporting neither P values nor
any measure of variance, we used the
average SD from all other included
studies.
We used the I2 statistic37 to quantify
inconsistency (heterogeneity) across
studies. I2 estimates the percentage of
variability across studies not due to
chance, and values ⬎50% indicate large
inconsistency. Because we found large
inconsistency in most analyses, we used
random-effects models to pool
weighted ESs using StatsDirect 2.6.6
(www.statsdirect.com). Sensitivity
analyses using fixed-effects models and
excluding the study using imputed SDs
provided virtually identical results, and
we do not report them here.
Acknowledging that technologies evolve
and earlier studies may no longer apply
to modern computer interventions, we
conducted sensitivity analyses excluding
studies prior to 1991 (the year in which
the World Wide Web was first
described). We conducted subgroup
analyses based on study design (onegroup pretest–posttest versus two-group
for no-intervention-controlled studies,
and randomized versus nonrandomized
for active-intervention-controlled
studies), outcome blinding, total quality
score (above versus at/below median),
and instructional design (amount of
interactivity, amount of feedback,
number of learning strategies, and time
spent learning). To increase power for
subgroup analyses, we collapsed
knowledge, clinical reasoning, and skill
outcomes to a single outcome of
“performance,” with the latter outcomes
taking precedence in cases of multiple
outcomes per study. Although funnel
plots can be misleading in the presence of
inconsistency,38 we used these along with
the Egger asymmetry test39 to explore
evidence of publication bias.* In cases of

*Funnel plots graph each study’s effect size against
the study’s sample size in attempt to discern
whether small studies have been left unpublished
because they failed to show statistically significant
results (publication bias). Asymmetric funnel plots
suggest (but do not confirm) publication bias, while
symmetric plots suggest (but do not guarantee) its
absence. The trim and fill method attempts to
balance an asymmetric plot in order to determine a
more trustworthy (unbiased) effect size estimate.
However, both the funnel plot and the trim and fill
method have important limitations, as noted in the
references cited above. Results of both methods
should be considered at best tentative or suggestive.
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asymmetry, we used the trim and fill
method to estimate revised pooled ES
estimates, although this method also has
limitations when inconsistency is
present.40 We used SAS 9.1 (SAS
Institute, Cary, North Carolina) to
calculate ICC. Statistical significance was
defined by a two-sided alpha of .05, and
interpretations of clinical significance
emphasized confidence intervals (CIs)41
in relation to Cohen ES classifications.42
We synthesized qualitative studies by
identifying key themes and supportive
statements, initially independently in
duplicate and then by consensus, and
iteratively revising and reclassifying these
themes.

Results

Trial flow
We identified 576 citations using our
search strategy and an additional 122
articles from author files and reviews of
reference lists. From these, we identified
151 potentially eligible articles (Figure 1),
of which 98 reported descriptions
without comparison or qualitative
analysis. Of the other 53, 5 were duplicate
reports of a previously reported
study (see Supplemental Digital List 2 at
http://links.lww.com/ACADMED/A23
for listing), and we selected the most
detailed report for full review. Forty-five
articles43–87 reported comparisons with
no intervention (N ⫽ 18), another
instructional format (N ⫽ 21), or
another virtual patient (N ⫽ 11) (some
articles reported more than one
comparison). We successfully contacted
authors of 5 articles for additional
outcomes information and received
information from 4. Still, one otherwise
eligible article contained insufficient data
to calculate an ES and was excluded from
the meta-analyses. However, this article,
along with 3 others, reported rigorous
qualitative analyses.60,88 –90
The earliest study we identified,
published in 1966,43 used the University
of Illinois PLATO system to implement a
virtual patient for nurses. Reports
describing a system for surgeons at
University of Leeds91 and the TIME
system92 for medical students followed
shortly thereafter. Since then, virtual
patients have been used to teach topics
such as chest pain, endodontics,
motivational interviewing, psychiatric
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authentic?), the type of case (does this case
represent patients I would expect to see?),
and the computer presentation (e.g., good
acting in video clips, or realistic dialogue
flow in virtual conversations). Finally,
students generally advocated group rather
than individual case completion, citing
greater engagement, the requirement to
defend one’s choices, and the opportunity
to learn both knowledge and alternative
clinical approaches from one another.
Studies with comparison: characteristics
and quality
Table 2 summarizes key features of the
comparative studies (see Supplemental
Digital Table 2 at http://links.lww.com/
ACADMED/A23 for additional details).
A total of 3,285 learners participated,
including 2,115 medical students, 437
dental students, 272 nursing students,
89 physicians in postgraduate training,
34 practicing nurses, 12 physicians in
practice, and 326 other learners (other
allied health or mixed groups). Twentytwo of 45 studies (49%) reported skills
outcomes (communication skills or
clinical proficiency in a test setting), 21
(47%) reported knowledge, 15 (33%)
reported clinical reasoning, and 12
(27%) reported satisfaction; none
reported behaviors in practice or effects
on patients.

Figure 1 Trial flow for a systematic review of computerized virtual patients. Supplemental
material contains details on descriptive studies (Supplemental Digital Table 2) and a listing of
duplicate reports (Supplemental Digital List 2) (both available at http://links.lww.com/ACADMED/A23).

stress disorders, trauma management,
ethics, and clinical trial data abstraction to
medical, dental, nursing, physician
assistant, pharmacy, physical therapy, and
veterinary students, and to practitioners in
most of these health professions.
Studies without comparison
We describe the 98 studies without
comparison or qualitative analysis in
Supplemental Digital Table 1, at http://
links.lww.com/ACADMED/A23. Sixty of
these studies (61%) reported no
outcomes, while the others reported
postintervention assessments of
satisfaction (N ⫽ 25), clinical reasoning
(N ⫽ 19), knowledge (N ⫽ 6), and other
skills (N ⫽ 5). Unfortunately, without
comparison with a preintervention
assessment or another study group, it is
difficult to make judgments regarding
efficacy. However, these studies
demonstrate creative approaches to
specific topics, learner groups, and design
challenges, and even without evidence of
efficacy this information may suggest
potential solutions to developers today.
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Studies using formal qualitative
methods
We identified four studies that used
rigorous qualitative methods
(Table 1).60,88 –90 The methods and the
research questions varied among these
studies, all of which involved medical
students, yet we identified several
common themes. First, virtual patients
have perceived advantages over other
instructional approaches, including
student independence, accommodation
of student schedules, efficient
contributions to the student’s mental case
library, and an unstressful learning
environment. Yet, simultaneously,
students believe virtual patients should
not replace real patient experiences.
Second, students perceive that natural
case progression (data gathering, more
choices and less constrained choices, and
evolution in response to learner actions)
and feedback are important determinants
of satisfaction and engagement. Third,
students identified multiple factors
contributing to a case’s realism, including
the case material (i.e., does the script appear

Learners requested information from the
virtual patient using menus (N ⫽ 24;
53%), natural language (N ⫽ 10; 22%),
or both (N ⫽ 2; 4%); we could not
determine this for 9 studies. Two
studies45,54 compared methods of
requesting information. Fourteen virtual
patients (31%) used free navigation case
progression, 12 (28%) used a linear
pattern, 10 (22%) were branching, and
one study compared free versus
branching progression, while in 8 studies
the case progression could not be
determined. Learners collaborated in
groups to complete virtual patients in 6
(13%) studies. Twenty-three virtual
patients (55%) provided high
interactivity, 15 (36%) provided high
feedback, 8 (18%) incorporated many
learning strategies, 17 (38%) provided
opportunity for repetitive practice, 16
(36%) were integrated into the
curriculum, and 26 (58%) reflected
clinical variation in disease presentation.
None of the virtual patients reflected a
range of task difficulty, and none
provided for individualized learning aside
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Bryce, 199860

Clinical topic

Various

Virtual patient
Menu-driven,
branching

Information sources
Live observation; postcase
written feedback;
postcase focus groups

Analytic method
Consensus of research team; asked
students to review final themes
(member check)

Main themes

Academic Medicine, Vol. 85, No. 10 / October 2010

* MS-P indicates preclinical medical student; MS-C, clinical-years medical student.

Advantages of VP:
● Student performed all actions of primary caregiver
(not just bystander on team)
● Student independence
● Developed reasoning skills: increased mental pool
of “experienced” cases, explicit reasoning path
● Data-gathering opportunities
● Feedback
● Accommodated student schedule
● Could look up information while working on case
● Less stressful; could think clearly, not embarrassed
or intimidated
● Could experiment with patient
● Helped identify knowledge gaps
Other themes
● VP should not replace real patients
● Group work generally preferred (draws on others’
knowledge, must justify decisions) although some
groups dysfunctional
● Some students treated encounter as real
● Others used encounter to experiment (try actions
they would never do in real life)
......................................................................................................................................................................................................................................................................................................................................................................................................................
Bearman,
12 MS-P
Chest pain/
Menu-driven;
Unstructured interviews of Phenomenology; interviews
● Students retained identify while working on case
200388
communication
problem-solving
purposive student sample transcribed, themes extracted
even as they assumed physician role
skills
(free navigation)
(bracketing, horizontalization,
● VP reflected a real type of patient, but lacked
and narrative
imaginative variation) and common
complexity
(branching)
elements and differences identified; ● Problem-solving format was more realistic, but
formats
asked students to review final
also more frustrating because actions had no
themes (member check)
impact (patient did not evolve over time)
......................................................................................................................................................................................................................................................................................................................................................................................................................
Bergin, 200389 24 MS-P, 28
Fever of unknown Natural-language, Live observation; focus
“Analyzed by evaluation team”
● VP should not replace real patients
MS-C
origin
free navigation;
groups; 1-on-1 interviews;
● Group work preferred (learn knowledge and
some students
session videotapes
approaches to case; more engaged)
also completed
● Two forms of realism: realistic actor, realistic case
paper patient
material
cases
● Feedback essential
● VP more realistic and engaging than paper
......................................................................................................................................................................................................................................................................................................................................................................................................................
Mallott,
80 MS-C
Various surgery,
Menu-driven,
Electronic log (differential Iterative process involving research VP should:
200590
gynecology,
linear
diagnosis, time to
team and students to arrive at
● Accommodate trial and error
medicine
complete, amount of trial consensus on dominant themes
● Allow unconstrained action (queries, interventions)
and error, congruence
● Change in response to user input
with mentor solution);
● Permit student to advance the clock
postcase interview
● Allow both menu and natural language
● Permit unlimited time
● Allow students to record key information and
potential diagnoses
● Match difficulty level to the individual
● Compare learner responses with a mentor’s approach

Participants*

55 MS-P

First author,
year

Qualitative Studies and Themes Identified in a 2009 Systematic Review of
Research on Computerized Virtual Patients (VPs)

Table 1
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Table 2
Description of 43 Comparative Studies Included in a 2009 Systematic Review of
Research on Computerized Virtual Patients*
First author, year

Participants†

Study design

Clinical topic

Comparison‡

Outcomes§

Bitzer, 196643

NS; N ⫽ 14

Pretest–posttest, 2 groups

Myocardial infarction

T

K

Cassidy, 197244

DS; N ⫽ 16

Pretest–posttest, 1 groups

Toothache

Mullaney, 197645

DS; N ⫽ 147

Posttest-only, 3 groups

Endodontics

...................................................................................................................................................................................................................................................................................................................

C

...................................................................................................................................................................................................................................................................................................................

1. VP/CAI
2. ST

R, C

...................................................................................................................................................................................................................................................................................................................

MS; N ⫽ 22

Pretest–posttest, 2 groups

General medicine topics

NI

K, C

Schleutermann, 1983

NPS; N ⫽ 12

Posttest-only, 2 groups

Ambulatory medicine

P

R, S

Dale, 198648

DS; N ⫽ 24

Posttest-only, 2 groups

Clinical endodontics

VP/CAI

Garrett, 198649

R; N ⫽ 14

Pretest–posttest, 1 groups

Lung cancer

Krahn, 198650

MS; N ⫽ 79

Pretest–posttest, 2 groups

Acid–base disturbances

VP/CAI

K

Sandoval, 198751

DS; N ⫽ 105

Pretest–posttest, 8 groups¶

Endodontics

1. ST
2. P
3. VP/CAI

R, C

Murray, 197746

...................................................................................................................................................................................................................................................................................................................
47

...................................................................................................................................................................................................................................................................................................................

R, C

...................................................................................................................................................................................................................................................................................................................

C

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................................................................................

Harless, 199052

MS; N ⫽ 80

Pretest–posttest, 1 groups

GI bleed, obesity

Lyon, 199053

MS; N ⫽ 176

Posttest-only, 2 groups

Chest pain, anemia

VP/CAI

K

Friedman, 199154

MS; N ⫽ 80

Posttest-only, 3 groups

Various medical topics

1. VP/CAI
2. VP/CAI

R, K

K

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................................................................................

Lowdermilk, 199155

NS; N ⫽ 64

Pretest–posttest, 2 groups

Various clinical nursing topics

CT

C

Lyon, 199156

MS; N ⫽ 169

Pretest–posttest, 2 groups

Chest pain, anemia

P

K

Weverling, 1996

MS; N ⫽ 103

Posttest-only, 2 groups

Neurology

NI

K

Johnson, 199758

DH; N ⫽ 58

Pretest–posttest, 3 groups

Geriatric dental hygiene

1. T
2. NI

C

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
57

...................................................................................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................................................................................

Kinney, 199759

PTS; N ⫽ 10

Pretest–posttest, 2 groups

Carpal tunnel syndrome

T

K

Bryce, 199860

MS; N ⫽ 110

Posttest-only, 2 groups

Not specified

NI

K**

Schwid, 199961

R, PP; N ⫽ 45

Posttest-only, 2 groups

ACLS

P

S

Fleetwood, 200062

MS; N ⫽ 173

Posttest-only, 2 groups

Medical ethics

T

K, S

MS; N ⫽ 255

Posttest-only, 3 groups

Communication skills

1. VP/CAI
2. NI

S
S

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
63

Bearman, 2001

...................................................................................................................................................................................................................................................................................................................

Schwid, 200164

R; N ⫽ 31

Posttest-only, 2 groups

Anesthesia emergencies

P

Buysse, 200265

MS; N ⫽ 82

Posttest-only, 2 groups

Ambulatory medicine

VP/CAI

R

Chaikoolvatana, 200366

PS; N ⫽ 79

Posttest-only, 2 groups

Pharmacy care plans

SP

S

Kumta, 200367

MS; N ⫽ 163

Posttest-only, 2 groups

Orthopedics

CT, T

S

Hayes-Roth, 200468

MS, NS; N ⫽ 31

Posttest-only, 2 groups

Motivational interviewing

VP/CAI

R, S

Schittek Janda, 200469

DS; N ⫽ 50

Posttest-only, 2 groups

Interviewing skills

NI

S

Dickerson, 200670

MS; N ⫽ 17

Posttest-only, 2 groups

Abdominal pain

VP/CAI

Ferguson, 200671

R; N ⫽ 30

Pretest–posttest, 1 groups

Developmental disabilities

Raij, 200672

MS; N ⫽ 24

Posttest-only, 2 groups

Abdominal pain

SP

Thompson, 200673

MS; N ⫽ 96

Posttest-only, 2 groups

Cardiology and bioterrorism

VP/CAI

K, C

Triola, 200674

NP, PP, psychologist,
other; N ⫽ 55

Pretest–posttest, 2 groups

Distress disorders

SP

R, C

Turner, 200675

MS; N ⫽ 30

Posttest-only, 2 groups

Abdominal pain, headache

SP

Wahlgren, 200676

MS; N ⫽ 116

Posttest-only, 2 groups

Dermatology, venereology

NI

K

Deladisma, 200777

MS; N ⫽ 84

Posttest-only, 2 groups

Abdominal pain

SP

S

Kleinert, 200778

PAS; N ⫽ 42

Pretest–posttest, 1 groups

Developmental disabilities

Kleinert, 200779

DS; N ⫽ 51

Pretest–posttest, 1 groups

Developmental disabilities

Raij, 200780

MS; N ⫽ 58

Posttest-only, 2 groups

Abdominal pain

Sanders, 200781

NS; N ⫽ 98

Pretest–posttest, 1 groups

Developmental disabilities

K, S

Sijstermans, 200782

MS; N ⫽ 134

Pretest–posttest, 1 groups

Interphysician communication

C

Vash, 200783

MS; N ⫽ 48

Posttest-only, 2 groups

Abdominal pain

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

R, S

...................................................................................................................................................................................................................................................................................................................

K, S

...................................................................................................................................................................................................................................................................................................................

R, C, S

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

...................................................................................................................................................................................................................................................................................................................

R, C, S

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

K, S

...................................................................................................................................................................................................................................................................................................................

K, S

...................................................................................................................................................................................................................................................................................................................

SP

C, S

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
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Table 2
(Continued)
First author, year

Participants†

Study design

Clinical topic

Comparison‡

Outcomes§

Boyd, 200884

PAS, NS, R; N ⫽ 101

Pretest–posttest, 1 groups

Developmental disabilities

K, S

Sanders, 200885

DS; N ⫽ 44

Pretest–posttest, 1 groups

Developmental disabilities

K, S

Sanders, 200886

NPS; N ⫽ 35

Pretest–posttest, 1 groups

Developmental disabilities

Youngblood, 200887

MS, R; N ⫽ 30

Pretest–posttest, 2 groups

Trauma management

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

K, S

...................................................................................................................................................................................................................................................................................................................

HPS

R, S

* Additional details are provided in Supplemental Digital Table 3, at http://links.lww.com/ACADMED/A23.
†
NS indicates nursing student; DS, dental student; MS, medical student; NPS, nurse practitioner student; R,
resident (physician in postgraduate training); DH, dental hygienists; PTS, physical therapy student; PP, physician
in practice; NP, nurses in practice; PAS, physician assistant student.
‡
Comparison intervention: CT indicates clinical teaching; HPS, human patient simulator (manikin); P, paper
(handout, textbook, or latent image cases); NI, no-intervention control group; SP, standardized patient; ST, slidetape; T, traditional (typically lecture); VP/CAI, virtual patient/computer-assisted instruction. Blank cells indicate no
comparison group (i.e., one-group pretest–posttest study).
§
Outcomes reported in text: R indicates reaction (satisfaction); K, knowledge; C, clinical reasoning; S, skills.
¶
Sandoval51 compared slide-tape instruction, latent image paper cases, two virtual patients, and four
combinations of these interventions (eight groups). We abstracted information on the four main interventions.
** Insufficient data reported to determine effect size.

from branching scenarios based on
learner choices.
Table 3 summarizes the methodological
quality of the comparative studies.
Twenty-one studies (62%) were
randomized. Twenty-one of 21 (100%)
knowledge assessments, 14 of 15 (93%)
clinical reasoning assessments, and 17 of
22 (77%) skill assessments used objective
measures. Two of 12 studies (17%)
compared course completion rates as a
measure of satisfaction; all other
satisfaction measures were self-reported.
Five (24%) studies assessing knowledge, 5
(33%) assessing clinical reasoning, 6
(27%) assessing skills, and 4 (33%)
assessing satisfaction lost more than 25%
of participants from time of enrollment
or failed to report follow-up. Quality
scores (6 points indicating highest
quality) ranged from 0 to 6, with mean
(SD) 3.2 (1.4) and median 3.
Comparisons with no intervention
Eighteen studies (1,359 participants)
reported comparison with a
preintervention assessment or a nointervention control group. Of these, 11
reported knowledge outcomes (Figure 2),
with a pooled ES of 0.94 (95% CI, 0.69 –
1.19, P ⬍ .001). Because ESs ⬎0.8 are
considered large,42 this suggests that
virtual patient interventions are
associated with substantial knowledge
gains. However, we also found large
inconsistency among studies, with ESs
ranging from 0.27 to 2.07 and I2 ⫽ 81%.
An asymmetric funnel plot suggested
possible publication bias. Assuming this

asymmetry reflects publication bias, trim
and fill analyses provided a revised
pooled ES of 0.90 (95% CI, 0.65–1.15).
For the five studies reporting clinical
reasoning outcomes, the pooled ES was
large (0.80 [95% CI, 0.52–1.08], P ⬍ .001),
with moderate inconsistency (I2 ⫽ 46%).
The funnel plot appeared symmetric.
Nine studies reported skill outcomes,
with a large pooled ES of 0.90 (0.61–1.19,
P ⬍ .001) and large inconsistency (I2 ⫽
82%). The funnel plot was asymmetric.
Again assuming that this reflects bias,
trim and fill analyses yielded a revised
pooled ES of 0.79 (95% CI, 0.48 –1.10).
In planned subgroup analyses, we found
no statistically significant interactions
with virtual patient design features of
interactivity, feedback, number of
instructional strategies, or time spent
learning (see Supplemental Digital Table
3, at http://links.lww.com/ACADMED/
A23). We found no significant
interaction with blinding or overall
quality score, but we did find a significant
interaction with number of groups;
namely, two-group studies demonstrated
a smaller pooled ES (0.49) than onegroup pretest–posttest studies (0.92;
Pinteraction ⫽ .015). We obtained virtually
identical results for all outcomes in
sensitivity analyses excluding studies
published before 1991.
Comparisons with noncomputer
interventions
Twenty articles reported 21 studies (1,546
participants) comparing virtual patients
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with various noncomputer interventions,
including traditional instruction
(typically lecture), standardized patients,
paper instruction (handouts, textbooks,
or latent-image paper cases), slide-tape
instruction, routine clinical activities, and
training with a physiologically responsive
manikin. One study51 compared a virtual
patient with both latent image and slidetape instruction. Because these
comparisons are not independent, we
selected one—slide-tape instruction—for
reported meta-analyses. However,
sensitivity analyses substituting the latent
image data yielded virtually identical
results.
For the five studies reporting knowledge
outcomes (Figure 3), the pooled ES was
0.06 (95% CI, ⫺0.14 to 0.25; P ⫽ .56)
with I2 ⫽ 0, with positive numbers
favoring the virtual patient intervention.
Because ESs ⬍0.2 are considered small
effects,42 this suggests that virtual patients
are associated with rather negligible
differences in knowledge outcomes
compared with other active instructional
activities.
The pooled ES for the 10 studies
reporting reasoning outcomes was
⫺0.004 (95% CI, ⫺0.30 to 0.29; P ⫽ .98)
with I2 ⫽ 70%. Eleven studies reported
skill outcomes, with a pooled ES of 0.10
(95% CI, ⫺0.21 to 0.42; P ⫽ .52) and I2
⫽ 84%. As with knowledge, this suggests
small and statistically nonsignificant
associations between use of virtual
patients and other instructional methods
for reasoning or skill outcomes. Finally,
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Table 3
Quality of 43 Comparative Studies Included in a 2009 Systematic Review of
Research on Computerized Virtual Patients*

First author, year

Representative
intervention
group

Comparison group
selected from
same community

Bitzer, 196643

Yes

Yes

Cassidy, 197244

Yes

Comparability of cohorts

Blinded
outcome
assessment†

Follow-up
adequate†

Yes

Yes

Yes

Yes

Yes

Yes

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Mullaney, 197645

Yes

Randomized

...................................................................................................................................................................................................................................................................................................................
46

Murray, 1977

Yes

Schleutermann, 198347

Yes

Dale, 198648

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Randomized

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Yes

...................................................................................................................................................................................................................................................................................................................

Garrett, 198649

Yes

Yes

Krahn, 198650

Yes

Yes

Yes

Yes

Sandoval, 198751

Yes

Yes

Yes

Yes

Harless, 199052

Yes

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Yes

...................................................................................................................................................................................................................................................................................................................

Lyon, 199053

...................................................................................................................................................................................................................................................................................................................

Friedman, 199154

Yes

Yes

Randomized, allocation concealed

Yes

Lowdermilk, 199155

Yes

Yes

Randomized

Yes

Yes

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Lyon, 199156

Controlled for learning outcome

...................................................................................................................................................................................................................................................................................................................

Weverling, 199657

Yes

Yes

Randomized, allocation concealed

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Johnson, 199758

Yes

...................................................................................................................................................................................................................................................................................................................

Kinney, 199759

Yes

Randomized

Yes

Bryce, 199860

Yes

Randomized

Yes

Yes

Randomized

Yes

Yes

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Schwid, 199961

Yes

...................................................................................................................................................................................................................................................................................................................

Fleetwood, 200062

Yes

Yes

Bearman, 200163

Yes

Yes

Yes

Yes

Randomized

Yes

Yes

Yes

Randomized

Yes

Yes

Yes

Randomized

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Schwid, 200164

...................................................................................................................................................................................................................................................................................................................

Buysse, 200265

Yes

Yes

...................................................................................................................................................................................................................................................................................................................
66

Chaikoolvatana, 2003

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Kumta, 200367

Yes

Randomized

Hayes-Roth, 200468

Yes

Controlled for learning outcome, other

Yes

Yes

Randomized, allocation concealed

Yes

Yes

Randomized

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Schittek Janda, 200469

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Dickerson, 200670

...................................................................................................................................................................................................................................................................................................................

Ferguson, 200671

Yes

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Raij, 200672

...................................................................................................................................................................................................................................................................................................................

Thompson, 200673

Yes

Randomized

Yes

Yes

Triola, 200674

Yes

Randomized

Yes

Yes

Turner, 200675

Yes

Randomized

Yes

Yes

Yes

Randomized

Yes

Yes

Randomized

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................
76

Wahlgren, 2006

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Deladisma, 200777

Yes

...................................................................................................................................................................................................................................................................................................................

Kleinert, 200778

Yes

Yes

Yes

Kleinert, 200779

Yes

Yes

Yes

Raij, 200780

Yes

Sanders, 200781

Yes

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Yes

...................................................................................................................................................................................................................................................................................................................

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Sijstermans, 200782

Yes

...................................................................................................................................................................................................................................................................................................................

Vash, 200783

Yes

Randomized, allocation concealed

Yes

Yes

Yes

Yes

Yes

Sanders, 200885

Yes

Yes

Yes

86

Yes

Yes

Yes

...................................................................................................................................................................................................................................................................................................................

Boyd, 200884

...................................................................................................................................................................................................................................................................................................................
...................................................................................................................................................................................................................................................................................................................

Sanders, 2008

...................................................................................................................................................................................................................................................................................................................

Youngblood, 200887

Yes

Randomized

Yes

31

* Quality was assessed using a modification of the Newcastle–Ottawa Scale. Each study could receive up to six points
(maximum two points for comparability of cohorts; one point for other criteria). See Cook et al20 for details.
†
Blinding and completeness of follow-up (ⱖ75% follow up or description provided of those lost) are reported as
Yes if this was true for any reported outcome.
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Figure 2 Random-effects meta-analysis of virtual patients in comparison with no intervention. Boxes represent the standardized mean difference
(Hedges g effect size), and bars represent the 95% confidence interval (95% CI). Open diamonds represent pooled overall estimates. Panel A:
Knowledge outcomes. I2 ⫽ 81% for this analysis. Panel B: Clinical reasoning outcomes. I2 ⫽ 46% for this analysis. Panel C: Skill outcomes. I2 ⫽
82% for this analysis.

the eight studies evaluating satisfaction
outcomes yielded a pooled ES of ⫺0.17
(95% CI, ⫺0.57 to 0.24; P ⫽ .42)
with I2 ⫽ 71%.
Subgroup analyses exploring associations
between methodological quality or
virtual patient design features and
performance revealed no statistically
significant interactions (see Supplemental
Digital Table 3 at http://links.lww.com/
ACADMED/A23). Funnel plots and the
Egger asymmetry test did not suggest
publication bias for any outcomes.
Sensitivity analyses excluding studies
published before 1991 yielded almost
identical results for all outcomes.

Comparisons between virtual patient
designs
Comparisons between virtual patient
formats can illuminate how different virtual
patient design features affect learning
outcomes. Eleven studies took this
approach, comparing one virtual patient
with another.45,48,50,51,53,54,63,65,68,70,73
Because the differences between virtual
patients varied substantially for each
study, we could not perform a
quantitative synthesis, so we present a
narrative synthesis instead. Because study
designs and statistical tests varied, we
report ES and sample size (which in some
substudies is smaller than that reported

Academic Medicine, Vol. 85, No. 10 / October 2010

in Table 2) rather than tests of statistical
significance. Space limitations prohibit a
full description of each method and
context, and interested readers may wish
to consult the original studies for
additional details.
Four studies explored different methods
of information exchange. One of these45
compared a natural language user
interface, in which learners typed
questions to elicit information from the
virtual patient, with a menu-driven
interface. The data do not permit direct
estimation of an ES for clinical reasoning
outcomes; however, comparison with a
common slide-tape intervention (in
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Figure 3 Random-effects meta-analysis of virtual patients in comparison with other noncomputer instructional activities. Boxes represent the
standardized mean difference (Hedges g effect size), and bars represent the 95% confidence interval (95% CI). Open diamonds represent pooled
overall estimates. CT indicates clinical teaching; HPS, human patient simulator (manikin); P, paper (handout, textbook, or latent image cases); SP,
standardized patient; ST, slide-tape; T, traditional (typically lecture). Panel A: Knowledge outcomes. I2 ⫽ 0.0% for this analysis. Panel B: Clinical
reasoning outcomes. I2 ⫽ 70% for this analysis. Mullaney et al45 reported two separate studies comparing a slide-tape intervention with a menu-driven
virtual patient (M) and a virtual patient using free text (natural language) input (N). Panel C: Skill outcomes. I2 ⫽ 84% for this analysis. Panel D:
Satisfaction outcomes. I2 ⫽ 71% for this analysis. Mullaney et al45 reported two studies comparing a slide-tape intervention with a menu-driven virtual
patient (M) and a virtual patient using free text (natural language) input (N).

different study years) revealed outcomes
favoring the menu format (ES 0.30, N ⫽
49) and opposing the natural language
approach (ES ⫺0.61, N ⫽ 44). The
menu-driven format was also associated
with greater satisfaction (ES 0.32). In
another study,70 the virtual patient spoke
using either synthesized or prerecorded
speech. This small randomized trial (N ⫽
17) found differences modest in
magnitude but not statistically
significant, with higher voice clarity
ratings (ES 0.37) and higher performance
scores (0.37) for the recorded speech
format. Two studies48,51 compared textonly virtual patients with virtual patients
enhanced with video. Results varied
between studies, with one study48
showing higher satisfaction (ES 0.47) and
reasoning (ES 0.23, N ⫽ 24) outcomes
for the text-only format, and the other
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study51 showing no preference
(satisfaction ES 0.0, N ⫽ 26) and slightly
worse reasoning (ES ⫺0.18) for the textonly format.
Five studies explored different
instructional methods. One randomized
trial54 found that a menu-driven virtual
patient with advance organizers and
detailed feedback improved participants’
knowledge more than natural language
lower-feedback formats designed to
encourage hypothesis generation (ES
0.79, N ⫽ 48) or emulate a real clinical
encounter (ES 0.82, N ⫽ 50), although
learners reported lower satisfaction
(ES ⱕ⫺0.54). Advance organizers also
improved knowledge in another
randomized study (ES 0.60, N ⫽ 79).50
Requiring learners to contrast each new
virtual patient case with prior cases led to

small knowledge gains in a third
randomized trial (ES 0.30, N ⫽ 50).73 A
fourth randomized study68 evaluated an
interactive virtual patient system in
which a virtual coach required repetition
until learners demonstrated mastery. In
comparison with static Web pages with
similar content, this system enhanced
participants’ interviewing skills (ES 1.47,
N ⫽ 22) but had similar satisfaction
scores (ES 0.0). Finally, a historicalcontrol study53 compared an early virtual
patient system with a later version (the
following academic year) enhanced with
more cases, more features, and a
mandatory completion requirement.
Although student classroom time
decreased 12 hours in the second year,
knowledge scores were similar for both
groups (ES 0.08, N ⫽ 176).
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Two randomized studies explored
different ways to structure the virtual
patient interaction. The first, described
above, found improved knowledge but
decreased satisfaction for structured,
educationally enriched virtual patients
compared with realistic, unstructured
cases.54 The other study found similar
communication skills following use of an
unstructured problem-solving format
and a format structured to emphasize
temporal relationships (ES 0.12, N ⫽
157),63 although a phenomenological
qualitative study found that learners
established better rapport with the
narrative patient.88
Finally, a study found that imposing a
two-hour time limit lowered the rate of
case completion (ES 2.13, N ⫽ 82).65
Discussion

We found that virtual patients, in
comparison with no intervention, are
consistently associated with higher
learning outcomes. Pooled ESs were large
(ⱖ0.80)42 for outcomes of knowledge,
clinical reasoning, and other skills, and
CIs excluded small effects (⬍0.5).
However, the magnitude of effect varied
for individual studies (large
inconsistency), and subgroup analyses
exploring differences in virtual patient
designs largely failed to explain this
variation. By contrast, the pooled ESs for
studies comparing virtual patients with
noncomputer interventions were small
(⫺0.17 to 0.10) and nonsignificant (CIs
encompassing zero [no effect]). CIs
excluded moderate effects (ⱖ0.5) but
could not exclude small effects (0.2 to
0.5). Once again, inconsistency
(heterogeneity) among studies was large,
and subgroup analyses did little to
explain these inconsistencies.
Although the above subgroup analyses
did not answer our question regarding
the effectiveness of different virtual
patient designs, comparisons between
virtual patient formats address this issue.
For example, mastery learning, advance
organizers, enhanced feedback, and
explicitly contrasting cases improved
learning outcomes in randomized trials,
with ESs ranging 0.29 to 1.47. Variations
in virtual patient structure and the
method of information exchange were
also associated with differences in
learning outcomes. Qualitative research
studies further suggest that natural case

evolution and working as groups are
important. These findings suggest that at
least some of the inconsistency noted
above arises from differences in
interventions.
Subgroup analyses of no-interventioncomparison studies revealed a significant
interaction with study design, with twogroup studies demonstrating smaller
pooled ESs and somewhat lower
inconsistency than one-group studies. It
makes sense that studies with a
comparison group, which helps control
for maturation and learning outside the
intervention, would show smaller effects
than single-group studies. However, these
findings could also be due to chance or to
other between-study differences such as
variation in virtual patient design,
concurrent nonvirtual patient learning
opportunities, and the sensitivity of the
outcome measure. By contrast, we found
no statistically significant interactions
with other quality measures for no
intervention or media-comparative
studies.
Limitations and strengths
As in any review, the inferences we draw
are limited by the quantity and quality of
available studies. Many reports failed to
clearly describe key features of the
context, instructional design, or
outcomes. Fewer than half the
comparative studies were randomized,
and most studies had other important
methodological limitations. The modest
number of studies and participants limits
the precision of our meta-analysis results
and the power of our subgroup analyses.
The age of some studies makes them of
questionable relevance, but excluding
older studies did not appreciably alter the
results. We found large inconsistency
among studies, and statistical pooling
cannot account for all potentially
important differences in learner groups,
clinical topics, interventions, study
designs, and outcome measures.93
However, because all no-interventioncomparison studies favored virtual
patients, this heterogeneity suggests that
virtual patients may be effective across a
broad range of learners and topics.
Because virtual patients are designed for
health professions training, we did not
include studies from non-health-related
fields. Finally, of necessity, we abstracted
information on only a few virtual patient
design features. Although we selected
these features after considering numerous
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possibilities19 and evidence from related
fields,15 we still might have missed
important features.
Our review also has several strengths,
including a timely and important
question; a systematic literature search
aided by an experienced reference
librarian, including multiple databases
and supplemented by hand searches;
explicit and reproducible inclusion
criteria encompassing a broad range of
learners, outcomes, and study designs;
duplicate, independent, and reproducible
data abstraction; rigorous coding of
methodological quality; and focused
analyses. We reviewed in detail both
quantitative comparative and qualitative
studies and summarized many
descriptive studies including several
non-English reports (see Supplemental
Digital Table 1, at http://links.lww.com/
ACADMED/A23). We used funnel plots to
assess for publication bias, and although
this method is limited in the presence of
large inconsistency,38 it did not suggest that
publication bias substantially affected our
conclusions.
Comparison with previous reviews
To our knowledge, this is the first
systematic review to address the topic of
virtual patients in health professions
education. A recent narrative review19
identified a number of important
questions regarding virtual patients, but
it selectively included studies and did not
provide a quantitative synthesis of
outcomes. Similar to the present study, a
meta-analysis of laparoscopic surgery
simulation16 found improved outcomes
for simulation training compared with no
training, as did systematic reviews of
surgical simulation in general17 and of
colonoscopy and laparoscopic
cholecystectomy simulation.18 Another
systematic review suggested that
feedback, curricular integration, and
multiple learning strategies are essential
features of simulation15; we cannot
corroborate or refute these conclusions.
Our findings of large ESs for comparisons
with no intervention and small ESs for
comparisons with other active
interventions are consistent with a recent
meta-analysis of Internet-based
instruction.20
Implications
The use of virtual patients as learning
tools is associated with improved
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outcomes in comparison with no
intervention for medical students,
dental students, nursing students, and a
variety of other health professionals
across a range of clinical topics.
Evidence does not indicate superiority
of virtual patients over other training
methods, but allowing for the
uncertainty of the CIs and
imperfections of the outcome
measures, they may be noninferior in
some instances. Inasmuch as virtual
patients resolve logistic barriers13,14,94
or provide unquantified advantages
(such as those identified in the
qualitative studies or predicted by
education theories), they may warrant
use to enhance cognitive clinical skills
among student and practicing health
professionals.
The virtual patients we identified varied
widely in their design, implementation,
and effectiveness. Unfortunately,
available evidence answers only in part
our question regarding what virtual
patient design variations lead to
improved learning outcomes. Subgroup
analyses failed to identify significant
interactions involving instructional
designs, but between-study (rather than
within-study) comparisons are an
inefficient research method.95 By
contrast, direct comparisons of two
virtual patient designs were few but
generally supported theories predicting
that cognitive interactivity, learning to
mastery, and feedback yield better
outcomes.
We believe that theory-based
comparisons between different virtual
patient designs, and rigorous
qualitative studies, will clarify how to
effectively use virtual patients for
training health professionals.
Frameworks such as multimedia
learning,96,97 analytical and
nonanalytical reasoning,19 deliberate
practice,98 and formative feedback99,100
may be useful. The associations found
in several studies between changes
intended to make the virtual patient
more realistic and neutral or negative
outcomes raise questions regarding for
whom, in what contexts, and for what
outcomes greater realism is
beneficial.101 Most research to-date has
involved students; the role of virtual
patients in postgraduate and
continuing education requires further
study. Research outcomes have largely

1600

focused on short-term knowledge,
clinical reasoning, and other skills.
Perhaps new measures (e.g., different
clinical reasoning assessments19) or
different outcomes (e.g., decisionmaking behaviors, health care costs, or
medical errors) would more closely
align with the long-term objectives of
using virtual patients. Finally, we hope
that future researchers can avoid the
weaknesses of previous research by
designing studies that minimize bias,
achieve appropriate power, and avoid
confounding.102
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