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Abstract

Background: Use of virtual patient educational tools could fill the current gap in the teaching of clinical reasoning
skills. However, there is a limited understanding of their effectiveness. The aim of this study was to synthesise the
evidence to understand the effectiveness of virtual patient tools aimed at improving undergraduate medical students’
clinical reasoning skills.

Methods: We searched MEDLINE, EMBASE, CINAHL, ERIC, Scopus, Web of Science and PsycINFO from 1990 to Janu-
ary 2022, to identify all experimental articles testing the effectiveness of virtual patient educational tools on medical
students’ clinical reasoning skills. Quality of the articles was assessed using an adapted form of the MERSQI and the
Newcastle—Ottawa Scale. A narrative synthesis summarised intervention features, how virtual patient tools were
evaluated and reported effectiveness.

Results: The search revealed 8,186 articles, with 19 articles meeting the inclusion criteria. Average study quality was
moderate (M =6.5, SD=2.7), with nearly half not reporting any measurement of validity or reliability for their clinical
reasoning outcome measure (8/19, 42%). Eleven articles found a positive effect of virtual patient tools on reason-
ing (11/19, 58%). Four reported no significant effect and four reported mixed effects (4/19, 21%). Several domains of
clinical reasoning were evaluated. Data gathering, ideas about diagnosis and patient management were more often
found to improve after virtual patient use (34/47 analyses, 72%) than application of knowledge, flexibility in thinking
and problem-solving (3/7 analyses, 43%).

Conclusions: Using virtual patient tools could effectively complement current teaching especially if opportunities
for face-to-face teaching or other methods are limited, as there was some evidence that virtual patient educational
tools can improve undergraduate medical students' clinical reasoning skills. Evaluations that measured more case
specific clinical reasoning domains, such as data gathering, showed more consistent improvement than general
measures like problem-solving. Case specific measures might be more sensitive to change given the context depend-
ent nature of clinical reasoning. Consistent use of validated clinical reasoning measures is needed to enable a meta-
analysis to estimate effectiveness.
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Background

It has been recommended that more explicit training
should be provided in undergraduate medical education
on applying clinical reasoning skills, to reduce the impact
of future diagnostic errors and potential patient harm [1—
4]. Clinical reasoning refers to the thought processes and
steps involved in making a clinical judgement [2, 5]. Clin-
ical reasoning requires several complex cognitive skills
and is a context dependent skill [2]. It is an evolving and
cyclical process that involves applying medical knowl-
edge, gathering necessary information from patients
and other sources, interpreting (or reinterpreting) that
information and problem formulation (or reformulation)
[2, 5]. To be proficient in clinical reasoning, clinicians
need to also acquire the requisite knowledge and skills in
reflective enquiry [2].

Currently, teaching of clinical reasoning in most medi-
cal schools in the UK remains a largely implicit compo-
nent of small group tutorials, problem-based learning,
clinical communication skills sessions, and clinical
placements [3]. Making the teaching of these skills more
explicit may help students to reflect on their skills, which
many models of learning suggest is essential for improv-
ing skills [6, 7]. Virtual patient educational tools are
becoming increasingly popular in medical education and
have been used to explicitly teach clinical reasoning skills
[5, 8, 9]. They are defined as “A specific type of computer-
based 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 diag-
nostic and therapeutic decisions” They allow students
to practise clinical reasoning with realistic patients, in a
safe environment [5, 10]. They may also be particularly
suited to providing training on clinical reasoning skills
that require deliberate practice with a wide variety and
large number of clinical cases. Indeed, many students
may have limited contact with patients, where it is also
not possible to pre-determine what range of presenta-
tions and problems students will meet [5]. Educational
and cognitive theories, and empirical research also sug-
gest that virtual patient educational tools could provide
an ideal platform for developing clinical reasoning skills
if they incorporate best practice features for simulation-
based educational tools, in particular providing opportu-
nities for feedback and reflection [6, 7, 10, 11].

Previous systematic reviews and meta-analyses have
indicated that virtual patient tools, can significantly
improve clinical skills, such as clinical reasoning, for both
health professionals and students from a range of disci-
plines [12-17]. Additionally, reviews have shown that
virtual patients used in blended learning have been found
to be effective at improving knowledge and skills [15,
18]. However, given that clinical reasoning encompasses
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several cognitive skills, such as problem-solving and data
gathering skills, it would also be useful to understand
the impact of virtual patient tools on the different skills
or domains of clinical reasoning that were measured,
which previous reviews have not explored [12-14, 19,
20]. Furthermore, there has been limited information in
previous reviews about whether best practice features for
simulation-based educational tools were incorporated
into virtual patient tools to improve clinical reasoning
[21]. There have also been no sub-group analyses to show
the specific effect of these interventions on the clinical
reasoning skills of undergraduate medical students, who
are likely to have different training needs and ways of
learning compared to professionals [12—14].Thus, there
is insufficient evidence for undergraduate medical educa-
tors to understand the impacts of virtual patient educa-
tional tools on the different domains of clinical reasoning
for medical students [13, 22]. Medical educators need
current information on their effectiveness as the impor-
tance and place of online learning in medical education
has changed substantially since the COVID-19 pandemic
[19, 20]. A timely review is also needed as online learn-
ing tools are evolving rapidly and the number of articles
evaluating virtual patient tools is increasing year on year
[9, 15]. This review, therefore, aims to address the ques-
tion “How effective are virtual patient educational tools
at improving the clinical reasoning skills of undergradu-
ate medical students and which domains of clinical rea-
soning do they affect?”. Other objectives of this review
were to:

a) identify the use of empirically and theoretically
informed intervention features in virtual patient
tools, such as reflection;

b) identify the outcome measures used to assess clin-
ical reasoning skills.

Methods

This systematic review was conducted following Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and the PRISMA
checklist is available as Additional File 1; the review pro-
tocol was presented in RP’s doctoral thesis [23].

Inclusion and exclusion criteria
Table 1 describes in detail the inclusion and criteria for
this review.

Search strategy

We applied a search strategy for the following databases:
MEDLINE, EMBASE, CINAHL, ERIC, Scopus, Web of
Science and PsycINFO, from 1990 to July 2016 and the
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Table 1 Inclusion and exclusion criteria

Key Concepts

Criteria

Population

Intervention

Undergraduate medical students
Excluded: health professionals, postgraduate students, other health students

Interventions that describe an educational method that explicitly teaches clinical reasoning skills and is an interactive computer
simulation of real-life clinical scenarios between ‘physicians and ‘patients. The student should emulate the role of a clinician by
undertaking various reasoning activities such as gathering data from the patient, interpreting information, or making diagnostic
decisions [9]. Patient information could be presented in text or videos on the computer

Excluded: high fidelity simulators, manikins, standardised patients, and decision support tools

Comparator Teaching as usual e.g., no explicit clinical reasoning teaching or a comparison to an alternative method of delivering explicit clinical
reasoning teaching e.g, tutorials, problem-based learning discussion groups often involving paper-based instruction
Excluded: alternative formats e.g.,, comparing different types of virtual patient cases

Outcome Clinical reasoning skills are the thought processes required to identify likely diagnoses, formulate appropriate questions and reach
clinical decisions [2]. Interventions that provided sufficient detail to establish whether it improved clinical reasoning skills in a
written, oral, or practical test. Commonly used synonyms for clinical reasoning were accepted e.g,, clinical decision-making, clinical
reasoning, problem-solving, critical thinking, and clinical judgement skills

Study type(s) RCTs, crossover trials, quasi-experimental studies, and observational studies

Excluded: qualitative designs

Publication type(s) Peer reviewed articles including theses

Excluded: conference papers, editorials letters, notes, comments, and meeting abstracts. Articles not in English

Time

Articles from the year 1990, as this was when online learning was beginning to be described [14]

search was updated to include all articles up to January
2022. Further articles were identified by hand search-
ing the reference lists of included articles. Search terms
included a combination of subject headings and key word
searches. The full search strategy used in MEDLINE is
available as Additional File 2.

Study selection

One author (RP) screened all the articles retrieved from
the search by title and abstract for eligibility of inclusion.
Another author (APK) double screened a proportion of
the abstracts (736/5,735, 13%,), with moderate agreement
(Cohen’s Kappa=0.64) [24]. The approach taken was that
if the first screener (RP) had any doubts, the articles were
included for the second screener (APK) to screen. Most
‘disagreements’ were due to APK rejecting those that RP
had included but with doubts (29/39, 74% of disagree-
ments) than APK including those that RP rejected (10/39,
26%). Discrepancies were resolved in a consensus meet-
ing and articles were included for full text screening if
the abstract lacked enough detail to confirm eligibility.
One of the authors (RP) screened all the full text articles
and APK double screened a proportion of these arti-
cles (60/123, 49%), with moderate agreement (Cohen’s
Kappa=0.65). Discrepancies were resolved in a consen-
sus meeting with the wider team.

Data extraction

Data on study design, population, setting, delivery of
intervention, outcomes, results, and limitations was
extracted in an Excel spreadsheet. We also extracted

data on the features that were included in the virtual
patient tools, such as reflection and feedback. APK
and SM piloted the data extraction form with two
articles. RP extracted data from 11 articles included
in the review, APK extracted data from seven and SM
extracted data from one. All extractions were double-
checked by either RP, APK and SM; discrepancies were
resolved in a consensus meeting.

Quality assessment

Three authors (RP, APK and SM) assessed the qual-
ity of the included articles independently. Quality was
assessed using a checklist that incorporated items
from two previously developed checklists, the Medical
Education Research Study Quality Instrument (MER-
SQI) and an adapted form of the Newcastle—-Ottawa
Scale (NOS), which have both been used in previous
reviews in this area [14, 22, 25]. The two checklists
were incorporated as the NOS was designed to iden-
tify aspects of quality related to potential biases in the
study design and sample selection, and the MERSQI
was designed to identify other aspects of quality, such
as the validity and reliability of outcome measures. In
addition, articles were given a point if they described
how theory informed assessment of clinical reason-
ing skills or used a previously validated measure that
was based on theory e.g., key features problems [26].
Articles could receive a score of up to 14, with scores
ranging from 0-4 suggesting low quality, scores of 5-9
suggesting moderate quality and scores of 10-14 indi-
cating high quality.
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Data analyses

We conducted a narrative synthesis of the included
articles to address the review objectives. We summa-
rised the characteristics of the interventions to under-
stand what features were included in virtual patient
tools and how they were delivered. The study designs
used to evaluate the virtual patient tools and the
reported effectiveness of each intervention were also
reported; Cohen’s d effect size was calculated where
possible. We also summarised the various clinical rea-
soning outcome measures used and grouped outcomes
measured in each article into specific domains of clini-
cal reasoning informed by the model of clinical reason-
ing by Higgs et al. [2] and author descriptions of the
clinical reasoning outcomes they measured. The analy-
sis of clinical reasoning domains was undertaken at the
level of analyses, as articles often reported on more
than one domain, and so each domain was included
separately in the analysis. In all the articles it was possi-
ble to identify at least one domain of clinical reasoning
that was measured. Most articles (14/19, 74%) used an
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aggregate score to represent several domains of clinical
reasoning.

Results

Study characteristics

The search strategy identified 8,186 records of which 19
were included in the review. See Fig. 1 for the PRISMA
flow diagram of the number of articles included at each
stage of the review. The most common study locations
were Germany (7/19, 37%) and the USA (3/19, 16%; see
Table 2). Most of the articles were published since 2010
(16/19, 84%).

Intervention features

Table 2 describes the characteristics of the interventions.
There was a great variety of virtual patient tools that
were used to improve reasoning; only two — MedU [27,
28] and EMERGE [29, 30]—were evaluated in more than
one study. Just under half of the interventions (9/19, 47%)
required the students to gather information from the vir-
tual patient, and were more interactive, while 42% (8/19)

e
2 Records identified through Records identified
[ .
ie) database searching through manual
= (n=28,183) checking of references
(0]
he) (n=3)
A 4 A
'S
Records after duplicates
removed
(n=5,735)
Records excluded because of
v irrelevant topic; inappropriate
Records screened design: cross sectional or
.8 (n=5,735) > qualitative; training not
§ including online simulation (n
3] =5,606)
(]
~—
A 4
- Full-text articles Full-text articles excluded
% assessed_for eligibility  ——8—» because of insufficient
=] (n=129) reporting of data or
w comparison with different
formats with no control group
(n=110)
Studies included in
3 narrative synthesis
3 (n=19)
o
£
Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension) flow chart for the article search
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were less interactive and presented patients with the
patient history already completed. There was not enough
information in two articles to determine interactivity
(2/19, 11%) [28, 31]. Most of the interventions (16/19,
84%) required students to work individually rather than
in groups. Those that were delivered in groups required
students to work together to complete the case and make
decisions. The clinical topic of the interventions varied;
cardiology (5/19, 26%) followed by paediatrics and sur-
gery were the most common topics (2/19, 11% respec-
tively). The number of patient cases within the virtual
patient tools ranged from 1-48, with two and three
patient cases being the most common number (3/19, 16%
respectively). The duration of the patient cases varied
from approximately nine minutes to complete a case [32]
to 10 h to complete one case (over several weeks) [33].
Most commonly students had multiple opportunities to
use and complete the patient cases (16/19, 84%).

Most interventions provided feedback to students on
their performance (13/19, 68%). They did this in sev-
eral ways including: providing the correct answers, pro-
viding feedback from experts on how they would have
completed the case either via text or video, and discuss-
ing answers with a facilitator after completing a case.
Reflection was explicitly described in one interven-
tion where users were prompted to reflect during each
patient case on their decisions and were required to
complete open-ended reflection questions at the end of
each case [34]. There were two interventions where the
use of reflection was implied, but it was unclear from
their description whether the activities were explicitly
for reflection [35, 36].

Study designs and participants

Table 3 describes the characteristics of the included
articles including study design, outcome measures used
and reported effectiveness. Just under half of the articles
were RCTs (9/19, 47%), one was a feasibility RCT (1/19,
5%) [34]. A smaller proportion were non-randomised
trials (3/19, 16%) [27, 30, 37] or single group pre-test
and post-test design (6/19, 32%). Of those studies with
a comparator (n=13), over half of the evaluations (9/13,
69%) compared virtual patient tools to teaching as
usual, which included no additional clinical reasoning
teaching via any method. In these studies, teaching as
usual comprised general clinical teaching via lectures,
real patient examinations and small group discussions.
Around a third of evaluations (4/13, 31%) compared vir-
tual patient tools directly with an alternative method of
explicit clinical reasoning training, which were all tuto-
rials or small group discissions where the same case
was discussed [28, 30, 33, 38]. There was a wide variety
of year groups that interventions were evaluated with,
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ranging from those in their 1* year of medical school to
those in their 6™ year. In most of the evaluations, par-
ticipants were in their 3" or 4™Myear of study (8/19, 42%
respectively).

Outcome measures

Six domains of clinical reasoning were identified. Three
domains reflected the underlying general cognitive pro-
cesses required in clinical reasoning and these included: the
application of knowledge of the clinical problem derived
from theory or experience (3/19, 16%) [28, 39, 40]; flex-
ibility in thinking about diagnoses [28, 34] and problem-
solving skills [38, 41](2/19, 11% respectively). One domain
reflected more case specific clinical reasoning processes
that were measured via data gathering skills, including the
relevance of patient examinations (7/19, 37%). Two domains
measured the outcomes of the clinical reasoning process
in specific cases by measuring the clinical judgements the
students made. These included: ideas about diagnoses,
including diagnostic accuracy (10/19, 53%), and ideas about
patient management, including appropriateness of treat-
ment plans or therapeutic decisions (7/19, 37%).

Under half of the evaluations (8/19, 42%) used measures
of clinical reasoning that have been previously reported
and validated in the wider literature. These included: key
features problems [26, 42](3/19, 16%) [30, 33, 40]; Stand-
ardised Patients, where an actor simulates a patient (2/19,
11%) [35, 36]; the Script Concordance Test [43] (1/19, 5%)
[44] and the Diagnostic Thinking Inventory [45] (DTI;
2/19, 11%) [28, 34]. In five evaluations (5/19, 26%) student
performance was assessed using text-based cases that the
authors had developed, often followed by open or multi-
ple choice questions regarding history taking, diagnosis
and treatment [29, 31, 38, 46, 47], five used additional vir-
tual patient cases (5/19, 26%) [30, 34, 37, 48, 49], one used
a clinical rating by faculty at the end of the students’ clerk-
ship [27], one used a multiple choice examination [39] and
one used concept maps (1/19, 5% respectively) to assess
five aspects of performance [41].

Quality of included articles

Additional file 3 gives a detailed breakdown of the qual-
ity of the included articles. The average quality was mod-
erate (M=6.5, SD=2.7). Only three articles (3/19, 16%)
were high quality [33, 34, 40], most were of moderate
quality (13/19, 68%) and three were of low quality (3/19,
16%) [31, 47, 49]. Just over half of the articles (10/19, 53%)
described how theory informed the evaluation, by either
describing theoretical frameworks they used to assess
clinical reasoning or using previously developed and vali-
dated measures of clinical reasoning. Only four articles
(4/19, 21%) reported measuring three or more different
types of validity and reliability [33, 34, 40, 50] and nearly



Page 7 of 18

(2022) 22:365

Plackett et al. BMC Medical Education

(SC0=p) [ensn

se pulyoea 01 pased
-Wod Juswabeuew
juaned noge sespi
pue bulayieb eiep ul
1uswanoldwi 121ealb
Apuesyiubis psonpoid

(6) 21212POIN uonuaARUl |

(Lri=p)

|ensn se bujyoeal o1
pasedwod sasoubelp
1NOQe Se3p! Ul SJusW
-anoiduwll 91ealb
Ajpuesylubis pasnpoud
uonuaAIUl
(s1=p

'SUOISUSWIP G SSOIDe
9715 1299 sbelane)
|ensn se bujyoea

01 pasedulod Juaw
-abeuew juapied pue
sasoubelp 1noge sespl
‘Buayieb eiep ul
1usWwanoldwi Ja1ealb
Ajpuedyiubis pasnpoud
uonuUSAIRUI

(S5'L=p) [ensn

se Bulyoeal 01 pased
-WoD JusWwabeuew
juaned Inoge sespi
pue bullayieb elep u|
1usWwanoldwi Ja1ealb
Apuesyiubis paonpoid

(2) 31e13pON

(9) 1eI3PON

1591
95UepPIOdU0D 1d1DS

(10108)
Ju3ped pasipiepuels

sased Juaned [enuip

(sased juaned

uswiabe
-uew juaned inoge
seap! ‘busyieb ereq

sasoubelp 1noge sesp|

1uswisbeuew
1usined 1noge seap!
‘sasoubelp anoge
seapl ‘bulsyieb ereq

1uswiabe
-uew juaped noge

(O ¥¥ DI 29)
96 =N 's1eak [ed1uld

(5D 9¢

'O19€) TL=N 'S1eak G

(9D ¥¢ 91 52)
6y =N 'sleak ;97 7

(©2 €¢I

SIS Buluosesy

[BIUI UO S3|NpOW
AW-3SIM [enpIAIpuljO

104 1oedwi 9y 53558 O
SIUSPNIS [EDIPaW

1eak yyy o1 1ybney

951n0d AieiyoAsd sy

Jo Aujenb ayi o1 ppe

Aew Bunsay sisayrodAy
9AIRID Ul Buuien
J1PWI1SAS JO UonIppe

104 9y1Jayiaym alojdxa o)

S)Nsal JuswW
-s5955e pakeop pue

A1 U9amiag sadud

-1ayIp ay1 buunseaw

AQ ‘sanIA1IDe Buluies)

1e|nB3J SNSISA S1USIIed
[ENUIA YlM S)Nsal

uonualal loladns

104 a|gissod aiojdxa o]

SIUSPNIS [eDIPaW

JOs||pys Bujuoseal
[eD1Ul> @A0IdWI SUOI
-ejnwis uaned [enuia

£00C & 19 19[e}

0L0C e 19 |yE

010¢ | 19 N1eza1og

(9) a1eIopON uonuaaaul [ Buisnyisayonsoubelq  sespl ‘Bulsiieb eleq 62) 7S =N SJeak Y19 104 J9Y19yM 31eN[eAs O] 7102 |e 1 1)yby
|ensn se Buiyses) :10jesedwo)

N dnoib josuod

pue uonuaAISIUI

(wL painseaw buluoseal pue N |e1o1 ‘dnoub

40 1IN0 2103s) Ayjend s)nsai ulep

2inseaw 2wWo0dINQ

|ea1unpd jo utewoq

Jeak—sjuedpnied

ubisaq yoieasay Apnis ay3 Jo (s)wiy

1eak pue sioyiny

ubissp Apnis pue Joiesedwod AQ paIspIo $9|211e PIPN|DUI JO SDNISLISIORIRYD) € d]qeL



Page 8 of 18

(2022) 22:365

Plackett et al. BMC Medical Education

(8) 21L49pO

(11) ybiy

600=p)

(59582 01 59008
AJeIun|oA) |ensn se
Buiyoeal 01 paseduwlod
anoldull Apuesyiubis
10U pIp sasoubeip
1N0OQe Seap| >

(0z:0=p) sasoubelp ui

Aujiqixay pue (1'0-=p
‘Burayieb eiep) bupyel

AI031SIY JO 9dUPAS|3I
ul sdnoib usamiaqg
9oUI3YIP JULDYIUbIS
OU SeM 313y ] =

|ensn se buiyoeal

01 paJedWod UoIUSA
-J21u1 131 panosduwl
Apuesyiubis (61'0=p
‘Buniayieb erep) uon
-eWOJUI [BIIUSSSD
Jayreb o1 Aujigy [
(€90=p)

|ensn se buiyoeal 0}
pasedwiod abpajmouy
4o uonedidde ayy ul
SVEIVIEYNeIe [WINEM=E]S}
Ajpueoyiubis pasnpoud

Aynoey Aq diysyis)o jo
pua e bunel [esulD

(1LQ) A101URAU|
Bupuly ] onsoubelq
19 958D Jualjed [enLIA

UOIRUIWEXS UOI

sasoubelp 1noge seap|

NUENIEES

payodai) sesoubelp
noge Bupjuiy ul Aljig
-Ixa|4 ‘Buniayieb eleg

obpa

(5> 9¢1 Ol
6C1) SST=N 'sieak ¢

(D
[TL'OILEL) ¥9T=N
'sieak Y193 Y1g

(53 £5 I

eI} PISILIOPURI-UON

sa5ed
Juaned [enuIA o
1JaUaq pue 3sn sjuap
-n3s moy a10|dxa O

|00] uoneINWIS

|euolieonp3 bujuoseay

[BDIUID DIUOIID3D
Syl — 1S3YD9 Jo
5109449 [epualod
pue Ayjigeidadde ‘A
-|lgises) 8yl ssesse o)

uopesnps Abojolpel
91enpeiblapun 1oy bul
-uJes| paseq-aonoeid
4O [9pOW paseg-Adual

8L0C e 1o Wiy

0707 e 19 N32e|d

(S) S1eISPO uonuaAiaul I -senb adjoyd-sidinny -jmouy Jo uonediddy /) L L =N sieah pig 104 -odwod e dojpasp of 7207 PR UID
JUSUISSISSE-J|9S
(L6'L=p) pue ‘acuewiopad ||14s
|ensn se buiyoesy 01 9A1123(qO ‘9bpajmouy
paJsedwiod abpajmouy |eanpasoid pue s||ixs
Jo uonedidde pue Bulyew-uoisidap
‘Juswsbeuew wusned [e21Ul2 JO uonisinboe
pue sasoubeip 9y uo bulutes paseq
1N0OQe Seap! Ul JUsw abpajmouy Jo uon -uone|nNuis pJepueis
-anoidul Ja1ealb -ed||dde ‘Juswabeurw YUM pauIquiod
Apuesyiubis psonpoid 1usiied 1noge seap! (D /2 D1 0¢) S1U3I1ed [BNUIA JO
(€1) ybiH uonuaARul [ swsjqoid aunieay Asy  ‘sasoubelp inoge sesp|  /G=N ‘Sieak Yy 3 pIE 104 19949 oY1 parebisany S10Z ‘e 12 uuewWY]
N dnoib jos3uod
pue uonuaAISIUI
WL painseaw bujuoseas pue | |ejo1 ‘dnoib

J0 1no a10ds) Ayjend

s}|nsal uley

2inseaw sawodnQ

|ea1ulpd jo urewoq

Jeak—sjueddiyied

ubisaq yoieasay

Apnis ay3 jo (s)wiy

1eak pue sioyiny

(panunuod) € ajqey



Page 9 of 18

(2022) 22:365

Plackett et al. BMC Medical Education

(€00=p)

|elI0IN} 01 pasedwod
1usWwabeuew uaned
pue sasoubelp 1noge
seapl ‘bunayred

elep anoldull Apued
-yiubis Jou pip

(01) Y614 UONUSAIRIU| <

(050=p)

|elioIny 03 paiedwod
S||14S BulAjos-wiajgold
ur Juswanolduwl
1918216 Apuesyiubis
-uou paonpoid

(9) 21212POIN UOIUSAIRII =

(E00=p)

|ensn se buiydea

01 paJedwod ‘Bul
-1ay3eb eyep anoidwi
Ajauedyjubis you pip
UoNURAIRIU| <=

|ensn se
Buiyoeal 01 paseduwlod
(18'0=p) Juawabe
-uew juaned pue
(Lg0=p 'sased £/ 10}
sasoubelp 1noge seapl)
Aoeindde d3soubelp ul
1usWwanoldwi 1a1ealb
Ajpuedyjubis pasnpoud

(S) 21e19pON uonuaAIRUl

swia|gosd ainyesy Ay

(9se> uaned) wajgoud
[e21UlD da1s- NI

sased Jualied [enuip

Juswabeuew
1ualied 1noge seap|
‘sasoubelp Inoge
seap! ‘bunayieb eyeq

(GRRVAL]
TL) 7L =N s1eak

(®D st

S|I¥s BuIAOS-WaIqold DI 9Y) LL=N 'SIeak G

(A]o1edRdaS
parodal) Juswabe
-uew juaned noge

seapl ‘sasoubelp 1noge
seapl ‘busyieb ereq

©> ¢y ol
85) 001 =N 's1eah Yy

104

124

|BL) P3SILIOPURI-UON

uoIss3s bulyoesy
|eUoIpel] B Ul 95BD [BD
-lUI> aWes ayy buissnd
-SIp S1USPNIS UBY S||1XS
Bujuoseal [ed1ul 18
paWie 1591 € Ul 9duUeW
-1oj1ad Jaybiy moys
3|npow buiyoeal aAn
-BJ0QE||0D Paseq gam
e buns|dwod syuspnis
Jay1aym alojdxa o)

S||14S BuIA|OS
-wiajgoud [edjuld pue
sanjiqe buijpuey-elep
Bujroidwi ‘aseq
abpajmousy s3uspnis
papuedxa 1| J2Y1aym
BuIssasse Ag UOIIUIA
-191Ul 9Y3 91eN[eAS O]

600¢ '[e 32 yoedney

8661 1aUljed B 1A

9sed awes 3y} HuldAod |eri0in) iojesedwo)

Bulyew

-UoISI29p eIl 918
-udoidde buipiebas
plem Aousbiauwla ue
Jo uonenulis [eybIp
B JO SS2UDAIIDYD
2y} 91ebnsaul o

120z "[e 13 yoedney

(rL

40 1IN0 2103s) Ayjend s)nsai ulep

2inseaw sawodnQ

painseaw Bujuoseas
|ea1ulpd jo utewoq

N dnoib jos3uod
pue uonUIAAIA}UI
pue N |e3o01 ‘dnoib
Jeak—sjueddinied

ubisaq yoieasay

Apnis ay3 jo (s)wiy

1eak pue sioyiny

(panunuod) € ajqey



Page 10 of 18

(2022) 22:365

Plackett et al. BMC Medical Education

(9) 1eI2PON

(£) 31013pO

(Auswsbeuew jualed
1noge seapl) Jaysuely
1uaned pue sisplo
Kiojeioge| ‘(Bunayieb
elep) bupel A10isiy

Ul sdnolb usamiaq
9dUalayIp 1uedYIubIS
OU SPM 319y | =

(Bulayieb eyep) uon
-eujwexs [eluswinisul
‘uoneujwexa |ediskyd
‘(Auswabeuew jusned
1noge seapl) suoin
-UaAJalul dlInadesayy

‘(s9soubelp 1noge
seapl) sisoubelp [euy
— s9sed Jualied [enLiIA
oY1 Aq painseawl
SUIBWOP SWOS 40}
pue 1591 SaIn1ed) Aoy
UO Painseau Uaym
(L70=p) |e1oIN} O}
pa1edwod s||1%s bul
-Uoseal [ed]ul|d J12119¢
Apuesyiubis paonpoid
uonuaAIRUl

(ST0=p)
|elI0IN} 03 pasedwod
Bunjuiyy ur Aujigxey

pue abpajmous| Jo
uoned|dde anoidwi
Ajaueoyjubis you pip
UONUAIRIU| <=

(A]o1etRdas
parodal) Juswabe
-uew 1uaned 1noge

sased Jualied [enuIA g seap] ‘'sasoubelp Inoge

swajqoud ainieay Aoy

11d

seapl ‘bulsyieb ereq

Bupuiy
ul AljigIxa|y pue abps
-|mouy Jo uonediddy

®+€ Ol
8/) CLL=N'sleak G

(©D /1
Ol L1) PE =N S1eah €

|B1) P3SILIOPURI-UON

104

w13 Hoys ay3
ul bujuoseau [edjuld uo
Swodino bujules| usp
-n1s buipiebal (19d)
Buiules| paseq-uwa|
-qoid dnoub-jjews 01
3DYINT, uswitedsp
FRV [ENUIA Y3 'DWeD
SnouaS e aiedwod of
35IN0d

SUPIPaW [eUIRIUI

11343 Ul SJUSPNIS [
-Ipaw a3enpesbiapun
UO dA YIM SUOISSIS
194-d bunnusgns jo
S123)49 [PUOIIEDONPD
EHEVIEIE] Yol

V/N :10jesedwo)

8L0C '[e 19 SX9pPPIN

£10¢ '[e 1 ued0gos

(14}
J0 1no a10ds) Ayjend

s}|nsal uley

2inseaw sawodnQ

painseaw Bujuoseas
|ea1ulpd jo urewoq

N dnoib jos3uod
pue UoUIAIA}UI
pue N |e3o) ‘dnoib
Jeak—sjueddinied

ubisaq yoieasay

Apnis ay3 jo (s)wiy

1eak pue sioyiny

(panunuod) € ajqey



Page 11 0f 18

(2022) 22:365

Plackett et al. BMC Medical Education

(€) MO

(5) a1@13PON

uon
-UaAJS1ul BuIsn Jo)e
panosdwl (€60=p
‘sisoubelp 1noge seapl)
sisoubelp [enualayip
4O ssaua13|dwod pue
(91'L =p ‘sasoubelp
1Noge seapl) sisou
-beip [enuasayip

Jo Aouapys ((zeo=p
Bullayieb erep) ssau
-919|dwod Hupyey
Aoy ‘(L7 0=p Bul
-Iayieb eyep) Aouspyya
Bupjer AioisiH [
(800=p ‘ses

-oubelp 1noge seapl)
A>einode snsoubelp

ul sdnolb usamiaq
ERIVEICTIeRIVRIMIVST
ou sem 3Ry | <=

UONUSAIIUI
Buisn 1a1je parosdwi
(z8°0=p ‘quawabeuew
juaned noge sespi)
suonsabbns JuswIea
pue (590=p ‘sasou
-Beip 1noge seap)
sainpanoud dnsoubelp
JO 13PI0 1231100 3}
Buisooys ‘(z20=p
‘bupiayied eiep) suon
-sanb onsoubeiq [

(A]o1esRdas pariodal)
sasoubelp 1noge

sasedjuaned [enulp  seapl ‘Bulayieb ereg

(A]o1edRdaS
paviodal) quswsbe
-uew juaned noge

seapl ‘sasoubelp 1noge

9sed 1ualled  seapl ‘Bulayieb ereg

pala)
-unodua Ajsnoiraud
jou sasoubelp yum
S35ED Paje|NWIS Mau
asoubelp 01 Ajige
11343 Ag paduapInS se
SIUSPNIS [eDIPaW Ul
Aoeindoe disoubelp
ay1 anoldwil pjnod
SUOMR|NWIS 193UNODUS
1uanied [enuiA ao1oeld
Yum paired sospia
yoeoidde Bujuoseas
onsoubelp sisoubelq
01 woidwAs ay1 1eyy
sisoy1odAy ay1 1591 0]

uosiiedwod 1s0d
13 21d dnoib s|buig

G8C=N
'SIBRA PIE 1§ puz

2bpajmous| [einpadoid
pUP 9A1RIE|DIP SIUSP
-N1s Uo (,3943IN3,)
1uawWpedap Aouab
-J2Wa ue bunenwis
auleb snouas e jo
10942 9Y1 1591 0

uosiiedwod 1s0d

OF L =N ‘Sieak |esiuiD 19 21d dnoib 9jbuig

120z ‘e 38 seAipeg

610C el uoyd

(14}
J0 1no a10ds) Ayjend

s}|nsal uley

painseaw mC_:Ommw‘_

2Inseaw awodINQ |ea1ulpd jo utewoq

N dnoib jos3uod
pue uonUIAAIA}UI
pue N |e3o01 ‘dnoib
Jeak—sjueddinied

ubisaq ydieasay Apnis ay1 jo (s)wiy

1eak pue sioyiny

(panunuod) € ajqey



Page 12 0of 18

(2022) 22:365

Plackett et al. BMC Medical Education

BuIUOSEa) JO SUIBWIOP [RISAIS SSOIDR 2103 1oedwi 31eha166e Ue pariodal sI1SY10 [|e 3)Iym A[93eiedas Buiuoseas [ed1ul]d JO UIeWOop Ydea uo $|003 Judlied [eniiA 3y} jo 1oedwi dy) payiodal sopIe §

(5) 31013pON

(€) MmO

(€) Mo

(9) Mesvpoiy

(LL'L=p)uon
-UanJaul Buisn Jaye
panoidull Apuedyiubis
Buinjos-wajgoid I

(6€'L =p) UonusAIUl
Buisn 1a1je paroidwil
Apuesyiubis Juswi
-abeuew juaiied pue
sasoubelp 1noge seapl
‘Bunisyieb ereq |

(26'0=p) UOIIUIAISIUI
Buisn 1a1je parosdwi
Ajpuedylubis Juswabe
-uew Juaned pue sas
-oubelp 1noge seap) [
(ly1=p

'SI01eN|eAS € WOU)
SUOISUSWIP G SSOIDP
9715 10949 9beIaAe)
uonuaAlaul buisn
191je panosdwil Ajpued
-LIubis ased e jo uon
-ejuasaid pue quaw
-abeuew 1uaied pue
sasoubelp 1noge seapl
‘Bullsyieb ereq |

sdew 1daouo)

(sased 1usned
Buisn) zinb uopsanb
ao10yd-a|diniy

SoseD 1usiied

(1012€)
juaned pasipiepuels

BuIA|0S-Wd|qoId

Juswabeuew
juaiied 1noge seapl
‘sasoubelp 1noge
seap! ‘bulisyieb ereq

Juswisbeuew
jusiied 1noge seap|
‘sasoubelp 1noge seap|

Juswabeuew
juaed 1noge seapl
‘sasoubelp 1noge
seap! ‘busyieb ereq

0S =N 's1eak yig-pig

691 =N 'sleak yiy

Z9=N ‘sieaA pig

0C =N 's1eak Y3G-1s|

uosiiedwod 1s0d
19 21d dnoib sjbuig

uosiedwod 1sod
13 21d dnoib s|buig

uostedwod 1sod
19 21d dnoib 3|buig

uosiiedwod 1s0d
19 21d dnoib s1buig

Bujuoseal [eo1ulp

4o Bujusea| sy bupiod

-dns ui yoeosdde uon
-e1uasaldal aApRIubod
paseq-1a1ndwod

B JO SSOUDAIIDAYD

3y} SUIWEXD O]

SOLIRUSIS [eDIUID
Sy1Dads 01 JURASD)
S||13s Bujuoseas [edjuld

10 9bpaMmoUy| Ul SIUSW

-an0Jdull asedwiod 01
pue ‘SYUSpN3S [edIpaW
puowe s||1ys bujuoseas
[ed1uld> butroidul

10§ SSdA JO SSURAN
-3}y 3y Ajuepp o

Jaydea)

|ed1ul> ay1 buiioddns
10} |00 3|gRINS B S|
pue Bujuoseal [es1uld
uo 1oedwi aAnisod
Sey DIV Jo 9sn =yl
J9Y19YyM auIwexs of

1UB1ed [eNUIA
:101e|NWIS AN[SPY-MO)|
B JO SSOUDAIIDDYD

oY1 buipiebal
9DU9pPIAS JUasald O]

¥10C e 19 N

020 1213 Leep

5107 ‘[e 38 MR,

810¢
‘|6 12 odaisay-ezes|

(4
J0 1no a103s) Ayjend

sy)|nsal utey

2inseaw sawodnQ

painseaw Bujuoseas
|ea1ulpd jo urewoq

N dnoib jos3uod
pue uonuUaAIAUI
pue N |e3o)} ‘dnoib
Jeafk—sjuedpdiyied

ubisaq ydieasay

Apnis ay3 yo (s)wry

1eaf pue sioyiny

(panunuod) € ajqel



Plackett et al. BMC Medical Education (2022) 22:365

half did not report any measurement of validity or reli-
ability (8/19, 42%). Only two (2/19, 11%) articles reported
that they selected students from more than one medical
school [34, 49]. Three articles (3/19, 16%) reported that
the assessor of the outcome was blinded to group allo-
cation. Just over a quarter (5/19, 26%) reported a power
calculation, although this was not necessary to calculate
for all study designs.

Reported effectiveness

Just over half of the articles (11/19, 58%) reported that
virtual patient tools had significantly positive effects on
medical students’ clinical reasoning skills, four articles
found no effect [27, 28, 33, 38] and four reported mixed
effects (4/19, 21%) [29, 30, 34, 37].

Effectiveness by article quality

Of the three articles rated as high-quality, one found no
significant effect of virtual patients on reasoning [33], one
a positive effect (1/3, 33%) [40], and one a mixed effect
[34]. Out of the articles that were rated as moderate qual-
ity, most reported virtual patient tools had significant
benefits (7/13, 54%) than mixed (3/13, 23%) [29, 30, 37] or
neutral effects (3/13, 23%) [27, 28, 38]. The three articles
that were rated as low quality all reported virtual patient
tools had significant benefits (3/3, 100%; Fig. 2) [31, 47, 49].

Effectiveness by study design

Of the articles that used randomised study designs
(10/19, 53%), over half (6/10, 60%) reported that virtual
patient tools improved clinical reasoning skills compared
with controls [36, 39, 40, 44, 46, 48]. Around a third
(3/10, 30%) of randomised study designs reported that
virtual patient tools had no significant effect [28, 33, 38]
and 10% (1/10) found they had mixed effects on clinical
reasoning skills compared to controls [34]. Of the articles
that used non-randomised trial study designs (3/19, 16%),
two found mixed effects of virtual patient tools on clini-
cal reasoning skills compared to controls [30, 37] and one
found no significant effects [27]. Of the six articles (6/19,
32%) that used a single group pre and post study design,
five articles (5/6, 83%) found a significant improvement
in clinical reasoning after using virtual patient tools [31,
35,41, 47, 49]; only one article (1/6, 17%) reported mixed
results (Fig. 2) [29].

Effectiveness by comparator

Articles that compared virtual patient tools with teaching
as usual (9/19, 47%) reported mostly (6/9, 67%) positive
effects on clinical reasoning [36, 39, 40, 46, 48, 50], but
two found mixed effects (2/9, 22%) [34, 37] and one found
no effect on reasoning (1/9, 11%) [27]. Articles that com-
pared virtual patient tools to tutorials (4/19, 21%) mostly
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found no effect of virtual patient tools (3/4, 75%) [28, 33,
38] and one showed mixed effects (1/4, 25%) [30] (Fig. 2).

Effectiveness by domain of clinical reasoning measured

and measurement

Data gathering, ideas about diagnoses and patient man-
agement were largely found to significantly improve after
virtual patient use (34/47 analyses, 72%; Fig. 3). Applica-
tion of knowledge, flexibility in thinking about diagnoses
and problem-solving skills showed more mixed results,
with less than half of these analyses showing significant
improvement in these skills (3/7, 43% analyses).

Of the 10 articles that used a patient case (text or vir-
tual) and a bespoke measuring rubric to assess clinical
reasoning, over half reported positive effects of using vir-
tual patient tools (6/10, 60%), less than half (4/10, 40%)
reported mixed effects [29, 30, 34, 37] and one article
reported neutral effects [38]. Half of the articles that used
measures of clinical reasoning that have been developed
and validated in previous literature, such as the key fea-
ture problems, reported significant benefits of using vir-
tual patient tools (4/8, 50%) [35, 36, 40, 44], a quarter
reported no significant effects (2/8, 25%) [27, 28, 33] and
a quarter reported mixed effects (2/8, 25%) [28, 34].

Discussion

This review of published evaluations of virtual patient
educational tools found there is some evidence that
they can improve medical students’ clinical reason-
ing. Improvements were more consistently reported for
domains of clinical reasoning that were more case spe-
cific, such as ideas about diagnoses and data gathering,
rather than more general reasoning processes, such as
problem-solving.

Intervention features

This review illustrates the diversity in design, content,
and delivery of virtual patient tools and the clinical
context in which they are applied. Most virtual patient
educational tools have been designed for individuals to
complete. Many of the tools included features that edu-
cational theories and empirical research suggests are
important to include in simulation-based learning, such
as feedback, but relatively few reported how they facili-
tated reflection [32, 34—36]. A previous review exploring
the impact of virtual patients on communication skills
found that the inclusion of a pre-activity with a protocol-
informed tutorial, post-activity of debrief or reflection,
scaffolding and human feedback improved the effective-
ness of the virtual patient tools [21]. Further considera-
tion of how to facilitate reflection and other best practice
features in virtual patient tools could allow them to be
even more effective at developing reasoning skills [7,
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Watari
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Red: low quality articles; Amber: moderate quality articles; Green: high quality articles.
Fig. 2 Effectiveness of virtual patient tools by comparator, study design and quality

51, 52]. There was also variety in the level of interactiv-
ity with the virtual patient tools, with half of the tools
not requiring students to gather information from the
patient. Previous research is inconclusive as to whether
greater interactivity produces better learning outcomes
[53]. Studies have shown greater interactivity can facili-
tate deeper learning and more engagement from users,
but it can also increase cognitive load, which can inter-
fere with learning [50, 53]. However, virtual patient tools
that allow for greater interactivity might be more help-
ful for educators to observe and assess clinical reasoning

skills, as students can demonstrate a broader range of
skills in real-time, such as data gathering.

Effectiveness

Our results largely concur with previous reviews that
have found virtual patient tools are better than no
intervention but might not be superior to other meth-
ods of explicitly teaching clinical reasoning, such as
problem-based learning tutorials [12-15, 17, 18]. The
benefits to using virtual patient tools are that they can
be used in circumstances when face-to-face teaching is
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Problem-solving skills

Flexibility in thinking about
diagnoses

Application of knowledge

Data gathering

measured

Ideas about diagnoses

Ideas about patient management

Domain of clinical reasoning

No significant change

0

2 4 6 8 10

Number of analyses

12

B Significantly improved

Fig. 3 Frequency of analyses that reported different domains of clinical reasoning by effectiveness

Note. Total number of analyses =47 and total number of articles that reported these analyses =19

not possible, e.g., due to a pandemic, or because access
to patients is limited. Additionally, once upfront costs
are covered, the cost of adapting and scaling up can be
low. This review suggests that using virtual patient tools
can effectively complement face-to-face teaching and as
previous reviews have suggested, they could be a par-
ticularly useful tool for a blended learning approach to
teaching [15, 18]. This review provides useful evidence
for medical educators to guide their decisions about
using this technology, which may be especially attractive
if there is no other explicit teaching of clinical reason-
ing skills in the curriculum. Further research is needed
to understand the context in which different teaching
methods are most effective and the feasibility of imple-
menting into curricula, so that medical educators can
make more informed decisions on educational methods.

This review showed some evidence that effectiveness
might depend on the domains of clinical reasoning that
the virtual patient tools were designed to address and
how these were measured. Most articles evaluated the
effects of virtual patient tools on domains of data gath-
ering, ideas about diagnoses and patient management
and many showed significant improvement in these
domains. The application of knowledge about clinical
problems and processes, flexibility in thinking about
diagnoses and problem-solving skills were less com-
monly measured and showed less consistent improve-
ment after virtual patient use. These findings could
be due to issues with measuring different domains of
clinical reasoning. Data gathering skills, ideas about

diagnoses and patient management are domains that are
related to students’ judgements on specific cases. There-
fore, they are easier to measure using patient cases and
measures like the key feature problems, which are case
specific and may be more sensitive to change imme-
diately post intervention. In contrast, the application
of knowledge, flexibility in thinking about diagnoses
and problem-solving measures may be more related to
the underlying cognitive processes of clinical reason-
ing. These general cognitive skills are less likely to vary
over the short-term and measurements, such as the
DTI, have not necessarily been designed to be sensitive
enough to detect short-term changes in these skills [54,
55]. Case specific outcomes may also be more appro-
priate for measuring clinical reasoning, as clinical rea-
soning is a skill that is context dependent [2]. We also
found most articles reported aggregated effectiveness
over several domains. Future research would benefit
from defining the specific domains of clinical reason-
ing their virtual patient tool aims to improve and pro-
vide separate analyses for each aspect. Furthermore, a
greater understanding of the psychometric properties
of measures of clinical reasoning is needed to identify
which domains of reasoning virtual patient tools can
effectively teach students and over what timescales.

Limitations

It was not meaningful to conduct a meta-analysis to sum-
marise the overall effectiveness of virtual patient tools on
clinical reasoning due to the substantial heterogeneity
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in the design and content of the virtual patient tools, the
measures of clinical reasoning and the characteristics of
samples. Many articles developed their own measures of
reasoning but with limited validation it was difficult to
ascertain what they were measuring and how comparable
they were to other measures. The findings of the review
were limited by the lack of high-quality articles that
were included. The review was updated in January 2022
and by this time the review authors’ article on a virtual
patient tool was eligible for inclusion. This was rated of
high quality, and it is possible the authors were biased in
their scoring of their own article. As found in previous
reviews, most single group pre-test and post-test evalu-
ations found significant benefits of using virtual patient
tools and it is possible there was publication bias with
negative findings being unpublished [13, 14]. The review
was also limited by the small percentage of abstracts that
were double screened for inclusion. However, the agree-
ment between screeners was good and any discrepancies
were discussed; abstracts where there was uncertainty of
inclusion were included in the full text review to ensure
we captured as many relevant articles as possible [56].

Conclusion

Overall, the evidence suggests virtual patient tools could
effectively complement current teaching and may be
particularly useful if opportunities for face-to-face learn-
ing are limited. This research found that evaluations
that measured clinical reasoning by measuring case spe-
cific domains of clinical reasoning, such as ideas about
diagnoses or data gathering, showed more consistent
improvement in reasoning than more general measures
of reasoning, such as problem-solving. Case specific
measures of clinical reasoning may be more sensitive to
change following virtual patient cases because they reflect
the context dependent nature of clinical reasoning skills.
Future evaluations should provide evidence of the validity
and reliability of their clinical reasoning outcome meas-
ures to aid the comparison of effectiveness between stud-
ies. More understanding is needed about how features of
virtual patient design and delivery relate to effectiveness.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512909-022-03410-x.

Additional file 1. PRISMA 2020 checklist.
Additional file 2. Search history for medline, embase, psychinfo.

Additional file 3. Quality assessment of included studies.

Acknowledgements
The authors would like to acknowledge the University College London Library
for their assistance with this literature search.

Page 16 of 18

Authors’ contributions

RP planned the review and RP, JS, MK, APK and RR shaped the review
questions. The literature search was conducted by RP with the assistance
of a librarian. RP and APK selected suitable articles which met the inclusion
criteria. RP, APK and SM extracted the data from the full text articles. RP,
APK and SM critically appraised the articles. RP drafted the manuscript,

JS, APK, MK, SM and RR helped revise the paper, contributing intellectual
content/commented on drafts of the paper. All authors read and approved
the final manuscript.

Funding

RP was supported by The Health Foundation for her PhD when she undertook
this research and is currently supported by the National Institute for Health
Research (NIHR) School for Public Health Research (Grant Reference Number
PD-SPH-2015). JS is supported by the National Institute for Health Research
Applied Research Collaboration (ARC) North Thames. This research was sup-
ported by the National Institute for Health Research (NIHR) Policy Research
Programme, conducted through the Policy Research Unit in Cancer Aware-
ness, Screening and Early Diagnosis, 106/0001. The views expressed in this
article are those of the author(s) and not necessarily those of the NHS, the
NIHR, or the Department of Health and Social Care. The funders had no role in
the study design, data collection, analysis, interpretation of data or in writing
the manuscript.

Availability of data and materials
The dataset supporting the conclusions of this article is included within this
article and its additional files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Applied Health Research, UCL, 1-19 Torrington Place,

London WC1E 6BT, UK. 2Department of Global Health and Development,
London School of Hygiene and Tropical Medicine, London, England. 3Institute
of Education, UCL, London, UK.

Received: 26 November 2021 Accepted: 19 April 2022
Published online: 13 May 2022

References

1. Cleland JA, Abe K, Rethans J-J. The use of simulated patients in medical
education: AMEE Guide No 42. Med Teach. 2009;31(6):477-86.

2. Higgs J, Jones MA, Loftus S, Christensen N. Clinical Reasoning in the
Health Professions. UK: Elsevier; 2008.

3. The Special Interest Group of the Wolfson Research Institute for Health &
Wellbeing Durham University. Page G, Matthan J, Silva A, McLaughlin D.
Mapping the delivery of ‘Clinical Reasoning'in UK undergraduate medical
curricula. 2016. http://clinical-reasoning.org/resources/pdfs/Mapping-CR-
UK-undergrad.pdf. Accessed 3 May 2022.

4. lo M.Improving Diagnosis in Health Care. Washington, DC: The National
Academies Press; 2015.

5. Cook DA, Triola MM. Virtual patients: a critical literature review and pro-
posed next steps. Med Educ. 2009;43(4):303-11.

6. Ericsson KA. Deliberate practice and acquisition of expert performance: a
general overview. Acad Emerg Med. 2008;15(11):988-94.

7. Kolb DA. Experiential learning : experience as the source of learning and
development. London: Prentice Hall; 1984.

8. Bradley P. The history of simulation in medical education and possible
future directions. Med Educ. 2006;40(3):254-62.


https://doi.org/10.1186/s12909-022-03410-x
https://doi.org/10.1186/s12909-022-03410-x
http://clinical-reasoning.org/resources/pdfs/Mapping-CR-UK-undergrad.pdf
http://clinical-reasoning.org/resources/pdfs/Mapping-CR-UK-undergrad.pdf

Plackett et al. BMC Medical Education

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2022) 22:365

Kononowicz AA, Zary N, Edelbring S, Corral J, Hege . Virtual patients -
what are we talking about? A framework to classify the meanings of the
term in healthcare education. BMC Med Educ. 2015;15(1):11.

Barry Issenberg S, Mcgaghie WC, Petrusa ER, Lee Gordon D, Scalese RJ.
Features and uses of high-fidelity medical simulations that lead to effec-
tive learning: a BEME systematic review. Med Teach. 2005;27(1):10-28.

. McGaghie WG, Issenberg SB, Petrusa ER, Scalese RJ. Revisiting ‘A critical

review of simulation-based medical education research: 2003-2009! Med
Educ. 2016;50(10):986-91.

Consorti F, Mancuso R, Nocioni M, Piccolo A. Efficacy of virtual patients in
medical education: A meta-analysis of randomized studies. Comput Educ.
2012;59(3):1001-8.

Cook DA, Erwin PJ, Triola MM. Computerized virtual patients in health
professions education: a systematic review and meta-analysis. Acad Med.
2010;85(10):1589-602.

Cook DA, Levinson AJ, Garside S, Dupras D, Erwin P, Montori V.
Internet-based learning in the health professions. J Am Med Assoc.
2008;300(10):1181-96.

Kononowicz AA, Woodham LA, Edelbring S, Stathakarou N, Davies D,
Saxena N, Tudor Car L, Carlstedt-Duke J, Car J, Zary N. Virtual Patient
Simulations in Health Professions Education: Systematic Review and
Meta-Analysis by the Digital Health Education Collaboration. J Med
Internet Res. 2019;21(7):e14676.

Richardson CL, White S, Chapman S. Virtual patient technology to edu-
cate pharmacists and pharmacy students on patient communication: a
systematic review. BMJ Simul Technol Enhanc Learning. 2020;6(6):332-8.
Foronda CL, Fernandez-Burgos M, Nadeau C, Kelley CN, Henry MN. Virtual
Simulation in Nursing Education: A Systematic Review Spanning 1996 to
2018. Simul Healthc. 2020;15(1):46-54.

Vallée A, Blacher J, Cariou A, Sorbets E. Blended Learning Compared to
Traditional Learning in Medical Education: Systematic Review and Meta-
Analysis. J Med Internet Res. 2020;22(8): e16504.

Muller DP. Valerie; Amiel, Jonathan; Anand, Shashi; Cassese, Todd; Cun-
ningham, Tara; Kang, Yoon; Nosanchuk, Joshua; Soriano, Rainier; Zbar, Lori;
Karani, Reena: Guiding principles for undergraduate medical education in
the time of the COVID-19 pandemic. Med Teach. 2021;43(2):137-41.
Hege IS, Sudacka M, Kononowicz AA, Nonnenmann J, Banholzer J,
Schelling J, Adler M, Espinoza B, Garrido MA, Radon K. Adaptation of an
international virtual patient collection to the COVID-19 pandemic. GMS
Journal for Medical Education. 2020;37(7):1-8.

Lee J, Kim H, Kim KH, Jung D, Jowsey T, Webster CS. Effective virtual
patient simulators for medical communication training: A systematic
review. Med Educ. 2020;54(9):786-95.

Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, Erwin PJ,
Hamstra SJ. Technology-enhanced simulation for health professions edu-
cation: a systematic review and meta-analysis. JAMA. 2011;306(9):978-88.
Moher D, Liberati A, Tetzlaff J, Altman DG, The PG. Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
PLoS Med. 2009;6(7):e1000097.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22(3):276-82.

Reed DA, Cook DA, Beckman TJ, Levine RB, Kern DE, Wright SM. Associa-
tion between funding and quality of published medical education
research. JAMA. 2007;298(9):1002-9.

Page B. Allen: Developing key-feature problems and examinations to
assess clinical decision-making skills. Acad Med. 1995,70(3):194-201.

Kim S, Willett LR, Pan WJ, Afran J, Walker JA, Shea JA. Impact of Required
Versus Self-Directed Use of Virtual Patient Cases on Clerkship Perfor-
mance: A Mixed-Methods Study. Acad Med: J Assoc Am Med Coll.
2018;93(5):742-9.

Sobocan M, Turk N, Dinevski D, Hojs R, Pecovnik Balon B. Problem-based
learning in internal medicine: virtual patients or paper-based problems?
Intern Med J. 2017;47(1):.99-103.

Chon SH, Timmermann F, Dratsch T, Schuelper N, Plum P, Berlth F, Datta
RR, Schramm C, Hander S, Spath MR, et al. Serious Games in Surgi-

cal Medical Education: A Virtual Emergency Department as a Tool for
Teaching Clinical Reasoning to Medical Students. Jmir Serious Games.
2019;7(1):213028.

Middeke A, Anders S, Schuelper M, Raupach T, Schuelper N. Training of
clinical reasoning with a Serious Game versus small-group problem-
based learning: A prospective study. PLoS ONE. 2018;13(9):e0203851.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 17 of 18

Watari T, Tokuda Y, Owada M, Onigata K. The Utility of Virtual Patient Simu-
lations for Clinical Reasoning Education. Int J Environ Res Public Health.
2020;17(15):5325.

Schubach F, Goos M, Fabry G, Vach W, Boeker M. Virtual patients in the
acquisition of clinical reasoning skills: does presentation mode matter? A
quasi-randomized controlled trial. BMC Med Educ. 2017;17(1):165.
Raupach T, Muenscher C, Anders S, Steinbach R, Pukrop T, Hege |, Tullius
M. Web-based collaborative training of clinical reasoning: a randomized
trial. Med Teach. 2009;31(9):e431-437.

Plackett R, Kassianos AP, Kambouri M, Kay N, Mylan S, Hopwood J, Schar-
tau P, Gray S, Timmis J, Bennett S, et al. Online patient simulation training
to improve clinical reasoning: a feasibility randomised controlled trial.
BMC Med Educ. 2020;20(1):245.

Isaza-Restrepo A, Gomez MT, Cifuentes G, Arguello A. The virtual patient
as a learning tool: a mixed quantitative qualitative study. BMC Med Educ.
2018;18(1):297.

Kahl K, Alte C, Sipos V, Kordon A, Hohagen F, Schweiger U. A randomized
study of iterative hypothesis testing in undergraduate psychiatric educa-
tion. Acta Psychiatr Scand. 2010;122(4):334-8.

Raupach T, de Insa T, Middeke A, Anders S, Morton C, Schuelper N. Effec-
tiveness of a serious game addressing guideline adherence: cohort study
with 1.5-year follow-up. BMC Med Educ. 2021;21(1):189.

Devitt P, Palmer E. Computers in medical education 1: Evaluation of a
problem-orientated learning package. Aust N Z J Surg. 1998,68(4):284-7.
Qin YH. Zixing; Yu, Jianqun; Qing, Ping; Lui, Su; Liu, Rongbo; Xiong, Jing;
Wang, Peng; Lai, Yaning; Chen, Fan; Hu, Na: Practice-Based Learning Using
Smart Class: A Competency-Based Model in Undergraduate Radiology
Education. Acad Radiol. 2022;29(1):150-7.

Lehmann R, Thiessen C, Frick B, Bosse HM, Nikendei C, Hoffmann GF, Ton-
shoff B, Huwendiek S. Improving pediatric basic life support performance
through blended learning with web-based virtual patients: Randomized
controlled trial. J Med Internet Res. 2015;17(7):e162.

Wu B, Wang M, Johnson JM, Grotzer TA. Improving the learning of clinical
reasoning through computer-based cognitive representation. Med Educ
Online. 2014;19:25940.

Bordage G, Page G. The key-features approach to assess clinical decisions:
validity evidence to date. Adv Health Sci Educ. 2018;23(5):1005-36.
Charlin B, Roy L, Brailovsky C, Goulet F, van der Vleuten C. The Script Con-
cordance Test: A Tool to Assess the Reflective Clinician. Teach Learn Med.
2000;12(4):189-95.

Kalet AL, Coady SH, Hopkins MA, Hochberg MS, Riles TS. Preliminary
evaluation of the Web Initiative for Surgical Education (WISE-MD). Am J
Surg. 2007;194(1):89-93.

Bordage G, Grant J, Marsden P. Quantitative assessment of diagnostic
ability. Med Educ. 1990;24(5):413-25.

Aghili O, Khamseh ME, Taghavinia M, Malek M, Emami Z, Baradaran

HR, Mafinejad MK. Virtual patient simulation: Promotion of clini-

cal reasoning abilities of medical students. Knowl Manag E-Learn.
2012;4(4):518-27.

Kleinert R, Heiermann N, Plum PS, Wahba R, Chang D-H, Maus M, Chon
S-H, Hoelscher AH, Stippel DL. Web-based immersive virtual patient
simulators: Positive effect on clinical reasoning in medical education. J
Med Internet Res. 2015;17(11):1-11.

Botezatu M, Hult H, Tessma MK, Fors U. Virtual patient simulation: Knowl-
edge gain or knowledge loss? Med Teach. 2010;32(7):562-8.

Dekhtyar M, Park YS, Kalinyak J, Chudgar SM, Fedoriw KB, Johnson KJ,
Knoche CF, Martinez L, Mingioni N, Pincavage AT, Salas R, Sanfilippo F,
Sozio SM, Weigle N, Wood S, Zavodnick J, Stern S. Use of a structured
approach and virtual simulation practice to improve diagnostic reason-
ing. Diagnosis. 2021;9(1):69-76.

Kalet AL, Song HS, Sarpel U, Schwartz R, Brenner J, Ark TK, Plass J. Just
enough, but not too much interactivity leads to better clinical skills
performance after a computer assisted learning module. Med Teach.
2012;34(10):833-9.

Mamede S, Schmidt HG. The structure of reflective practice in medicine.
Med Educ. 2004;38(12):1302-8.

Kassier J. Teaching clinical medicine by iterative hypothesis testing. N
EnglJ Med. 1983;309(15):921-3.

Homer BD, Plass JL. Level of interactivity and executive functions as
predictors of learning in computer-based chemistry simulations. Comput
Hum Behav. 2014;36:365-75.



Plackett et al. BMC Medlical Education (2022) 22:365 Page 18 of 18

54. Scott JN, Markert RJ, Dunn MM. Critical thinking: change during medical
school and relationship to performance in clinical clerkships. Med Educ.
1998;32(1):14-8.

55. Niu L, Behar-Horenstein LS, Garvan CW. Do instructional interventions
influence college students’critical thinking skills? A meta-analysis. Educ
Res Rev. 2013;9:114-28.

56. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa
statistic. Fam Med. 2005;37(5):360-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	The effectiveness of using virtual patient educational tools to improve medical students’ clinical reasoning skills: a systematic review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Inclusion and exclusion criteria
	Search strategy
	Study selection
	Data extraction
	Quality assessment
	Data analyses

	Results
	Study characteristics
	Intervention features
	Study designs and participants
	Outcome measures
	Quality of included articles
	Reported effectiveness
	Effectiveness by article quality
	Effectiveness by study design
	Effectiveness by comparator
	Effectiveness by domain of clinical reasoning measured and measurement


	Discussion
	Intervention features
	Effectiveness
	Limitations

	Conclusion
	Acknowledgements
	References


