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Abstract

Introduction: Effective and actionable instructional design features improve return on investment in Technology enhanced
simulation (TES). Previous reviews on instructional design features for TES that improve clinical outcomes covered studies up
to 2011, but updated, consolidated guidance has been lacking since then. This review aims to provide such updated guidance to
inform educators and researchers.

Methods: A narrative review was conducted on instructional design features in TES in medical education. Original research
articles published between 2011 to 2022 that examined outcomes at Kirkpatrick level three and above were included.

Results: A total of 30,491 citations were identified. After screening, 31 articles were included in this review. Most instructional
design features had a limited evidence base with only one to four studies each, except 11 studies for simulator modality. Improved
outcomes were observed with error management training, distributed practice, dyad training, and in situ training. Mixed results
were seen with different simulation modalities, isolated components of mastery learning, just-in-time training, and part versus
whole task practice.

Conclusion: There is limited evidence for instructional design features in TES that improve clinical outcomes. Within these
limits, error management training, distributed practice, dyad training, and in situ training appear beneficial. Further research is
needed to assess the effectiveness and generalisability of these features.
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Practice Highlights
This review pinpoints additional beneficial instructional design features emerging since 2011.
These include error management training, distributed practice, dyad training, and in situ training.
Further evidence from diverse task and learner contexts is needed to establish generalisability.
Current evidence continues to suggest no clear superiority of one simulator modality over the other.

I. INTRODUCTION practice, mastery learning, and range of difficulty (Cook,
Hamstra, et al., 2013). Effective instructional design
features for TES are actionable for educators because
they offer specific, implementable guidance, and an area
of research interest (Issenberg et al., 2005; Nestel et al.,
2011; Schaefer et al., 2011), including those that lead to
transfer to authentic clinical practice (Frerejean et al.,
2023; Zendejas et al., 2013).

Technology enhanced simulation (TES) training has
been shown to be effective for skills, behaviour, and
patient-related outcomes (Cook et al., 2011; McGaghie
et al., 2011). Instructional design features in simulation
refer to variations in aspects of simulation design that act
as active ingredients or mechanisms that make
simulation effective, with examples including distributed
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While it is acknowledged that conducting a study to
establish a causal relationship between an educational
intervention and subsequent patient and clinical process
outcomes is challenging (Cook & West, 2013), such
studies become particularly valuable when appropriately
executed (Dauphinee, 2012). These studies represent the
apex of impact in Kirkpatrick's model for program
evaluation (Kirkpatrick & Kirkpatrick, 2006), holding
the highest clinical significance and representing the
ultimate goal of health professions education which is to
enhance patient outcomes by equipping the healthcare
workforce to effectively address societal needs
(Carraccio et al., 2016). Additionally, the examination of
clinical outcomes, when coupled with a consideration of
costs, contributes to the informed allocation of limited
institutional resources to such educational approaches
(Lin et al., 2018).

In prior reviews of TES including studies up to 2011, the
vast majority of studies examined outcomes at the levels
of reaction and learning demonstrated in written or
simulation tests, with only a small body of evidence
studying outcomes in workplace contexts (Cook,
Hamstra, et al., 2013; Nestel et al., 2011; Zendejas et al.,
2013) suggesting that clinical variation, multiple
learning strategies, and increased time learning are
beneficial variations. This limited evidence base for
transfer to workplace contexts hinders educators in fully
harnessing the potential of TES to improve patient and
system outcomes and obtain the best returns on
investments in simulation technology. Given the time
interval since these prior reviews, further evidence would
have accrued regarding these and other instructional
design features.

Given the time elapsed since the last comprehensive
review of TES instructional design features, the scarcity
of prior studies on clinical outcomes, and the importance
of these outcomes, we conducted this narrative review.
The objective was to provide an updated understanding
of the instructional design features in TES that are
associated with enhanced clinical outcomes, thereby
addressing a significant gap in the existing literature, to
guide educators seeking to optimise instructional design,
and provide researchers with an overview of the current
state of this literature and guide further inquiry.

Il. METHODS

We conducted a narrative review based on the
framework proposed by Ferrari (2015). We searched
MEDLINE, ERIC, Embase, Scopus and Web of Science
databases for articles published from 2012 January 01 to
2022 December 06. We translated abstracts and articles
not in English into English using Google Translate.
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The following search terms were used: (Medical
education) AND (Simulation OR Cadaver OR Simulator
OR Augmented Reality OR Virtual reality OR Mixed
reality).

Studies were included if they were original research
articles examining instructional design variations in TES
with at least one outcome at Kirkpatrick levels three or
above, as described and utilised by the Best Evidence
Medical Education Collaboration (Steinert et al., 2006).
We included a broad range of TES modalities, such as
computer based virtual reality simulators, high fidelity
and static mannequins, plastic models, live animals, inert
animal products, and human cadavers as stipulated in the
review by Cook et al. (2011). We included augmented
reality and mixed reality as they satisfied the prior
definition of “materials and devices created or adapted to
solve practical problems” in simulation established by
Cook et al (2011). Studies where TES was utilised
together with human patient actors were included. We
included studies with observational, experimental, and
qualitative designs.

Studies were excluded if they involved only human
patient actors as the sole modality of simulation, used
simulation outside of health professions education, used
simulation for noneducation purposes such as procedural
planning or patient education, or only compared
simulation with no simulation. We excluded studies
involving only nurses given that there are recent and
ongoing reviews addressing a similar research question
(El Hussein & Cuncannon, 2022; Jackson et al., 2022),
but included interprofessional studies. Figure 1 shows
the flow of studies through the review and selection
process.

Three researchers (MJWL, SSL, JHTY) independently
read the full text of articles that met the inclusion criteria
and extracted study information including geographical
origin, specialty context, type of skill studied, level of the
learner, simulation modalities used, instructional design
variations studied, and outcomes categorised into the
highest Kirkpatrick level studied. Any differences were
resolved by a discussion among researchers to arrive at a
consensus.

I11. RESULTS

A total of 30,491 records were identified using the search
strategy. From these, 31 eligible studies were identified
and reviewed (Figure 1 and Table 1). Figure 2
summarises basic information on these studies. The
number of studies from each geographic region were 13
from North America (42%), 11 from Europe (35%), three
from Asia (10%), two from Africa (6%), and one from
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South America (3%). One study did not clearly state the
countries involved.

28 out of 31 (90%) of the studies adopted a quantitative
research design focusing on experimental design. Most
simulation interventions were conducted among
residents/fellows/interns, followed by medical students.

The results reported in the studies are divided into two
groups:

- Evidence suggests improved outcomes

- Evidence shows mixed results

A. Improved Outcomes

Error management training was associated with
improved obstetric ultrasound skills compared to error
avoidance training in novices (Dyre et al., 2017).
Frequent brief on-site simulation, at 40 minutes a month
and three minutes a week, was associated with reduced
infant mortality compared to a single day course (Mduma
et al,, 2015). Integrating non-technical skills (NTS)
training into a colonoscopy skills curriculum with TES,
without increasing time spent teaching, improved
observed performance during colonoscopies on real
patients, although it was unclear whether this was driven
by changes in observed NTS only, or both NTS and
technical skills (Walsh et al., 2020).

One qualitative study found that in situ training had
greater organisational impact and provided more
information for practical organisational changes
(Serensen et al., 2015). One qualitative study found that
multi-professional ~ training led to  improved
communication, leadership, and clinical management of
post-partum haemorrhage (Egenberg et al., 2017).

1. Dyad Training

In one study of obstetric ultrasound skills (Tolsgaard et
al., 2015) a larger proportion of the dyad training group
(71%) scored above the criterion referenced pass fail
level than the individual training group (30%) on the
objective structured assessment of ultrasound skills,
though the difference in mean scores on did not reach
statistical significance. Other benefits included increased
efficiency from greater faculty to learner ratios.

2. Complex Bundles

Three studies found improvements with complex
bundles comprising multiple instructional design
variations.

Medical students performed the correct sequence of steps

for endotracheal intubation measured by a checklist more

The Asia Pacific Scholar, Vol. 10 No. 4 / October 2025
© 2025 National University of Singapore
(CC BY-NC 4.0)

often when practice with a mannequin was augmented by
a 10-question pre-test, hand held tablets containing
scenarios, checklists, and learning algorithms, 24-hour
access to the simulation laboratory, and remote review of
practice recordings with feedback from teachers via
email (Mankute et al., 2022).

Residents had improved observed performance in
laparoscopic salpingectomy with lectures, videos,
reading materials, a box trainer with pre-set proficiency
benchmarks, a VR simulator for technical skills, and
non-technical skills training with scripted confederates,
compared to a conventional curriculum including
simulation with minimal further description (Shore et al.,
2016).

In one qualitative study of obstetric residents, there was
improved transfer of communication and team work
skills and situational awareness with simulation aligned
to multiple principles including authenticity,
psychological fidelity, engineering fidelity, Paivio’s dual
coding, feedback, variability, and increasing complexity
(de Melo et al., 2018).

B. Mixed Results
1. Simulation Modality

Eleven studies examined whether outcomes differed
when different simulation modalities were used.
Examples include higher versus lower technological
complexity in a physical simulator (DeStephano et al.,
2015; Sharara-Chami et al., 2014), cadaveric versus
synthetic models (Lal et al., 2022; Tan et al., 2018;
Tchorz et al., 2015), virtual reality (VR) versus physical
simulators (Daly et al., 2013; Gomez et al., 2015; Orzech
et al., 2012; O’Sullivan et al., 2014), and a computer
based versus physical simulated operating room for
student orientation (Patel et al., 2012).

Overall, there no clear pattern of superiority of a
particular type of simulator. Most studies found no
difference, with three exceptions: Gomez et al (2012)
found that VR alone, and VR with physical simulator, led
to superior performance in observed colonoscopic skills
in real patients, compared to physical simulator alone;
Chunharas et al (2013) found that adding practice on
fellow students on top of mannequin practice improved
observed  performance in  subcutaneous and
intramuscular injection skills; Patel et al (2012) found
that using a physical simulated operating room was
superior to an online computer based operating room for
training novice medical students in appropriate
behaviour in the operating room.
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Learner number

Type of simulation

Simulation instructional

Kirkpatrick

Author, year, title Geography Disciplines Skill studied and type modality design variation studied level Outcome
Observed performance in injections
performed on real children, using a
Chunharas et al. rating scale with minimal validity
_(2013) Manikin evidence described.
Medical students (model unspecified)
themselves as Subcutaneous P Improved performance in the
surrogate patients and 89 medical Manikin Vs manikin + fellow student group for
increased Thailand Paediatrics . students (model unspecified) 3 preparing children and giving the
- - intramuscular h L . .
satisfaction, L (5" year) and fellow students - injection. No difference in other steps
- injection Manikin . . .
confidence, and (model unspecified) including checking accuracy of order,
performance in P preparing vaccine, selection of
Lo and fellow students RIS ; .
practicing injection injection site, sterile technique,
skill handling of syringe and needle,
filling medical record, and explaining
purpose and effect of vaccine.
Daly et al. (2013)
Ef_flcacy of surg ical o . Eyesi ylrtual reality No difference in an overall score
simulator training Eyesi virtual reality simulator ..
o . consisting of both process (economy
versus traditional simulator and
S e . of movement, confidence of
wet-lab training on 21 ophthalmology  silicone eyes in a wet vs . .
. . . . movement, errors in tissue handling)
operating room USA Ophthalmology Capsulorhexis residents lab with the same 3 . . .
d . . . and product variables (time, size,
performance of (2" year) equipment as an Silicone eyes in a wet lab . ;
. . . continuity, shape and centring of
ophthalmology actual operating with the same equipment . " .
. . . capsulorhexis). Minimal validity
residents during the room as an actual operating - . .
. evidence described for rating tool
capsulorhexis in room
used.
cataract surgery
Simulation aligned to a
complex bundle of
instructional design
de Melo et.al. (2018) principles: .authentlglty, During individual interviews,
Self-perceived long- . psychological fidelity, - -
Part task pelvis . > . participants reported improved
term transfer of . engineering fidelity, L
. . Post-partum simulator > . transfer of communication and
learning after . Obstetrics and . . Paivio's dual coding, . o
Brazil haemorrhage 12 residents (ProDelphus) with C teamwork skills and situational
postpartum Gynaecology . . feedback, variability, - S
management simulated patient and . . h awareness in the clinical
haemorrhage increasing complexity

simulation training

simulated nurse

\Al

Simulation designed
according to existing
practice

environment.
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De Win et al. (2016)
An evidence-based
laparoscopic
simulation
curriculum shortens
the clinical learning
curve and reduces
surgical adverse
events

Belgium

30 medical
Laparoscopic students
General Surgery cholecystect- (final year) who
omy transited into

surgical residency

Simulation training with
proficiency-based

Progression through
progression

multiple simulators
including suture pad,
chicken skin, '
pulsatile organ
perfusion trainer,
living rabbit model

Simulation training
without proficiency-based
progression

Lower odds of adverse events
(bleeding or liver damage) with
b proficiency-based progression during
laparoscopic cholecystectomy on
actual patients.

DeStephano et al.
(2015)
A randomized
controlled trial of USA
birth simulation for
medical students

Noelle: High cost,
high technological
complexity, low
portability, standalone

Birth simulator Vs
manikins

MamaNatalie: Low cost,

low technological

complexity, high

portability, hybrid

simulation
(worn on patient)

No difference in performance of
3 vaginal delivery steps as rated by
preceptors using a previously
established checklist.

Dyre et al. (2017)
Imperfect practice
makes perfect: error
management training
improves transfer of
learning

Denmark

Obstetrics and Vaginal 110 medical
Gynaecology delivery students
Obstetric
. ultrasound 60 medical
%bs;zgégsloand including students
y 9y foetal weight (5" and 6 year)
estimation

Error management
training
Transabdominal
ScanTrainer S

Error avoidance training

Higher scores on the OSAUS scale in

EMT group (67.7%) than EAT group

(51.7%) when assessing foetal weight
in actual pregnant patients.

3 Deviation in foetal weight estimated
by participant from weight estimated
by expert was 16.7% in EMT group
and 26.6% in EAT group, but this
difference was not statistically
significant.

Egenberg et al.
(2017)

"No patient should
die of PPH just for
the lack of training!"
Experiences from
multi-professional
simulation training
on postpartum
haemorrhage in
northern Tanzania: a

Tanzania

Post-partum
haemorrhage

. . 42 Midwives,
Obstetrics and prevention, ;
medical attendants,
Gynaecology management
and doctors

communication

Qualitative study using
focus group discussions,
in the context of a related
study experienced by the

participants, that
examined

Multiprofessional
simulation training,
with technical skills

training on
MamaNatalie multiprofessional
training for post-partum
haemorrhage.
9

Improved communication,
3 leadership, and clinical management
of post-partum haemorrhage.

qualitative study
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Gomez et al. (2015)
Evaluation of two
flexible colonoscopy

Endoscopic virtual reality

Improvement seen from pre-test to
Endoscopic virtual S post-test in the groups that used GI
27 surgical reality (Gl Mgntor ) ) mentor alone or both simulators,
simulators and USA Surgery Colonoscopy residents (PGY-1) 1)) and_physncal Physical model simulators 3 compared to physical model alone, as
transfer of skills into model simulators measured by the GAGES-C tool
- - (Kyoto Kagaku) Vs when performing colonoscopy on a
clinical practice real patient
Both
Progressive task difficulty
Grover etal. (2017) (1 hour bench top then 5
Progressive learning Bench top simulator hours EndoVR cases in
sinizlz?i%%sfrc;?rzling 3 37 resi dent_s with (physical) and increasing difficulty) Progressive group outperformed the
improves clinical Canada Internal Medicine Colonoscopy <20 previous _ EndoVR_ Vs 3
) endoscopies (virtual reality)
performance: a
blinded randomized
trial

endoscopy simulator Random order of task
difficulty (6 hours of
EndoVR with random

order of task difficulty)
Hernandez-Irizarry

Laparoscopic
(2016)

inguinal hernia

random order group as measured by
the JAG DOPS tool during

colonoscopies on real patients.

Optimizing training

Participants in the part task group
achieved
repairs Randomised part task mastery of the skills curriculum on
( (deemed as 44 residents Guildford MATTU average 17 minutes quicker than
cost-effectiveness of USA General Surgery . TEP task trainer, an S 3 those in the whole task group (60 vs
8 : a high (PGY-1t05) A . . . . .
simulation-based complexit inanimate box trainer 77 mins), with no difference in
laparoscopic inguinal Ipow Y Whole task GOALS scores when performing
hernia repairs L surgeries in actual patients.
organization
task)
Simulation based training
Kessler et al. (2015) to mastery Standa.rd p_Ius No significant differences in first
Impact of just-in- 1319 interns who Infant lumbar Justin time and just in infant lumbar puncture success rate
time and just-in-place - Infant lumbar performed 436 puncture physical place training
. . . USA Paediatrics . - 4b
simulation on intern puncture infant lumbar simulator Vs
success with infant punctures (BabyStap)
lumbar puncture

Simulation based training
to mastery standard alone
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JIT group had lower mean number of
attempts (1.4 vs 2.1), and increased
use of early stylet removal, analgesia,
and family presence.
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Kroft et al. (2017)
Preoperative practice
paired with instructor

Laparoscopic

18 PGY-2to 6

LapSim virtual

Preoperative practice with
feedback, with feedback
based on preoperative
practice within one hour
before surgery

'S

No significant difference as measured

feedback may not Canada Obstetrics and - - . - 3 by objective structured assessment of
improve obstetrics- Gynaecology salpingectomy trainees reaslilzusll;;g:cal Preoperative practice laparoscopic salpingectomy,
gynaecology alone performed on real patients.
residents’ operative
performance Vs
Feedback alone based on
baseline testing
Lal et al. (2022) Vascular Surgery, Supervised training on
Ev_aluatmg_ the . Neurosur_gery, . 1160 physicians human cadavers
optimal training Countries Interventional Transcarotid- credentialed to No difference in rates of clinical
paradigm for trans not specified Cardiology, artery erform carotid Human cadavers and Vs b adverse outcomes or technical
carotid artery in Interventional revascularize- P synthetic models
2 . . . endarterectomy at adverse events.
revascularization manuscript Radiology, and tion home institution Supervised training on
based on worldwide Cardiothoracic 2 nthetic model%
experience Surgery Y
Coached practice (6
hours) followed by
uncoached practice (1
hour every 2 weeks for 3
months) in 2009 Coached + uncoached was indirectly
Liao et al. (2013) Vs compared with Coached alone, in that
Coached practice Endoscobic both of these were first compared to
using ERCP P . . control groups in their respective
- - - retrograde Mechanical Coached practice (6 . .
mechanical simulator Taiwan Gastroenterology cholanaionancr 16 fellows simulator hours) followed by no 3 study years, and adjusted odds ratios
improves trainees' giop . ved by ne were then compared for successful
eatography further simulation training

ERCP performance:
a randomized
controlled trial

in 2008
S

No simulation training in
2008 and 2009

deep biliary cannulation in real
patients, with no difference shown.
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Mankute et al. (2022)
A novel algorithm-
driven hybrid
simulation learning
method to improve
acquisition of
endotracheal
intubation skills: a
randomized
controlled study

Lithuania

Emergency
Medicine and
Anaesthesia

Endotracheal
intubation

Manikin with teacher
(3 hours) then
without teacher (3

77 medical hours)
th
students (5" year) Manikin with
and residents (1 h
ear) an_d_held tablet_s
y containing scenarios,

checklists, and
learning algorithms

Lectures, then manikin
with teacher (3 hours)
then without teacher (3
hours) in groups of 10

Vs

Review lectures, videos
and algorithms on a
virtual learning
environment, followed by
10 question pre-test, then
manikin with handheld
tablets containing
scenarios, checklists, and
learning algorithms (6
hours at learners’ own
pace, with 24/7 access to
simulation lab) in groups
of 3 for peer-to-peer
practice, with remote
review of practice video
recordings by teachers
and feedback by email

More learners performed more
actions correctly, and in the correct
sequence, as assessed by a checklist
with minimal validity evidence, on
actual patients.

Mduma et al. (2015)
Frequent brief on-site
simulation training
and reduction in 24-h
neonatal mortality—
an educational
intervention study

Tanzania

Neonatology
Obstetrics and
Gynaecology

Delivery room
management of
new-porns

(6 hours)
Unclear number of
midwives, nurse
students, operating
nurses, and
doctors. NeoNatalie

9708 deliveries
were studied.

Frequent and brief on-site
simulation (40 mins a
month + 3 mins a week)

VS

One-day simulation
course

4b

Reduced infant death within 24 hours
of birth (11.1/1000 vs 7.2/1000).

More neonates were stimulated
(14.5% vs 16.3%).

Naples et al. (2022)
The impact of
simulation training
on operative
performance in USA
general surgery:
lessons learned from
a prospective
randomized trial

General Surgery

Bowel
anastomosis

9 interns Porcine intestine

Proficiency based
training: needed a perfect
score at end of simulation

assessment prior to
completing a post-test. If

not, practice
independently and re-
assess

Vs

No required score at end
of simulation assessment

No difference between groups in
operative performance with actual
patients as measured by ACS/APDS
global rating scale.
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before proceeding to post-
test

Nilsson et al. (2017)
Simulation-based
camera navigation

training in
laparoscopy-a
randomized trial

General Surgery

Camera
navigation
during
laparoscopic
surgery

36 medical
students
(4" to 6 year)

LapSim virtual
reality surgical
simulator

Simulation based part
task practice (camera
navigation)

S
Simulation based whole

task practice
(cholecystectomy)

No significant difference in camera
navigation skills (part task) during
cholecystectomies performed on
actual patients, as measured by the
authors’ own newly derived tool with
minimal validity evidence, the
objective structured assessment of
camera navigation skills.

O’Sullivan et al.
(2014)

The effect of
simulation-based
training on initial

performance of
ultrasound-guided
axillary brachial
plexus blockade in a
clinical setting - a
pilot study

Ultrasound
guided axillary
brachial plexus

blockade

10 residents with
no prior experience

with ultrasound
guided regional
anaesthesia

Hands on simulation
with cadavers,
ultrasound scanning
of a volunteer,
needling skills
sessions with tissue
phantoms, and a
novel simulator
(PHANTOM
Desktop device) with
physical devices to
manipulate, haptic
feedback, and a
computer monitor
with 3D glasses to
visualise virtual
actions

Control: Hands on
simulation with cadavers,
ultrasound scanning of a
volunteer, needling skills
sessions with tissue
phantoms

VS

Intervention: practice as
per control group, plus
additional practice by
completing 4 tasks to a
predefined proficiency
level on PHANTOM
Desktop device, which

provided computer
generated feedback

No difference between groups in
performance as measured by the sum
of scores on a global rating scale and

checklist, from observer ratings of
participants performing ultrasound
guided axillary brachial plexus
blockade on real patients.

Orzech et al. (2012)
A comparison of 2 ex
vivo training
curricula for
advanced
laparoscopic skills: a
randomized
controlled trial

Denmark and Gynaecology
Ireland Anaesthesia
Canada General Surgery

Laparoscopic
suturing (as an
advanced
rather than
basic
laparoscopic
skill)

24 residents PGY-2
or above with >10
prior laparoscopic

procedures

LapSim virtual
reality simulator and
Fundamentals of
Laparoscopic
Surgery box trainer

LapSim virtual reality
simulator with 3
progressive settings of
difficulty, with no
supervision by surgeons

Vs

Fundamentals of
Laparoscopic Surgery box
trainer with supervision
by surgeons

In both groups, practice
was carried out until

No differences between VR and box
trainer groups as measured by
performance in placing intracorporal
laparoscopic stitches during a Nissen
fundoplication on a real patient, using
a procedure-specific checklist and
global rating scale.
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proficiency criteria were
reached

Patel et al. (2012)
Operating room
introduction for the
novice

UK

General Surgery,
Gynaecology and
Otolaryngology

Appropriate
behaviour for
initial
attendance
within
operating room

60 medical
students (1st year)

Second Life online
operating room
Vs
Physical simulated
operating room

Second Life online
operating room

'S

Physical simulated
operating room

Physical simulated operating group
performed better than the Second
Life online operating room group, as
measured by a checklist observation
scale with minimal validity evidence
described, while students were in
actual operating rooms.

Schaffer et al. (2021)

Association of
simulation training
with rates of medical
malpractice claims
among obstetrician-
gynaecologists

USA

Obstetrics and
Gynaecology

Management
of obstetric
emergencies

292 attending
obstetricians and
gynaecologists

Not specified. Team
training and crisis
management, rather
than surgical or
technical skills

Single simulation session
Vs

More simulation sessions

Attending more simulation sessions
was associated with a reduced
malpractice claim rate.

Sharara-Chami et al.
(2014)
Simulation training
in endotracheal
intubation in a
paediatric residency

Lebanon

Paediatrics

Endotracheal
intubation

10 residents

Manikin (SimBaby,
Laerdal)

SimBaby manikin with
vital signs displayed on
monitor

VS

SimBaby manikin with
vital signs and physical
examination findings read
out by supervisor

No difference in number of
successful intubations logged by
participant.

Shore et al. (2016)
Validating a
standardized
laparoscopy

curriculum for
gynaecology
residents: a
randomized

controlled trial

Canada

Obstetrics and
Gynaecology

Laparoscopic
surgery

27 residents (PGY-
1to2)

Box trainer, VR
simulator, SimMan
physical patient
simulator

Structured simulation
group with cognitive
training (lectures, videos,
reading materials), box
trainer for technical skills
with pre-set proficiency
benchmarks, VR
simulator for technical
skills, and non-technical
skills training with
scripted confederates and
SimMan physical patient
simulator with debriefing.
Total time: 3 hours a
week for 7 weeks

Structured simulation curriculum
group performed better than the
conventional curriculum group as
measured by OSA-LS when
performing laparoscopic right
salpingectomy and intracorporal knot
tying of the left round ligament on a
real patient.
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'S

Conventional curriculum,
part of which includes

simulation without further

details

Sgrensen et al.
(2015)
Clarifying the
learning experiences
of healthcare
professionals with in
situ and off-site
simulation-based
medical education: a
qualitative study

Denmark

Obstetrics and
Gynaecology,
Anaesthesia

Management
of obstetric
emergencies

25 obstetricians,
midwives,
auxiliary nurses,
anaesthetists, nurse
anaesthetists,
operating room
nurse

In situ simulation
and
Off-site simulation

In situ simulation

VS

Off-site simulation

4a

Focus group discussion themes:

- Participants perceived ISS and OSS
had the same effect on individual and
team learning
- ISS had more organizational impact
and provided more information for
practical organizational changes
- Physical context and physical
fidelity were not the most important,
provided that psychological and
sociological authenticity elements are
respected, such as participant
preferences for simulation in one's
own authentic role
- OSS had the positive effect of
forcing participants to adapt to new
places and people and
forced them to see their own routines
from the outside
- Perceptions about ISS and OSS
differed between professional groups,
with nurses preferring equipment to
be in the right place (thus ISS).

Srinivasan et al.
(2018)
Proficiency-based
progression training:
an 'end to end' model
for decreasing error
applied to
achievement of
effective epidural
analgesia during
labour: a randomized
control study

Ireland

Epidural
analgesia
during labour

Anaesthesia

17 residents with
<2 years of
experience and <50
prior epidural
catheter placements

Manikin KKM43E,
Cardiac services
2013, SISK
Healthcare Group

Proficiency based
progression simulation
training
VS

Simulation training

without proficiency-based

progression

4b

Proficiency based progression group
had fewer epidural failures (13.3%)
than the simulation group without
proficiency-based progression
(28.7%).
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Tanetal. (2018)
Teaching residents

No difference between groups in

Emerdenc Manikin Manikin ability to insert a chest tube
chest tubes: USA Me dici% e az d Chest tube 16 residents (PGY - (TraumaMan) (TraumaMan) 4a independently (i.e. without
simulation task General Surger insertion 1t02) S S supervisor assistance) at first attempt
trainer or cadaver gery Cadaver Cadaver in a real patient, as self-reported
model? through case logs.
Tchorz et al. (2015)
Pre-clinical
vSir;gc;C:'?irf]it(l:(i:atlr?r:gtlgs d Artificial resin teeth Artificial resin teeth No significant difference between
of extracted human . 89 dentistry and groups in proportion of patients with
teeth: does the type Germany Dentistry Root canal students (3 year) extracted human Vs 3 accept.able outcomes, based on
of exercise have an teeth review of post procedural
influence on clinical Extracted human teeth radiographs.
endodontic
outcomes?
Simulation, followed by
Todsen et al. (2013) just-in-time video before
Short- and long-term 64 medical performaa;?é:r:etson real
transfer of urethral students (3" year) Male manikin with P No significant difference as measured
catheterization skills - Urethral with no prior L by a checklist when performing
- - Denmark Not specified o an actor sitting S 3 o
from simulation catheterization urethral behind manikin urethral catheterization on a real
training to catheterization Simulation without iust- patient.
performance on experience — - !
atients in-time video before
P performance on real
patients
ScanTrainer
transvaginal No significant difference in mean
ultrasound simulator: Dyad learning: each scores between dyad (56.3) and
Tolsgaard et al. physical device with individual attempted individual (48.4) groups on the
inal year similar shape to a every module once. on transvaginal ultrasoun
2015 30 final lar shape t dul OSAUS 1 ul d
The effect of dyad Obstetrics and Transvaginal medical students transvaginal probe scans performed on real patients.
versus individual Denmark g

simulation-based
ultrasound training
on skills transfer

Gynaecology

ultrasound

with minimal prior
ultrasound
experience

with haptic feedback
and monitor output
with images obtained
from real patients.
But not a manikin. 9
modules over 2
hours.

Vs

Individual: each
individual attempted
every module twice.

A larger proportion of the dyad group
(71%) scored above the pre-
established criterion referenced pass
fail level than the individual group
(30%).
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Walsh et al. (2020)
Non-technical skills
curriculum
incorporating
simulation-based

training improves Canada
performance in
colonoscopy among
novice endoscopists:
Randomized
controlled trial

Gastroenterology,
General Surgery,
and Internal

Medicine

Non-technical
skills for
colonoscopy

39 postgraduate
trainees who
completed <20
endoscopies

Colonoscopy simulation
training with expert
feedback

Bench top model and v

EndoVR model . .
Colonoscopy simulation

training with expert
feedback. Expert focused
on NTS with access to
NoSEy checklist for NTS

NTS group performed better as
measured by the JAG DOPS tool
during colonoscopies of actual
patients.

JAG DOPS measures both technical
skills and NTS. It is unclear from the
manuscript whether the difference
was driven purely by NTS, although
at level 2 outcomes, both NTS and
technical skills were better.

Abbreviations. ACS/APDS: American College of Surgeons / Association of Program Directors in Surgery; EAT: Error avoidance training; EMT: Error management training; GAGES-C: Global Assessment of
Gastrointestinal Endoscopic Skills-Colonoscopy; GOALS: Global Operative Assessment of Laparoscopic Skills; ISS: In situ simulation; JAG DOPS: Joint Advisory Group Direct Observation of Procedural Skills; JIT:

Just in time; OSA-LS: objective structured assessment of laparoscopic salpingectomy; NTS: Non-technical skills. OSAUS: objective structured assessment of ultrasound; OSS: Off-site simulation; PGY: Post graduate
year; UK: United Kingdom; USA: United States of America; VR: Virtual reality.

Kirkpatrick levels. 1: Reaction e.g. participants’ views on learning experience; 2a: Learning — Change in attitudes; 2b: Learning — Modification of knowledge or skills; 3: Behaviour — Change in behaviours; 4a: Results
— Change in the system/organisational practice; 4b: Results — Change in patient outcomes.
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E Records identified from:
E SCOPUS (n = 15334) Records removed before screening:
. Web of Science (n =7410) » Duplicate records removed (n = 30,559)
= EMBASE (n = 14527)
g ERIC (mn = 2177)
h- MEDLIME (n = 21602}
— Records excluded
Duplicate {n = &)
—_— ¥ Mot in medical education (n = 10,330)
Mot original and primary research {n=7,102)
Records screened — Did not use Technology Enhanced Simulation (TES) (n
(n=230491) =2.417)
Mo outcomes examined (n = 1,143)
Did net compare simulation instructional design
features {n = 8,250)
Retracted (n=1)
Outcomes below Kirkpatrick level 3 (n = 958)
g
§
= Reports scught for retrieval >
& n=234) Reports not retrieved
n=12)
Y
S Records excluded
Reports assessed foreliginility | 1 pgtin medical education (n = 14)
(n =222} Mot original or primary research (n = 69)
Did net use Technology Enhanced Simulation (TES) (n
L =9}
l Did net compare simulation instructional design
features {m = 70)
B L 3 . Outcomes examined below Kirkpatrick level 3 (n = 29)
= Studies included in review
3 in=31)
B
Figure 1. Flow of studies through identification process
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Geographic origin Type of Research Design
North America - 13

Qualitative
10%
(n=3)

Europe - 11

\ N~
: ' -

) Oceania - Nil
South America - 1 -

Quantitat
90%
(n=28)

Africa - 2

Type of Learners

Discipline

bt
Opthalmology 1 1
o
Not specified [ 1
Anaesthesiology ] 2

o g Internal Medicine [ 2
- 2 5 .
£ —————
. . & ediatrics 3
S & N < &) Surgery [ 16
\o\s 0@ o*v §° 0;\
& (_,'\0 o & & Multiple [ 17
o\ v\« 0‘(“’ ,‘;\3 S
N & & © Obstetrics and gynecology | 19
<& S ‘33 5& o\e gy gy
S K\ < N
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v
5&“’ & Frequency
&
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Figure 2. Summary of geographical origin, type of research, type of learners and disciplines studied
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2. Components of Mastery Learning

Four studies examined components of mastery learning,
such as progressive task difficulty and proficiency-based
progression. Progressive task difficulty for TES was
associated with improved rater observed colonoscopic
performance on real patients (Grover et al., 2017), while
the evidence was mixed for proficiency-based
progression for TES, with studies finding reduced
epidural failure rates (Srinivasan et al., 2018) and fewer
adverse events in laparoscopic cholecystectomy (De Win
et al., 2016), while another found no difference in
operative performance for bowel anastomosis in real
patients (Naples et al., 2022).

3. Part Versus Whole Task

Two studies compared part versus whole task training.
Both found no difference, in rater observed performance
in laparoscopic inguinal hernia repair (Hernandez-
Irizarry et al., 2016), and intraoperative camera
navigation skills (Nilsson et al., 2017), though
randomised part task training led to faster skills mastery
with greater cost effectiveness compared to whole task
training.

4. Increased Time Spent in Simulation Training

Two studies examined amount of time spent in
simulation training. One study showed reduced
incidence of malpractice claims (Schaffer et al., 2021),
while another study found no difference in successful
deep biliary cannulation during endoscopic retrograde
cholangiopancreatography (Liao et al., 2013).

5. Justin Time (JIT) Training

Overall, there was mostly no benefit seen with JIT
training with TES, across three studies. One study
examined the addition of JIT video after prior TES
(Todsen et al., 2013), and one study compared JIT
practice alone, JIT practice with feedback from this
practice, and feedback alone derived from baseline
testing (Kroft et al., 2017). JIT and just-in-place physical
simulator training did not improve first pass lumbar
puncture success, but improved mean number of
attempts and process measures such as early stylet
removal (Kessler et al., 2015).

IV. DISCUSSION

We sought to provide an updated synthesis on effective
instructional design features in simulation in medical
education, focusing on those that produce higher level
outcomes at Kirkpatrick levels three and above. A prior
review searching until 2011 identified only 18 studies
that examined outcomes at Kirkpatrick level three and
above, out of their pool of 10,297 studies. Our review
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reveals a notable rise in the number of studies over the
past ten years, exploring instructional design and clinical
outcomes. In the discussion that follows, we synthesise
the findings with existing literature and theory to extract
valuable insights for medical educators.

A. Implications for Current Practice

This review underscores the necessity of directing
resources towards effective instructional design features,
emphasising that these need not be strictly tied to specific
simulator types, as advocated by Norman. Despite the
ongoing evolution and incorporation of an expanding
array of TES modalities, including Virtual Reality (VR)
in this review, we observed mixed results concerning
simulation modality as an instructional design variation.
Upon closer examination of interventions outlined in
studies comparing simulation modalities, it becomes
evident that confounding factors may arise due to
variations in the application of training to proficiency
criteria (a characteristic of mastery learning) or
differences in the quality of measurement.

In the study conducted by Gomez et al (2015), training
to proficiency criteria was incorporated in study arms
demonstrating benefit (VR and VR plus physical
simulator) and not incorporated in the remaining arm
(physical simulator alone). Similarly, in the study by
Orzech et al (2012) where training until proficiency
criteria were reached was a shared feature of both arms,
no significant difference between groups was observed.
It remains unclear whether observed differences were
attributable to the application of training until
proficiency criteria were met or to the varied simulation
modalities.

Chunharas et al (2013) and Patel et al (2012) also noted
outcome differences when comparing different
simulation modalities. However, the robustness of these
findings is constrained using a checklist observation
scale developed for individual studies with minimal
validity evidence. Clinical and task variations,
recognised as beneficial in prior reviews (Zendejas et al.,
2013), may elucidate the advantages identified by
Chunharas et al and the VR plus physical simulator arm
in the study by Gomez et al.

Components of mastery learning appear mostly
effective, although isolated implementation of a
component without the whole may erode effectiveness.
The inconsistent evidence for effectiveness of
components of mastery learning in this review is
surprising, given prior evidence for the effectiveness of
mastery learning for translational outcomes (Griswold-
Theodorson et al., 2015). The difference may lie in
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piecemeal rather than holistic implementation of mastery
learning as a complex intervention, with seven
complementary ~ components  working  together
(McGaghie, 2015).

Another difference is that our review only included
studies comparing different TES interventions, while the
review by Griswold-Theodorson et al included studies
that compared mastery learning with a wider range of
comparators, including no TES. Notably, a separate
systematic review and meta-analysis of mastery learning
found only three studies from 1984-2010 comparing
mastery learning to other TES interventions for patient
outcomes, with no statistically significant benefit overall
and substantial heterogeneity (Cook, Brydges, et al.,
2013).

Methodological issues may be another contributory
factor. Naples et al (2022) postulate in their study the
reasons for the lack of observed difference, including a
long duration between intervention and outcome
assessment, which was longer in the intervention group
than the control group, biasing towards the null, and
surprisingly high baseline performance with an
insufficiently sensitive rater observation tool. This study
had only nine participants, limiting statistical power.
These represent important methodological
considerations for researchers designing educational
intervention studies.

The effectiveness of increased time spent in simulation
training is associated with incorporation of learning
conversations. Discrepancies in outcomes between the
two studies assessing the impact of time spent in
simulation training may be attributed to the presence of
debriefing in the study conducted by Schaffer et al
(2021), as opposed to un-coached practice without
feedback in the study by Liao et al (2013). It is crucial to
note that the advantages derived from extended training
periods are not solely attributed to prolonged duration
but are also influenced by the integration of learning
conversations. These conversations encompass both
debriefing and feedback (Tavares et al., 2020), both of
which have demonstrated efficacy, as supported by
existing research (Cheng et al., 2014; Hattie &
Timperley, 2007).

In a systematic review by Hatala and colleagues (Hatala
et al., 2014), feedback emerged as moderately effective
for procedural skills simulation training. Notably,
feedback from multiple sources, including instructors,
proved more effective than feedback from a single
source.
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Distributed practice is preferred over blocked practice
for TES. Frequent brief simulation (Mduma et al., 2015)
essentially describes distributed rather than blocked
practice. The increased effectiveness seen with
distributed practice here is consistent with existing
literature within (Cecilio-Fernandes et al., 2023) and
outside (Dunlosky et al., 2013) of health professions
education.

Dyad training is notable for being efficient with similar
or bhetter outcomes, and is consistent with existing
literature on motor skills learning (Wulf et al., 2010). The
optimal group size has not been clearly determined,
beyond single versus dyad, and would be a productive
avenue of inquiry for evidence-based determination of
learner to faculty ratios, accounting for contextual factors
such as task complexity and stage of learner’s
development.

In situ simulation may be beneficial in generating
participant insights that feed into systems-based
improvements through quality improvement
mechanisms (Calhoun et al., 2024; Nickson et al., 2021).
This combines multiple mechanisms by which TES can
produce meaningful impact: through changing individual
learner behaviour and changing systems processes.

Error management training appears beneficial for
transfer outcomes in novices. This is congruent with
literature outside of medical education (Keith & Frese,
2008). The limited evidence base within medical
education makes this ripe for further study across task
and learner types.

In summary, the features mentioned above are
predominantly drawn from previous studies, primarily
conducted at Kirkpatrick level two. This review
contributes by offering an updated synthesis of evidence,
outlining the extent to which this evidence can be
extrapolated to higher Kirkpatrick levels, and
highlighting features that were previously unexplored at
clinical process and outcome levels. Collectively,
evidence spanning these levels serves as a guide for those
designing TES with the goal of achieving educational
and clinical impact.

B. Limitations and Implications for Future Research

Studies that examine Kirkpatrick levels three and above
continue to constitute a relatively small fraction of the
overall research landscape. Furthermore, this limited
body of research is dispersed among various
instructional design features, with only a small number
of studies investigating each specific feature.
Consequently, drawing definitive conclusions about
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effectiveness becomes challenging, representing a
primary constraint of this review. Despite these
limitations, we have tried to extract valuable insights for
health professions educators by synthesising the findings
with existing literature and theory.

The limited evidence bases for most individual
instructional ~ design  features, especially those
demonstrating benefits at Kirkpatrick levels three and
four, limits the strength of conclusions that can be drawn
about their effectiveness. Further studies replicating
these results would strengthen the argument that a
particular instructional design feature is able to achieve
clinical impact. The evidence base is also limited in the
variety of task and learner contexts studied for each
individual instructional design feature. Determining the
generalisability of these findings requires further
research applying these features across diverse TES
contexts with different skills and learner groups. Future
research should also continue to explore novel and
promising instructional design features, such as hybrid
simulations where mannequins are overlayed with
animal tissue or gel-based phantoms (Balakrishnan et al.,
2025).

V. CONCLUSION

There is limited evidence for instructional design
features in TES that translate to improved clinical
outcomes. Within these limits, error management
training, distributed practice, dyad training, and in situ
training appear beneficial. Given the limited evidence
base for these individual features, definitive
determination of effectiveness and generalisability
requires further research applying promising target
features across different task and learner contexts.
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