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Abstract

Objective: To evaluate the effect of simulator fidelity on pro-
cedure skill training through a review of existing studies.
Methods: MEDLINE, OVID and EMBASE databases were
searched between January 1990 and January 2019. Search
terms included “simulator fidelity and comparison” and "low
fidelity" and "high fidelity" and “comparison” and “simula-
tor”. Author classification of low- and high-fidelity was used
for non-laparoscopic procedures. Laparoscopic simulators
are classified using a proposed schema. All included studies
used a randomized methodology with two or more groups
and were written in English. Data was abstracted to a stand-
ard data sheet and critically appraised from 17 eligible full
papers.

Results: Of 17 studies, eight were for laparoscopic and nine
for other skill training. Studies employed evaluation method-

ologies, including subjective and objective measures. The

evaluation was conducted once in 13/17 studies and before-
after in 4/17. Didactic training only or control groups were
used in 5/17 studies, while 10/17 studies included two groups
only. Skill acquisition and simulator fidelity were different
for the level of training in 1/17 studies. Simulation training
was followed by clinical evaluation or a live animal evalua-
tion in 3/17 studies. Low-fidelity training was not inferior to
training with a high-fidelity simulator in 15/17 studies.
Conclusions: Procedure skill after training with low fidelity
simulators was not inferior to skill after training with high
fidelity simulators in 15/17 studies. Some data suggest that
the effectiveness of different fidelity simulators depends on
the level of training of participants and requires further
study.

Keywords: Simulation education, low-fidelity, high-fidelity,

laparoscopic surgery, skill assessment

Introduction

The former paradigm for teaching medical procedures, “see
one, do one, teach one”, has no basis in educational theory
and has been abandoned. Simulation education in medicine
is being revised in an educational theory framework. Delib-
erate practice, cognitive task analysis and proficiency-based
training are being used to design improved educational pro-
grams.' Laparoscopic surgery training in the late 1980s and
early 1990s often proceeded without verification of skills or
competency.” Since that time, training to perform procedures
has undergone widespread change and simulation has be-
come an important component. Selecting the optimal simu-
lator for a specific procedure and trainee group is difficult.
Simulator fidelity is must be considered when developing
simulation curricula. The definition of fidelity is a crucial is-
sue and not consistently applied.>* There are both objective
(mathematical) and subjective definitions (based on a

trainee’s performance matrix) of fidelity. Some authors have
differentiated between psychological fidelity and engineering
fidelity.® While some feel that fidelity relates to the replica-
tion of reality, a recent study suggests that an accurate repre-
sentation of cues and stimuli is more important.” There is no
standard definition of fidelity for laparoscopic simulation
and no accepted classification.

Having established the importance of simulation educa-
tion and the wide range of definitions of fidelity, it must be
determined whether fidelity is related to performance. The
relationship of simulator fidelity and educational outcomes
has been evaluated for over 50 years with conflicting results
regarding the connection between learning and fidelity.**’
Higher fidelity may not translate into more effective training,
and lower fidelity simulation may improve training and ed-
ucation.” It assumed that the closer a simulator is to the “real
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world”, the better the transfer of skills to clinical care.® It is
also assumed that more complex skills require more complex
simulators.® These assumptions lead to the conclusion that
skill transfer with high fidelity (HF) simulators is better than
with low fidelity (LF) simulators."” Despite the assumptions
which may appear to be self-evident, there is little evidence
to support them, particularly in regard to procedure skills
training.®’

There are few reviews of fidelity directly comparing HF
and LF simulation in medical education.>'"'"> There is a re-
view of only HF simulators'" and another review of only LF
simulators.' The lack of a standard definition or classifica-
tion of simulator fidelity complicates such studies. Norman
and colleagues performed a focused review of 24 studies
comparing LF and HF simulators for examination skills, pro-
cedural skills and scenario management.® They included
seven studies of procedural skill training, specifically review-
ing the association of fidelity and skills transfer and con-
cluded that there is no association. Nguyen and colleagues
conducted the only systematic review to date that specifically
evaluates simulator fidelity for laparoscopic skills, comparing
laparoscopic video trainers with simple box trainers." Based
on a meta-analysis of five studies, they conclude that laparo-
scopic video trainers and simple box trainers are “equally
proficient for the acquisition of laparoscopic skills”. Munshi
et al. conducted a general review of HF versus LF simulators
in clinical education and included two studies of procedural
skills and conclude that HF is not always superior to LF and
that the ideal simulator fidelity depends on the task being
simulated.” These results are similar to non-medically re-
lated simulation studies reported over 50 years ago.’

Another area of interest is the relationship of participant
experience and simulator fidelity. Less experienced partici-
pants may gain significant educational benefit from lower fi-
delity simulators, while experienced participants may need
higher fidelity simulators to realize an educational benefit.
This idea was suggested by Alessi4 in studies from the avia-
tion industry as well as in 1989 by Hays and Singer.® This re-
lationship has not been well studied in medical education to
date.

It is timely to review the available evidence to guide the
future development and use of future simulators, particularly
in robotic surgery training. We undertook this literature re-
view to evaluate the effect of simulator fidelity on training for
procedural skills. This review focuses on the relationship be-
tween skills transfer and simulator fidelity for teaching pro-
cedural skills and the relationship of skills transfer and fidel-
ity to the level of experience of study participants.

Methods

A literature review methodology of existing studies was used.
Only studies which conducted a direct comparison of HF and
LF simulation for teaching a particular clinical procedural
skill were included. There are no uniformly used criteria by
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which to classify simulators as HF or LF. Each author classi-
fied the simulators using no specific criteria and judged as LF
or HF relatively within each study.

Literature search strategy

A literature review was undertaken according to PRISMA
guidelines” to examine the effect of simulator fidelity on
training in procedure skill training. MEDLINE, OVID and
EMBASE databases were searched for articles on simulators
that considered simulator fidelity published between January
1990 and January 2019. Search terms included “simulator fi-
delity and comparison” and "low fidelity" and "high fidelity"
and “comparison” and “simulator”. Relevant articles from
the search were identified by titles and abstracts. The full pa-
per was then assessed. Reference lists from articles identified
were also reviewed to identify additional studies not identi-
fied by the original search. The PRISMA flow chart is shown

in Figure 1.

Study selection and eligibility criteria

Allincluded studies evaluate results based on simulator fidel-
ity as the major outcome. Included studies use randomiza-
tion to assign participants to LF or HF simulators. Studies
with a didactic-only group, or a control group, or with a
cross-over design are also included. Single group studies
were excluded.

Studies which did not examine simulation of procedural
skills were excluded, such as studies which simulated sce-
nario management or learning physical examination. Only
studies in the English language were included. Some studies
provided extensive training in the simulation while others
did not. Some studies included a didactic component for all
participants while others did not. There were a variety of out-
comes assessment tools used in the studies identified.

Data extraction

The full text of the included studies was reviewed, and data
extracted to a standardized data sheet (Excel, Microsoft, Red-
mond WA). The data extracted is shown in the headings of
the Appendix. This instrument for critical appraisal was de-
veloped for the purpose of this study. Data abstracted in-
cluded study design, nature of any interventions, study sub-
jects, outcome measures (subjective, performance, clinical)
and results (subjective, performance, clinical). The data ab-
stracted were then reviewed.

Quality appraisal

Data were abstracted by two investigators and the data sheets
compared. Any discrepancies regarding conclusions were re-
solved by discussion. Discussions were held to yield a single
document (Appendix) which summarized the 17 studies re-
viewed and in particular regarding the results of the study

with regard to the effect of simulator fidelity on performance.



Identification

“low-fidelity” and “high-fidelity”
and “simulation” N=502

23 Identified through other
sources

Screening

y

515 Records after Duplicates Removed

r

125 Records Screened

Eligibility

v

40 Full-text articles assessed
for eligibility

> 85 Records Excluded

23 Full-text articles excluded

Included

v

+ 10 Not procedural education
* 13 No comparison of fidelity

17 Studies included in the final review

Figure 1. PRISMA chart showing the flow of studies in the review

Results

Study selection

The result of the search for studies comparing performance
on LF and HF simulators is shown in Figure 1. Studies which
did not include a comparison of performance on HF and LF
simulators were excluded. Finally," studies were reviewed in
detail and included in this review.

The classification of fidelity used in these studies is com-
plicated by the lack of a standard classification scheme. For
example, in one study a video box was classified as LF'® while
in another study the video box was classified as HF.” Com-
mon categories of laparoscopic simulators are shown in Ta-
ble 1, in increasing order of fidelity. We propose a classifica-
tion scheme for laparoscopic simulator fidelity, to allow
comparison of simulators labeled as Type 1 through Type 3
(Table 1). The simulators used in the studies reviewed were
categorized by Type and then denoted as HF or LF in a con-
sistent manner. All studies compared two types of simulators
characterized as HF (higher type number in the classification
in Table 1) and LF (lower type). For studies of non-laparo-
scopic simulator fidelity, we accepted the authors classifica-
tion of HF and LF. This classification provides a standard de-
scription, including the simulation device itself and the
constraints of the exercise.
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Study characteristics

Studies were reviewed, and data recorded in a standard for-
mat. Aggregate review data is shown in the Appendix. All
studies included a randomization scheme for participants,
and three studies included crossover.'**** The simulation ex-
ercises in all studies were classified by simulator type, surgi-
cal constraints and task constraints. In 10 studies, there were
two groups compared, with LF and HF simulators and five
studies also had a didactic/control group.”>?** One study had
a third group with progressive training using simulators with
three levels of fidelity.> One study compared three types of

simulators.”

Procedural skills

Of 17 studies reviewed, eight were focused on laparoscopic
surgery skills. There were no studies evaluating robotic skills.
The remaining nine studies evaluated simulation training for
procedural skills, including trans-bronchial needle aspira-
tion.20, vascular anastomosis,”® fiberoptic oral intubation,”
cricothyroidotomy,” microvascular anastomosis,”* en-
dourologic skills (basket stone removal),”” multiple emer-
gency procedures,” intravenous catheter placement’ and

phlebotomy.”!
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Evaluations

Of 17 studies reviewed, 13 evaluated participants one time
and four studies evaluated participants both before and after
training. One study used participant surveys only for evalua-
tion.”” All other studies used a combination of global rating
scores, time measurements, checklists and subjective evalua-
tions by expert raters which included evaluation of recorded
videos.

Table 1. Classification of laparoscopic surgery simulators

Simulator

Type Description

1 Simple box (e.g. plain cardboard box) with/with-
out a mirror with a webcam or no video

2 Box trainer: box utilizing a camera/laparoscope
display light source and instruments used for
laparoscopic training (e.g. Fundamentals of Lap-
aroscopic Surgery system)

2s Box trainer (same as Type 2) with motion sen-
sors to measure distance and direction moved in
order to calculate the economy of movement

3 Virtual reality (VR) simulators: Display-based

computer software and hardware similar to that
used in laparoscopic surgery

Simulator Fidelity and laparoscopic procedure skill
training

This review includes eight studies designed to compare HF
and LF simulators for laparoscopic surgery skill training.
Simulators were classified on the scheme proposed here,
Type 1 through Type 3. The classification of laparoscopy skill
simulators is shown in Table 1. Five of eight studies com-
pared Type 1 and Type 2 simulators. Five of eight studies
compared two groups. Three of the studies had three groups

)3,27,26

(control or another simulator and two studies had a

crossover design.'*>*!

Effect of simulator fidelity

Of nine studies of non-laparoscopic procedure training, 7/9
showed that training with the HF simulator was not better
than training with a LF simulator. Review of laparoscopic
surgery skill training studies showed that 8/8 concluded that
training with an HF simulator did not have outcomes supe-
rior to training with LF simulators. Five studies included HF
and LF groups as well as a didactic or control group.”** These
five studies found similar outcomes with LF and HF simula-
tors and that either LF or HF had better outcomes than a con-
trol group with no intervention or a group that received di-
dactic training only.

The two studies that concluded that participants trained
with HF simulators have better performance than those
trained on LF simulators included a study of intravenous
catheter insertion’ and a study of vascular anastomosis
skills.?® In the vascular anastomosis study, time and global
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rating scores were similar for the LF and HF groups, but the
HEF group received a higher score on the overall performance
in the animal surgery component of the study.

This review includes studies of a wide range of procedure
skill training studies and shows that 15/17 studies have the
similar conclusion, that training with an HF simulator does
not have outcomes superior to training with an LF simulator.

Effect of level of training
Of 17 studies reviewed, 14/17 used study participants at the
same level of training so that no conclusions can be made re-
garding a relationship between fidelity, level of training and
effect on performance. One study had participants at three
levels (medical students, residents and faculty) but did not
compare the effect of level of training on performance.” One
study included fourth year (USA) medical students and first-
year residents and considered all participants in aggregate.'®
One (1/17) study evaluated the performance of junior
and senior surgery residents separately on HF and LF simu-
lators.”® The authors concluded that skill acquisition was sig-
nificantly affected by both simulator fidelity and level of
training as measured by checklist scores and final product
analysis on the animal surgery model. The global rating
scores for junior and senior residents were similar for resi-
dents at both levels trained on both LF and HF simulators.
The authors found that both junior and senior residents had
better skill transfer from the bench model to the live animal
model after practicing on HF simulators compared to LF

simulators.

Clinical outcomes evaluation

Of the 17 studies, 3/17 followed training with the evaluation
of the skill on a patient (N=1) or a live animal surgery labor-
atory (N=2). The study with evaluation on a patient was for
oral intubation in addition to laboratory performance on
simulators, participants were evaluated by success rate, first-
time success rate and time.”” Animal surgery included micro-
surgery”* and a vascular anastomosis.”® The microsurgery
study evaluated final performance based on patency of the
vas deferens. The vascular anastomosis study evaluated the
quality of the vascular anastomosis based on an expert rater.
Three studies followed training with the evaluation of a pro-

cedure on ex-vivo tissue.?*?*%

Cost

The cost of the simulators used in the studies was stated in
4/17 studies. The LF simulator used for urology skills cost
CDN $20, while the HF simulator cost CDN $3700.> The
cardboard box used for laparoscopic skills training cost €0,
while the HF simulator was quoted as €30,000.%* Another lap-
aroscopic skill study used three simulators including a simple
webcam (USD $100), a mirror box (USD $300) and a video
system (USD $2095).” A laparoscopic skill study used an HF
video trainer at the cost of $31,435 compared with a com-
mercially produced camera-less box trainer which cost
$185.”



Discussion

This review of simulator fidelity and procedural skill training
includes 17 studies of which eight were comparisons of sim-
ulator fidelity for teaching laparoscopic surgery skills. Over-
all, with some minor anomalies, the results of 15/17 studies
reviewed are consistent in that while HF simulation and LF
simulation are both effective for improving performance
compared to no training or didactic training alone, HF sim-
ulators did not result in significantly improved performance
compared to LF simulators. This was generally true across
teaching a wide range of procedural skills. Two studies found
improved performance with HF compared to LF simula-
tion.>*

The effect of simulator fidelity on performance has been
studied for many years. Over 65 years ago, it was suggested
that HF simulators do not result in improved skills transfer
compared to LF simulators.*® These studies were not based
on medical education but included data from a range of other
fields such as aviation and manufacturing. Simulation and
considerations of fidelity in medical education should be
considered separately for examination skills, scenario man-
agement and procedural skills.

One of the problems in this type of comparison is a lack
of a standard classification scheme. The LF simulator in one
study is the HF simulator in another. Therefore, we propose
a system for classifying simulation exercises to classify the
simulator type (Table 1). All of the studies in the Appendix
were classified in this manner to facilitate comparisons.

Data regarding the impact of simulator fidelity for sce-
nario training is different than that for procedure training. In
a study of performance in Advanced Cardiac Life Support,
investigators concluded that those trained on HF simulators
performed better. These results are not consistently re-
ported, with a systematic review of scenario management
simulation showing no difference in performance for partic-
ipants trained on LF and HF simulators.® In another sce-
nario-based training simulation, 102 medical students were
trained using LF or HF simulators and investigators that the
students trained on HF simulators were over-confident and
had worse performance than those trained on LF simula-
tors.”

Data for procedure skill training does not generally show
a benefit from training on HF simulators. The availability of
low-cost computing power has led to a range of HF simula-
tors for laparoscopic training many of which are based on
virtual reality (VR) technology. Despite their widespread use,
VR trainers have been shown to be associated with improved
skills transfer to the operating room only for basic skills and
in laparoscopic cholecystectomy, and not for advanced pro-
cedures.®® In a systematic review of eight trials, six of which
compared VR training to no training, VR was associated with
improved operating time and performance, but an effect on
clinical outcomes and cost has not been shown.” In a meta-
analysis of nine studies comparing VR trainers to box train-
ers, there was no significant difference in performance.®
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Despite the fact that LF trainers can result in performance
improvements similar to HF trainers, VR systems continue
to be emphasized. A European consensus statement includes
VR trainers as part of a proficiency-based training program.®

There have been several approaches to studying the effects of
simulation training on participants at different experience
levels. LF simulation in endovascular procedures was shown
to improve motivation in novice trainees but does not neces-
sarily improve practical skills.* In one study of psychological
stress, junior residents had significantly increased stress dur-
ing HF simulation compared to LF simulation, while senior
surgeons showed no differences.” It was also suggested that
HF simulators might result in poorer performance by novice
trainees because they are over-stimulated by the HF environ-
ment.” A meta-analysis of VR trainers was not able to con-
clude about the effect of level of training on effectiveness of
VR simulators compared to box trainers.”® In one study re-
viewed here, medical students with no prior experience per-
formed better with a LF simulator than a HF simulator.” Ex-
isting data are insufficient to draw a conclusion about level
of experience and simulator fidelity. In a single study, inves-
tigators compared junior and senior resident performance
separately and found improved skill transfer after using a HF
simulator for vascular surgery.”® In a systematic review, in-
vestigators compared the performance of laparoscopically
naive participants after training with a Type 1 LF simulator
(box trainer) and found their performance better than those
who had no training.* The effect of level of training on the
benefits derived from simulators of different fidelity needs
further study.

Simulators classified as HF are generally more expensive
than LF simulators. Using the most appropriate simulator for
the target audience is important for efficient use of resources.
In a systematic review of low-cost simulators, investigators
reviewed 73 unique simulators which cost <£1500, including
60 non-commercial and 13 commercially available simula-
tors." They reported that commercial simulators ranged
from £60 to £1007 and non-commercial simulators ranged
from £3 to £216. Of the 17 studies reviewed here, the cost was
mentioned in just three studies. The LF endourology model
cost CDN $20 and the HF model cost CDN $3700.” In a
study of three laparoscopic simulators, the Type 2 HF video
system cost USD $2095, the Type 1 mirror box cost USD
$300 and the Type 1 webcam system was USD $100.” In an-
other study of laparoscopic trainers, the conventional Type 2
video system cost €30,000, while a no-cost Type 1 cardboard
box provided equal training benefits. The general lack of cost
information reporting has been noted in other reviews.*
These results stress the importance of reporting costs in fu-
ture studies of simulator training to allow comparisons of
this important parameter.

The ultimate goal of simulation training is to improve
clinical outcomes for patients. This remains difficult to
prove. In this review, 3/17 studies followed simulation train-
ing with a patient intervention or a live animal laboratory. In
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a study of VR training versus a control group with a total of
13 residents, trainees who completed VR training had im-
proved results in their first ten laparoscopic cholecystectomy
procedures (fewer errors, faster times) compared to the con-
trol group.” Future studies should include clinical exercises
after simulation training when possible.

The results of this literature review have implications for
procedure skill training in the future. It is evident from nu-
merous studies that training with a simulator (HF or LF) re-
sults in improved performance compared to no training at all
or didactic training alone.”>*%** All but two of the 17 studies
reviewed did not find that HF simulators (also generally
more expensive than LF simulators) result in the improved
acquisition of procedural skills compared to LF simulators.
This could significantly affect budgets for simulation educa-
tion since it may not be necessary to always use a HF simula-
tor.

Few studies have examined the effect of participant train-
ing level on simulation training. It may be necessary to use
HF simulators to train people with more experience while LF
simulators may be perfectly adequate for those with little or
no experience. The paucity of data in the literature makes it
difficult to draw conclusions and supports future studies of
this issue which also has implications for the cost of training.
More studies are needed with participants having varied lev-
els of experience to determine who will benefit most from
different types of simulators. The need to provide objective
feedback to trainees is emphasized by a number of studies
and should be part of future studies. Simulator fidelity is an-
other parameter to be considered in the design of simulation
curricula as well as future trials.

Training in robotic surgery is emphasized in contrast to
what happened when laparoscopic surgery was introduced.?
Simulators designed for robotic-assisted surgery training are
generally high-fidelity, large and expensive because they
closely resemble the actual daVinci robotic-assisted surgical
system robot (Intuitive, Sunnyvale CA) which is the most
commonly used system. A reasonably low-cost portable VR
trainer for the daVinci system was recently described.* The
Fundamentals of Robotic Surgery course has been developed
and validated and is becoming more widespread.* The
FIRST exercises have also been validated.* However, a meta-
analysis of 107 studies concluded that there is no universally
accepted method of robotic surgery skill assessment.¥’ In a
systematic review of robot-assisted surgery VR simulators,
investigators concluded that it is not clear which exercises
and metrics can distinguish levels of training in performance
on the daVinci system.”® Further study is essential as training
in robot-assisted surgery becomes more widespread.

There are acknowledged limitations of this review. First,
there is some heterogeneity of the included studies, particu-
larly regarding methods of evaluation. The included studies
cover a wide range of procedural skill training using various
methods for evaluation of outcomes. Comparisons of studies
are somewhat limited by lack of a standard scheme for
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classification of simulators, and comparisons in the included
studies are based on relative fidelity. There is a wide range of
simulators compared, which makes comparisons difficult. In
addition, the training schemes used are widely variable. Fu-
ture studies would benefit from a unified scoring system for
the assessment of outcomes.

Conclusions

Despite some heterogeneity of the 17 included studies, there
are several important conclusions from this review. Of the
studies evaluated, 15/17 show that LF simulation results in
similar outcomes to HF simulation. LF simulators may pro-
vide significant educational benefits for less experienced
trainees while HF simulators may be of benefit to more expe-
rienced trainees. These results may lead to cost savings in
medical education since simulators that are generally less ex-
pensive provide similar training to more expensive simula-
tors. We suggest that future studies of laparoscopic simula-
tion education adopt the classification scheme introduced
here to facilitate future comparisons. A lack of uniform cri-
teria for evaluating procedural skills remains a formidable
barrier to determining whether or not simulation training re-
sults in improved clinical performance, which is the ultimate
goal of simulation education and requires further study.
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Appendix

Seventeen studies of the effect of simulator fidelity on procedure skill training

Ref  Year Procedural Skill Study. Des%gn / Intervention / Exercise Study Subjects Outcome Measures/Evaluations Chmrtal Results: Opinion, Performance, Clinical
Classification Evaluation*
Non-Laparoscopic Skills
20 2009  Trans-bronchial -2 groups, Randomized Crossover: LF (rub- 44 practicing physicians -Opinion: Participant Likert-scale surveys completed No LF preferred
needle aspiration ber tube) and HF (VR system) after training on both types (LF/HF) and then a -Opinion: LF preferred 19/44 vs HF 11/44. LF was judged more
-All participants trained on both LF and HF survey after completing both realistic 23/44 vs 17/44 for HF
-Performance: Not evaluated -Performance: Not evaluated
-Clinical: Not evaluated -Clinical: Not evaluated
3 2010 IV insertion -Randomized to LF (Virtual IV, Laerdal), 45 medical students -Opinion: Not evaluated No Progressive from LF-Medium-HF is best, HF better than LF
Mid-fidelity (plastic arm), HF (Sim- -Performance: Blinded raters scored Integrated Proce- -Opinion: Not evaluated
Man, Laerdal) or progressive practice. dural Performance Instrument Rating, Global -Performance: Progressive from LF to medium fidelity to HF
-After practice on LF or HF, or with progres- Rating Scale, Checklist and Communications better than HF (effect size 0.78); HF better than LF (effect
sive from LF to medium to HF, tested -Clinical: Not evaluated size 0.72). Progressive group had more practice time over-
once on a standard simulator all, but less on the HF
-Clinical: Not evaluated
29 2008  Fiberoptic oral -Randomized to LF (bronchoscope, simple 28 respiratory therapists -Opinion: Not evaluated Yes LF=HF
Intubation bench model) or HF (VR, Accutouch -Performance: Objective checklist, time, success rate -Opinion: Not evaluated
Flex bronchoscopy simulator) simula- and GRS -Performance: GRS, checklist, LF=HF
tors followed by -Clinical: GRS, Success rate, time, first-attempt rate -Clinical: GRS, checklist scores same LF=HF, success rates same,
-Clinical skill test on patient both LF and HF showed equal improvement first to second
attempts
22 2002  Endourology- -Randomized 3 arm: didactic, LF (self-de- 40 medical students -Opinion: Not evaluated No LF=HF, HF and LF both superior to didactic
stone removal signed) and HF (VR Model, Limbs & Things, -Performance: GRS, checklist and time -Opinion: Not evaluated
Bristol UK) -Clinical: Not evaluated -Performance: GRS LF 79% vs. HF 88% (p=0.08), Checklist LF
-One evaluation after LF/HF or didactic. 90% vs. HF 94% (p=0.17), overall pass rating p=0.95
-LF model CDN $20, HF model CDN $3700 -Clinical: Not evaluated
23 1999  Six Procedures: -Randomized 3 arms: didactic, HF (cadaver), 23 residents -Opinion: Not evaluated No LF=HF, HF and LF both superior to didactic
burr hole, chest or LF (dry model) -Performance: GRS and checklist -Opinion: Not evaluated
tube, bowel anasto- -One-time evaluation on cadaver model of -Clinical: Not evaluated -Performance: GRS LF 64%, HF 67%, p>.05; Checklist LF 68%,
mosis, wound clo-  each group for all 6 procedures HF 69%, p>.05
sure, tendon repair, -Clinical: Not evaluated
K-wire insertion
24 2004  Microsurgery -Randomized to 3 groups for training: di- 50 residents -Opinion: Not evaluated Yes LF=HF, HF and LF both superior to didactic

dactic, LF (silicone tube) and HF (rat vas
deferens).

-Performance: GRS, checklist, time

-Clinical: patency of vas deferens anastomosis in a rat
-All participants evaluated on both LF and model
HF

-Animal surgery by all participants.

One-time evaluation

-Opinion: Not evaluated

-Performance: GRS LF 64%, HF 70%, checklist LF 84%, HF 89%,
p>.05

-Clinical: Anastomotic patency same LF=HF groups, both better
than didactic
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28 2007  Vascular Anasto-  -Randomized to HF (cadaver) or LF (plastic 27 Surgery residents -Opinion: Not evaluated Yes GRS LF=HF for Junior and Senior residents. HF final product

mosis model) -Simulator Performance: Not evaluated better than LF for Junior and Senior residents.

3hr simulator training either LF or HF. -Clinical: Checklist, GRS, time, hand motion, final -Opinion: Not evaluated
-Animal surgery after training product -Simulator Performance: Not evaluated
-One-time evaluation after animal surgery. -Clinical: Final product analysis: Junior LF (3.1), HF (4.0),
Analyzed junior and senior residents sepa- p<.05, Senior LF (3.6), HF (5.0), p<.05. GRS scores LF=HF
rately both junior and senior

30 2018  Cricothyroidotomy -Randomized to HF (3D printed larynx) or 52 residents -Opinion: similarity of simulator to porcine larynx No LF=HF for opinion and performance
LF (simple tube) -Performance: success rate, time using porcine larynx -Opinion: Both groups reported similar appearance to porcine
-Lecture for all then training on LF or HF, 10 -Clinical: Not evaluated larynx (LF 3/5, HF 4/5, p=0.81).
times then ex-vivo -porcine larynx -Performance: HF and LF no difference. Success rate (LF 52%,

HF 48%, p>.05), time (45 vs 49sec, p>.05)
-Clinical: Not evaluated

31 2006  Phlebotomy -Randomized to HF (VR) or LF (simulated 45 third year medical ~ -Opinion: Not evaluated No LF scores higher than HF
arm) students -Performance: Checklist, pretest, post-test. Compared -Opinion: Not evaluated
-Before/ After evaluation before/after scores for each training method -Performance: Post-test scores higher for LF compared to HF
-Clinical: Not evaluated -Clinical: Not evaluated
Laparoscopic Skills
24 2004  Laparoscopic skills- -Randomized to 3 groups: control, HF (Type 24 junior residents -Opinion: Not evaluated No LF=HF, HF and LF both superior to controls
cutting and clip ap- 3, box, cutting), -LF (Type 2s, box, cutting). -Performance: Motion data (both LF and HF), time on -Opinion: Not evaluated
plication Before/ after evaluation pre-test, then training (3 groups), then reassess- -Performance: Motion, time LF=HF, both LF and HF better
ment than control
-Clinical: Not evaluated -Clinical: Not evaluated
18 2011  Five laparoscopic  -Randomized to HF (Type 3, box, pegs/su- 11 PGY-1 residents and -Opinion: Not evaluated Yes LF=HF, students and residents improved
skills: camera han- ture/cutting) simulator or LF (Type 2, box, 12 fourth-year medical ~-Performance: checklist, video review, porcine surgery -Opinion: Not evaluated
dling, knot tying,  pegs/suture/cutting). students to test the skills -Performance: Not evaluated on simulators
scope tracking, -6-months of training -Clinical: Not evaluated -Clinical: Porcine model, both LF and HF groups showed im-
clipping, needle -Evaluation on porcine model (live tissue) at proved scores in all 5 skills from 0 to 2 to 6 months, LF vs
transfer 0,2,6 months HF p>.05
19 1999  Seven basic laparo- -Randomized to LF (Type 1, box, pegs/su- 22 surgery residents -Opinion: Not evaluated No LF (1,499 + 237) = HF (1,209 + 435, p>.05)
scopic skills ture/cutting)) or HF (Type 2, box, pegs/su- -Performance: Precision and speed scores -Opinion: Not evaluated
ture/cutting) -Clinical: Not evaluated -Performance: Scores correlated with level of training and the
-Crossover mirrored box scores differentiate junior and senior resi-
-One-time evaluation on both LF and HF dents

-Clinical: Not evaluated

33 2005  Four basic laparo-  -Pre-test on HF (Type 2, box, blocks/su- 22 Urology residents  -Opinion: asked if simple trainer was effective at post- No LF=HF for improvement of scores at post-test
scopic skills ture/cut) test -Opinion: 91% felt that the simple trainer was effective
-Then randomized to 5 hours training on LF -Performance: GRS and time/efficiency -Performance: All participants improved at post-test compared
(Type 1, box, blocks/suture/cut) or HF (Type -Clinical: Not evaluated to pre-test, p<.05. GRS for LF (43,.91) and HF (55.87,
2, box, blocks/suture/cut) p>.05). Time and efficiency for all 4 skills improved by the
-Post-test on HF simulator same amount for LF and HF.

-Clinical: Not evaluated

27 2005 Pegtransferand  -Randomized to 3 groups 42 laparoscopically na- No LF (webcam) same as HF. Either of these better than LF (2-mir-
pattern cutting -Compared 3 simulators: LF (Type 1, box,  ive residents -Opinion: Not evaluated ror)
peg/cutting compared to a commercial LF -Performance: Time and performance scores -Opinion: Not evaluated
(Type 1, (box, peg/cutting) and HF (Type 2, -Clinical: Not evaluated -Performance: Time compared, and order of simulators did not
box, peg/cutting) make a difference
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-Six groups tested on all 3 simulators used in
a different order

-Clinical: Not evaluated

26 2007  Laparoscopic su-  -Randomized to 3 groups: control, LF (Type 30 medical students -Opinion: Not evaluated No LF=HEF, either is better than control
turing 1, box, knot) and HF (Type 2, box, knot) -Performance: time for suturing and review of videos -Opinion: Not evaluated
-Video review of all suturing -Clinical: Not evaluated -Performance: mean times: control (12min), LF (6.6min), HF
-Final evaluation on cadaveric animal model (6.6min)
-Clinical: Not evaluated
32 2006  Laparoscopic Skills: -Randomized to 24h (8 sessions) training on 36 medical students One-time test on both simulators No LF=HF for all tasks tested
Sugar cube trans-  either HF (Type 2, box, pegs/cutting) or LF -Opinion: Not evaluated -Opinion: Not evaluated
fer, mint transfer ~ (Type 1, box, pegs/cutting) -Performance: Accuracy, time, depth perception as- -Performance: Subjective scores for all tasks by blinded rater
and disk cut-out  -Evaluated after training one time on both sessed subjectively. were similar for all 3 tasks for both groups (p>.05). Times
simulators -Clinical: Not evaluated were similar (p>.05). LF group had better accuracy score on
disk cut-out than HF. LF trained participants were faster
when tested on the HF simulator.
-Clinical: Not evaluated
21 2012  Laparoscopic skills: -Randomized with crossover: LF (Type 2, 228 medical students,  -Opinion: Not evaluated No LF-trained participants did better on HF than HF-trained par-

skill training was

different for LF and box, pegs/cutting/suturing)

HF

box, pegs/cutting/suturing) and HF (Type 3, residents and senior
physicians

-After achieving minimal proficiency on LF

or HF, crossed over to the other simulator

and tested

-Performance: Scores on FLS box and LapSim VR.
Baseline scores compared with scores after train-
ing on the other simulator

-Clinical: Not evaluated

ticipants did on LF

-Opinion: Not evaluated

-Performance: LapSim trained participants had a 20% task pass
rate while FLS to LapSim trained participants had a 29%
pass rate (p<.01). Score increase similar (p>.05) after train-
ing on either device.

-Clinical: Not evaluated

LF: Low fidelity; HF: High fidelity; FLS: Fundamentals of Laparoscopic Surgery; LapVR: CAE Healthcare (Sarasota FL USA); LapSim: Surgical Science (Gotheborg, Sweden); VR: Virtual Reality
*Clinical evaluation indicates that skill was tested on a patient or live animal after training; GRS: Global Rating Scale
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