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Background  
The effectiveness of simulation training in improving practice in real life has been 
questioned by many because of lack of good quality evidence. 
The purpose of this study was to undertake a systematic review of randomized trials in 
surgical simulation to find out if simulation-based education really leads to improvement 
in real life surgical practice. 

Methods  
Searched published literature between 2000 and 2020. Relevant papers scrutinized to 
identify work, which fulfilled the criteria for this systematic review. Of 157 abstracts, 
nineteen papers were selected. Project registration number was REG289 at Edgehill 
University, United Kingdom. 

Results  
There was heterogeneity in methods of simulation training, outcome measures and 
assessment technique, making comparison difficult. 
Mean error rates, surgical time, objective structured assessment of technical skills 
(OSATS) scores and Global Operative Assessment of Laparoscopic Skills (GOALS) scores 
were significantly better in simulation-trained group. Global Rating Scale scores were 
better in simulation trained group but the improvement was not significant. There was 
evidence of possible publication bias for some of the outcome measures. 

Conclusion  
Overall, there was evidence of improved competence in real life practice in the group who 
underwent targeted simulation-based education in comparison to control groups. Small 
sample size in majority of trials, variation in technique of simulation training, 
inconsistencies in assessment and heterogeneity of outcome measures made it difficult 
to compare results of trials included in this review. 

INTRODUCTION AND BACKGROUND 

Traditionally training in surgical specialties relied on ap-
prenticeship where experience and expertise was gained by 
working under a senior experienced surgeon. Such train-
ing would often continue for a prolonged period until the 
trainee felt comfortable and confident in carrying out the 
procedure on their own. In the absence of a formal struc-
tured training programme, graduation from an apprentice-
ship to a more senior grade would predominantly depend 
on the opinion of the supervising trainer. In 1889 William 
Stewart Halstead had formulated the old adage, ‘see one, do 
one, teach one’ which was based on the quantum and inten-

sity of workload and the trainee doctor personally attend-
ing the workplace to care for and treat the real patient.1 

In many countries uninfluenced by the European Working 
Time Directive, this system of learning remains the main-
stay of training, particularly in surgical disciplines where 
manual dexterity and skills may take a relatively longer 
time to master. 

In the last two- or three-decades laparoscopic surgery 
has become widely used and has replaced open surgical 
procedures. This has given rise to novel challenges in edu-
cation and training of new surgeons. These challenges in-
clude the use of long rigid instruments which are much 
less flexible, have reduced range of movement compared to 
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hands and fingers, amplify movement and tremor, lack the 
tactile sensation and also make it difficult to perceive depth 
and carry out three-dimensional movement. 

Restricted working hours as a result of European working 
time directive, increased demands due to revised surgical 
waiting list targets, rising cost of operating time on surgical 
operating lists, heightened public awareness leading to 
concerns being raised about the ethics of basic surgical 
training on real patients has led to rethinking of the way 
surgical training is provided. Bridges and Diamond esti-
mates that financial cost of utilising real life operating 
room time for training surgical residents in United States is 
$53 million per year.2 Scott et al estimate that the cost of 
training in the Guided Endoscopic Module (Karl Storz En-
doscopy, Culver City, CA) varies from $215,000 to $285,000, 
depending on the quality of video-imaging equipment in-
stalled.3 At the University of Texas South-Western Medical 
Center, the cost of training residents using a video-trainer 
is $270 per graduating resident.3 This value stands in con-
trast to the cost estimate by Bridges and Diamond at the 
University of Tennessee Medical Center of using operating 
room time to train residents for approximately $48,000 per 
graduating resident.2 Therefore, training outside of the op-
erating room using simulation-based training (SBT), al-
though expensive, seems cost effective. 

However, assessment of cost effectiveness of simulation-
based training (SBT) is very difficult and complex to un-
dertake mainly because of the uncertainties associated with 
assessing cost benefits that arise from learners being able 
to transfer their skills to real life practice and considering 
patient outcomes.4,5 

In the published literature there is no clear and defini-
tive indication of cost analysis of SBT in surgical practice. 

The above-mentioned factors have produced changes in 
surgical training curriculum and methods of assessment of 
training giving rise to surgical skills training programmes 
and simulation laboratories. Many researchers believe that 
simulation-based education can improve surgical skills in 
both simulation laboratory and in real life surgical oper-
ation.3,6‑16 However, many of the assessments following 
simulation-based training has been undertaken either on 
cadavers or animal models.11,17‑19 Some authors assessed 
transfer of training and measured transfer effectiveness ra-
tio in their randomized controlled trial but on scrutiny it 
became obvious that they had assessed the outcome of their 
intervention by trainee performance on cadavers.20 

We excluded internal medicine subjects and diagnostic 
endoscopies because we wanted to focus on skills transfer 
in surgical procedures where manual dexterity and expert 
operative competence comes in to reckoning. Moreover, 
complexities in surgical care are relatively more, the nature 
of treatment mostly definitive and irreversible and chances 
of life changing error higher. Some authors state that 
amongst reported errors about half the adverse events were 
surgical in nature.21,22 

Despite advances in structured surgical training, tech-
nical proficiency remains poorly evaluated. In present day 
surgical training programmes at no point is there a com-
pulsion for objective assessment of technical skills. Evalu-

ation of competence is very prone to subjectivity and bias 
in assessment. Only very few studies have been carried out 
to show skills transfer from simulation room to the real-life 
operating scenario. 

AIMS AND OBJECTIVES 

This systematic review of the randomised trials aims to find 
out if such resource worthy simulation-based training leads 
to any benefits in actual real life surgical practice. 

From practical personal experience about assessment of 
trainees the authors were wary of the variation in nature 
and type of assessment applied and their subjectivity. We 
aimed to find any difference in speed or duration of surgical 
procedure, and any identifiable improvement in assessment 
of technical skills by utilising any of the commonly used as-
sessment tools, for example, Objective Structured Assess-
ment of Technical Skills (OSATS). Our target group were 
learners who underwent SBT followed by operating in the 
real-life scenario. The authors also wanted to identify any 
possibility of bias in reporting as well as the statistical 
power of the respective trials. 

METHODOLOGY 

Because of the rapid development and advancement in 
technology in simulation-based education in the present 
millennium, we decided to restrict our review to the pub-
lished literature between 2000 and 2020. We excluded trials 
where participants were medical students because we 
wanted to include participants who were committed to a 
career in surgery and hence had the motivation and desire 
to improve and do better in their career. 

LITERATURE SEARCH 

A search of the published literature was carried out using 
Medical Subject Headings (MeSH), ‘high fidelity simulation 
training’, ‘simulation training’, ‘surgical procedures’, 
‘surgery’, ‘general surgery’, ‘clinical competence’, ‘clinical 
skill’, ‘fidelity’, ‘realism’, ‘reality’, ‘accuracy’. The databases 
searched were, OVID (Embase, American Psychological As-
sociation Psycinfo, Medline), Pubmed, Cumulative Index 
to Nursing and Allied Health Literature (CINAHL), and 
Cochrane Library. Duplicates were excluded in each data-
base. 

The reference list in the latest Cochrane database sys-
tematic review (CDSR) ‘Laparoscopic surgical box model 
training for surgical trainees with limited prior laparoscopic 
experience’ was also searched for relevant papers for this 
systematic review.23 

The International Standard Randomised Controlled Trial 
Number (ISRCTN) was searched for any studies registered 
that conformed to criteria for our systematic review. 

A publication in Cochrane Database of Systematic Re-
views by Gurusamy KS, Nagendran M, Toon CD, Davidson 
BR, 2014, Issue 3. Art No.CD01047823 and the other nine-
teen papers which were finally selected were searched for 
cross reference. Reference list in these publications was 
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Table 1. Criteria for systematic review     

Method Systematic review of published English literature between year 2000 and 2020. PICO (Population, 
Intervention, Comparison and Outcomes) tool was used. 

Inclusion 
criteria (if 
applicable) 

Any surgical discipline, e.g., General surgery, orthopaedics, Obstetrics and Gynaecology, ENT, Ophthalmology, 
maxillo-facial and others 
Post-graduate learners 
Surgical procedure skills 
English language publications (to avoid translation bias and expenditure thereof) 
Published between 2000 and 2020 
Ethics approval and/or formal consent process declared 
Randomized controlled trial 
Assessment or evaluation of simulation training carried out on real life patients in operating room 

Exclusion 
criteria (if 
applicable) 

Non-clinical subject e.g., Anaesthesiology, Physiotherapy, Dental 
Non-surgical discipline e.g., Cardiology, Resuscitation 
Diagnostic endoscopy 
Non-technical skills 
Veterinary practice 
Undergraduate students 
Any language other than English language publication (in order to avoid translation bias) 
Non-randomized studies, prospective cohort studies or retrospective studies. 
Where trial registration or ethics approval was not explicit 
Assessment or evaluation undertaken on simulators (including cadaver) 

Proposed 
data 
synthesis/
analysis 

Standard systematic approach. Scrutiny of trial method, technique of assessment and outcome measures used. 
Meta-analysis, by production of forest plots on outcome measures and funnel plots for assessment of publication 
bias. 

Summary of procedure used for database search        

OVID 55 
papers 

Two papers were selected. 
The remaining 53 papers were excluded because of following reasons. In thirty papers assessment of 
skills transfer was tested on surgical simulator or on cadaver. Twelve papers were about different 
subject matter. One paper was a review essay. Four papers were result of survey of participants and in 
six papers the trials were non-randomized study 

PubMed 6 
papers 

Two papers which were short listed, were duplicate with papers found in OVID database. Of the 
remaining, one paper was a narrative review, and in the other three papers authors had assessed 
participants during simulated procedures 

Cochrane 
Library 

58 
papers 

Of these eight papers were shortlisted. In this selection there was two duplicates with papers obtained 
from OVID database. So, six papers were selected from this database. 
Those not selected were for the following reason. Seventeen dealt with different subject matter. In 
twenty-six papers, the assessment of training was carried out on simulators or cadaver or animal 
models. In one paper, the participants were medical students. Four were protocols where final papers 
were not published. One paper was on prospective controlled trial. 
One paper was a conference abstract which was later published by another author in the same group 
which presented at the conference. 

CINAHL 8 
papers 

Of these three were short listed, two of which were duplicates with papers selected from OVID 
database and one duplicate with search in Cochrane library 

ISRCTN 13 
papers 

Of these five papers were short listed, two of which were duplicates of papers selected from other 
databases. Two other authors were contacted via e-mail, but no response was received. One paper was 
published after October 2021 
The reasons for not selecting the remaining eight papers were as follows. Participants were medical 
students in two papers. Two papers were on different subject matter. In two papers the assessment of 
learners was done on simulators or cadavers. Two study result had not been published. 
Other cross reference within this group yielded three papers of which two papers were selected. The 
one that wasn’t selected was because participants were not randomized in that study. 

searched and abstracts were reviewed in twenty-four se-
lected papers. Of these fourteen papers were short listed. 
Of these fourteen papers, two abstracts were conference pa-
pers which could not be obtained. There was no response 
from these two authors following our e-mail communica-
tion. 

So, twelve papers were identified and selected from cross 
reference of this Cochrane Systematic Review and those fi-

nally selected nineteen papers. One of these papers was a 
review essay, and two papers were about non-randomized 
trial. So, nine papers were selected from these cross refer-
ences. 

A total of 157 abstracts were reviewed by BK, RR and GK 
Nineteen papers were finally selected for this systematic 

review (n=19). 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing             
selection of papers for this systematic review        

DATA EXTRACTION AND ANALYSIS 

BK extracted all the data from the nineteen included trials 
and was checked by RR using standard data extraction ta-
bles agreed and produced by the authors. Each included 
trial was scrutinized and critically appraised for its quality 
and details. The quality assessment of these trials included, 
method of reporting, methods of randomisation, sample 
sizes, allocation concealment, blinding of assessors and in-
terrater reliability of assessors. 

Pooling of data from these nineteen trials was not possi-
ble due to the heterogeneity of methods used and the vari-
ety of outcome measures used. 

A total of 157 abstracts were reviewed by BK, RR and GK 
Nineteen papers were finally selected for this systematic 

review (n=19). 

RESULTS 
ETHICS APPROVAL AND CONSENT 

Fifteen out of the nineteen trials declared obtaining ethics 
approval from their respective organisational department 
and consent from the participants. In their published paper, 
Banks et al,24 Larsen et al,25 and Seymour et al,6 did not 
explicitly state about ethics approval but their trials were 
registered and as such would have included ethics approval. 
Zandejas et al26 stated that their trial was found to be 
exempt from requirement of ethics approval by the Mayo 
Clinic Institutional Review Board, Rochester, MN, USA. All 
their trial participants gave consent to be part of the trial. 

RANDOMIZATION, BLINDING AND TYPE OF 
ASSESSMENT 

Authors of all the included trials declared having under-
taken random allocation of participants in to SBT and Con-
trol groups. Fourteen of nineteen authors also stated the 
exact method of randomisation. Some of the authors, while 
making it clear that they undertook randomization, didn’t 
actually mention the exact methods that they followed.6,
27‑30 

With the exception of one trial by Gala et al, rest of 
the assessors were blinded to the randomization status of 
the participants.31 In another trial by Hogle et al, assessors 
present in operating room (OR) were unblinded but in the 
same trial video assessors were blinded to the training sta-
tus of participants.32 In ten of the nineteen trials assessors 
were present in OR and in the remaining trials assessment 
was performed on video recordings of the operative proce-
dures carried out by participants. In two of the assessments 
in OR there was additional assessment of video recording 
of the same procedure by other assessors.28,32 This data is 
presented in Tables 3-10. 

SURGICAL PROCEDURES TESTED, TYPE OF SIMULATOR 
USED AND COMPARATOR 

The terminologies, ‘trainees’ or ‘participants’ has been 
used to refer to individuals who were the test subjects in the 
trials included in this systematic review. The group, which 
received focussed or targeted training have been referred 
to as the Simulation-based training (SBT) group. The com-
parator group has been referred to as the Control group 
who either received no SBT or had access to SBT but with-
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out any formalized targeted plan or predefined skills targets 
to be achieved. 

Seven RCT s tested skills transfer in laparoscopic chole-
cystectomy procedures, four RCT s tested skills transfer in 
laparoscopic salpingectomy, three in laparoscopic total ex-
traperitoneal hernia repair, two each in laparoscopic tubal 
ligation and knee arthroscopy and one for intracorporeal 
suturing and knot tying in a laparoscopic Nissen fundopli-
cation procedure. All these RCT s compared surgical per-
formance of participants who underwent SBT with the con-
trol group. There was a wide variation of simulators used to 
train the participants in the different trials. 

LapSim Virtual Reality Simulator was used in four tri-
als.25,28,32,33 Minimally Invasive Surgical Trainer Virtual 
Reality (MIST VR) was used in three trials,6,9,30 and stan-
dard laparoscopic simulator was used in two trials24,31 

Video laparoscopy training was used in two trials.27,34 

The remaining trials used one of the following simulators: 
ArthroSim Virtual Reality Simulator, moulded rubber her-
nia simulator, McGill Laparoscopic Inguinal Hernia Sim-
ulator, Video and porcine cadaver, dry knee arthroscopy 
model, Box trainer and Virtual Reality Simulator, Funda-
mentals of laparoscopic surgery programme and Web-based 
Mastery Learning. This is shown in Table 2. 

As shown in Table 2, in vast majority of trials, partici-
pants in the comparator group or controls were not allowed 
access to SBT. Only in four of the nineteen trials the partici-
pants randomized to Control group were allowed to practice 
on simulators although their practice was not formalised, 
was not supervised nor did they have any predefined targets 
to achieve before their skills assessment27,28,30,35 

BASELINE ASSESSMENT OF PARTICIPANTS OF 
SIMULATION-BASED TRAINING GROUP AND CONTROL 
GROUP 

In all the nineteen trials, a baseline assessment of the SBT 
group and Control group was carried out. Kurashima et al. 
declared that their control group participants had slightly 
more overall laparoscopic experience than SBT group at 
baseline assessment (p=0.045).36 Remaining characteristics 
of the two groups were not significantly different (p>0.05). 
In the remaining eighteen trials the demographic charac-
teristics, relevant operative skill and past experience in the 
relevant surgical procedure were similar, and not statis-
tically different amongst the SBT and Control groups (p 
>0.05). In the trials where a mixture of junior and senior 
residents was recruited, the authors carried out block ran-
domization so that the composition and mixture of each 
group, SBT and Controls, were similar.36,37 Sroka et al state 
that they carried out a baseline assessment of their re-
cruited participants using GOALS score and excluded from 
randomization all those participants who scored more than 
15.38 

DURATION OF STUDY AND TIME TO ASSESSMENT 

The elapsed time after training was completed and before 
the assessment was undertaken was not very clear in all 
the trials. In almost all trials the final assessment seems 

to have taken place within a short time after the training 
of the SBT group participants was completed. The maxi-
mum duration to assessment appears to be 316 days but 
this was almost similar in both the SBT group and the Con-
trol group in this particular trial.31 In all trials, the as-
sessment on real patients was undertaken after the pre-
defined proficiency was attained by the participants in the 
SBT group. In most trials, the duration of study and time 
to assessment was dictated by the residency rotation pro-
gramme ^24, 30, 34, 36,38, 39,^ . Table 2 demonstrates the 
time utilised and duration to assessment of competence. 

EXPERIENCE AND TYPE OF PARTICIPANTS 

In fifteen of the nineteen trials in this systematic review, 
the participants were postgraduate residents ranging from 
year 1 to year 4 without any previous experience of the op-
erative procedure that was being assessed. Kurashima et al, 
Van Sickle et al and Zandejas had recruited some postgrad-
uate years 5 or 6 but these residents did not have prior ex-
perience of the operation being tested.26,30,36 Grantcharov 
recruited sixteen surgeons for their trial on laparoscopic 
cholecystectomy, but these surgeons had ‘limited’ experi-
ence in this procedure and their SBT group matched with 
their controls.9 

Coleman et al found that in their trial the improvement 
of performance in laparoscopic partial salpingectomy was 
most striking in postgraduate year 3 residents compared to 
postgraduate year 4 residents.27 

TYPE OF OPERATIVE CASES AND ROLE OF SUPERVISOR 
AND ASSESSOR 

In all trials, simple and uncomplicated patients were cho-
sen for operative assessment. When any complication was 
detected on the operating table, those cases or participants 
were excluded from trial. In vast majority of the trials, au-
thors have not mentioned about any instance of take-over 
by the supervisor or experienced assistant. Ahlberg et al 
mentions that in their trial, three operations had to be con-
verted from planned laparoscopic cholecystectomy to open 
surgical procedure.33 Cannon et al mentions that in their 
trial if the resident participant took more than 25 minutes 
then the attending supervisor took over the operative pro-
cedure and the unfinished task in that instance was allo-
cated a score of zero.39 In many of the trials, an experienced 
surgeon supervised and assisted in the surgical procedure 
but the assessment and scoring for the trial was done by an 
independent blinded assessor.9,25,28,29,32,34,36,40 

OUTCOME MEASURES USED AND FINDINGS 

Different outcome measures were used by the trial authors 
for assessment of transfer of skills from SBT to real life 
practice, as shown in Tables 3-10. In these tables, the group 
of participants who had simulation-based training (SBT) 
has been referred to as SBT group and the comparator 
group who did not have any targeted simulation training 
has been referred to as the Control group or C group. 
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Table 2. Type of training, comparator, time to assessment, power calculations          

Author and year of 
publication. 
Power calculation 

Grade and 
number of 
subjects and 
Surgical 
procedure tested 

Training 
method 
(number of 
participants) 

Comparator / 
Control 
(Number of 
participants) 

Time to assessment 

Ahlberg, 200733 PGY 1 to 2. 
13 residents. 
Laparoscopic 
cholecystectomy. 
Assessors 
blinded 

LapSim VR 
Simulator (7) 

Standard 
residency 
training. No 
SBT (6) 

First procedure within 2 
weeks for controls 
Training group first 
procedure after attaining 
proficiency. 
All procedures within 6 
months. 

Banks, 200724 PGY 1. 
20 residents. 
Laparoscopic 
bilateral tubal 
ligation 

Standard Lap 
Simulator made 
by Limbs and 
Things, UK (10) 

OR training 
alone. No SBT 
(10) 

Training and assessment 
within 4 months of study 

Cannon, 201439 PGY 3. 
48 residents. 
Diagnostic knee 
arthroscopy. 

ArthroSim VR 
arthroscopic 
knee simulator 
(27) 

Institutional 
based 
traditional 
training. No 
SBT (21) 

Within 14 days after 
attaining proficiency 

Coleman, 200227 PGY 3-4. 
18 residents. 
Laparoscopic 
partial 
salpingectomy. 

Video 
laparoscopic 
training 
modules (11) 

Allowed to 
practice in 
skills 
laboratory (7) 

Week 4 after 
commencement of study 

Gala, 201331 

For 2-sided alpha of 0.05 and 
beta of 0.20, a total of 110 
participants were needed to 
show a 50% in improvement. 

PGY 1-4. 
102 residents. 
Bilateral tubal 
ligation. 

Faculty 
directed SBT 
(48) on 
laparoscopic 
simulator 

Traditional 
teaching. NO 
SBT (54) 

Maximum duration to 
assessment was 316 days 

Gauger, 201028 PGY 1. 
14 residents. 
Lap 
cholecystectomy 

LapSim with 
specific 
proficiency 
targets (7) 

LapSim but 
without any 
specific targets 
(7) 

2 months to assessment 
after 4 months of training. 

Grantcharov, 20049 16 surgeons with 
limited 
experience in 
laparoscopic 
surgery. 
Lap 
Cholecystectomy. 

VR training on 
Minimally 
Invasive 
Surgical Trainer 
Virtual Reality 
(MIST-VR) (8) 

No SBT (8) Assessment within 14 days 
after initial assessment 

Hamilton, 200129 PGY 3-4 
21 residents. 
Laparoscopic TEP 
hernia repair 

Training on 
molded rubber 
hernia 
simulator and 
interactive CD-
ROM (10) 

Traditional OR 
training. No 
SBT (11) 

Assessment during and 
within 2 weeks study period 

Hogle, 200932 PGY 1 
12 residents 
Lap 
cholecystectomy 

LapSim VR 
Simulator (6) 

Traditional OR 
training. No 
SBT (6) 

Assessment at the end of 
5-week period 

Kurashima, 201436 

To show significant 
difference between the two 
groups with an alpha of 0.05 
and beta error of 0.20, at 
least 7 participants in each 
group needed. 
Basis of power calculation 
was a mean GOALS score of 
20+/- 3 in the OR but 
achieved 18.2. 

PGY 2-5 
14 residents. 
Laparoscopic TEP 
hernia repair 

McGill 
Laparoscopic 
Inguinal Hernia 
simulator (5) 

Standard 
traditional 
residency (9) 

Residents tested after 3 
months of baseline 
assessment. Training group 
had an additional 
assessment within 2 weeks 
of achieving proficiency. 
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Author and year of 
publication. 
Power calculation 

Grade and 
number of 
subjects and 
Surgical 
procedure tested 

Training 
method 
(number of 
participants) 

Comparator / 
Control 
(Number of 
participants) 

Time to assessment 

Larsen, 200925 

With an alpha of 0.05 
(2-sided) and power 80% 
(largest SD 4.40) 18 or more 
participants required. 

PGY 1-2 
21 residents. 
Laparoscopic 
salpingectomy 

LapSim (11) No SBT (10) Assessment soon after SBE 
was complete 

Patel, 201637 

80% power to identify 
improvement of 0.75 in 
mean score with a SD of 25% 
of the mean score in both 
study groups. Sample=11 in 
each group 

PGY 1 
22 residents. 
Laparoscopic 
salpingectomy 

Simulation on 
video and 
porcine 
cadaver (11) 

Standard OR 
training (11) 

Assessment within 90 days 

Roberts, 201940 

15 participants per group 
required for a 90% chance 
(beta=1) with alpha of 0.05 
(2 tailed test). 

PGY 2-3 
30 residents. 
Diagnostic knee 
arthroscopy. 

Simulation on 
dry knee 
arthroscopy 
model and 
American 
Board 
approved 
simulator (15) 

Standard 
residency 
training. No 
SBT (13) 

Study period 13 weeks. 

Scott, 200034 

Power =0.8 with a type 1 
error of 0.05, sample size 
calculated was 27. But 5 
drop-outs meant sample of 
22. 

PGY 2-3 
22 residents. 
Laparoscopic 
cholecystectomy 

Video trainer 
(9) 

No SBT (13) Assessment at the end of 1 
month of residency 

Seymour, 20026 PGY 1-4 
16 residents. 
Laparoscopic 
cholecystectomy 

VR training. 
MIST VR. (8) 

Standard 
residency. No 
SBT (8) 

Training session lasted 
approximately 1 hour 

Shore, 201635 

For an alpha score of 0.05 
and a power of 0.8, sample 
size for a 2-sided test was 10 
in each treatment arm. 

PGY 1-2 
27 residents. 
Laparoscopic 
salpingectomy 

Box trainer and 
VR simulator 
(14) 

Conventional 
training which 
could include 
simulation. 
Simulation was 
not targeted 
(13) 

Tested within the 7-week 
study period 

Van Sickle, 200830 PGY 3-6. 
22 residents. 
Nissen 
fundoplication- 
fundal 
intracorporeal 
suturing part of 
the procedure 

MIST VR plus 
box trainer, 
supervised 
training (11) 

Standard 
residency and 
access to SBT 
without 
supervision 
(11) 

Rotation lasted 4 to 5 weeks 
for PGY 3 and 8 weeks for 
PGY-5 residents. 

Sroka, 201038 

Calculated those 7 subjects 
in each group= a power of 
80% to detect a difference of 
5 points in GOALS score 

PGY 
16 residents. 
Laparoscopic 
cholecystectomy. 

Fundamentals 
of laparoscopic 
surgery 
programme, 
American 
College of 
Surgeons (8) 

Standard 
residency. No 
SBT. (8) 

After at least 6 weeks for 
Control group and for SBT 
group after proficiency was 
attained 

Zandejas, 201126 

25 residents per arm= 80% 
power to detect a 5-minute 
decrease in operative time 
with an alpha level of 0.05 

PGY 1-5 
50 residents. 
TEP hernia repair 

Web based 
mastery 
learning 
curriculum 
followed by 
TEP Simulator 
(26) 

Standard 
residency 
programme. 
No SBT (24) 

Study period 20 days 
between baseline 
assessment and post-
training assessment. 

Abbreviations: PGY: Postgraduate year; SBT: Simulation based Training; TEP: Total Extraperitoneal; MIST VR: Minimally Invasive Surgical Trainer Virtual Reality; VR: Virtual reality 
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Ahlberg,33 Seymour6 and Van Sickle30 evaluated the par-
ticipant’s performance using mean number of errors, sur-
gical time, and other measures like conversion of laparo-
scopic procedure to open surgery and excess needle 
manipulation. The group of trainees who had SBE made 
significantly smaller number of errors (p= <0.05). Surgical 
time was also significantly less in the SBT group (p=<0.05). 
Conversion of laparoscopic procedure to open surgical pro-
cedure was required thrice in the Control group compared 
to none in the SBT group.33 Van Sickle found that the SBT 
group in their trial carried out significantly less needle ma-
nipulation than their controls (p= <0.05).30 Details are pre-
sented in Table 3. 

As shown in Table 4, some authors used one or another 
type of Global Rating Scale (GRS) on its own to assess trans-
fer of skills to operation on real life patient.27,32,34,36,38 

These GRS were devised by different authors as indicated in 
Table 4. The SBT group performed significantly better (p= 
<0.05) than the control group in all but one of these trials. 
Hogle found that in their trial, in the domains of depth per-
ception, bimanual dexterity, efficiency, tissue handling and 
autonomy, there was no significant difference between the 
performance of SBT group and Control group, although the 
SBT group fared better than the Control group (p= 0.55 to 
0.99).32 

Banks, as shown in Table 5, used a 25-point Task specific 
check list, a GRS and pass rate to assess the participants 
in their trial. In all these three outcomes measures their 
SBE group performed significantly better than their Control 
group (p= 0.002, 0.003 and 0.003 respectively)24 

Cannon et al, in their trial of diagnostic knee 
arthroscopy used a procedural checklist, visualization scale, 
probing scale and a global rating to assess performance of 
participants in their trial. In all these outcome measures, 
except the visualisation scale, their SBT group were found 
to be significantly better that their control group (p= 0.031, 
p=0.34, p= 0.016, p=0.061 respectively). In the visualisation 
scale the SBE group performed better but not significantly 
so.39 Table 6 shows the findings of this trial. 

Table 7 demonstrates the trial results of those authors 
who used Objective Structured Assessment of Technical 
Skills (OSATS) as the outcome measure to compare SBT 
group with their control group.25,31,35,37 The OSATS tools 
used in these trials were devised by different authors as 
shown in table 8. In all these trails the SBE group performed 
significantly better than the control group (p=< 0.05) 

Gauger,28 Hamilton29 and Zandejas,26 used Global Oper-
ative Assessment of Laparoscopic Skills (GOALS) to assess 
and evaluate the performance of participants in their trials. 
The authors of GOALS tool, which these authors used have 
been mentioned in Table 8. The SBT group in all three trials 
performed much better than the Control group. 

However, the improvement seen by Gauger et al was not 
statistically significant (Overall competence p= 0.228 and 
task completion score, p=0.345).28 They found significantly 
lower number of errors in their SBT group. In the trials by 
Hamilton29 and Zandejas,26 GAOLS score was significantly 
better in the SBT group (p= < 0.05). In addition, instrument 

knowledge and handling were significantly better in Hamil-
ton’s trial. 

The trial by Zandejas,26 was the only one amongst the 
nineteen trials included in this systematic review, where 
patient related outcomes were investigated. Apart from sig-
nificantly better operative time (p=0.0001), Zandejas found 
that intraoperative complications, postoperative complica-
tions and overnight stay were significantly less likely in the 
SBT group (p= < 0.05). 

Grantcharov found that their SBT group performed sig-
nificantly better than their control group in the outcomes 
they studied, that is, economy of movement (p=0.003), du-
ration of procedure (p=0.021) and error score (p= 0.003).9 

Table 10 shows the findings. 
The trial by Roberts et al was novel in that they used 

wireless elbow worn motion sensors to surgical perfor-
mance objectively.40 Their primary outcome measure for 
diagnostic knee arthroscopy was number of hand move-
ments where the SBT group performed significantly better 
than the control group (p= < 0.001). For their secondary 
outcomes (minor movements, smoothness and time taken) 
the SBE group was significantly better than the control 
group (p= < 0.001). Average time taken by SBT group was 
320 seconds versus 573 seconds by the controls (p= < 0.001). 

COMFORT LEVEL OF PARTICIPANTS IN THE TRIALS 

In four of the nineteen trials authors looked at comfort lev-
els or perception of participants involved in the trial. Cole-
man (2002) found that both their SBT and Control groups 
expressed lower than average comfort levels pre-test and 
post-test.27 The pretest scores for SBT group were 12 versus 
13.5 for controls and post-test scores were 16 versus 17 re-
spectively. There was statistically significant improvement 
in the post test comfort levels (p=0.001). There was no dif-
ference between the SBT and control groups. Within the 
SBT group there was a weak association between self-per-
ception and operative evaluation by Global Surgical Assess-
ment Tool (GSAT). 

Patel (2016) found that in their control group there was 
no change in 8 of the 10 subjective comfort levels.37 In their 
SBT group there was an improved sense of comfort with 
anatomy knowledge (p=0.02), surgical steps (p=0.004), dou-
ble handed surgical technique (p=0.04), knowledge about 
energy (p=0.002), understanding of the risk-benefit of the 
procedure (p=0.04). They also perceived benefit of viewing 
procedural video and SBT before performing the real oper-
ation. 

In their trial, Scott (2000) found that 3 of 13 of their con-
trol group participants and 5 of 9 SBT group participants 
felt comfortable with their laparoscopy skills.34 After com-
pletion of the study, their perception had improved to 6 of 
13 and 8 of 9 in the respective groups. Amongst those who 
didn’t feel comfortable 3 of 10 controls and 3 of 4 SBT group 
participants perceived a sense of comfort after the study (p= 
0.175). In the SBT group all nine participants felt that the 
video trainer was useful and eight of the nine felt that the 
training had enhanced their skills during real life operating. 
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Table 3. Trials assessing error rates, surgical time and others         

Author and 
year. 
Mode of 
assessment. 
Blinding 
status 

Result 
Power 
calculations 

Mean and variance of errors Surgical time Conversion 
to open 
surgery/ 
Other 
measures 

Ahlberg, 
200733 

Video 
Blinded 

SBT 
significantly 
better than C 
Based on 
Means and SD 
s, the 
statistical 
power was 
0.999 

Errors for entire procedure, C 86.2 vs SBT 28.4 
(95 CI, C 58.18 to 114.12, V=916.68; SBT 
23.51 to 33.32, V 118.69) (p=0.0037) 
Exposure errors, C 53.4 vs SBT 15.4 (95 CI, C 
16.70 to 90.13, V 623.31; SBT 11.16 to 18.79, 
V 68.44) (p=0.0402) 
Clipping & tissue division, C 7.1 vs SBT 1.9 (95 
CI, C 3.95 to 10.25, V 41.11; SBT 0.93 to 2.87, 
V 5.57) (p=0.0080) 
Dissection errors, C 29.5 vs SBT 11.5 (95 CI, C 
13.99 to 45.01, V 61.50; SBT 8.82 to 14.08, V 
28.77) (p=0.0310) 

58% longer in C 
group. 
Difference not 
significant 
(p=<0.0586) 

Conversion: 
3 in C group. 
0 in T group 

Van Sickle, 
200830 

video 
Blinded 

Intracorporeal 
suturing and 
knot tying 
skills SBT 
significantly 
better than C 

Suturing errors SBT 25.6+/-9.3 vs C 
37.1+/-10.2 (P=<0.01); 

Suturing time 
(sec), SBT 525+/- 
190 vs C 
790+/-171 
(p=0.003); 

excess needle 
manipulation, 
SBT 
18.5+/-10.5 
vs C 
27.3+/-8.6 
(p=0.05). 

Seymour, 
20026 

Assessed on 
video 
recording 
Blinded 

Improvement 
of all outcome 
measures in 
SBT group 
compared to 
Control group 

Controls made 6 times as many errors as the 
SBT group with 4 times the variability of SBT 
as indicated by standard error. Mean number 
of scored errors per procedure, SBT 1.19 vs 
Controls 7.38; P=<0.006. 

Duration of 
dissection in SBT 
was 29% less than 
in the Controls. 
NOT statistically 
significant. 

Lack of 
progress per 
case, SBT 
0.25 vs C 
2.19 
(p=0.008) 

Abbreviations. C: Controls; T: Training group; SBT: Simulation based training; CI: confidence intervals; SD: standard deviation; V: Variance 

Van Sickle (2008) reported that several of their partici-
pants admitted to feeling nervous in the high-stake envi-
ronment instituted for the assessment in the trial.30 

META-ANALYSES 

Five meta-analyses were conducted for mean error rates (k 
= 5), surgical time (k = 7), OSATS (k = 4), GRS (k = 4), and 
GOALS (k = 4). All meta-analyses were conducted with the 
MAJOR package (v 1.2.1; Hamilton, 2021) in Jamovi (v 2.2.1; 
The Jamovi Project, 2021).41 Standardised mean differences 
were extracted for all outcome variables given the between-
study heterogeneity in procedures and operationalisation 
of outcomes. Standardised mean differences were extracted 
for all outcome variables given the between-study hetero-
geneity in procedures and operationalisation of outcomes. 
Summary effect sizes have been produced from random ef-
fects meta-analyses, fit using restricted-maximum likeli-
hood, with the Knapp and Hartung (2003) adjustment ap-
plied.42 The results of these meta-analyses should be 
interpreted with caution with respect to the discussion 
around heterogeneity of methods, generally small sample 
sizes, and potential for publication bias. Model summaries, 
forest plots, and funnel plots are presented in Figure X. Pro 
Prospective power analyses were carried out to provide es-
timates of minimum required sample sizes with the jpower 
module (version 0.1.2, Morey & Selker, 2019)43 for Jamovi. 
A summary of prospective power analyses for all five out-
comes is presented in Table 11. 

In several papers, complete summary statistics (i.e., 
means, standard deviations) were not presented. WebPlot-
Digitizer 4.5 (Rohagti, 2021)44 was used to extract means 
and standard deviations from relevant figures (Figure 3, 
Figure 5, Seymour et al., 2002).6 Where medians were re-
ported with inter-quartile range (Grantcharov, 2004, Figure 
2 & WebPlotDigitizer; Larsen et al., 2009; Shore et al., 
2016) ,9,25,35 means and standard deviations were esti-
mated using the Box-Cox method described by McGrath 
et al. (2020; https://smcgrath.shinyapps.io/estmeansd/).45 

Kurashima et al. (2014)36 reported median and range values 
and the quantile estimation method was used to estimate 
mean and standard deviation (McGrath et al., 2020).45 

Gauger et al. (2010)28 did not report standard deviations for 
either group so pooled standard deviation was substituted 
based on Cohen’s d values and means reported in the paper. 
Coleman and Muller (2002) did not report any form of vari-
ance information in their paper and could not be included 
in the meta-analysis for Global Rating Scales.27 

RANDOM EFFECTS MODELS 

ERROR RATES 

Observed standardized mean differences for error rates 
ranged from -2.45 to -1.09, with all estimates favouring 
fewer errors on average in the simulation groups versus 
controls. The estimated average standardized mean differ-
ence based on the random-effects model was  = -1.38 (95% 
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Table 4. Outcome measure: Global Rating Scale      

Author and 
year of 
publication. 
Mode of 
assessment. 
Blinding. 

Result Global rating scale (5-point 
Likert scale that assesses several aspects 
of surgical skills) 

Other outcome scores/
rating 
Author of Global Rating 
Scale 

Scott, 
200034 

Assessed in 
operating 
room 
Blinded 

Significant improvement in SBT 
group 

Overall performance on Global 
Assessment median scores 0.2 (25th to 
75th % -0.5 to -0.6) in C vs 0.7 (25th to 
75% 0.6-1.0) in SBT; P=0.007. 

Global rating scale by 
Reznick and colleagues, 
1997 (36) 

Coleman, 
200227 

Video 
Assessors 
blinded 

Significant improvement in SBT 
group assessed with GSAT 

GSAT score: SBT pre-test 17.4 vs post-
test 21.7. Mean improvement 4.3 (p= 
0.0151) 
Control pre-test 16.4 vs post-test 20.3 
Mean improvement 3.9 (p= 0.0923) 

GSAT by Reznick 1997 
(36) 

Hogle, 
200932 

Assessor in 
OR 
unblinded 
Video 
assessment 
blinded 

No significant difference 
between SBT and Control groups 

Bimanual dexterity C 2.90+/-0.51 vs SBT 
3.17+/-0.42 (p= 0.55) 
Tissue handling C 3.10+/-0.53 vs SBT 
2.96+/-0.59 (p=0.56) 
Autonomy C 3.11+/-0.62 vs SBT 
3.23+/-0.44 (p=0.85) 
Efficiency C 2.82+/-0.62 vs SBT 
2.89+/-0.53 (p=0.93) 
Depth perception C 3.35+/-0.62 vs SBT 
3.60+/-0.55 (p= 0.99) 

Kurashima, 
201436 

Assessors in 
OR 
Blinded 

Final GOALS scores were higher 
in SBT group than in the Control 
group but did not achieve 
statistical significance 

Final GOALS-GH score higher in SBT 
group (18.2, range 14.9 – 21.5) than C 
group (14.8, range 12.4-17.1); p=0.06. 
Total GOALS-GH scores changes, 
C 1.2 (-1.1 to 3.6) vs SBT 3.4 (2.0 to 4.8) 
(p=0.08) 

GOALS by Kurashima, 
2011 (37) 

Sroka, 
201038 

Assessed in 
OR 
Blinded 

Significant improvement in SBT 
group compared to Controls 

Bimanual dexterity C 0.5+/- 1.1 vs SBT 
1.25+/- 0.6 (p=0.04) 
Tissue handling C 0.3+/-0.7 vs SBT 1.13+/- 
1.0 (p=0.04) 
Autonomy 0.3+/-1.0 vs SBT 0.6+/-1.1 
(p=0.58) 
Efficiency C 0.4+/-1.1 vs SBT 1.13+/-1.0 
(p=0.24) 
Depth perception C 0.5+/-0.8 vs SBT 
1.25+/-0.7 (p=0.08) 
Total GOALS score of 1.8+/-2.1 in 
Controls vs 6.1+/-1.3 in SBT; (p=0.0003). 

No difference in 
assessment of difficulty 
in dissection between 
SBT and Control groups. 
Final evaluation: 
C 2.25 vs SBT 4.5 
(p=0.15). 
GOALS by 
Vassiliou,2005 (38) 

Abbreviation: GOALS: Global Operative Assessment of Laparoscopic Skills; GOALS-GH: Global Operative Assessment of Laparoscopic Skills – Groin Hernia; GSAT: Global Surgical As-
sessment Tool; SBT: Simulation Based Training 

Table 5. Outcome measures: Task specific checklist and Global rating Scale          

Author and 
year of 
publication. 
Mode of 
assessment 
Blinding 

Result Task specific check list 
(25-point check list: preoperative, 
surgical technique, laparoscopic 
technique, BTL specific skills) 

Global rating scale (GRS-5 point 
Likert scale that assesses 7 
aspects of surgical skills) 
GRS by Reznick, 1997 (36) 

Pass rate 

Banks, 
200724 

Assessor 
present in 
OR 
Blinded 

SBT 
group 
better 
than 
Control 

SBT 92% (SD=7) vs Controls 57% 
(SD=20) (P= 0.002) 

SBT 64% (SD=5) vs Controls 45% 
(SD=11) (P=0.003) 

SBT 100% 
vs Controls 
30% 
(P=0.003) 

Abbreviations: BTL: Bilateral Tubal Ligation; SBT: Simulation Based Training 
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Table 6. Outcome: Procedural checklist, Visualisation, Probing, GRS       

Author and 
year of 
publication. 
Mode of 
assessment 
Blinding 

Result Procedural 
checklist score (% 
of total possible 
points) 

Visualization 
scale score (% of 
total possible 
points) 

Probing 
scale 
score 
(% of 
total 
possible 
points) 

Global 
rating 
score 
(% of 
total 
possible 
points) 

Cannon, 
201439 

Video 
Blinded 

Training group better than 
control, but did not reach 
significance in all scores 

SBT mean 63+/-20 
vs C 52+/-21 
(p=0.031) 

SBT mean 61+/-20 
vs C 58+/-21 
(p=0.34) 

SBT mean 
64+/-24 
vs C 
48+/-24 
(p=0.016) 

SBT 
64+/-20 
vs C 
57+/-19 
(p=0.061) 

Abbreviation: GRS: Global Rating Scale; SBT: Simulation based training 

Table 7. Outcome: Objective Structured Assessment of Technical Skills        

Author and 
year of 
publication. 
Mode of 
assessment 
Blinding 

Result Before and after 
Objective Structured 
Assessment of Technical 
Skills (OSATS) 

After OSATS 
Control vs 
SBE group 
(OSATS 
author) 

Operating time/ other 
outcome measures 

Gala, 
201331 

Assessors 
present in 
OR 
Not blinded 

Significant improvement in 
Simulation-based training 
(SBT) group 

SBT before OSATS 
25.6+/-5 vs after OSATS 
30.0+/-3 (p= <0.01) 
C before OSATS 24.7+/-6 
vs after OSATS 27.5+/-5, 
(p= < 0.01) 

P= 0.03 
(OSATS by 
Moorthy,2003 
(39); Martin et 
al 1997) (40) 

Larsen, 
200925 

Assessed 
on video 
Blinded 

Clinically important 
improvement of operative 
skills during actual 
procedure. 

Surgical performance 
total score: 
SBT Median value 33, 
range 25-39 IQR 32-36 
vs C 23, range 21-28, IQR 
22-27. (p=<0.001) 

(OSATS by 
Larsen, 2008) 
(41) 

SBT Median value of 12 
mins (range 6-12, IQR 
10-14) vs C 24 mins 
(range 14-38, IQR 20-29) 
p= <0.001 

Patel, 
201637 

Assessed 
on video 
Blinded 

SBE can improve surgical 
technique OSAT s 

Overall OSAT score SBT 
pre-intervention of 
26.73+/-10.64 vs post-
intervention 
29.91+/-9.84; 
(p=<0.001). 
C pre-intervention 26.64 
+/- 10.79 vs 
postintervention 
26.18+/-10.09 (p=0.65) 

(OSATS by 
Niitsu, 2013) 
(42) 

SBE group experienced 
improved sense of 
comfort level in most of 
the 10 subjective comfort 
levels’ P= <0.05. 

Shore, 
201635 

Assessment 
of video 
recording 
Blinded 

Significant improvement in 
OR performance of 
laparoscopic 
salpingectomy but not for 
intracorporeal knot tying 

SBT, score of 34 (32.25 – 
39.25) vs Control score of 
30 (27-35) out of 
maximum of 50, 
(p=0.043) 

(OSATS by 
Larsen, 2008) 
(41) 

Knot completion SBT 
61.5% vs C 45.5% 
(p=0.431). 
Knot tying GRS SBT 12.5 
points vs C 12 points 
(p=0.833) 
Time required to complete 
knot, SBT 427.5 sec vs C 
450 secs (p=0.724) 

Abbreviation: IQR-Interquartile range 

CI: -1.95 to -0.81) and differed significantly from zero (Fig-
ure XA), with evidence of little heterogeneity. Visual in-
spection of the funnel plot may suggest publication bias, 
supported by a significant Egger’s regression test. 

SURGICAL TIME 

Observed standardized mean differences for surgical time 
ranged from -1.41 to -0.25, with all estimates favouring 

shorter surgical times on average in the simulation groups 
versus controls. The estimated average standardized mean 
difference based on the random-effects model was  = 1.01 
(95% CI: -1.43 to -0.58) and differed significantly from zero 
(Figure XB), with evidence of little heterogeneity. Visual in-
spection of the funnel plot may suggest publication bias, 
but Egger’s regression was non-significant. 
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Table 8. Outcome: Global Operative Assessment of Laparoscopic Skills        

Author and 
year of 
publication. 
Mode of 
assessment 
Blinding 

Result Global 
Operative 
Assessment of 
Laparoscopic 
Skills (GOALS) 

Average of total 
number of errors 
recorded by each 
reviewer/Other 
measures/ Operative 
time 

GOALS author 

Gauger, 
201028 

Assessors 
present in 
OR plus 
video 
assessment 
Blinded 

Simulation-based 
training (SBT) group 
better than Control, 
but not statistically 
significant 

Bimanual 
dexterity C 4.0 
vs SBT 4.71 (p= 
0.251) 
Tissue handling 
C 4.14 vs SBT 
5.29 (p=0.091) 
Autonomy C 
3.86 vs SBT 5.0 
(p=0.147) 
Efficiency C 3.71 
vs SBT 4.71 
(p=0.251) 
Depth 
perception C 4.0 
vs SBT 5.14 (p= 
0.147) 
Overall 
competence C 
3.71 vs SBT 4.57 
(p=0.228) 

Total completion 
score, C 5.43 vs SBT 
6.43 (p=0.345) 
Significantly lower 
number of erros in the 
SBT group. C mean 
13.64+/- 6.07 vs SBT 
6.20+/-3.94 (p=0.004) 

Vassiliou 2005 (38) 

Hamilton, 
200129 

Assessors 
in OR 
Blinded 

SBT group 
significantly better 
than Control group 

Composite post-
training score, C 
41.0 +/- 23.5 vs 
SBT, post-
training score 
65.7+/-17.5 
(p=0.01) 

Post-training Overall 
performance GOALS 
score, C 2.4+/-0.9 vs 
SBT 3.6+/-0.7 (p=< 
0.05) 

GOALS by Reznick, 1997 (36) 

Zandejas, 
201126 

Assessed in 
OR 
Blinded 

Significant 
improvement in SBT 
(Mastery learning) 
group compared to 
Control (Standard 
learning) group 

GOALS scores 
mean difference 
between SBT 
and C = +3.6 (95 
CI 2.1 to 5.1) 
p=0.001. 

Operative time: SBT 
group were on 
average 6.5 minutes 
faster, 95 CI = -10.1 to 
-2.9 (p=0.0001). 

Intraoperative, postoperative 
complications and overnight 
stay were less likely in the SBT 
group, OR 0.1, 0.06 and 0 
respectively (p= < 0.05) 
Vassiliou, 2005 (38) 

Abbreviation. C-Controls; CI- Confidence intervals 

Table 9. Outcome measure: Economy of movement, Duration and Error score          

Author, year of 
publication; Mode 
of assessment. 
Blinding 

Blinding 
status 

Result Economy of 
movement 
score 

Duration of 
procedure 

Error score 

Grantcharov 
20049 

Video 

Reviewers 
blinded to 
training 
status 

Trained group 
better than 
Control group 

IQR for SBT 2.5 
to 5.0 vs C 6 to 
7.2 (p= 0.003) 

IQR for SBT 45 to 60 
mins vs C 45 to 70 
mins (p= 0.021) 

IQR for SBT 3 to 
5.5 vs C 4.5 to 
7.2 (p=0.003) 

Abbreviation. IQR-Interquartile range 

OBJECTIVE STRUCTURED ASSESSMENT OF TECHNICAL 
SKILLS 

Observed standardized mean differences for OSATS ranged 
from 0.36 to 1.31, with all studies favouring better OSATS 
outcomes in the simulation trained versus controls. The es-
timated average standardized mean difference based on the 
random-effects model was  = 0.85 (95% CI: 0.34 to 1.37) 
and differed significantly from zero (Figure XC), with evi-
dence of moderate heterogeneity of study effect sizes. Vi-

sual inspection of the funnel plot may suggest publication 
bias, but Egger’s regression was non-significant. 

GLOBAL RATING SCALES 

Observed standardized mean differences for GRS ranged 
from 0.35 to 2.33, with all studies favouring better OSATS 
outcomes in the simulation trained versus controls. The es-
timated average standardized mean difference based on the 
random-effects model was  = 1.35 (95% CI: -0.15 to 2.85) 
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Table 10. Outcome: Objective Surgical Performance metrics      

Author, 
year of 
publication. 
Mode of 
assessment. 
Blinding 

Result Objective Surgical 
Performance metrics 
(wireless elbow worn 
motion sensors) 

Objective Surgical Performance 
metrics (wireless elbow worn 
motion sensors) 

Time taken 

Roberts, 
201940 

Assessed in 
OR 
Blinded 

The SBT 
group 
consistently 
outperformed 
the control 
group 

Primary outcome (number 
of hand movements): 
median of 544 (IQR 465 to 
593) in SBT vs median of 
893 (IQR 747 to 1242) in 
Controls; p=<0.001. 

Secondary outcome: 
minor movements SBT 176 (IQR 133 
to 209) vs C 435 (IQR 310 to 652) 
p=<0.001. smoothness: SBT 25842 
ms-3 (IQR 20867 to 27468 ms-3 vs C 
36846 ms-3 (IQR 29840 to 53949 
ms-3 (p=<0.001). 

Time taken 
SBT 320 secs 
(IQR 294 to 
392 secs vs C 
573 secs 9IQR 
477 to 860 
secs; 
p=<0.001). 

ms-3 - meters per second cubed; IQR-Interquartile range 

and did not differ significantly from zero (Figure XD), with 
evidence of moderate heterogeneity of study effect sizes. 
Visual inspection of the funnel plot suggests publication 
bias, which was supported by a significance Egger’s test. 

GOALS 

Observed standardized mean differences for GOALS ranged 
from 0.35 to 2.33, 1.07 to 1.42, with all studies reporting 
higher GOALS total scores in the simulation trained group 
compared to controls. The estimated average standardized 
mean difference based on the random-effects model was 
= 1.20 (95% CI: 0.92 to 1.48) and differed significantly from 
zero (Figure XE), with evidence of little heterogeneity. Vi-
sual inspection of the funnel plot may suggest publication 
bias, but Egger’s regression was non-significant. 

PROSPECTIVE POWER ANALYSES 

A full review of approaches to power analysis is beyond 
the scope of this paper but see the recent preprint from 
Lakens (2022) for pragmatic guidance.46 Using a data-dri-
ven approach, prospective power analyses were conducted 
for each outcome assessed. Minimum required sample sizes 
to achieve 80% and 90% power (α = .05, one-tailed) were 
calculated for a) the point estimate of the random effects 
model, and b) the lower bound of the 95% CI, or smallest 
observed effect size of the included studies if the random 
effect CIs crossed zero. In addition, the smallest reliably de-
tectable effect for 80% and 90% power (α = .05, one-tailed) 
based on median sample sizes across included studies was 
calculated for each outcome to demonstrate the difference 
between current practice and what is needed to reliably de-
tect effects of simulation training in future studies. 

Sample sizes for most included studies were very small. 
Although observed effects were large in most cases, it is 
likely that these effects are inflated as a function of sam-
pling error. The small number of studies in each analysis, 
alongside funnel plot distributions may suggest publication 
bias. The true effect of simulation training are likely to be 
over-estimated. One observation from table 1 is that the 
median sample size for three out of five studies falls be-
low the minimum required sample size to reliably detect 

the point estimate with a minimum of 80% power. For 
lower bound estimates, reported median sample sizes fall 
between 1.78 and 13 times smaller than necessary to reli-
ably detect those effects at 80% power, which rises to be-
tween 3.38 and 17.3 times smaller at 90% power, depen-
dent on the outcomes. If publication bias is present, then 
even the lower bound estimates may be anti-conservative 
in some cases. Unless prospective studies adopt larger sam-
ple sizes, or engage with a priori rationale for sample sizes 
(cf. Lakens, 2022),46 opportunities for reliably identifying 
the benefit of simulation training may be missed, alongside 
opportunities for improving curricula and refining assess-
ment methods. 

DISCUSSION 

Our aim was to carry out a systematic review of randomised 
trials to find out if such resource worthy simulation-based 
education leads to any benefits in actual real life surgical 
practice. Because of the rapid development and advance-
ment in technology in simulation-based education in the 
present millennium, we decided to restrict our review to the 
published literature between 2000 and 2020. We excluded 
trials where participants were medical students because we 
wanted to include participants who were committed to a 
career in surgery and hence had the motivation and desire 
to improve and do better in their career. 

OUTCOME MEASURES 

So many different outcome measures including the various 
scoring systems used by different authors makes it very dif-
ficult to carry out a meta-analysis and provide conclusive 
remarks on overall trends. Evaluation of skill levels and op-
erative proficiency in the real-life operating room appears 
to be a major challenge in trials of this kind. Of all the 
outcome measures Global Assessment pf operative perfor-
mance based on direct observation is said to have supe-
rior validity and reliability compared to evaluation with the 
help of check lists.47‑50 
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Figure 2. Random effects meta-analyses and heterogeneity statistics (left), forest plots (middle), and funnel plots              
with Egger’s test (right).     

PREDOMINANCE OF TRIALS ON LAPAROSCOPIC 
PROCEDURE 

It is obvious from the above-mentioned results of the in-
cluded trials that SBT does indeed result in transfer of skills 
to real life practice in the operating room. Therefore, the 
efforts and resource spent in providin1g SBE in Surgical dis-
cipline appears justifiable. 

It may not be altogether surprising for many readers to 
see that seventeen of the RCT s included in this review in-
volved a laparoscopic surgical procedure. 

The remaining two were trials on knee arthroscopy. 
Throughout the history of surgical training, the focal point 
of training has been the operating room. Laparoscopic 
surgery has become the gold standard for many abdominal 
surgical procedures.33 As a result, training in laparoscopic 
surgery has become a common subject of educational re-
search in the field of surgical education. This is mainly due 
to the fact that learning the skills in laparoscopic surgery is 

relatively more difficult compared to traditional open surgi-
cal procedures because of loss of three-dimensional visual-
ization, lack of tactile feedback and counterintuitive move-
ments of instruments which are often inflexible. Therefore, 
the apprenticeship model of training doesn’t fully fit in to 
this kind of surgical training, which is best achieved outside 
the operating room, certainly at least during the majority of 
learning curve. 

In the trials included here, there were wide variation in 
methods of simulation-based education, methods of inter-
vention and assessment of performance to detect transfer 
of skills to real life practice. 

SIMULATORS 

In the seven trials with laparoscopic cholecystectomy, 
Ahlberg et al,33 Gauger et al28 and Hogle et al32 used Lap-
Sim Virtual Reality for training their participants in the SBT 
group, Grantcharov9 and Seymour6 used Minimally Inva-
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Table 11. Prospective power analyses for all five outcome measures         

Minimum Per Group Sample Size 
– Point Estimate 

Minimum Per Group Sample Size – Lower 
bound/Smallest observed 

Minimum reliably detectable effect size for 
median observed sample size 

Random Effect 
Estimate 
[95% CI] 

Effect 
Size 

80% 
power 

90% 
power 

Effect Size 80% power 90% power 
Median group 

n 
80% 

power 
90% 

power 

Error 
Rates 

-1.38 
[-1.95, -0.81] 

-1.38 n = 8 n = 10 -0.81 n = 20 n = 27 8 1.31 1.54 

Surgical 
Time 

-1.01 
[-1.43, -0.58] 

-1.01 n = 13 n = 18 -0.58 n = 38 n = 52 11 1.10 1.29 

OSATS 
0.85 

[0.34, 1.37] 
0.85 n = 18 n = 25 0.34 n = 137 n = 183 13 1.15 1.33 

GRS 
1.35 

[-0.16, 2.85] 
1.35 n = 8 n = 11 0.35* n = 130 n = 173 10 1.16 1.36 

GOALS 
1.20 

[0.91, 1.48] 
1.20 n = 10 n = 13 0.91 n = 16 n = 22 9 1.23 1.44 

Notes: All power analyses were conducted one-tailed, with α = 0.05. *= Random effects estimate crosses zero, smallest observed point estimate of 0.35 used from Cannon et al., (2014). 
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sive Surgical Trainer – Virtual Reality (MIST-VR), Scott34 

used a video trainer and Sroka38 used Fundamentals of la-
paroscopic surgery programme of the American College of 
Surgeons. For Trials on laparoscopic salpingectomy, four 
authors used four different kinds of simulators (Larsen,25 

Coleman,27 Shore,35 Patel37). For laparoscopic bilateral 
tubal ligation Banks and Gala used a standard laparoscopic 
simulator produced by Limbs and Things, Bristol, UK.24,31 

For their trials with knee arthroscopy, Cannon (2014)39 

used ArthroSim Virtual Reality Simulator and Roberts 
(2019)40 used a dry knee arthroscopy model along with 
an American Board approved simulator. These simulators 
taught the skills that were needed by the novice learners 
to perform the required surgical procedure. In all the trials 
SBT was supervised by trainers who set proficiency targets 
to be achieved before the real-life surgical procedure was 
performed in the operating room. Simulators alone cannot 
provide a wholesome rounded training programme. Learn-
ers wanting to perform a procedure need to know, what to 
do and what not to do, how to do it and how to identify 
when they make an error. That is where lies the role of 
a good training supervisor who needs to know how the 
trainee is progressing and where in the learning curve the 
trainee’s ability is positioned and that training includes 
both psychomotor and cognitive learning. Unless simula-
tors are integrated in an appropriately structured curricu-
lum, their true potential may not be harnessed adequately. 
Nevertheless, use of various different types of simulators by 
trainers across the world makes it difficult to structure an 
agreed curriculum of uniform and satisfactory standard. 

ASSESSMENT 

In this systematic review we see large variation of methods 
or tools of assessment even for the same procedure. For la-
paroscopic cholecystectomy, Ahlberg used mean number of 
errors, surgical procedural duration and number of conver-
sions from laparoscopic surgery to open procedure.33 For 
the same procedure Gauger (2010) used28 GOALS and av-
erage of total number of errors recorded by each assessor, 
Grantcharov (2004)9 used economy of movement, duration 
of procedure and an error score, Hogle (2009)32 used a 
5-point Likert 

GRS which assessed 7 aspects of surgical skills, Scott 
(2000)34 and Sroka (2010)38 used the similar GRS but de-
vised by different authors, Reznick 199749 and Vassiliou 
2005.51 Scott assessed the performance of the entire pro-
cedure of laparoscopic cholecystectomy.34 Grantcharov as-
sessed the clipping and cutting portion of the procedure 
while Seymour assessed only the excision of gallbladder 
from the liver.9 

For assessment of performance in knee arthroscopy, 
Cannon (2014)39 used procedural checklist, visualization 
scale, probing scale and global rating, whereas Roberts 
(2019)40 used wireless elbow worn motion sensors to ob-
jectively assess surgical performance metrics in addition to 
minor movements, smoothness and time taken. 

However, despite these variations, the participants who 
underwent SBT before performing surgical procedure in 
real life patients in operating room performed significantly 

better than their colleagues who did not have SBT (Con-
trols). The SBT group did not always show better perfor-
mance in all aspects of assessment when compared to their 
counterpart Control group, but the fact is that the Control 
group never showed superiority over the SBT group. 

Gallagher et al (2005)52 suggested that measurement of 
surgical error is the most valuable metrics that SBT can 
provide in the assessment of competence. Ahlberg et al 
(2007),33 Van Sickle et al (2008),30 Seymour et al (2002)6 

and Grantcharov et al (2004)9 used error rates or error 
scores in their assessment of performance. 

Amongst the nineteen trials included here, only one trial 
(Seymour et al 2002) mentioned instances of takeover by 
the attending surgeon.6 In this trail there were six such in-
stances when the attending surgeon had to take over. 

These were marked as ‘errors’ and occurred exclusively 
in the standard programmatic training group (Controls). No 
statistical significance was documented. These instances 
indicate a dangerous lack of competence or ability to op-
erate and constitutes great risk to patient safety. Such fail-
ures are likely to be rooted in lack of competences which 
are beyond technical skills alone and may not be mastered 
by training on simulators alone. It is vitally important that 
surgeons acquire non-technical skills through structured 
training process which can then lead to enhanced patient 
safety. 

DURATION OF TRAINING AND TIME FACTOR IN 
ASSESSMENT 

In all the trials the SBT group were trained until they 
reached predefined targets or achieved proficiency levels 
set by the trialists. The time taken for such training varied. 
Assessment of proficiency was tested almost immediately 
after the completion of training. One author (Gala et al, 
2013)31 reported that they found it difficult to facilitate the 
completion of their trial by many residents during a sin-
gle rotational block and also because of the variation in 
the number of patients seeking the operation being tested 
which was sometimes worsened by last minute cancellation 
of operations. However, they did not find any statistically 
significant difference between their SBT and Control group. 
Whether the duration of training or the minimum number 
of cases or both are important criteria in determining trans-
fer of skills seems to be uncertain although both parameters 
have its proponents (Casa, 1999; Strum et al, 2008).53,54 

Brunner et al (2004), suggest that training programmes 
solely based on duration of training or number of repeti-
tions may be inadequate for acquiring skills because learn-
ing curves vary and can be lengthy in novice learners.55 

Some authors used surgical time or duration of proce-
dure as outcome measures of proficiency.6,25,30,33,40 But 
Gauger et al (2010)28 feels that speed of operation is not an 
appropriate surrogate for proficiency-based training. 

LIMITATIONS 

The sample sizes in the included trials were mostly less 
than 25 participants in each trial. Only 5 of the trials re-
cruited more participants of which 2 trials had 27 partici-
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pants (Shore et al 2016)35 and 30 participants (Roberts et 
al,2019).40 This limitation was acknowledged by the respec-
tive authors and usually attributed to the limited number 
of post graduate resident trainees in the rotational training 
programme. 

In nine of the nineteen trials, a statistical calculation 
for sample size and power was undertaken. In four of these 
nine trials, Gala et al 2013,31 Kurashima et al 2014,36 

Roberts et al, 201940 and Scott et al, 2000,34 the number of 
participants who eventually completed the study fell short 
of the calculated sample size. In the trial by Kurashima et 
al (2011),56 the mean GOALS scores which formed the basis 
of power calculation was not achieved. In the remaining ten 
trials the authors did not declare any statistical calculation 
of power of study or sample size. 

This objective of this systematic review was to find out 
skills transfer from the simulation-based training (SBT) to 
the real-life surgical procedure in operating room and as 
such trials included in this review were irrespective of pa-
tient outcome-based assessment or type of simulation 
used. Determinants of transfer of skill include design of 
simulator, functional capability of simulator, design of the 
training programme, preparation before SBT, nature and 
type of formative and summative feedback and opportunity 
for remedial or corrective measures to be taken for any 
shortcomings detected during SBT. This means that the ev-
idence favouring transfer of skills should not be attributed 
to simulation alone. 

Both the control group as well as the SBT group were 
undergoing on the job training as part of their residency 
programme and are likely to have encountered the same 
operation during their regular resident training. This kind 
of additional out-of-trial experience would have added to 
their resultant knowledge and skills which would be wrong 
to attribute to SBT only as part of the trial. In addition, 
there is the possibility of assessor bias regarding the abil-
ities of the residents because the recruited residents were 
already working in the same institutions as part of their ro-
tational training programme. This phenomenon might have 
affected the evaluation of trial participants and outcome of 
the trials. 

Gala et al (2013)31 recruited the largest number of par-
ticipants, that is 102, but unfortunately assessment of skills 
on laparoscopic bilateral tubal ligation was not a blinded 
process. The authors admit the unblinded design of the 
randomization assignment. They did try to mitigate for this 
by separating the SBT teachers from the surgical proctors 
and also asked the participants not to disclose their ran-
domization to others. In another trial Hogle et al (2009)32 

assessors evaluated operative skills of participants on elec-
tive laparoscopic cholecystectomy in an unblinded manner. 
Again, the authors admitted to this shortcoming. 

The various different simulators, variety of assessment 
tools used, and different endpoints of training is likely to 
have led to inconsistencies in assessment making it difficult 
to make conclusive remarks on the skills achieved at the 
end of the training and the outcome of assessment. 

In many of the trials, assessment and evaluation of com-
petence was undertaken on video recordings of the oper-

ative procedure by trial participants. This is likely to have 
limited the capacity to extensively review errors because 
the field of view would be restricted to the field of operation 
and potentially exclude views outside the patient’s ab-
domen. Scott et al (2000)34 suggest that for assessment of 
differences in performance, direct observation is superior 
to video analysis. 

Also, we don’t know how long the skills acquired from 
SBT lasts. Assessment of skills and proficiency on real life 
patients in the trials included here were undertaken within 
a very short time period of the SBT. Whether long term 
maintenance of such acquired skills requires regular 
‘booster doses’ of SBT, remains unclear. Hence the transfer 
of skills from the SBT room to the real-life operating room 
might be a transient or temporary phenomenon. 

CONCLUSION 

The ultimate success of SBT depends transfer of skills from 
the simulated setting to real life operating rooms. The ob-
jectives of running a SBT course can be evaluated by ap-
plication of Kirkpatrick levels 1, 2 and 3, namely: 1) reac-
tion of the learner 2) learning by the learner 3) behavioural 
change.47 These Kirkpatrick levels are similar to phase 1 of 
evaluation strategy suggested in translational science re-
search (TSR) method.48 

For assessing the utility of SBT courses, Kirkpatrick’s 
levels and Translational Science Research framework are 
two practically useful frameworks. Their description are as 
follows. 

Kirkpatrick level 1: Learner’s reaction to the process of 
learning. There is no corresponding phase for this stage of 
learning in TSR framework. 

Kirkpatrick level 2: Degree or extent of enhancement of 
learner’s knowledge and skills. TSR phase 1 corresponds to 
this level and is demonstrated by learning in simulation 
course. 

Kirkpatrick level 3: Skills transferred to capability to per-
form the practical procedure in real life job or clinical prac-
tice. TSR phase 2 equated to this level. 

Kirkpatrick level 4: Influence or effect of the SBE course 
on patient safety. TSR phase 3 is equivalent to this level 
as it is used to demonstrate whether there was any signifi-
cant improvement in outcome for patients as a result of the 
skills acquired in the SBE course. 

At present we undertake evaluation of our course at 
Kirkpatrick levels 1, 2 and partially at level 3. 

It may be inappropriate to draw firm and ultimate con-
clusions on the basis of this systematic review because 
of methodological inconsistency, differing types of simu-
lation-based training, heterogeneity of outcome measures 
and possible publication bias for positive or significant tri-
als only, and sample sizes that are likely to be too small 
to reliably detect realistic effect sizes. Patient outcome was 
assessed in only one trial and those outcomes were short 
term. 

However, on balance of the available evidence, this re-
view shows that mean error rate was significantly less in the 
SBT group when compared to the Control group. Mean sur-
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gical duration (time) was less in the SBT group when com-
pared to the Control group. Mean OSATS score was higher 
in the SBT group when compared to the Control group indi-
cating that the SBT group performed better than Controls. 
GRS score was higher in the SBT group when compared to 
Control group, suggesting improved skills in SBT group, but 
this betterment was not statistically significant. Global op-
erative assessment of operative laparoscopic skills (GOALS) 
score was significantly better in the SBT group suggesting a 
clear improvement in skills in the SBT group. There appears 

to be publication bias in estimation of mean error rates and 
GRS scores. 

Larger adequately powered trials should be carried out 
employing widely available standard simulation-based 
training, using well defined validated outcome measures, 
consistent techniques of assessment including assessment 
of both short- and long-term patient outcomes. 
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