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BACKGROUND & AIMS:
 Simulation-based training (SBT) in gastrointestinal endoscopy has been increasingly adopted
by gastroenterology fellowship programs. However, the effectiveness of SBT in enhancing
trainee skills remains unclear. We performed a systematic review with a meta-analysis of
published literature on SBT in gastrointestinal endoscopy.
METHODS:
 We performed a systematic search of multiple electronic databases for all original studies that
evaluated SBT in gastrointestinal endoscopy in comparison with no intervention or alternative
instructional approaches. Outcomes included skills (in a test setting), behaviors (in clinical
practice), and effects on patients. We pooled effect size (ES) using random-effects meta-analysis.
RESULTS:
 From 10,903 articles, we identified 39 articles, including 21 randomized trials of SBT, enrolling
1181 participants. Compared with no intervention (n [ 32 studies), SBT significantly improved
endoscopic process skills in a test setting (ES, 0.79; n [ 22), process behaviors in clinical
practice (ES, 0.49; n[ 8), time to procedure completion in both a test setting (ES, 0.79; n [ 16)
and clinical practice (ES, 0.75; n[ 5), and patient outcomes (procedural completion and risk of
major complications; ES, 0.45; n [ 10). Only 5 studies evaluated the comparative effectiveness
of different SBT approaches; which provided inconclusive evidence regarding feedback and
simulation modalities.
CONCLUSIONS:
 Simulation-based education in gastrointestinal endoscopy is associated with improved per-
formance in a test setting and in clinical practice, and improved patient outcomes compared
with no intervention. Comparative effectiveness studies of different simulation modalities are
limited.
Keywords: Simulation; Gastrointestinal Endoscopy; Outcomes; Education.
Abbreviations used in this paper: CI, confidence interval; EGD, esoph-
agogastroduodenoscopy; ERCP, endoscopic retrograde chol-
angiopancreatography; ES, effect size; SBT, simulation-based training.
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Traditional training in gastrointestinal endoscopy
is based on the apprenticeship model (ie, trainees

learn basic endoscopic skills under the supervision of
experienced endoscopists in clinical practice). However,
in light of ethical and medicolegal concerns for patient
comfort and safety, as well as the negative short-term
financial impact of teaching endoscopy to trainees, there
is an increasing shift to simulation-based training (SBT)
in gastrointestinal endoscopy.1 SBT is an attractive alter-
native for teaching psychomotor and perceptual skills,
offering an environment that avoids time pressures and
patient safety risks and enables systematic variation of
the clinical scenario. In fact, current guidelines from
the American Council for Graduate Medical Education
mandate the incorporation of SBT in all gastroenterology
fellowship programs.2

Previous reviews have offered some insights into the
effectiveness of SBT in gastrointestinal endoscopy, but
these reviews have been limited by the lack of a
systematic search, incomplete assessment of study
quality, and an absence of quantitative pooling to derive
best estimates of effect of these interventions on the
trainees’ endoscopic skills.3,4 A recent review from the
Cochrane Collaboration focused only on randomized
controlled trials of computed-based endoscopy training,
and included only 13 trials with 278 participants.5

Nonrandomized studies, single-arm pre- vs postinter-
vention comparisons, and on ex vivo animal models
and mechanical simulation models were not included,
and hence the review did not synthesize the available
evidence comprehensively. A comprehensive review and
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synthesis would allow an objective assessment of the
effectiveness of SBT, as compared with no intervention,
in improving procedural skills and effects on patients,
enable identification of appropriate instructional design
features, and identify areas in simulation-based educa-
tion that require further investigation.

Hence, we sought to identify and summarize, both
quantitatively and qualitatively, all comparative studies
of SBT in gastrointestinal endoscopy (diagnostic and
therapeutic esophagogastroduodenoscopy [EGD], colo-
noscopy, flexible sigmoidoscopy, endoscopic retrograde
cholangiopancreatography [ERCP], and endoscopic ul-
trasound) through a systematic review and meta-
analysis of published literature.

Methods

This study was a planned subanalysis of data collected
as part of a comprehensive review of simulation-based
education.6 The study was planned, conducted, and re-
ported in adherence to Preferred Reporting Items for
Systematic Reviews and Meta-Analysis standards of
quality for reportingmeta-analyses.7 Our generalmethods
have been described in detail previously6; we summarize
them briefly later.

Questions

We sought to answer the following questions: (1) what
is the effectiveness of technology-enhanced simulation for
training in gastrointestinal endoscopy on trainee knowl-
edge, procedural skills in a simulation/training environ-
ment, performance skills with actual patients, and effects
on patient outcomes, and (2) what instructional design
features are associated with improved outcomes in
trainee performance? We defined technology-enhanced
simulation as an educational tool or device with which
the learner physically interacts to mimic an aspect of
clinical care.6

Study Eligibility

We included studies involving health professional
learners at any stage in training or practice that investi-
gated the use of technology-enhanced simulation to learn
gastrointestinal endoscopy, in comparison with the
following: (1) no intervention (ie, a control arm or pre-
intervention assessment), (2) a nonsimulation training
activity, or (3) an active alternative SBT modality. Both
single-group pretest-posttest and 2-group randomized
and nonrandomized studies, focusing on the educational
outcomes of SBT in therapeutic EGD, colonoscopy, flexible
sigmoidoscopy, ERCP, and endoscopic ultrasound, were
included. We did not exclude studies based on outcome,
year, or language of publication. However, studies that
focused only on simulation-based assessment (ie, a
model’s ability to assess procedural skills) were excluded.
Study Identification

We performed a systematic literature search of
MEDLINE, EMBASE, CINAHL, PsycINFO, ERIC, Web of
Science, and Scopus, from inception to May 11, 2011,
with the help of an experienced librarian. Our full search
strategy has been published previously.6 We searched
for omitted articles by reviewing the reference lists of all
included articles, technical reviews from the American
Society of Gastrointestinal Endoscopy,8 the September
2006 edition of Gastrointestinal Endoscopy Clinics of
North America, which was dedicated to Endoscopy Sim-
ulators for Training and Assessing Skills (which included
the consensus statement of the First International Con-
ference on Endoscopy Simulation),4,9–14 and several
published reviews of health professions simulation.3,5,15

Finally, we searched the full table of contents of 2 jour-
nals devoted to health professions simulation (Simula-
tion in Healthcare and Clinical Simulation in Nursing).

During the peer-review phase, we identified recently
published articles by searching PubMed using the terms
simulat* AND (egd OR endoscopy OR colonoscopy OR
ercp) from a date range of January 11, 2011, to
December 19, 2013. We retrieved 765 articles. A single
author reviewed all of these studies, applying the inclu-
sion criteria noted earlier and extracting key information
from eligible studies.
Study Selection

Study selection was performed in 2 stages. In the first
stage, we identified all studies of technology-enhanced
simulation for health professional education using the
search described earlier. Two reviewers independently
screened all titles and abstracts to exclude studies that
did not address the research question of interest. The full
texts of the remaining articles were reviewed for defin-
itive inclusion or exclusion, again independently and in
duplicate. We resolved conflicts by consensus. Chance-
adjusted interrater agreement for study inclusion at the
first step was substantial (intraclass correlation coeffi-
cient, 0.69).16 In the second stage, 2 investigators trained
in gastroenterology reviewed the studies addressing
technology-enhanced simulation to specifically identify
studies focused on gastrointestinal endoscopy training;
the k-coefficient of agreement between the 2 in-
vestigators at this stage was 0.95.
Data Extraction

We abstracted information independently and in
duplicate for all variables in which reviewer judgment
was required, and resolved conflicts by consensus.
Foreign-language articles were translated before data
abstraction. By using a data abstraction form, we
abstracted information on the training level of learners,
clinical topic, method of group assignment, outcomes
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reported, and methodologic quality. Methodologic quality
was graded using the Medical Education Research Study
Quality Instrument17 and an adaptation of the New-
castle–Ottawa scale for cohort studies.18 We also coded
key instructional design features of the intervention.19

We abstracted information separately for learning
outcomes of trainee satisfaction, medical knowledge,
skills (performance in a test setting), behaviors (per-
formance with real patients in clinical practice), and
direct effects on patients (procedure completion rates,
major complications, patient discomfort). Skills and
behaviors were classified further as measures of the
endoscopy process (eg, economy of movement, minor
errors, or global ratings in a test setting or in clinical
practice), and time (time to complete the procedure in
a test setting or in clinical practice). Outcomes could
be measured subjectively (learner or patient self-report)
or objectively (observer rating, objective assessment
of acquired clinical skills). We converted reported re-
sults to a standardized mean difference (Hedges’ g
effect size) using methods described previously.6 For
articles containing insufficient information to calculate
an effect size (ES) we requested information from the
investigators.
Data Synthesis

We grouped studies according to the comparison arm,
namely, no intervention (comparison with another group
receiving no endoscopy training, or the same group at
baseline [single-arm pre/poststudy]), nonsimulation
intervention (comparison with a group receiving training
with usual methods [eg, real patients]), or alternate
simulation intervention (comparison with another SBT
approach). For quantitative synthesis, we pooled, using
meta-analysis, the results of studies comparing simula-
tion training with no intervention. We also planned
meta-analysis of studies, making comparison with
another active instructional intervention whenever 2 or
more studies made a sufficiently similar comparison. We
planned sensitivity analyses that excluded non-
randomized studies and studies with imprecise ES cal-
culations (calculated using P value upper limits or
imputed standard deviations). We also performed sub-
group analyses based on the gastrointestinal endoscopic
procedure (eg, EGD, colonoscopy), modality of SBT (vir-
tual reality vs ex vivo models), training level of partici-
pants (medical students, postgraduate trainees including
residents and fellows, practicing endoscopists), and
study quality.

We quantified heterogeneity across studies using the
inconsistency index (I2 statistic),20 which estimates what
proportion of total variation across studies was not
owing to chance. I2 values greater than 50% indicated
significant inconsistency. Anticipating significant het-
erogeneity in the analyses, we used random-effects
models to pool weighted ES. We used SAS 9.3 (SAS
Institute, Cary, NC) for all analyses. A P value of less than
.05 was considered statistically significant; clinical sig-
nificance of ES was interpreted in relation to Cohen’s ES
classifications (>0.8 was considered a large ES, 0.5–0.8
was considered moderate, and 0.2–0.5 was considered
small).21 We evaluated the possibility of publication bias,
both qualitatively by visual inspection of funnel plots and
quantitatively using the Egger asymmetry test, recog-
nizing that these procedures can be misleading in the
presence of significant heterogeneity.

We also conducted a nonquantitative synthesis of
evidence focused on key instructional design features.
We reviewed all comparative-effectiveness studies
(studies comparing one simulation modality with
another active simulation-based intervention) to induc-
tively identify salient themes. We used, as an initial
guide, the 10 key features of high-fidelity simulation
identified by Issenberg et al,22 but we also remained
open to the possible presence of other design features.
Results

Trial Flow

By using our broad search strategy, we identified
10,903 articles, from which we identified 985 compara-
tive studies of technology-enhanced simulation for health
professional training (Figure 1). From this set, we iden-
tified 39 articles focused on gastrointestinal endoscopy
training. Thirty-two of these studies compared SBT with
no intervention, 2 studies compared SBT with non-
simulation training, and 5 studies compared one mo-
dality of SBT with another simulation-based instructional
approach. One article was published in German.23

Through an updated search during the peer-review
phase, we identified 8 additional studies, including 6
studies making a comparison with no intervention, one
study comparing simulation vs nonsimulation instruc-
tion, and one study comparing high vs low fidelity.
Key findings from these studies are reported in the
Supplementary Results and are summarized in
Supplementary Table 1; these were not included in
quantitative synthesis later.
Study Characteristics

Study characteristics are detailed in Table 1 and
summarized in Table 2. Postgraduate trainees with no
endoscopy exposure or early in their endoscopic training
were the most frequent learners (n ¼ 32 studies).
Most of these learners were fellows in gastroenterology
(n ¼ 20 studies), or residents (n ¼ 19 studies) in internal
medicine (n ¼ 16 studies) and/or general surgery (n ¼ 8
studies). Six studies involved medical students. Colo-
noscopy and EGD were the most common endoscopic
skills taught in SBT.



Figure 1. Trial flow.
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Simulation modalities varied widely. Virtual-reality or
computer-based SBT was the most common modality
studied (n¼ 29 studies). Such simulators typically consist
of a proxy flexible gastrointestinal endoscope introduced
into an interface device that transmits movements to a
computer. The computer displays images of the upper and
lower intestinal tracts. Many systems provide some form
of force feedback and reproduce events such as patient
discomfort. Ten studies used ex vivo animal organ models
to enhance tissue realism in SBT, most commonly
involving porcine stomach. Two studies used part-task
trainers (specifically designed to teach a specific skill) for
SBT. Common instruction design features19,22 included
cognitive interactivity (ie, training that promotes learners’
cognitive engagement using strategies such as multiple
repetitions, feedback, task variation, or intentional task
sequencing) in 32 studies, distributed practice (ie, training
spread over a period of time, which for this review we
counted as present for interventions that involved>1 day
of simulation training) in 24 studies, clinical variation (ie,
variation in the clinical context, eg, multiple different pa-
tient scenarios in 21 studies), feedback (ie, information on
performance provided to the learner by the instructor, a
peer, or a computer, either during or after the simulation
activity) in 14 studies, and mastery learning (ie, a training
model in which learners must attain a clearly defined
standard of performance before qualifying or advancing to
the next task) in 7 studies. Curricular integration (ie,
incorporation of the simulation intervention as an integral
part of the curriculum or training program) was per-
formed in only 2 studies.

The outcomes studied included computer-generated
estimates of performance, subjective or objective as-
sessments by observers, and satisfaction questionnaires.
Fourteen studies assessed performance in the context of
gastrointestinal endoscopy of real patients. Most of the
remaining studies used simulation-based outcome mea-
sures including combinations of dexterity, accuracy, and
speed (economy of performance). Two studies assessed
reaction/satisfaction of trainees after simulation training,
and one study assessed knowledge.
Study Quality

Study quality is summarized in Tables 1 and 3.
Thirteen studies used a single-group pretest-posttest
design. Of the 26 two-group studies, 21 used randomized



Table 1. Description of Studies Included in This Systematic Review of SBT in Gastrointestinal Endoscopy

Study
Trainee,
N, level

Study
design Comparison Task Modality Instruction features

Outcomes
reported

Follow-
upa

Outcome
blindb

Outcome
objective

MERSQI
total

NOS
total

Tuggy, 199841 10; PG RCT NI FS VR ST, SP - Obj 11.5 3
Ferlitsch et al, 200242 13; PG RCT NI EGD,

colon
VR CI, CV, DP, Mast ST, SP Blind Obj 12.5 3

Gerson and
Van Dam, 200327

16; PG 2NR OE FS VR CI, CV, DP, MLS, Reps BT, BP, P High - Obj 13.5 2

Kneebone et al, 200343 7; RN 1PP NI FS VR CI ST, SP Blind Obj 10 1
Neumann et al, 200344 56; PG 1PP NI EGD Organ CI, DP, FB SP High - Obj 14 1
Neumann et al, 200345 25; MS,

PG, MD
1PP NI EGD Organ CI, DP, FB, Mast SP - Obj 12 0

Di Giulio et al, 200446 22; PG RCT NI EGD VR CI, CV, DP BT, P - Obj 14 3
Eversbusch and

Grantcharov, 200447
20; O RCT NI Colon VR CI ST, SP Blind Obj 12.5 4

Hochberger et al,
200431

207; PG,
MD,
RN, O

2NR SS EGD Organ CI, FB R High - Subj 10 2

Mahmood and
Darzi, 200425

26; PG, MD 1PP NI Colon VR ST, SP High Blind Obj 11 2

Sedlack et al, 200448 38; PG, MD RCT NI FS VR CI, Curr, CV P High Blind Subj 13 4
Sedlack and

Kolars, 200449
8; PG RCT NI Colon VR CI, CV, DP, Reps BT, BP, P - Obj 13 2

Ahlberg et al, 200550 12; PG RCT NI Colon VR CI, CV, DP, FB, Mast, MLS BT, P Blind Obj 15 4
Hochberger et al,

200551
28; PG RCT NI EGD Organ CI, CV, DP, FB ST, SP, P High Blind Obj 16 5

Kiesslich et al, 200523 100; MD 2NR SS EGD VR,
Organ

CI, FB R High Blind Obj 11 3

Matthes et al, 200552 8; PG 1PP NI EGD Organ CI, FB ST, SP High - Obj 12 1
Neumann et al, 200553 58; MS, PG 1PP NI EGD Organ CI, DP, FB SP High Blind Obj 14 2
Cohen et al, 200654 49; PG RCT NI Colon VR CI, CV, DP, Reps BP, P High Blind Obj 15 6
Maiss et al, 200655 35; PG RCT NI EGD Organ CI, CV, DP, FB ST, SP Blind Obj 13 5
Ritter et al, 200656 16; MS 1PP NI FS VR CI ST, SP Blind Obj 10.5 2
Thomson et al, 200657 14; PG 2NR NI Colon VR CI, Curr, CV, DP BP, P High - Obj 13 4
Buzink et al, 200758 30; PG 1PP NI Colon VR CI, CV, DP, Reps ST, SP High Blind Obj 11 2
Maiss et al, 200759 27; MS, PG RCT NI EGD Organ CI, DP, FB ST, SP High Blind Obj 12.5 5
Park et al, 200760 28; PG RCT NI Colon VR CI, CV BP, P High Blind Obj 16 4
Sedlack, 200724 8; PG RCT NI EGD VR CV, DP, Reps BP High - Obj 16 4
Thomas-Gibson

et al, 200726
21; PG 1PP NI Colon VR CI, CV, DP, MLS K, ST, SP, BP High Blind Obj 12.5 2

Yi et al, 200761 9; PG 1PP NI Colon VR CV, Mast, Reps ST, SP Blind Obj 10 1
Shirai et al, 200862 20; PG RCT NI EGD VR CV, DP SP Blind Obj 12.5 4
Yi et al, 200863 11; PG 2NR NI Colon VR CI, CV, DP, Mast, Reps BT, BP, P High - Subj 10 2
Haycock et al, 200964 28; PG, MD RCT NI EGD Organ CI, CV SP High Blind Obj 14.5 5
Walsh et al, 200930 30; MS RCT SS Colon Box CI, FB, Reps ST, SP High Blind Obj 13.5 4
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Table 2. Summary of Key Features of Included Studies

Study
characteristic Level

Studies, n (no. of
participantsa)

All studies 39 (1181)
Study design 2-group 26 (871)

1-group (pretest-posttest) 13 (310)
Group allocation Randomized 21 (523)
Comparison No intervention 32 (737)

Nonsimulation training 2 (56)
Alternate simulation training 5 (388)

Participantsb Medical students 6 (111)
Physicians postgraduate

training
32 (632)

Physicians in practice 6 (204)
Nurse 4 (92)
Other/ambiguous/mixed 5 (142)

Taskb EGD 16 (691)
Colonoscopy 19 (416)
Flexible sigmoidoscopy 4 (71)
ERCP/EUS 0

Simulation
modalitiesb

Virtual reality 28 (651)
Part-task model/box trainer 2 (58)
Live animal 1 (36)
Animal tissue (cadaveric) 10 (572)

Outcomesb Satisfaction 2 (307)
Knowledge 1 (21)
Skill: timec 20 (399)
Skill: processc 25 (585)
Behavior: timed 7 (133)
Behavior: processd 10 (210)
Patient effectse 12 (267)

Quality Newcastle–Ottawa �4
points

17 (455)

MERSQI �12 points 26 (682)

EUS, endoscopic ultrasound; MERSQI, Medical Education Research Study
Quality Instrument.
aNumbers reflect the number enrolled, except for the Outcomes section, which
reflect the number of participants who provided observations for analysis.
bThe number of studies and trainees in some subgroups may total to more than
the number for all studies because several studies included more than 1 trainee
group or simulation modality, fit within more than 1 task, or reported more than
1 outcome.
cSkills: subjective (eg, learner self-report) or objective (eg, faculty ratings, or
objective tests of clinical skills such as computer-scored technique in a virtual
reality simulator) assessments of learners’ ability to demonstrate a procedure
or technique in an educational setting (typically a simulation task). We further
classified skills as measures of time (how long it takes a learner to complete the
task) and process (eg, global rating scales, efficiency, or minor errors, suc-
cessful completion of the task, evaluation of the finished product, or major
errors that would impact a real patient’s well-being).
dBehaviors: Subjective (eg, learner or patient self-report) or objective (eg, chart
audit or faculty ratings) assessments of behaviors in practice or effects on
patients (such as medical errors). We used a classification system similar to
that used for skills, with time and process measures counted as behaviors (eg,
procedure time, economy of movement, and so forth).
ePatient effects: complications, patient discomfort, or procedure completion
rates.
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group allocation. Twenty-seven studies used blinded
outcome assessment. Fifteen studies lost more than 25%
of enrolled participants before follow-up evaluation or
failed to report the number of participants included in
the analysis. Validity evidence to support outcome as-
sessments was reported infrequently: 14 studies re-
ported relations with other variables, 6 studies reported



Table 3. Summary of Quality of Included Studies

Scale item Subscale (points if present)
No. (%) present

(N ¼ 39)

MERSQIa

Study design (maximum 3) 1-group pre-post (1.5) 13 (33)
Observational 2-group (2) 5 (13)
Randomized 2-group (3) 21 (54)

Sampling: no. of institutions (maximum, 1.5) 1 (0.5) 28 (72)
2 (1) 1 (3)
>2 (1.5) 10 (25)

Sampling: follow-up (maximum 1.5)b <50% or not reported (0.5) 13 (33)
50%–74% (1) 2 (5)
�75% (1.5) 24 (62)

Type of data: outcome assessment (maximum, 3) Subjective (1) 3 (8)
Objective (3) 36 (92)

Validity evidence (maximum, 3) Content (1) 6 (15)
Internal structure (1) 4 (10)
Relations to other variables (1) 13 (33)

Data analysis: appropriate (maximum, 1) Appropriate (1) 37 (95)
Data analysis: sophistication (maximum, 2) Beyond descriptive analysis (2) 39 (100)
Highest outcome type (maximum, 3) Reaction (1) 2 (5)

Knowledge, skills (1.5) 23 (59)
Behaviors (2) 2 (5)
Patient/health care outcomes (3) 12 (31)

Newcastle–Ottawa scale (modified)c

Representativeness of sample Present (1) 3 (8)
Comparison group from same community Present (1) 26 (67)
Comparability of comparison cohort, criterion Ad Present (1) 21 (54)
Comparability of comparison cohort, criterion Bd Present (1) 14 (36)
Blinded outcome assessment Present (1) 27 (69)
Follow-up highe Present (1) 26 (67)

aThe mean (SD) Medical Education Research Study Quality Instrument (MERSQI) score was 12.6 (1.8), and the median score (range) was 12.5 (10–16).
bProportion of participants followed till end of study.
cThe mean (SD) Newcastle–Ottawa Scale score was 3.0 (1.5), and the median score (range) was 3 (0–6).
dComparability of cohorts: criterion A was present if the study (1) was randomized, or (2) controlled for a baseline learning outcome; criterion B was present if (1) a
randomized study concealed allocation, or (2) an observational study controlled for another baseline trainee characteristic.
eFollow-up high refers to >75% follow-up evaluation for any outcome.
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content evidence, and only 4 studies reported score
reliability.
Synthesis

Effectiveness in comparison with no training. Thirty-
two studies compared SBT with no intervention (either
single-group comparison with baseline, or in comparison
with a control group without formal training). For the 22
studies reporting process skills (ratings of technique,
economy of movement, completion rate such as cecal
intubation, and so forth, in a test setting), SBT resulted in
significantly better performance with a moderate-large
pooled ES of 0.79 (95% confidence interval [CI],
0.54–1.05; P < .001) (Figure 2). Likewise, time to pro-
cedural completion (time skill) was shorter in trainees
who received SBT, with a pooled ES of 0.79 (95% CI,
0.49–1.05; P < .001; 16 studies). However, between-
study inconsistency was high in both analyses (I2, 70%
for process skill and 61% for time skill) and individual
ES in studies ranged from -0.32 to 3.23 for process skills
and from -0.25 to 2.74 for time skills (one study in each
analysis showed a negative ES). SBT also was associated
with small-moderate effects on process behaviors (ES,
0.49; 95% CI, 0.21–0.77; P < .001; 8 studies) and time to
procedure completion in clinical practice (time behav-
iors) (ES, 0.76; 95% CI, 0.30–1.21; P ¼ .001; 5 studies),
with ES in individual studies ranging from -0.31 to 1.05
for process behaviors (one study with a negative ES) and
0.37 to 1.02 for time behaviors. Ten studies evaluated
outcomes using direct effects of SBT on patient-related
outcomes such as procedural success (eg, cecal intuba-
tion rate in colonoscopy) or major complications. A meta-
analysis of these studies showed a small pooled ES of
0.45 (95% CI, 0.17–0.72; P ¼ .001) and highly consistent
results across studies (I2, 0%).

To examine the stability of these associations and to
explore sources of observed heterogeneity further, we
performed a preplanned subgroup analysis. Findings in
these analyses largely paralleled the main analysis for all
outcomes; we show results for process skills (Figure 3A)
and process behaviors (Figure 3B). Notably, both ex vivo
animal models and virtual reality systems were associ-
ated with favorable effects. Sensitivity analyses excluding
nonrandomized studies (process skills: ES, 1.24; 95% CI,



Figure 2.Meta-analysis of studies comparing SBT in gastrointestinal endoscopy with no intervention. Positive standardized
mean differences favor the simulation intervention. Results reflect pooling using random-effects meta-analysis. Time out-
comes refers to time to completion of procedure in a test setting (time) and in clinical practice (time behavior); process out-
comes refers to process of endoscopy (eg, economy of movement, minor errors, or global ratings) in a test setting (process) or
in clinical practice (process behavior). Patient effects refers to direct effects on patients (procedure completion rates, major
complications, or patient discomfort).
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0.93–1.55; 9 studies; process behaviors: ES, 0.63; 95%
CI, 0.25–1.10; 5 studies), and studies with imprecise ES
(process skills: ES, 0.95; 95% CI, 0.53–1.37; 14 studies;
process behaviors: ES, 0.41; 95% CI, 0.12–0.71; 7
studies) likewise yielded similar pooled results. The
funnel plot was slightly asymmetric for time and process
skills and for patient effects. Assuming this asymmetry
reflects publication bias, trim-and-fill analyses showed
slightly lower but still statistically significant pooled ES
(data not shown).

Three studies reported a negative ES (ie, outcomes
were apparently worse after SBT). In the first study,
novice gastroenterology fellows who trained using a
virtual-reality model had higher patient discomfort
scores when subsequently performing procedures on
real patients than did a control group without training.
The investigators speculated that this might be owing to
inaccurate modeling of the actual task (eg, length of
scope required to complete the procedure) and inade-
quate modeling of patient discomfort during training.24

Another study found slower time skills but higher pro-
cess skills (eg, mucosa visualized) after 5 simulated
colonoscopies without formal training or structured
feedback from the simulator.25 In the third study,
Figure 3. Subgroup anal-
ysis of studies comparing
SBT in gastrointestinal
endoscopy with no inter-
vention. Outcomes of in-
terest were (A) process
skills and (B) process be-
haviors. There were no
nonrandomized 2-group
studies assessing process
skills. MERSQI, Medical
Education Research Study
Quality Instrument; NOS,
modified Newcastle–
Ottawa scale.
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intensive colonoscopy training over 5 days was associ-
ated with a significant improvement in time skills and
process behaviors but with a small, nonsignificant
decrease in process skills (simulation-based mucosal
visualization decreased from 96.1% at baseline to 95.9%
post-training).26

Findings from more recent studies identified through
an updated search through December 2013 also were
similar. In these studies, compared with no intervention,
SBT was associated with improvement in trainee skills
and behaviors as well as patient outcomes, including in
SBT in ERCP (Supplementary Results).

Effectiveness in comparison with nonsimulation
training. Two studies compared SBT with nonsimulation
training. In an early, unblinded study, trainees random-
ized to computer-based colonoscopy simulator (with
virtual feedback) were less likely to independently suc-
cessfully complete flexible sigmoidoscopy in real patients
(process behavior) as compared with trainees in an
apprenticeship model (10 procedures on a real patient
followed by expert feedback), although there was no
significant difference in time taken to complete
sigmoidoscopy (time behavior) or patient tolerance.27 A
more recent assessor-blinded randomized controlled
trial compared 16 hours of virtual reality SBT with 16
hours of patient-based training, and reported a signifi-
cant improvement in skills (in a test setting) and be-
haviors (in clinical practice) in both groups, as compared
with pretraining. The SBT group performed significantly
better on simulated cases (process and time skills), and
both groups performed similarly well in the context of
real patient care (process and time behaviors).28

A more recent, 3-arm, randomized controlled trial
identified through an updated search, compared the ef-
fect of SBT, traditional clinical training, and a combina-
tion of the two in enhancing trainee skills in EGD. The
investigators observed that all 3 modalities resulted in
improving trainee skills, and trainees randomized to SBT
or traditional clinical training had comparable perfor-
mance in a test setting. However, the overall perfor-
mance (as assessed by a blinded evaluator) was superior
for trainees who received a combination of SBT and
traditional clinical training, as compared with trainees
who received only SBT (Supplementary Results).

Lessons learned from comparisons of two simulation
interventions. For evidence-based education to be opti-
mally designed, teachers need guidance on key decisions
in course development such as feedback (how and how
much to deliver), distribution of practice (1 day or
spread over several days), and authenticity (need for fi-
delity or accurate clinical context).22 We sought evidence
for these and other instructional design features in an
inductive analysis of all studies making a comparison
with other simulation-based instruction (ie, comparative
effectiveness). We found 5 studies making direct com-
parisons between different simulation-based approaches.
As detailed later, one of these studies evaluated training
for endoscopy and laparoscopy; the other 4 studies
compared different approaches for endoscopy training,
and thus offered evidence to inform instructional design.

Two studies addressed the format and timing of
feedback in SBT for gastrointestinal endoscopy. One
study, using a virtual reality intervention, evaluated the
role of instructor feedback. In this study, structured
feedback from experts was more effective than virtual
feedback in improving process and time skills (ES, 0.58
for both outcomes) in colonoscopy.29 In another ran-
domized study using a bench-top colonoscopy simulator,
the investigators observed that terminal feedback
(feedback after the simulation experience) was superior
to concurrent feedback (feedback while actively per-
forming simulation) when assessed on a new task
(transfer task) (process skills: ES, 0.26; time skills: ES,
0.51).30

Two comparative effectiveness studies compared
different simulation modalities, which, owing to unique
features of each intervention, have somewhat limited
generalizability. One study compared virtual reality with
an ex vivo cadaveric model using an outcome of satis-
faction, and found that 67% of experienced endoscopists
and 45% of young trainees preferred the cadaveric
model.23 However, this study did not assess skills or
behaviors. Another study compared 2 variants of ex vivo
models, and suggested that the newer, compact, lighter
version, Compact Erlangen Active Simulator for Inter-
ventional Endoscopy (compactEASIE; Erlangen, Ger-
many) was superior to the older Erlanger Endo-Trainer
in helping with conceptual understanding.31 An addi-
tional comparative effectiveness study identified through
an updated search reported no significant difference
between colonoscopy skills acquired through training on
high-fidelity, virtual-reality simulation and a low-fidelity,
part-task trainer (Supplementary Results).

Finally, one cross-over study sought to determine
how well skills gained in training for endoscopy trans-
ferred to a laparoscopic surgery task, and vice versa. The
investigators found that when medical students were
assessed using the same task they had been trained on
(eg, trained and assessed on colonoscopy), they per-
formed faster (time skills: ES, 0.33) than when they were
assessed on a different task (eg, trained on laparoscopy,
assessed on colonoscopy). They interpreted this as sup-
porting the need for task-specific training (vs generaliz-
able psychomotor skills).32

Discussion

In this systematic review of 39 studies, nearly 1200
participants at various levels of training, and various SBT
modalities of EGD, colonoscopy, and ERCP, we observed
that SBT is consistently and significantly better than no
intervention in improving trainees’ performance as
measured both in a test setting (skills assessment) and in
clinical practice (behaviors and patient effects). These
effects were stable across gastrointestinal endoscopic
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procedures, modality of SBT, and training level of par-
ticipants. SBT also appears to be comparable with
traditional patient-based teaching in skills development
although the number of studies is few. Studies evaluating
the comparative effectiveness of different simulation-
based approaches are few, but tentatively suggest that
formal expert feedback may be superior to automated
virtual feedback, and that terminal feedback may be
more effective than concurrent feedback for transfer to
new tasks.
Strengths and Limitations

The strengths of this review include the following:
(1) comprehensive and systematic literature search with
broad inclusion criteria and no restrictions for study
design or language; (2) reproducible and rigorous cod-
ing; (3) separate comparisons according to outcome
and comparator; (4) evaluation of study quality; (5)
subgroup analyses to evaluate the stability of findings
and to identify potential factors responsible for
inconsistencies.

There also were several limitations. First, our search
was conducted in May 2011; studies published after that
date were not included in the quantitative synthesis.
However, we conducted an updated search in December
2013 and have summarized key findings from these
studies. Findings from these recent studies also are
similar to results from this quantitative synthesis
(Supplementary Results). Second, we observed signifi-
cant clinical and methodologic heterogeneity in the
overall analysis. However, this heterogeneity was seen
primarily in the strength of the association between SBT
and relevant outcomes, and not in the direction of as-
sociation. We suspect this was in large part owing to
variation in SBT modalities and instructional events,
outcome measures, and, to a lesser extent, trainees.
Although this diversity is a weakness in terms of
between-study heterogeneity, it is also a strength in
terms of comprehensiveness and breadth of scope. Third,
our results were limited by the quality of original studies.
Approximately half the studies were nonrandomized,
including several single-group, pre-intervention and
postintervention studies. Follow-up evaluation was sub-
optimal in approximately one third of studies and
outcome assessment was not blinded (and hence, at risk
for assessment bias) in 30%. Fourth, the number of
comparative-effectiveness studies (comparing one
simulation-based modality with another simulation-
based modality) was limited, precluding a detailed
analysis. Finally, several endoscopic tasks were repre-
sented poorly among the studies identified. For example,
we found only 2 studies of training for ERCP (published
in 2011 and 2013; Supplementary Table 1) and no
studies of training in endoscopic ultrasound. Additional
studies on SBT in ERCP and endoscopic ultrasound are
warranted.
Comparison With Previous Reviews

One previous review on this topic included 5 studies
of simulation-based endoscopy training,3 and a recent
Cochrane review identified 13 studies of virtual reality
endoscopy training.5 To these narrative reviews we add
26 additional studies and a quantitative synthesis of
evidence confirming moderate to large effects on multi-
ple training-related outcomes of SBT, across various
subgroups. Our conclusions regarding the efficacy of SBT
in gastrointestinal endoscopy are similar to those for SBT
in training in other endoscopic procedures including
bronchoscopy, urologic endoscopy, and laparoscopic
surgery,33–35 and simulation in general.6,36

The paucity of comparative effectiveness studies
limits the conclusions we can draw regarding principles
of effective instructional design and selection of modal-
ities. However, previous reviews have explored these
issues in simulation broadly,19,22,37,38 and have identified
several best practices including feedback, mastery
learning, repetitive practice, and range of difficulty. For
example, a recent systematic review found strong evi-
dence that instructor-generated feedback was superior
to simulator-generated feedback for simulation-based
procedural skills training (including endoscopy and
several other procedural tasks).37 The timing of the
feedback also is important. In contrast to a recent review
of laparoscopic surgical skills that found that concurrent
feedback appears to be superior to terminal feedback in
short-term skills performance of trainees,35 the one
relevant study in this review found terminal feedback to
be superior when performing a new task (skill transfer).
Further research on the timing and format of feedback
would extend our understanding of effective simulation
instructional design.

Implications and Conclusions

Our findings have important implications for current
practice and future research. Simulation-based education
in diagnostic and therapeutic gastrointestinal endoscopy
training is effective, and this learning transfers to patient
care. This lends support to recent American Council for
Graduate Medical Education training guidelines, which
mandate the incorporation of SBT in all gastroenterology
fellowship programs.2 SBT may be particularly useful in
early clinical endoscopy training by providing a low-
stress learning environment with no risk for either
trainees or patients. For basic endoscopy skills, the cur-
rent evidence suggests little difference across simulation
modalities. Training for more advanced techniques (such
as loop reduction, therapeutic interventions, and ERCP)
may require greater visual and haptic fidelity, and re-
quires further study.

All but 1 of 32 studies making a comparison with no
intervention found benefit in at least 1 outcome. Given
the uniformity of effect, we propose that the field is
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unlikely to profit from further studies using single-group,
pre-post designs and comparisons with no-intervention
or placebo-intervention controls. We instead encourage
investigators to pursue studies using carefully concep-
tualized active comparison groups (comparative effec-
tiveness studies).39 Such studies will be most useful
when the comparison can be generalized to a broad
range of future applications.

The 2 studies showing a decrease in performance after
training24,25 suffered from deficiencies in instructional
design (lack of accurate modeling of the clinical task and
absence of effective instructional design). These studies
highlight the need for careful attention to the instructional
design19 and functional task alignment40 when planning
and implementing SBT. Additional research is warranted
to identify the ideal simulation modalities (virtual-reality
or ex vivo models) and instructional methods (optimal
timing of SBT in the training continuum, duration of SBT,
type of supervision and feedback, and so forth) for specific
diagnostic and therapeutic endoscopic tasks. Currently,
ex vivo and animal models appear to be more realistic but
require greater effort to obtain and maintain than virtual
reality and synthetic materials trainers. Although
computer-based virtual reality simulators have shown
promise, their up-front cost is prohibitive for many pro-
grams, and moreover some of the purported enhance-
ments (eg, visual fidelity and haptic force feedback) have
little evidence to support their added value.35,40

Comparative-effectiveness studies comparing different
simulation approaches will contribute greatly to this evi-
dence base.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2014.01.037.
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Supplementary Results

Key Findings From Additional Studies

In 6 studies comparing SBT with no intervention
identified through an updated search, findings were
similar to those observed in previous studies. SBT was
associated with superior trainee performance in a test
setting as well as in clinical practice, as compared with
no intervention.1–6 The rate of independent cecal intu-
bation also was higher in trainees who underwent SBT in
colonoscopy,2,4 although a significant difference in the
amount of sedative medication use or use of assistive
maneuvers such as patient repositioning was not iden-
tified.2 Two recent studies also assessed the efficacy of
SBT in ERCP training using a mechanical simulator in
addition to standard clinical training.3,5 In both studies,
trainees randomized to SBT had higher rates of inde-
pendent biliary cannulation, in a shorter amount of time.
In one study, through indirect comparison, investigators
observed no additional benefit of multiple unsupervised
SBT sessions in ERCP, after the initial supervised SBT.5

In a more recent 3-arm randomized controlled trial of
28 medical students comparing SBT, traditional clinical
training, and a combination of the two, for training in
EGD, Ende et al7 observed that SBT was comparable with
traditional clinical training in enhancing trainee skills in
a test setting. However, the overall performance (as
assessed by a blinded evaluator) was superior for
trainees who received a combination of SBT and tradi-
tional clinical training, as compared with trainees who
received only SBT.7 In another RCT comparing a high-
fidelity, virtual reality simulator with a low-fidelity,

part-task trainer for SBT in colonoscopy, Ahad et al8

observed that both resulted in improvement in trainee
performance and there was no significant difference
between skills acquired with the low- and high-fidelity
SBT.
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Supplementary Table 1. Key Results From Additional Studies Identified on Screening Articles From May 2011 to December 2013

Study Task Study design Trainees; N
Intervention/
comparison Outcomes Key results

Comparison of SBT vs no intervention

Gotzberger
et al, 20111

EGD and
colonoscopy

1-group, pre- and
postintervention
study

Residents and expert
endoscopists; 78

Intervention: GATE,
with theoretical
training, followed by
supervised and
unsupervised
virtual-reality SBT

Knowledge; skills
(process and time)
in a virtual-reality
simulator

The GATE program was associated with improved
theoretical knowledge, compared with pretest
performance (pre- vs postintervention score: 1.69
� 1.01 vs 3.27 � 1.30 points; P < .01)

SBT was associated with an improvement in practical
skills (pre- vs postintervention score in terms of
difficulty of snare polypectomy–higher score
worse: 3.05 � 0.65 vs 2.52 � 0.59; P ¼ .08), as
well as time to procedure completion (pre- vs
postintervention time for snare polypectomy: 445
� 189 s vs 274 � 129 s; P < .01)

Kaltenbach
et al, 20112

Colonoscopy 1-group, pre- and
postintervention
study

Gastroenterology
trainees not proficient
in colonoscopy; 3

Intervention:
supervised virtual-
reality SBT using a
colon model with 3D
instrument
visualization

Behaviors (process
and time); patient
outcomes

SBT was associated with improved cecal intubation
rate (pre- vs postintervention: 43% vs 76%), time
(pre- vs postintervention: 17.7 � 11.3 vs 13.5 �
6.5 min) and performance (overall insertion skill
score, pre- vs postintervention: 4.4 � 2.4 vs 5.9 �
2.4; P < .01) as assessed by a blinded evaluator

SBT was not associated with a significant change in
use of sedative medications and patient
repositioning

Lim
et al, 20113

ERCP 2-group, RCT,
comparing
SBT with no
intervention

Gastroenterology
fellows with <30
ERCPs at time of
entry into study; 16

Intervention: 2
supervised sessions
on ERCP
mechanical
simulator

Comparison: no
intervention (both
groups received
standard clinical
training)

Behaviors (process
and time)

Trainees randomized to SBT were more likely to
achieve successful independent biliary cannulation
(intervention vs comparison: 69.6% vs 47.1%; P ¼
.02), in shorter time (mean cannulation time,
intervention vs comparison: 4.7 � 4.2 vs 10.3 �
14.1 min; P < .01), as compared with trainees who
did not receive any intervention

There was no difference in the overall trainee
competence scores between the 2 groups (trainee
competency score on 5-point scale–higher score
better, intervention vs comparison: 4.2 � 0.9 vs 4.1
� 0.8; P ¼ .36), as assessed by a blinded evaluator

Bai
et al, 20124

Colonoscopy 2-group,
nonrandomized
trial, comparing
SBT with no
intervention

Trainees; 8 Intervention: virtual-
reality training using
AccuTouch
endoscopy
simulator
(Saint-Laurent,
Quebec, Canada)

Control: no intervention
(both groups
received standard
clinical training)

Patient outcomes
(procedural
completion)

SBT was associated with increased completion of
procedure (number of procedures completed
independently, intervention vs comparison: 21 vs
2; P < .01), and “decreased incompetence”4
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Supplementary Table 1. Continued

Study Task Study design Trainees; N
Intervention/
comparison Outcomes Key results

Liao
et al, 20135

ERCP 2-group RCT
comparing
SBT with no
intervention

Advanced
gastroenterology
fellows; 16

Intervention: single
supervised, with or
without multiple
uncoached practice
on an ERCP
mechanical
simulator

Comparison: no
intervention (both
groups received
standard clinical
training)

Behaviors (process);
patient outcomes
(procedural
completion)

Trainees randomized to SBT were more likely to
achieve successful biliary cannulation (intervention
vs comparison: 72.4% vs 46.7%; P < .01) and had
a better overall performance score (intervention vs
comparison: 3.9 � 0.8 vs 3.2 � 0.7; P ¼ not
reported) as assessed by blinded evaluators,
compared with patients who did not receive any
intervention

Through indirect comparison there was no additional
benefit of multiple unsupervised SBT in ERCP,
after initial supervised SBT

Telem
et al, 20136

Colonoscopy 1-group, pre- and
postintervention
study

Postgraduate trainees
(surgical interns); 9

Intervention: 12 h of
independent
training on a virtual
reality trainer (GI
Mentor; Simbionix,
Cleveland, OH)

Skills (process and
time) in a porcine
model

SBT was associated with improved cecal intubation
rate (pre- vs postintervention: 11% vs 67%; P <

.05)
There were significant improvements in the Global

Assessment of Endoscopic Skills performance
(pre- vs postintervention score: 11.4 � 1.8 vs 14.6
� 1.3; P < .01), as assessed by a blinded evaluator

Comparison of SBT vs nonsimulation intervention (and vs no intervention)

Ende et al, 20127 EGD 3-group RCT
comparing
SBT with
nonsimulation
intervention and
no intervention

Medical residents
with no endoscopy
experience; 28

Group 1: traditional
clinical training þ
SBT

Group 2: traditional
clinical training
alone

Group 3: SBT alone;
SBT involved
virtual-reality
simulator with 10
sessions over 4
months

Skills (process and
time) in a virtual-
reality simulator

All groups had improvement in process (pre- vs
postintervention scores in groups 1, 2, and 3 on a
10-point scale–higher score better: 2.3 vs 4.3; 2.2
vs 3.4; 2.7 vs 4.8, respectively; all P < .05) and time
skills (pre- vs postintervention scores in groups 1,
2, and 3: 195 vs 119 s; 261 vs 150 s; 165 vs 117 s,
respectively; P for groups 1 and 2 < .05, P for
group 3 ¼ .07) after clinical and/or SBT, as
compared with pretraining performance

The overall assessment of procedural performance
was superior for group 1 compared with group 3
(group 1 vs group 3, performance score on 10-
point scale–6.6 vs 5.1; P ¼ .03) as assessed by a
blinded evaluator, although there was no difference
in time to procedure completion between groups
(group 1 vs group 3: 822 � 163 vs 968 � 139, P ¼
.20); there were no differences in process and time
skills between groups 1 and 2, and groups 2 and 3
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Comparison of one SBT modality with another

Ahad et al, 20138 Colonoscopy 2-group RCT
comparing 2
different SBT
modalities

Medical students (third-
and fourth-year); 32

Intervention: high-
fidelity, virtual-
reality simulator

Comparison: low-
fidelity, part-task
trainer

Skills (process and
time) in a virtual-
reality simulator

SBT with both high- and low-fidelity simulators
resulted in decrease in insertion time (pre- vs
postintervention with high-fidelity and low-fidelity
simulator: 426 � 169 vs 331 � 219 s, P ¼ .02; 481
� 236 vs 255 � 106 s, P < .01, respectively) and
increased total mucosal visualization (percentage
of total mucosa visualized, pre- vs postintervention
with high-fidelity and low-fidelity simulator: 86% vs
96%, P ¼ .03; 88% vs 97%, P ¼ .04, respectively)

There was no significant difference between skills
acquired with the low- and high-fidelity virtual-
reality based training

GATE, gastroenterologic education-training endoscopy; RCT, randomized controlled trial; 3D, 3-dimensional.
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