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      Heightened concerns for patient safety have prompted 
an ongoing shift from apprenticeship models of 

medical education to approaches that insulate patients 
from the initial learning phase in procedural training.  1   

Simulation-based education appears ideally suited to 
offer effective training in a zero-risk environment.  2   
Simulation has been widely embraced by the critical 
care community, as it decreases patient risks and enables 
deliberate structuring of instruction including expo-
sure to rare events and diseases.  3   Simulation-based 
training has shown effi cacy for tasks such as endo-
tracheal intubation,  4,5   central venous catheterization,  6   
and cardiopulmonary resuscitation.  7   Yet training for 
bronchoscopy, a common procedure for pulmonolo-
gists, varies substantially across teaching programs.  8,9   
A synthesis of evidence regarding the effectiveness 
and key features of simulation-based bronchoscopy 
training would facilitate decision-making among edu-
cators and highlight remaining research needs. 

 Two previous reviews of bronchoscopy training 
have offered such summaries. One systematic review 
provided a narrative summary of seven comparative 
studies  10  ; the other presented a nonsystematic review 
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education. Two reviewers, working independently, screened all 
titles and abstracts for inclusion. We obtained the full text of all 
articles that could not be confi dently excluded and reviewed these 
for defi nitive inclusion/exclusion, again independently and in dupli-
cate. We resolved confl icts by consensus. Chance-adjusted inter-
rater agreement for study inclusion was substantial (intraclass 
correlation coeffi cient, 0.69).  14   In stage 2, from this set of articles, 
we identifi ed studies focused on bronchoscopy training by coding 
the clinical topic during data extraction. 

 Data Extraction 

 Foreign-language articles were translated prior to data abstrac-
tion. We abstracted information independently and in dupli-
cate for all variables where reviewer judgment was required, and 
resolved confl icts by consensus. We used a data abstraction form 
to abstract information on the training level of learners, clinical 
topic, method of group assignment, outcomes, and methodologic 
quality. Methodologic quality was graded using the Medical Edu-
cation Research Study Quality Instrument  15   and an adaptation of 
the Newcastle-Ottawa scale for cohort studies.  16   We also coded 
features of the intervention, including feedback, repetitions, clin-
ical variation, mastery learning, and whether training took place 
in a single day or was distributed over  .  1 day. 

 We abstracted information separately for learning outcomes of 
satisfaction, knowledge, skills, behaviors with patients, and patient 
effects.  17   We further classifi ed skill as time (time to complete the 
task) and process (observed profi ciency, economy of movements, 
or minor errors). We also classifi ed behaviors with patients as time 
and process. We converted reported results to a standardized 
mean difference (Hedges’ g effect size) using methods described 
previously.  12   For articles containing insuffi cient information to 
calculate an effect size, we requested information from authors. 

 Data Synthesis 

 We grouped studies according to the comparison arm (com-
parison with no intervention, nonsimulation intervention, or sim-
ulation intervention). For quantitative synthesis, we planned to pool, 
using meta-analysis, the results of studies comparing simulation 
training with no intervention. We also planned meta-analysis 
of studies making comparison with another active instructional 
intervention whenever two or more studies made a suffi ciently 
similar comparison. We planned sensitivity analyses excluding 
nonrandomized studies and studies with imprecise effect size cal-
culations (calculated using  P  value upper limits or imputed stan-
dard deviations). 

 We quantifi ed the inconsistency (heterogeneity) across studies 
using the I 2  statistic,  18   which estimates the percentage of vari-
ability across studies not due to chance. I 2  values  .  50% indicate 
large inconsistency. Because we found large inconsistency in 
most analyses, we used random effects models to pool weighted 
effect sizes. We used SAS 9.1 (SAS Institute, Inc) for all analyses. 
Statistical signifi cance was defi ned by a two-sided  a  of 0.05, and 
interpretations of clinical signifi cance emphasized CIs in relation 
to Cohen’s effect size classifi cations ( .  0.8  5  large, 0.5-0.8  5  mod-
erate, and 0.2-0.5  5  small).  19   We evaluated the pos sibility of pub-
lication bias using funnel plots in combination with the Eggers 
asymmetry test, recognizing that these procedures can be mis-
leading in the presence of inconsistency. 

 We also conducted a nonquantitative synthesis of evidence 
focused on key instructional design features. We reviewed all 
comparative-effectiveness studies (studies making comparison with 
another active instructional intervention) to inductively identify 
salient themes. We used as an initial guide the 10 key features of 
high-fi delity simulation identifi ed by Issenberg,  20   but also remained 
open to the possible presence of other design features. 

of available technologies.  11   These reviews were limited 
by incomplete assessment of study quality and absence 
of quantitative pooling to derive best estimates of the 
effect of these interventions on educational outcomes. 
Moreover, several new studies have been published 
since these reviews were written, and, thus, an 
updated synthesis of the evidence would be in order. 
We sought to identify and quantitatively summarize 
all comparative studies of simulation-based bronchos-
copy training by conducting a systematic review of 
the literature. 

 Materials and Methods 

 This report is a subanalysis of data collected as part of a com-
prehensive review of simulation-based education  12   that was planned, 
conducted, and reported in adherence to PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) 
standards of   quality for reporting meta-analyses.  13   Our general 
methods have been described in detail previously  12  ; we summarize 
them briefl y below. 

 Questions 

 We sought to answer the following questions: What is the 
effectiveness of technology-enhanced simulation for training in 
bronchoscopy, and what instructional design features are associ-
ated with improved outcomes? We defi ned technology-enhanced 
simulation as an educational tool or device with which the learner 
physically interacts to mimic an aspect of clinical care. 

 Study Eligibility 

 We included studies involving health-profession learners at any 
stage in training or practice that investigated the use of technology-
enhanced simulation to teach bronchoscopy in comparison with 
no intervention (ie, a control arm or preintervention assessment) 
or an active simulation-based or nonsimulation training activity. 
We included single-group pretest-posttest and two-group random-
ized and nonrandomized studies. We included training for fl exible 
bronchoscopy, interventional bronchoscopy including lymph node 
sampling, rigid bronchoscopy, and foreign body removal. We did 
not make exclusions based on outcome, or year or language of 
publication. 

 Study Identifi cation 

 With the assistance of an experienced research librarian, we 
searched MEDLINE, EMBASE, CINAHL, PsycINFO, ERIC, 
Web of Science, and Scopus for eligible articles. Our full search 
strategy has been published previously.  12   The last full search update 
was May 11, 2011. To identify more recently published articles, 
we searched PubMed on January 31, 2012, with the key words: 
bronchosc* AND (simulat* OR curric* or teach*). We searched 
for omitted articles by reviewing the reference lists from all included 
articles, the two reviews of bronchoscopy simulation,  10,11   and sev-
eral published reviews of health-profession simulation. Finally, 
we searched the full table of contents of two journals devoted 
to health-profession simulation ( Simulation in Healthcare  and 
 Clinical Simulation in Nursing ) and one journal devoted to bron-
choscopy ( Journal of Bronchology & Interventional Pulmonology ). 

 Study Selection 

 Study selection involved two stages. In stage 1, we identifi ed all 
studies of technology-enhanced simulation for health-profession 
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 Results 

 Trial Flow 

 Using our broad search strategy, we identifi ed 
10,903 articles from which we identifi ed 985 compar-
ative studies of technology-enhanced simulation for 
health-profession training ( Fig 1  ). From this set, we 
identifi ed 16 articles focused on bronchoscopy train-
ing. We did not identify any additional articles in our 
review of reference lists of included articles or the 
previously published reviews. However, we identifi ed 
one additional article in our updated PubMed search, 
yielding a total of 17 studies eligible for inclusion.  21-37   
Nine of these studies made comparison with no inter-
vention,  21,23,25,26,28,31,33-35   four made comparison with 
nonsimulation training,  22,29,36,37   and four made com-
parison with another simulation-based instructional 
approach.  24,27,30,32   One article was published in Swedish  24   
and one in Chinese.  31   

 Study Characteristics 

 Study characteristics are detailed in  Table 1   and   
summarized in  Table 2 . Learners were most often 
postgraduate trainees with little or no bronchoscopy 
experience. Most studies (n  5  16) included train ing 
for basic fl exible bronchoscopy skills (ie, airway inspec-
tion). A minority of studies addressed more advanced 
techniques such as endobronchial ultrasound (two 
studies), transbronchial needle aspiration (two studies), 
and rigid bronchoscopy with foreign-body extraction 

(two studies). Two studies included practice on pedi-
atric airways.  30,35   

 Simulation modalities varied widely. In 12 studies, 
the simulation intervention comprised a virtual-reality 
bronchoscopy simulator. Such simulators typically 
consist of a proxy fl exible bronchoscope introduced 
into an interface device that transmits movements 
to a computer. The computer displays images of 
the upper and lower airways on a screen. Many sys-
tems provide realistic force feedback and reproduce 
events such as patient breathing, coughing, and bleed-
ing. Virtual-reality simulators range in price from 
$25,000 to  .  $100,000. Six studies used part-task 
models made of synthetics (plastic, silicone, or rubber) 
or wood. Synthetic models reproduce branching 
chan nels that mimic the human bronchial tree. The 
wood “choose-the-hole” box comprises three to fi ve 
wood panels drilled with holes through which the 
endoscope is sequentially navigated. Two studies 
used mannequins, and two used cadaveric animal 
tissue. 

 Regarding instructional design, six interventions 
distributed training over  .  1 day,  21,22,27,33,36,37   and four 
required trainees to complete  .  10 cases.  22,33,36,37   The 
instructors planned case-to-case clinical variation in 
six studies.  21,22,26,29,36,37   Only one study provided high 
(intense or multimodal) performance feedback.  22   

 The outcomes studied included computer-generated 
estimates of performance, subjective or objective 
assessments by observers, and satisfaction question-
naires. Four studies assessed performance in the con-
text of bronchoscopy of real patients.  22,26,33,37   All of 
these studies included outcomes focused on the pro-
cess of bronchoscopy (eg, airway inspection technique 
or completeness), three used procedural time,  22,26,37   
and one used procedural success (ie, successful nee-
dle aspiration).  37   Most of the remaining studies used 
simulation-based outcome measures including com-
binations of dexterity, accuracy, and speed (economy 
of performance). Three studies assessed reaction/satis-
faction of trainees after simulation training, and two 
assessed knowledge. 

 Study Quality 

 Study quality is summarized in  Table 3  . Six stud-
ies used a single-group pretest-posttest design. Of 
the 11 two-group studies, six used randomized group 
allocation. Five studies lost  .  25% of enrolled par-
ticipants prior to follow-up or failed to report the 
number of participants included in analysis. Valid-
ity evidence to support outcome assessments was 
reported infrequently: Three studies reported con-
tent evidence,  27,33,34   three studies reported relations 
with other variables,  25,27,33   and only one study reported 
score reliability.  33     Figure  1. Trial fl ow.   
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( Fig 2B ). The one study of time behaviors with real 
patients found that training actually increased proce-
dure time,  26   but was accompanied by a signifi cant 
improvement in process (technique). The   remaining 
six studies (all tested in a simulator) all showed favor-
able effects on time. The pooled effect size for the 
two randomized trials was 0.56. Once again, the funnel 
plot was symmetric, and sensitivity analyses excluding 
studies with imprecise effect size revealed a similar 
pooled result. 

 Effectiveness in Comparison With Nonsimulation 
Training:   Four articles reported comparisons of 
simulation training with nonsimulation instruction. 
Three of these reported comparisons with clinical 
training.  22,36,37   Of these, two articles  36,37   appeared to 
report different outcomes from the same study, so 
in any given meta-analysis we included only one out-
come from this pair of reports. One study compared 
intense virtual-reality simulation (fi ve different cases, 
approximately four repetitions on each case, spread 
over three to four training sessions) with clinical 
train ing (10-15 bronchoscopies in a community hos-
pital) using behavior outcomes.  22   The other also 

 Synthesis 

 Effectiveness in Comparison With No Training:  
 Nine studies compared simulation-based training with 
no intervention (either single-group comparison with 
baseline, or in comparison with a control group). For 
the eight studies reporting process outcomes (tech-
nique or completeness; six tested with a simulator, 
two tested in real patients), the pooled effect size 
was 1.21 (95% CI, 0.82-1.60;  P   ,  .0001) ( Fig 2A  ). This 
is considered a large effect size favoring simulation 
training. The outcomes were moderately consistent 
between studies, with I 2   5  36% and individual effect 
sizes ranging from 0.68 to 3.85. The effect size for 
the one randomized trial was 1.54.  26   When restrict-
ing the analysis to the two studies with outcomes in 
real patients,  26,33   the effect size was slightly smaller 
(0.86 [95% CI, 0.18-1.55;  P   5  .01]) but still large in 
magnitude. The funnel plot was symmetric, and sensi-
tivity analysis excluding studies with imprecise effect 
size revealed a similar pooled result. 

 When looking at the seven studies reporting time 
outcomes (six tested with a simulator, one tested 
in real patients), the pooled effect size was 0.62 
(95% CI, 0.12-1.13;  P   5  .02), with a large I 2   5  55% 

 Table 2— Summary of Key Features of Included Studies  

Study Characteristic Level No. of Studies (No. of Participants  a  ) Relevant References

All studies ... 17 (389) ...
Study design Posttest-only two-group 11 (291) 22, 24, 26, 27, 29-33, 36, 37

Pretest-posttest one-group 6 (98) 21, 23, 25, 28, 34, 35
Group allocation Randomized 6 (197) 22, 26, 27, 29, 31, 32
Comparison No intervention 9 (195) 21, 23, 25, 26, 28, 31, 33-35

Nonsimulation training 4 (47) 22, 29, 36, 37
Alternate simulation training 4 (147) 24, 27, 30, 32

Participants  b  Medical students 1 (20) 24
Physicians postgraduate training 13 (269) 21-23, 26-28, 30, 31, 33-37

Physicians in practice 2 (63) 27, 32
Other/ambiguous/mixed 3 (37) 25, 27, 29

Task  b  Flexible bronchoscopy 16 (369) 21, 22, 24-37
Rigid bronchoscopy/foreign body 2 (37) 23, 35

Endobronchial ultrasound 2 (21) 36, 37
Transbronchial needle aspiration 2 (56) 32, 37

Simulation modalities  b  Virtual reality 12 (239) 21, 22, 24-26, 29, 30, 32, 33, 35-37
Part-task model 6 (195) 27, 28, 31, 32, 34, 35
Animal tissue 2 (56) 23, 30
Mannequin 2 (53) 30, 35

Outcomes  b  Satisfaction 3 (84) 24, 29, 32
Knowledge 2 (86) 33, 34
Skill: time 7 (147) 21, 23, 25, 27, 28, 31, 35, 36

Skill: process 10 (205) 21, 23-25, 27, 28, 30, 34-36
Behavior: time 3 (24) 22, 26, 37

Behavior: process 4 (68) 22, 26, 33, 37
Patient effects 1 (8) 37

Quality Newcastle-Ottawa  �  4 points 4 (99) 22, 26, 27, 31
MERSQI  �  12 points 7 (196) 22, 26, 27, 31, 33, 34, 37

See Table 1 legend for expansion of abbreviation.
 a Numbers refl ect the number enrolled, except for Outcomes, which refl ects the number of participants who provided observations for analysis.
 b The number of studies and trainees in some subgroups may sum to more than the number for all studies because several studies included  .  1 
trainee group or simulation modality, fi t within  .  1 task, or reported  .  1 outcome.
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compared virtual-reality simulation (15 cases) with 
clinical train ing (15-25 real patients), using out-
comes of skills  36   and actions with real patients (time, 
technique, and procedural success).  37   We summa-
rize these results in  Figure 3  . Meta-analyses for 
time and process behav iors with real patients  22,37   
showed moderate effects favoring simulation for time 
(0.61 [95% CI,  2 1.47 to 2.69]) and small effects for 
pro cess (0.33 [95% CI,  2 1.46 to 2.11]) but confi dence 
intervals were wide and did not exclude the possi-
bility of no effect ( P   �  .57). One study each reported 
outcomes of time skill,  36   process skill,  36   and effects on 
patients  37  ; all effect sizes were large (all  .  0.80) and 
favored simulation, but only the difference for time 
was statistically signifi cant. Notably, training time and 
structure varied between the simulation and clinical 
training, and these differences may account in part 
for the observed effects. 

 The fourth article reported the comparison of 
hands-on virtual-reality simulation training vs watch-
ing videos of bronchoscopy.  29   The simulation group 
had much higher satisfaction; no other outcomes were 
assessed. 

 Features of Effective Instructional Design:   For 
evidence-based education to occur, teachers need guid-
ance on key decisions in course development such as 
feedback (how and how much to deliver), repetitions 
(how many and in what sequence), distribution of 
practice (1 day or spread over several days), and 
authenticity (need for fi delity or accurate clinical 
context).  20   We sought evidence for these and other 
instructional design features in an inductive analysis 
of all studies making comparison with other active 
instruction (ie, comparative-effectiveness studies). 
The four studies making direct comparisons between 
different simulation-based approaches offered the 
most straightforward evidence in this regard,  24,27,30,32   
but we also considered comparisons with nonsimula-
tion training. We found three dominant themes: sim-
ulation modality, duration and structure of training, 
and clinical context. 

 Three studies compared different simulation modal-
ities. One study compared a plastic model with a 
choose-the-hole box (see description in the “Study 
Characteristics” section).  27   After 2 weeks of self-guided 
practice with their respective model, participants 

 Table 3— Summary of Quality of Included Studies  

Scale Item Subscale (Points if Present) No. (%) Present; N  5  17

MERSQI  a  
 Study design (maximum 3) One-group pre-post (1.5) 6 (35)

Observational two-group (2) 5 (30)
Randomized two-group (3) 6 (35)

 Sampling: No. institutions (maximum 1.5) 1 (0.5) 13 (76)
2 (1) 0

 .  2 (1.5) 4 (24)
 Sampling: Follow-up (maximum 1.5)  ,  50% or not reported (0.5) 5 (30)

50%-74% (1) 0
 �  75% (1.5) 12 (70)

 Type of data: Outcome assessment (maximum 3) Subjective (1) 3 (18)
Objective (3) 14 (82)

 Validity evidence (maximum 3) Content (1) 3 (18)
Internal structure (1) 1 (6)

Relations to other variables (1) 3 (18)
 Data analysis: appropriate (maximum 1) Appropriate (1) 13 (76)
 Data analysis: sophistication (maximum 2) Descriptive (1) 2 (12)

Beyond descriptive analysis (2) 15 (88)
 Highest outcome type (maximum 3) Reaction (1) 2 (12)

Knowledge, skills (1.5) 11 (65)
Behaviors (2) 3 (18)

Patient/health-care outcomes (3) 1 (6)
Newcastle-Ottawa Scale (Modifi ed)  b  
 Representativeness of sample Present (1) 1 (6)
 Comparison group from same community Present (1) 10 (59)
 Comparability of comparison cohort, criterion A  c  Present (1) 6 (35)
 Comparability of comparison cohort, criterion B  c  Present (1) 1 (6)
 Blinded outcome assessment Present (1) 10 (59)
 Follow-up high Present (1) 12 (70)

See Table 1 legend for expansion of abbreviation.
 a Mean (SD) MERSQI score was 11.4 (2.0); median (range) was 11 (9-16).
 b Mean (SD) Newcastle-Ottawa Scale score was 2.4 (1.5); median (range) was 2 (0-5).
 c Comparability 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.
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performed bronchoscopy on another course partic-
ipant. Speed (time) and technique (process skills) 
were superior for those trained with the plastic model. 
Those with the plastic model also reported spending 
more time practicing and rated the model as more 
interesting and useful. A crossover study found higher 
satisfaction and perceived usefulness for a rubber-
plastic model in comparison with a virtual-reality 
simulator when learning transbronchial needle aspi-
ration.  32   Finally, one study evaluated a multimodal 
course including a lecture, animal laboratory, high-
fi delity mannequin, human standardized patient, and 
virtual-reality simulator.  30   When asked to compare 
these in terms of impact on skills, participants rated 
the animal laboratory as most useful for nearly all 
metrics, the mannequin in second place, and the 
virtual-reality simulator as least useful. While it is dif-
fi cult to draw clear conclusions from this disparate 

body of evidence, it seems that virtual-reality simula-
tion may be less useful than other modalities, and 
that more interesting models may stimulate learners 
to practice more. 

 Another three studies compared variations in the 
structure and duration of training. In the comparisons 
of simulation training with clinical training, simula-
tion was superior to clinical when the simulation train-
ing was highly structured (20 different cases, multiple 
repetitions per case, and spread over several practice 
sessions), and clinical training was informal and cases 
were fewer in number (10-15 unselected cases).  22   By 
contrast, behavior outcomes slightly favored clinical 
training when the clinical training was more structured 
and the number of practice cases was intentionally 
similar to those in the simulation group.  36,37   A third 
study (discussed in the preceding paragraph) found 
superior skills after longer practice with a plastic model 

  

  Figure  2. Meta-analysis: simulation-based training compared with no intervention. A, Outcome: process skills and behaviors. B, Outcome: 
time skills and behaviors.   

  

  Figure  3. Synthesis: simulation-based training compared with clinical training. Results for two studies are pooled using meta-analysis; 
results for single studies are simply the effect size.   
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compared with shorter practice with a wooden choose-
the-hole box.  27   Each of these comparisons is, unfor-
tunately, confounded with concurrent differences in 
the modality (simulation vs clinical, or plastic model 
vs wooden box), so we cannot with certainty attribute 
the observed differences to variation in the structure, 
duration/repetitions, or modality. 

 One study compared virtual-reality simulation with 
or without an authentic clinical context (a written 
case scenario and use of surgical clothing). This study 
found a small, nonsignifi cant improvement in skills 
favoring the authentic context.  24   

 Discussion 

 This systematic review identifi ed 17 studies evalu-
ating simulation-based bronchoscopy training in com-
parison with no intervention or alternate instruction. 
In comparison with no intervention, simulation-based 
training was consistently associated with better learn-
ing outcomes. Pooled effect sizes were large for pro-
cess outcomes and moderate for time outcomes, 
includ ing several studies reporting behaviors with real 
patients. In comparison with nonsimulation instruc-
tion, simulation-based training was again associated 
with higher outcomes, although these differences were 
generally not statistically signifi cant and could be 
caused by factors other than the simulation itself. 

 We also conducted a narrative evidence synthesis 
in search of guidance for designing simulation-based 
bronchoscopy training. Comparisons of different simu-
lation modalities demonstrated that a plastic part-task 
model representing the human bronchial tree was 
more effective and engendered greater satisfaction 
than a nonanatomic wooden model, and that a rubber-
plastic model and animal model were favored over 
a virtual-reality simulator. Three comparisons of dif-
ferent training approaches suggested that longer or 
more structured training is more effective. One study 
suggested that an authentic clinical context could 
lead to improved skills. However, all of these fi ndings 
must be considered preliminary due to confounding 
(unclear source of effect) or failure to reach statistical 
signifi cance. 

 Limitations and Strengths 

 As in any review, our results are limited by the quan-
tity and quality of the original studies. Although one-
third of the studies were randomized trials, another 
third were single-group pre-post studies. Follow-up 
was low in 30%, outcomes were blinded in fewer than 
60%, and validity evidence was infrequently reported. 
However, most outcomes were objectively determined, 
four studies were multi-institutional, and three studies 

reported patient-related outcomes. Overall, the study 
quality was similar to that in previous reviews.  12,38   

 Between-study inconsistency was moderate for 
process outcomes and high for time outcomes. We 
suspect this was due in large part to variation in sim-
ulation modalities, outcome measures, and to a lesser 
extent trainees. While this diversity is a weakness in 
terms of between-study heterogeneity, it is also a 
strength in terms of comprehensiveness and breadth 
of scope. Moreover, all but one outcome favored 
simulation-based training in comparison with no inter-
vention, and fi ve of seven outcomes favored simulation 
training in comparison with nonsimulation instruc-
tion, indicating that studies generally varied in the 
magnitude but not the direction of benefi t. 

 We found few studies making comparison with 
active interventions. This limits the strength of the 
inferences regarding features of effective instructional 
design. 

 Our review has several strengths, including a com-
prehensive literature search, rigorous and reproduc-
ible coding, and focused analyses. We included two 
articles published in non-English languages. Our results 
were robust to sensitivity analyses excluding low-
quality studies, and we did not detect obvious publi-
cation bias. 

 Comparison With Previous Reviews 

 Two previous reviews of simulation-based bron-
choscopy training offered a detailed description of 
the modalities and instructional designs.  10,11   To these 
reviews we add 10 new studies identifi ed in a system-
atic search, a rigorous evaluation of study quality, and 
quantitative synthesis of results using meta-analysis. 
Our results agree in general with previous reviews 
of simulation-based medical education  6,12,39,40   in that 
studies making comparison with no intervention typ-
ically fi nd large effects. 

 Implications 

 Our fi ndings have important implications for cur-
rent practice and future research. Simulation-based 
bronchoscopy training is effective for a variety of 
tasks including inspection, foreign-body removal, endo-
bronchial ultrasound, transbronchial needle aspiration, 
and rigid bronchoscopy, as well as learning transfers 
to patient care. Educators should consider using this 
approach when resources permit. Simulation-based 
training is complemented by simulation-based assess-
ment, done using tools such as the Bronchoscopy 
Skills and Tasks Assessment Tool.  41   Together, training 
and assessment lend themselves to competency-based 
education  42   and mastery learning.  43   None of the stud ies 
in our sample used a mastery learning model, in which 
trainees must reach a specifi ed level of profi ciency 
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before advancing to the next phase of instruction. 
Given the benefi ts of this model in training other pro-
cedural skills,  44   educators might   consider mastery learn-
ing when training for bronchoscopy. 

 Few studies focused on advanced skills such as 
rigid bronchoscopy, transbronchial biopsy, or pediatric 
populations. While these few studies demonstrated 
results concordant with the larger sample, such topics 
may merit additional attention, particularly since these 
are the tasks that fellows see less often during their 
clinical training.  9   

 Finally, while simulation-based training is clearly 
effective, the optimal design of such instruction is much 
less clear. The present body of evidence provides 
only weak support for important instructional-design 
decisions. It appears that longer or more structured 
training adds value, and that animal models and man-
nequins may be superior to (and possibly less expen-
sive than) virtual-reality simulators. However, virtual 
reality offers other advantages such as intentional 
sequencing of case topics and diffi culty, automated 
scoring and feedback, and unrestricted availability. We 
found little evidence to guide researchers regarding 
the provision of feedback, the number and sequence 
of training tasks, or the choice of modalities. Since 
differences in instructional design and assessment 
have potentially substantial implications for learn ing 
effi ciency and optimal use of faculty time, research-
ers should seek to clarify such decisions  45   in future 
research. 
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