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ABSTRACT 

Objective: Myringotomy and ventilation tube insertion (MT) is a key procedure in 

otorhinolaryngology and can be trained using simulation models. We aimed to systematically 

review the literature on models for simulation-based training and assessment of MT and supporting 

educational evidence. 

Databases Reviewed: PubMed, Embase, Cochrane Library, Web of Science, Directory of Open 

Access Journals (DOAJ). 

Methods: Inclusion criteria were MT training and/or skills assessment using all types of training 

modalities and learners. Studies were divided into 1) descriptive and 2) educational 

interventional/observational in the analysis. For descriptive studies, we provide an overview of 

available models including materials and cost. Educational studies were appraised using 

Kirkpatrick’s level of educational outcomes, Messick’s framework of validity, and a structured 

quality assessment tool. 

Results: Forty-six studies were included consisting of 21 descriptive studies and 25 educational 

studies. 31 unique physical and three virtual reality simulation models were identified. The studies 

report moderate to high realism of the different simulators and trainees and educators perceive them 

beneficial in training MT skills. Overall, simulation-based training is found to reduce procedure 

time and errors, and increase performance as measured using different assessment tools. None of 

the studies used a contemporary validity framework and the current educational evidence is limited. 

Conclusion: Numerous simulation models and assessment tools have been described in the 

literature but educational evidence and systematic implementation into training curricula is scarce. 

There is especially a need to establish the effect of simulation-based training of MT in transfer to 

the operating room and on patient outcomes. 
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INTRODUCTION 

In recent years, the traditional paradigm of “see one, do one, teach one” in surgical education has 

shifted towards competency-based training to ensure patient safety and high-quality patient care.(1) 

Consequently, contemporary surgical training now requires strong evidence for the chosen training 

and assessment methods in the surgical curriculum. 

 

Myringotomy is the incision of the tympanic membrane, which is often followed by insertion of a 

ventilation tube. Myringotomy with ventilation tube insertion (MT) is mainly performed to alleviate 

secretory otitis media and recurrent acute otitis media in children(2,3) and is the most commonly 

performed procedure in otorhinolaryngology (ORL) in many countries including the United States, 

England and Denmark.(4-6) Frequently, MT is one of the first procedures that need to be mastered 

during ORL residency. However, the procedure can be challenging due to the compound skills 

required such as hand-eye coordination, a narrow surgical field, and the use of an operating 

microscope. 

 

Physical and virtual reality (VR) simulation models can be used for surgical skills training so that 

patients are not used during initial skills acquisition.(5) Generally, simulation-based training (SBT) 

has demonstrated large and positive effects on knowledge, skills and behaviors in addition to effects 

on patient-related outcomes.(7) SBT can provide a safe learning environment with a range of 

difficulty levels and the opportunity for individualized learning.(8,9) One of the educational 

challenges is to provide meaningful feedback during (formative feedback) and after (summative 

feedback) each performance. This is typically given during direct supervision but risks being 

delivered only occasionally and/or in an unstructured way. Structured assessment tools have been 

introduced into many modern surgical curricula with the Objective Structured Assessment of 
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Technical Skills (OSATS) being a widely used format and having inspired numerous procedure and 

context specific assessment tools.(10) The SBT environment facilitates structured skills assessment 

because of the standardized conditions during practice and also allows for self-directed learning, 

where the trainee can practice until proficiency.(11)  

 

In a time where many ORL residents are offered less time training in the operating room, SBT 

allows trainees to practice technical skills such as MT, better preparing them for further clinical 

training. This raises the question: how are ORL trainees trained in MT and what models for SBT 

and skills assessment are used? And—importantly—in the era of evidence-based surgical training: 

What is the supporting educational evidence? To the best of our knowledge, there is currently no 

systematic review on this topic. 

 

This study aims to systematically review the literature on SBT models and assessment tools for MT 

and supporting educational evidence. Our goal is to equip ORL program directors and educational 

stakeholders with an overview of currently available models and assessment tools for SBT and 

assessment of MT technical skills. 

 

MATERIALS AND METHODS 

Our review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement.(12) 

 

Search strategy 
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The searches were conducted in April 2020 and updated in December 2020 using the following 

databases: PubMed, Embase/Ovid, Cochrane Library, Web of Science, and Directory of Open 

Access Journals (DOAJ).  

 

The search strategy was a combination of MESH terms within the areas of interest for this review 

such as otitis media, otolaryngology, middle ear ventilation, otologic surgical procedures, computer 

simulation and none MESH terms such as otitis, tympanostomy, simulat*, virtual reality and 

assessment (full search strategy in Supplemental Digital Content I). We chose a broad search 

strategy as not to miss any relevant studies. 

 

Inclusion and exclusion criteria 

We included all types of descriptive and educational studies involving SBT of MT in addition to 

assessment tools regardless of they were used to assess skills performance on patients or 

physical/virtual reality (VR) simulation models. All types of participants were eligible including 

medical students, residents, experienced surgeons, and other health care professionals. Studies were 

excluded if full texts were not available through university library access, not in English, or were 

reviews, abstracts with insufficient information, or commentaries/letters. 

 

Study selection 

Search results were imported into an online tool for reviews.(13) Two reviewers (LH and SA) 

independently screened first the title and abstract, followed by screening of full texts of any article 

that was deemed potentially eligible by either reviewer. Articles identified through reference lists of 

the included articles as well as excluded reviews were also screened. Any disagreements were 

resolved by consensus. 
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Data extraction 

Data were extracted using a data extraction form, which was piloted independently by both 

reviewers on five randomly selected papers. The final form included study information (authors, 

year, study design, etc.), characteristics of the simulation model (modality, materials), details of 

training/assessment (participants, type of training and assessment, training outcome and results). 

Microsoft Excel 2011 (Microsoft Corporation, Washington, USA) was used in the data extraction 

and management. The data was extracted independently by two authors (LH and SA) and 

disagreements were resolved by consensus. 

 

Data synthesis, study quality assessment and analysis 

Included studies were divided into 1) descriptive studies (i.e. studies describing only the 

development of a simulation model) and 2) educational studies (i.e. studies describing training, 

validation, and/or assessment). For the descriptive studies, we considered the reproducibility and 

cost of the models. For educational studies, two authors (LH and SA) independently used four 

frameworks/tools (detailed in Table 1) to appraise educational validity and quality: 1) Kirkpatrick’s 

hierarchy of educational outcomes(14); 2) Messick’s framework of validity evidence(15); 3) study 

quality using a quality assessment tool for educational studies developed by Gordon et al.(16); and 

4) strength of conclusion as described by Yardley et al.(17) Meta-analysis was not planned due to 

the research question as well as expected heterogeneity of study design, models, and outcomes. 

 

RESULTS 

5,276 studies were screened by title/abstract after automated duplicate removal, hereof were 91 

studies considered for full-text screening. Forty-six studies were included (Figure 1, flowchart) and 
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study characteristics are provided in Table 2. Twenty-one studies(18-38) described only 

development/technical aspects of simulation models and were categorized as “descriptive”. Twenty-

five studies(5,39-62) evaluated models for training/educational purposes or assessment of MT skills 

and were categorized as “educational”. Overall, we found 31 unique physical models and three 

different VR models. 

 

Descriptive studies 

All 21 descriptive studies detailed physical models with the exception of a single VR model.(26) 

Details on model materials, reproducibility, construction instructions, and cost is found in Table 3 

(see Supplemental Digital Content II). We deemed the reproducibility easy for 15 of the models 

since they used common materials for example a cut cylindrical container covered with a glove 

placed in an empty Lidocaine bottle.(31) Three models were deemed of medium difficulty to 

replicate due to specially designed ear models(25,30) or the requirement of a specific wooden 

box.(20) Three models were considered difficult: One needed a tympanic membrane from a 

sheep(24), another a special manufactured steel box(21), and the third was a VR simulator.(26) 

Similarly, the cost for constructing most of the models were considered to be low except for models 

requiring special components or high-end computer equipment to run VR simulation. 

 

Altogether, numerous papers provide clear instructions on how to build low-cost models out of 

easily available materials, making them easy to reproduce and potentially implement into training 

programs. However, supporting evidence of the educational value and use in training/assessment of 

technical skills in MT for these models is absent from the literature. 

 

Educational studies 
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Study design & participants 

Most of the 25 educational studies (Table 4, see Supplemental Digital Content III) detailed and 

evaluated physical models (N=18, 72%) with fewer studies on VR models (N=4, 16%). Three 

studies (12%) included performances on real patients in the OR to explore validity of different 

methods for technical skills assessment. 

 

Altogether, the studies included 578 participants: 65 (11%) participants were expert 

otolaryngologists; 223 (39%) represented intermediate trainees such as ORL interns, residents and 

registrars; and 290 (50%) were novices (medical students and general surgery interns with no prior 

experience in MT). Consequently, much of the educational evidence supporting SBT of MT is 

based on novices’ experience, which might be different from ORL trainees in relation to prior 

knowledge, skills and motivation. 

 

Performance assessment 

In the studies that included assessment of performance(39-43,45,47,49,51-55,59,60,62), different 

assessment methods and tools were used. These were mainly Global Rating Scales (GRS) where the 

rater for example assigns an overall score based on observation of the performance(39,41,42,45,51-

55,62); Task-Based/Task-Specific Checklists (TBC/TSC) where the rater for example checks if 

specific sub-tasks are performed or errors made(41,42,51-53,55,62); and metrics such as time to 

completion of the procedure.(39-43,45,49,52-55,60) Two studies used completely automated 

metrics derived from the VR simulators such as procedure time, contact with the external ear canal, 

number of attempts of tube insertion etc.(47,59) 
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Two studies aimed primarily to explore the validity of a specific assessment method or tool: One 

study investigated the validity and reliability of video recordings in assessment of participants’ 

performance using two blinded raters for whom a significant inter-rater correlation was 

demonstrated(39); the other study aimed to develop and collect validity evidence for a Task-

Specific Checklist and Global Rating Scale and found a high inter-rater and intra-rater 

reliability.(55) 

 

Altogether, several different assessment methods and tools have been used across the educational 

studies, only few have supporting validity evidence and none include evidence from all five sources 

in Messick’s framework. 

 

Outcomes of simulation-based training 

A majority of the survey studies and one observational study had a Kirkpatrick level 1 educational 

outcome such as perceived realism of the model and/or opinion on its potential use for 

training.(5,44,46,48,56,57,61) Generally, the different models were perceived to be of moderate to 

high realism and potentially beneficial to trainees’ skills acquisition. The remaining two survey 

studies included participants’ self-assessed effects on knowledge and confidence after training using 

the models—corresponding to Kirkpatrick level 2a outcomes—and reported favorable 

responses.(50,58) None of these studies included objective measurements of performance or 

knowledge tests. 

 

Seven studies with different study designs included measurement of the effects of SBT on skills 

performance(42,43,45,49,52-54), corresponding to Kirkpatrick level 2b outcomes, and a single 

recent study further examined transfer of skills to the operating room (OR), corresponding to a level 
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3 outcome.(62) One study found that SBT resulted in a significant improvement in overall 

performance of ORL trainees and experts on GRS(52), and another study demonstrated significant 

improvement in medical students’ performance using GRS and TBC.(54) Both studies also reported 

that time to completion of the procedure in SBT decreased significantly: from 180 to 70 seconds 

and 5 to 2 min, respectively. A third study also reported improvement in ORL residents’ GRS score 

and time to completion after SBT, however, it was not reported whether this was statistically 

significant.(42) 

 

In three studies, participants were randomized to either SBT or no training.(45,53,62) Two of the 

studies demonstrated a significant effect of SBT on time to completion of the procedure with 

average improvements of 1.6 and 2.4 minutes, respectively.(45,53) One of these studies also 

reported a significant improvement in GRS from 12.9/25 points at baseline to 17.2/25 points after 

SBT(45) whereas another study found that the intervention group had significant better OSATS 

global scores (17.4/25 vs. 13.7/25) and OSATS task scores (4.5/5 vs. 3.6/5) in the posttest.(62) The 

third study demonstrated improvement in both groups’ GRS and TSC but without statistically 

significant difference.(53) One of the studies further investigated transfer of skills acquired in the 

simulated environment to real-life surgery but found no difference in performance measured using 

an OSATS instrument between the SBT group and the control group during initial live surgery.(62) 

 

Another randomized study investigated the effect of massed vs. interval training on skills 

performance and found that interval training was seemingly superior to massed practice in reducing 

time to procedure completion and errors in the simulation procedure even though this did not 

achieve statistical significance.(49) Also, one randomized study examined medical students’ 



 

 #11 

learning curves using either an endoscope or microscope when performing MT on a simulator but 

found no significant difference in learning rate (68.6 vs. 78.71 sec) between the two groups.(43) 

 

Of the remaining 8 educational studies with level 2b educational outcomes, five studies compared 

the skills performance of novices and experts and four of the studies found the experts significantly 

outperformed the novices on time to completion and errors.(40,41,47,59,60) Finally, three studies 

assessed novices’ and expert’ performance in real-life surgery (without prior SBT) and similarly 

found that experts used significantly less time and achieved a higher performance score.(39,51,55) 

 

Altogether, these studies support that SBT can reduce time to completion of the procedure, reduce 

errors, and improve total performance score in the simulation environment and that experts perform 

better than novices. Only a single and very recent study included higher-level educational outcomes 

(i.e. level 3–transfer to real life performance)(62) whereas none investigated the effects of training 

on organization (level 4a) or patient outcomes (level 4b). 

 

Validity evidence 

The contribution across educational studies to validity evidence of SBT and assessment of MT 

skills was analyzed according to the five sources of validity in Messick’s framework. 

 

Content validity: One study replicated five of the physical models described in other 

studies(20,23,28,38,53) which were then rated by ORL registrars/consultants in relation to 

educational quality: All models were found to be below moderate realism and below the expected 

threshold for recommendation of use in a training curriculum.(5) As described earlier, several other 

studies also surveyed experts and trainees in relation to model representation and usefulness for 
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training.(40,44,46,57,61) Finally, three studies included content experts in the development of 

questionnaires or assessment tools.(44,55,61) 

 

Response process: All the educational studies employed methods to eliminate or control potential 

sources of bias. This included for example providing participants with introduction such as 

handouts or video demonstrations to the simulator/procedure; standardized time to practice; and 

blinding of assessors. 

 

Internal structure: Five studies explored aspects of reliability and internal consistency of their 

assessment(39,44,45,55,57): One study reported a good to excellent inter-rater and intra-rater 

reliability for a Global Rating Scale(45); another study found a significant correlation between the 

ratings of two blinded raters for a nine-parameter rating tool(39); and one study investigated the 

intraclass correlation and found this to be high.(55) The last two studies report a high internal 

consistency between participant ratings of simulation realism.(44,57) 

 

Relations with other variables: Five studies found that simulation performances of participants with 

different levels of experience could be discriminated(40,41,47,59,60), supporting that experts still 

outperform novices in the simulation environment in relation to skills, errors, and time to 

completion. 

 

Consequences: None of the studies examined for example the impact of test scores on trainees’ 

advancement or set a pass/fail-standard for the procedure that can be used to determine when a 

trainee is proficient. 
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Study quality assessment 

In our quality assessment, we found a mean score across the educational studies of 13.1 points 

(lower score indicating less sources of potential bias; minimum score 6, maximum score 18). Only 

six studies had a total score below the mean.(42,45,47,51,55,62) Only a single study was assessed 

as having a low risk of bias in relation to educational underpinning as all other studies lacked 

sufficient details on educational theory of frameworks guiding their study.(51) 

Furthermore, most studies lacked a clear description of the curriculum’s process/outcome or the 

educational context such as learner characteristics and consequently only two studies were deemed 

low risk of bias in relation to curriculum(45,55) and setting.(42,62) Also, only three studies 

provided a clear description of the specific content of the educational intervention and were deemed 

low risk of bias in relation to content.(42,55,62) None of the studies scored a low risk of bias in the 

pedagogical domain since none provided specific details on the pedagogical methods used such as 

examples of instructions. In contrast, a majority of the studies were deemed to have a low risk of 

bias in their conclusion meaning that the conclusion mostly reflected the findings of the study and 

did not overgeneralize findings. This was further corroborated by the “strength of conclusion” 

scoring tool, where twelve studies scored 3 (i.e. conclusions are probably supported by the results) 

and eleven studies scored 4 (i.e. results are clear and very likely to be true). 

 

DISCUSSION 

In this systematic review, we identified numerous models for SBT of MT in the literature with the 

oldest model dating back to 1968. Despite many of these being easy and inexpensive to reproduce, 

there is limited supporting educational evidence for their use in training and assessment. Many 

studies were purely descriptive and the remaining studies had focus on different educational aspects 

but were of varying quality. This results in scattered evidence relating to validity and effects of SBT 
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of MT with gaps in knowledge on important educational outcomes such as transfer to real-life 

performance. Therefore, it is unsurprising that there is also a paucity in descriptions and evaluations 

of systematic implementation of SBT of MT into ORL training curricula. 

 

A third of the educational studies reported only Kirkpatrick level 1 and 2a outcomes such as 

participants’ perceptions of the models and self-reported effects on knowledge and confidence. 

However, such subjective measurements are poor educational outcomes as they convey very little 

on the actual effects of training(63), and self-assessment is well-known to be unreliable.(64) More 

objective measurements of effects on knowledge/skills (i.e. level 2b) were considered in 15 studies 

such as performance, errors, and/or time to completion of the procedure during SBT of MT, and all 

studies report positive effects. This finding is in line with a large meta-analysis of technology-

enhanced simulation in health care professions education, which found that SBT had large and 

positive effects on knowledge, skills, and behaviors compared with no intervention.(7) Only one 

study investigated the transfer of skills from SBT to the OR (i.e. level 3)(62), highlighting that there 

still is a major gap in knowledge of whether SBT of MT has effects on transfer of skills to the OR 

and effects on patient outcomes. However, this is a common problem: A systematic review on SBT 

within otorhinolaryngology found that none of the 70 included studies on 64 different simulators 

considered educational outcomes above level 2b.(65) 

 

Further, just one of the educational studies on SBT of MT so far has been comparative(5), meaning 

that most simulation models and modalities have not been compared. Also, only a single study 

compared different instructional designs of SBT of MT (massed vs. interval training) and found no 

statistically significant difference in time to completion or errors.(49) This contrasts other studies 

on skills acquisition of surgical procedures(66,67) including mastoidectomy(68) where distributed 
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practice consistently has been found to be superior to massed practice. Further, many of the 

included studies used medical students as participants and findings might therefore not necessarily 

generalize to ORL because of differences in preexisting knowledge, experience, and motivation. 

 

Valid and reliable assessment is key in establishing effects of training and we found several 

assessment tools for structured assessment of MT skills performance. These tools have mostly been 

modeled over established approaches such as Global Rating Scales and Task-Based Checklists. 

This, however, is no guarantee for their validity as assessment conditions and context matters(69) 

and specific validity studies are warranted. In MT skills assessment, validity evidence has mostly 

been gathered for inter-rater reliability, supporting acceptable reliability for moderate stakes 

assessment (reliability co-efficient between 0.80–0.89,(70)). 

 

The validity evidence for SBT of MT is scattered across several different simulation models and 

assessment tools. None of the studies used a structured approach to explore validity using 

contemporary frameworks such as Messick’s(15) or Kane’s.(71) Unsurprisingly, only a single study 

therefore considered multiple sources of validity.(55) Systematic reviews from general surgery and 

ophthalmology similarly found that most educational studies used outdated concepts like concurrent 

validity rather than contemporary frameworks(72,73), which are now considered standard in 

medical educational research.(74) In our quality assessment, we further found that many studies 

missed key details on educational underpinning, curriculum, setting and pedagogical intervention. 

Two other reviews in simulation training in otolaryngology drew similar conclusions and also found 

considerable limitations in validation studies’ methodology and consequently, the supporting 

evidence.(65,75) 
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What are the implications of our findings? Most importantly, we find that there is a need for 

knowledge and better application of established medical educational research methods in future 

studies. This will lead to a more solid evidence base for the effects of training and validity of 

assessment, and in turn propel implementation of SBT into practice. This could for example be how 

to use and structure SBT of MT in training curricula and define levels of proficiency in SBT which 

trainees need to document before advancing to supervised surgery in the OR. A key step is 

documenting transfer of MT skills such as SBT results in an increased initial performance in the 

OR. 

 

The strength of our study is the systematic approach to reviewing the literature and including papers 

published since the inception of the databases until present, and using established medical 

educational frameworks in our appraisal of the current literature. A general limitation relates to 

publication bias in surgical education: many great and established training initiatives and activities 

are not validated or published in the scientific literature. Further, because of the heterogeneity of the 

literature relating to study design, outcomes, and quality prevents strong conclusions and best 

practice guidelines. Further, most studies were descriptive with no evaluation of the models’ 

educational impact. 

 

CONCLUSION 

Altogether, it is reasonable to conclude that SBT models are effective in improving skills 

performance within the SBT environment compared with no training. However, there is currently 

no evidence to support one approach or model over another and many different physical and virtual 

reality simulation models are available for integration into the ORL curriculum. Evidence-based 
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recommendations for SBT and assessment of MT require more studies on instructional design, 

validity and efficacy of these models.  
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FIGURE LEGENDS 

 

 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow 

diagram. 
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Table 1. The frameworks used to assess the quality and validity evidence of the included 
educational studies. 
 

Framework Description Categories Definition and 
examples 

Score 

Kirkpatrick’s 
hierarchy (14) 

The impact of the 
educational 
interventions 
 

Level 1 - participation 
 
 
 
Level 2a – modification 
of attitudes/perceptions 
 
 
 
 
Level 2b – Modification 
of knowledge/skills 
 
 
 
 
 
Level 3 – Behavioral 
change 
 
 
 
Level 4a – change in 
organizational practice 
 
 
 
Level 4b – benefits to 
patients/clients 

The participant’s view 
on the learning 
intervention, usually 
evaluated by surveys.  
 
Changes in the 
participant’s attitude or 
perception of the 
intervention such as 
self-assessment of 
confidence level in a 
procedure.  
 
The acquisition of 
knowledge and/or skills 
for example testing the 
effect of simulation 
training on actual skills 
performance or on a 
knowledge-test. 
 
Transfer of skills for 
example from 
simulation to the 
operating room (OR). 
 
Changes in the 
organization for 
example following the 
implementation of an 
educational curriculum. 
 
Effects on patients’ 
outcome that results 
from the educational 
intervention for 
example a reduction in 
complication rates after 
a training program has 
been introduced. 
 

n/a 

Messick’s 
Framework of 
validity (15) 

Validity of 
assessment tools 

Content 
 
 
 
 
 
Response process 
 
 
 
 

The relevance of test 
content when compared 
to the construct it is 
intended to measure i.e. 
ensuring that the 
assessment is 
representative. 
 
Elimination or control 
of potential sources of 
bias i.e. standardized 

Each category is 
scored from 1–5 
points. 
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Internal structure 
 
 
 
 
Relations to other 
variables 
 
 
 
 
Consequences 

written instructions, 
quality control of 
scoring etc. 
 
The reproducibility or 
generalizability of the 
assessment tool i.e. 
reliability analysis. 
 
The correlation with 
external factors, i.e. if 
test scores can 
discriminate between 
different levels of 
experience. 
 
The intended and 
unintended effects of 
the test i.e. 
reasonableness of 
method to establish a 
pass/fail-standard. 
 

Quality assessment 
tool (16) 
 

The quality of 
methodology based 
on the risk of bias in 
6 different 
educational sources 

Educational 
underpinning 
 
 
 
 
Curriculum 
 
 
 
 
Setting 
 
 
 
 
Pedagogical 
 
 
 
 
 
Content 
 
 
 
Conclusion 
 

The use of an 
educational framework 
or mentioning of the 
educational theory 
underpinning the 
intervention. 
 
Description of the 
training program, the 
training 
process/outcomes 
and/or assessment 
design.  
 
The educational settings 
in which the 
intervention was 
conducted and 
characteristics of the 
relevant participants. 
 
The use of pedagogical 
methods to deliver the 
intervention to the 
participants for example 
instruction/guidance. 
 
Details on the materials 
that is included in the 
intervention – handouts, 
questionnaire etc.  
 
The degree the 
conclusion reflects the 
findings of the study. 

Each category is 
scored 1–3, 
with:  
 
Low risk = 1 
Unclear risk = 2 
High risk = 3 
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Strength of 
conclusion (17) 

The trustworthiness 
of the findings 

 1: No clear conclusions 
can be drawn, not 
significant. 
 
2: Results ambiguous, 
but there appears to be a 
trend. 
 
3: Conclusions are 
probably supported by 
the results.  
 
4: Results are clear and 
very likely to be true. 
 
5: Results are 
unequivocal.  
 

1–5 
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Table 2. Characteristics of the included studies 
 

Study characteristics No. of studies No. of participants 
All studies 46 

 
578 

Study design 
     Descriptive 
     Single group pre-post 
     Interventional 
     Randomized 
     Observational 
     Survey study 

 
21  
2 
1 
5 
9 
8 

 
0 
28 
10 
219 
155 
166 
 

Participants* 
     Medical students 
     General surgery interns 
     ORL interns/residents/registrars 
     Otolaryngologists (experts) 

 
8 
1 
18 
14 

 
270 
20 
223 
65 
 

Training modality 
    Physical model 
    Technology-enhanced model (VR 
models) 
    Real-life surgery 

 
37 
6 
3 

 
475 
52 
51 
 

Technical skill 
     Myringotomy and ventilation tube 
insertion 
     Only myringotomy 

 
41 
5 

 
549 
29 
 

Outcomes (Kirkpatrick’s hierarchy) 
     Not applicable (model description 
only) 
     Level 1 - Participation 
     Level 2a - Modification of 
attitudes/perceptions 
     Level 2b - Modification of 
knowledge/skills 
     Level 3 - Behavioral change 
     Level 4a - Changes in organizational 
practice 
     Level 4b - Benefits to patients 

 
21 
7 
2 
15 
1 
0 
0 
 

 
0 
83 
103 
329 
63 
0 
0 
 

 
*Not all studies included participants and some studies included more than one group of learners. 
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