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ABSTRACT 
 
Objective: This systematic review aims to examine the use of standard-setting methods in the 

context of simulation-based training of surgical procedures.  

Summary of background: Simulation-based training is increasingly used in surgical education. 

However, it is important to determine which level of competency trainees must reach during 

simulation-based training before operating on patients. Therefore, pass/fail standards must be 

established using systematic, transparent, and valid methods. 

Methods: Systematic literature search was done in four databases (Ovid MEDLINE, Embase, Web 

of Science, and Cochrane Library). Original studies investigating simulation-based assessment of 

surgical procedures with application of a standard setting were included. Quality of evidence was 

appraised using GRADE. 

Results: Of 24,299 studies identified by searches, 232 studies met the inclusion criteria. 

Publications using already established standard settings were excluded (N=70), resulting in 162 

original studies included in the final analyses. Most studies described how the standard setting was 

determined (N=147, 91%) and most used the mean or median performance score of experienced 

surgeons (n=65, 40%) for standard setting. We found considerable differences across most of the 

studies regarding study design, set-up, and expert level classification. The studies were appraised as 

having low and moderate evidence.  

Conclusion: Surgical education is shifting towards competency-based education, and simulation-

based training is increasingly used for acquiring skills and assessment. Most studies consider and 

describe how standard settings are established using more or less structured methods but for current 

and future educational programs, a critical approach is needed so that the learners receive a fair, 

valid and reliable assessment. 
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INTRODUCTION 

Competent and well-trained healthcare professionals are a prerequisite for high-quality patient care. 

In surgery, the patient outcome highly depends on competent surgical performance and therefore on 

adequate training of the surgeon. A growing focus on patient safety, work hour restrictions, as well 

as newer technological developments such as robotic surgery have increased the need to move the 

initial surgical training away from the operating room. Increasingly, initial skills practice and 

surgical training are therefore performed in a simulated setting so future surgeons are as prepared as 

possible before they start operating on patients (1-4). Further, expanding knowledge on adult 

learning theory and skills acquisition in surgery has emphasized the need for evidence-based 

surgical education. 

 

Simulation-based training (SBT) entails learning activities that imitate clinical tasks or skills with 

the aim of improving healthcare professionals’ competencies (5-8). Numerous studies have 

demonstrated that additional SBT of surgical skills before clinical training results in better 

performance (7, 9-11) and reduces operating time (12), patient discomfort, and the need for 

supervision in subsequent clinical training (6) compared with clinical training alone. Consequently, 

SBT has been adopted into the Accreditation Council's training requirements on Graduate Medical 

Education (ACGME) and other professional bodies internationally and is therefore increasingly 

integrated into surgical curricula (11, 13, 14).  

 

Mastery learning is an educational strategy that requires trainees to train to proficiency using 

standardized assessment criteria for competency instead of using a specific number of performances 

or a pre-determined amount (time) of training (15). Mastery learning takes into account the 

individuality in learning because trainees will have different prerequisites, learning abilities, and 

learning paces. To ensure that trainees have reached the require competency level, there is a need 

for assessment tools, which must be supported by validity evidence to ensure that the test measures 

what it is purported to measure (16). An increasing amount of research on simulation-based 

assessment of technical skills uses recognized frameworks of validity (2). Several contemporary 

validity frameworks exist (17), however, a common characteristic is that validity refer to a degree 

of evidence and that validity evidence for the assessment supports the appropriateness of actions 

based on the test scores (18). The current gold standard is Messick’s framework of validity 

evidence but outdated frameworks are still commonly used in surgical educational literature (2, 19). 
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In Messick’s framework, the validity argument is based on evidence relating to five distinct 

sources: Content, Response Process, Internal Structure, Relation to other variables, and 

Consequences. Several studies have found that the consequences of testing is the most infrequently 

explored and reported source of validity (16, 20-22). This source of validity includes analyses of the 

impact of the assessment for example by standard setting for pass/fail decisions. Establishing 

incorrect performance standards or flawed interpretation of assessment scores can have undesirable 

consequences: Passing an incompetent trainee entails a risk to the patients and failing a competent 

trainee can delay further skill development and progression to independent clinical practice. In this 

systematic review we therefore aimed to examine the use of standard setting methods in the setting 

of SBT of surgical procedures to explore by which methods surgical trainees’ competency is 

assessed.  

 

MATERIAL AND METHODS 

The systematic review was prepared and presented according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) statement (23). The PRISMA protocol checklist 

is provided in Appendix 1. The study was registered in the International Database of Prospectively 

Registered Systematic Reviews of Health-Related Outcomes (PROSPERO) prior to data extraction 

(registration number: CRD42020209631).  

 

Eligibility criteria  

Inclusion criteria of this systematic review were:  

1) any original study investigating simulation-based assessment of surgeons’ technical skills in 

any surgical specialty and for any surgical procedure or task,  

2) applying standard setting, e.g., defining a pass/fail score, and including both formative and 

summative assessment of performance,  

3) any level of training (e.g., medical students, residents, trainees, fellows, consultants, etc.), 

4) relevant study designs: randomized controlled trials, observational studies (including cohort, 

case-control, case series, cross-sectional studies) as well as retrospective studies.  

Criteria for exclusion were:  

1) studies that assess “non-technical” skills (e.g., communicative skills) or non-surgical skills 

(e.g., bronchoscopy and central line insertion) 
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2) studies that only provide a descriptive evaluation of a simulation-based assessment tool or 

assessment, 

3) studies not available in full-text and English,  

4) opinion letter, review, letter to the editor, commentary, and similar.  

Search strategy 

The author group developed the search strategies and strings, which were then refined in 

collaboration with a research librarian. We searched Ovid MEDLINE, Embase, Web of Science, 

and Cochrane Library electronic databases October 10th, 2020 to identify eligible studies and rerun 

the search again April 14th, 2021. We used the following keywords: simulation, surgical procedures, 

and assessment. During the initial search, we did not apply any filter regarding publication date, 

language, or professions of participants in the studies. The search string was developed for Ovid 

Medline and then adapted for the other databases. Both controlled vocabularies e.g., MeSH in 

PubMed as well as free text/keywords were applied. The complete search strings are shown in 

Appendix 2. 

 

Records were managed using the reference tool EndNote X9 (Clarivate Analytics, Philadelphia, 

United States) and the internet-based program Covidence (Veritas Health Innovation Ltd, 

Melbourne, Australia). After automated removal of duplicates by the software, two investigators 

(PIP, SA) independently screened the results by title and abstract for eligibility. Potentially eligible 

articles were then assessed independently by the same investigators for full text screening for final 

inclusion. Reasons for exclusion during full text screening were recorded. Interrater agreement was 

assessed using percentage agreement and Cohen’s kappa (24). The selection process is illustrated in 

the PRISMA flowchart, Figure 1.  

 

Data collection, synthesis, and analysis 

First author (PIP) performed the data extraction based on a data extraction chart and last author 

(SA) systematically reviewed and approved the extraction. The following data were extracted: year 

of publication, country of origin, if the assessment was done on a technology-enhanced simulator or 

physical model, if the assessment was based on an automated performance assessment or manual 

rating of performance, type of surgical procedure or task (e.g., complete appendectomy or basic 

suturing tasks), method for standard setting, results of the standard setting, and participant 

characteristics. We categorized and described the standard setting method according to the 
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categories found in Figure 2. Microsoft Excel 2020 (Microsoft Corporation, Redmond, WA) was 

used for extracted data management. The data on standard setting methods is presented in Figure 2.  

 

Risk of bias and quality assessment 

Quality assessment and risk of bias of randomized, non-randomized controlled, and non-controlled 

studies were assessed by first author (PIP) in concordance with the last author (SA). We assessed 

the study quality using the Grading of Recommendations, Assessment, Development and 

Evaluation (GRADE) tool (25, 26). 

 

RESULTS 

Included studies  

The PRISMA flow chart shows the study identification process, see Figure 1. The initial systematic 

search yielded a total of 22,046 records, and the updated search additionally 2,253. After automated 

removal of duplicates, the remaining 15,147 records were screened by title and abstract. For full-

text screening, 422 records were reviewed, and 232 records were found to be potentially eligible for 

inclusion. An additional step in the selection process was performed because some studies used 

previously published standards: 70 studies used such a previously published standard and were 

excluded while it was ensured that the original study was included if it had not been identified by 

the primary search. Altogether, 162 studies were included. Cohen’s kappa agreement for the first 

screening process (title and abstract) was 0.52 (95% CI (0.47–0.54)) which corresponds to a 

moderate agreement. In the full text screening process, the agreement was substantial with a 

Cohen’s kappa 0.70 (95% CI (0.63–0.77)). Most of the included studies origin from United States 

(N=74, 45.6%), followed by Denmark (N=24, 14.8%) and Canada (N=14, 8.6%).  

The excluded studies within the topic of surgical education, training, or assessment, were mostly 

descriptive studies providing only information on how a curriculum was built without quantitative 

standard setting. 

 

The included studies reported data from 7,660 participants, represented fourteen different surgical 

specialties, and 31 different procedures or tasks (Table 1 and Appendix 3). Sixty-eight studies 

(42.0%) involved general surgery, gynecology and obstetrics accounted for 14 studies (8.6%), 

urology for 12 studies (7.4%), orthopedic surgery for ten studies (6.2%), cardiothoracic surgery for 

eight (4.9%), and otorhinolaryngology for seven (4.3%). The remaining 43 studies were either 
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included in multiple specialties (N=26 studies, 16.1%), or there were less than four studies related 

to the specific specialty (N=17, 10.5%). 

 

The most frequently studied procedures were laparoscopic (N=51, 31.5%), robotic (N=34, 21.0%), 

and endoscopic (N=17, 10.5%). The majority of the studies exploring laparoscopic training were 

done in a single specialty setting (41 of 51). In contrast, studies on robotic surgery more frequently 

involved more than one specialty (14 of 34 studies), demonstrating the potential for setting 

standards across specialties for common basic tasks and fundamental skills. 

 

Participants 

The studies included participants and learners at various stages of training, see Table 2. Most often, 

medical students represented novices, residents or interns were often considered intermediates, and 

surgeons or consultants were considered as experienced. Some studies defined the experience and 

competency of the participants by the number of procedures performed, such as defining the 

experienced participants as having performed more than 50 procedures in real-life (27-40).  

Some of the included studies categorized participants both by career stage and number of 

procedures, which led to changes in the numbers of participants in the study groups (37, 39, 41-51): 

Chen et al. for example included a total of 50 participants (11 faculty and 39 trainees) but when 

divided into experienced and inexperienced based on the previous number of procedures performed, 

the experienced group included faculty as well as post-graduate-year 4 and 5 trainees (41); 

Conversely, Dioun et al. included 14 fellows and 12 faculty who actually represented six 

experienced, 18 novices, and two participants of unknown experience with robotic surgery (42). 

 

Simulation and assessment modality 

One hundred studies (61.7%) were categorized as validity investigation studies, meaning that the 

main purpose was to explore the validity evidence for an assessment method including establishing 

a standard setting. The remaining 62 studies (38.3%) were categorized as educational studies where 

the studies aimed to explore the educational effect of SBT and where a standard setting was applied. 

An almost equal share of publications used automated simulator-generated metrics (N=85, 52.5%) 

and manual rating of performance (N=72, 44.4%) as the basis for the standard setting. Five studies 

combined various methods. Table 3 presents the distribution of the assessment types (automated 

and manual) according to simulation modality (technology-enhanced simulator vs. physical model). 
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The automated assessments build on performance metrics provided by 1) technology-enhanced 

simulators, which for example could be amount of tissue damage, or metrics provided by 2) motion-

tracking systems, which measure instrument path length or number of movements and can be 

applied on both technology-enhanced and physical models. This also includes motion-tracking of 

the participants’ hands and movements as a surrogate measure for competency (N=12, 7.4%) for 

example Lemke et al. who use a hand-motion tracking system with sensors to count the number of 

movements and path length (52). Other motion-tracking systems use sensors in the laparoscopic 

instruments and/or camera navigation to track the movements and use these as metrics for the 

assessment, including derivatives such as smoothness and economy of the movements. 

 

In 121 of the standard settings (74.7%), time was included as a parameter. Ten studies set a 

standard setting consisting only of a time limit. Economy of motion was included in 71 (43.8%) 

studies, and errors (e.g., failure according to a checklist, or lack of visualization of structures) in 

131 studies (81.9%).  

 

Standard setting 

The number and distribution of the methodological approaches used for standard settings in the 

studies are presented in Table 4. Most studies did not distinguish between standard setting for 

summative and formative purposes and we have therefore included all studies in which standard 

setting methods relating surgical trainees’ competency was established. 

 

In the category of item-centered standard setting methods, the Angoff method was used in nine 

studies (29, 35, 53-59). This method allows content experts to make judgement on each individual 

item, then to determine if a borderline trainee who is just at the edge of minimal competence will 

pass that exact part of the task or checklist. We found the method to be applied with a number of 

variations, which were more or less in concordance with the original method. Siddiqui et al. for 

example describe the use of a modified Angoff method where eight content experts derived the 

cutoff scores in an iterative process (57). The minimum competence score was established after two 

independent rounds of scoring and discussion. Thinggaard et al. first asked judges to define a 

borderline trainee, then determined the performance level of a borderline trainee for each item of 

the Training and Assessment of Basic Laparoscopic Technique test and finally, averaged the scores 

across all the judges (35). 
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The Hofstee method is another item-centered standard setting method, where judges decide on the 

minimum and maximum failure rate of the whole test and thereby the cut score. However, only a 

single study used this method and did so in conjunction with the Angoff method (58).  

 

A majority of the studies used the mean or median performance, or mean time of experienced 

surgeons or “experts” (N=65 studies, 40.1%) as method for establishing a standard. Per definition, 

this method fails half of the experienced surgeons and there is no solid evidence for its validity 

although it was the most frequently used method. The number of experienced surgeons used to 

establish the standard setting using this approach varied from one to 100, highlighting that the 

standard in some cases is set based on relatively few people — and most often using experts from 

the same institution. Further, in nine studies, the performances of the experienced surgeons were 

trimmed for outliers. Outlying performances were commonly defined as those more than 2 SD from 

the mean. This censoring of performances by participants who a priori were included leads to bias 

and it also highlights the potential pitfalls of determining competency based on number of 

procedures or title. A total of 13 studies (8.0%) used the mean/median score but amended this by 

subtracting one or two standard deviations (52, 60-71). The authors typically argue that the aim of 

SBT is not to reach the competence level of experienced surgeons but to increase the competency 

level when performing the first clinically, patient-related procedures and minimize the risk of 

errors. 

 

Twenty studies (12.3%) used the contrasting groups’ method which is an examinee-centered 

standard setting. The method requires an external criterium or judgement to categorize the 

examinees’ level of competence (e.g., novices, intermediates, or experienced) a priori and this 

judgement must rely on other data than the scores of the test. Hertz et al. for example defined 

experienced physicians as those who had performed more than 30 chest tube insertions using blunt 

dissection within the last 12 months (29), whereas Laubert et al. defined experienced minimally 

invasive surgery surgeons as having performed more than 500 procedures (72). Depending on the 

procedure or task, the term experienced or expert thereby varies greatly, which is further 

emphasized when considering all the 94 studies using either mean or median score of experienced, 

mean or median score +/- standard deviations, or contrasting groups’ method: the number of 
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procedures used to define the experienced group vary from 30 procedures (robotic surgery) (30) to 

4,000 procedures (cataract surgery) (73). 

 

The Receiver Operating Characteristic (ROC) method is best known from the clinical setting where 

it is used to establish normal and abnormal values for laboratory tests and determine the accuracy of 

the laboratory test in classifying patients. Analogously, surgical educators are interested in correctly 

classifying learners as competent or non-competent. Seven of the included studies used this method 

to identify the score that best differentiates between competent and non-competent—and similarly 

to the contrasting groups’ method—an external variable is needed to define the examinees (i.e., 

novices vs. experienced) (41, 74-79). Using ROC, Habaz et al. suggested that their pass/fail score 

should not be looked at as a summative assessment score but rather a score meant to provide the 

learners with a benchmark to track their own progress over time (75). 

 

Four studies used Cumulative Sum (CUSUM) analysis or learning curve plateau as the standard set 

goal for the training (80-83). CUSUM analysis requires specific pass-fail criteria to group the 

learners, e.g., acceptable failure rate. Rölfing et al. for example explored standard setting using the 

CUSUM scores of novice learners in simulated dynamic hip screw placement (82). 

 

Remaining studies 

Fifteen studies (9.3%) assigned pass-fail decision criteria without describing how this standard was 

determined. In these studies, the pass-fail decision was often based on a percentage of an overall 

score. Zhang et al. for example use a cutoff score > 91% based on consensus of the authors for an 

overall score generated by the simulator (84).  

 

Seven studies used more than one standard setting methodology with four studies comparing the 

results of the different methodologies (29, 35, 57, 85, 86). Concordance was found for the 

contrasting groups’ and Angoff methods in three studies (29, 35, 57) with the contrasting groups’ 

method establishing standards at a higher level than the Angoff method. Goldenberg et al. 

established a pass-fail setting for flexible uretero-renoscopy using the borderline groups’ method 

(examinee-based method) and compared this to a crowd-sourced method where the assessors rated a 

pass or fail, as well as a global rating (85). The latter is a new method and involves uploading 

videorecorded performances to a web-based platform where crowd-workers (i.e., untrained raters 
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who are typically not health care professionals) perform the assessment according to a structured 

rating form. This enables fast, large-volume assessment, which has been demonstrated to some 

extent to correlate with that of expert surgeon assessors (87).  

 

Methodological quality 

The overall study quality appraised using GRADE is summarized in Figure 3. Of the 162 studies 

included, 90 (55.6%) received a moderate rating and 71 (43.8%) a low grating. A single study 

received a very low recommendation grade as it was mostly descriptive and did not describe nor 

argue how the standard setting was established. 

 

DISCUSSION 

Summary of the main findings 

Using a broad and systematic search strategy, we aimed to explore the methods of standard setting 

in SBT of surgical procedures. We identified several different methods for determining the level of 

proficiency that should be achieved in SBT. Most of the included studies described and reflected on 

how the standard setting was established (90.7%). Even though most methods were structured and 

to some extent recommended in the literature, some studies used methods not appropriate for 

determining surgical competence such as standards based on only time, preset manufactured 

settings applied by the company, or novices’ average score after 40 training sessions. Additionally, 

9.3% percent did not describe at all how the setting was done, and thus, did not reflect on or 

consider the risk of misinterpreting the surgeons’ performances.  

 

The traditional item-centered Angoff and whole-test-centered Hofstee methods were not designed 

for simulation-based training and mastery learning but rather for written tests (16). However, nine 

studies based standard setting on these methods. Education, training, and assessment are bound by 

factors such as costs and time making it an advantage that the item-centered methods are less time 

consuming. Furthermore, the standard setting can be done before the assessment is undertaken 

because it does not depend on an assessment of target learners in a pilot study. Data on earlier 

examinations using the same assessment tool is often used to help judges calibrate the decisions 

(88). The item-centered methods are based on the minimal competent or borderline learners’ 

performance but within the last decade, SBT of surgical procedures aim for mastery learning and 

thereby that learners practice until they are well-prepared to succeed and not borderline proficient 
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(16). Consequently, the item-centered methods are not recommended for standard setting for 

simulation-based mastery learning for technical skills (16). 

 

For the examinee-centered methods of standard setting, there are other challenges: they rely on 

actual performance measurement and not on the perceptions of the experienced surgeons. The 

definition of learner experience can be a bias as exemplified by the wide range of procedural 

experience used to define the experienced group, as well as the variations in the standard setting 

method and assessment tool. For example, if a checklist assessment tool is created at one institution 

and the procedure is done slightly differently at another institution, even sufficiently trained and 

experienced surgeons could be marked down on the checklist, rating, or assessment, for 

missing/failing an item that is not performed. Because of that, it is recommended to create the 

assessment tool based on e.g., a Delphi method of experienced surgeons from several institutions or 

hospitals (89) and to always ensure that assessment tools are adapted to and validated in the local 

context. 

 

Experienced surgeons’ level of competency 

The most frequently applied method was the mean/median performance of experts or experienced 

surgeons.  

Using the mean or median performance of experienced surgeons will result in a higher standard 

than the contrasting groups’ method, which was the second most used method. However, the 

mean/median performance method will by definition also fail the performances of about half of the 

experienced surgeons. It is therefore debatable whether SBT should aim for expertise to a level that 

fails those who perform the procedures regularly and who are considered highly competent. On the 

other hand, some literature provides evidence that the contrasting groups’ method’s level of 

proficiency corresponds to the steep part of the learning curve and that the trainee has more 

potential for competency development (90). Standard setting using the contrasting groups’ method 

is dependent on where on the learning curve the performances are measured for example the first 

procedure or the tenth procedure, where performance is closer to a plateau. Some research suggests 

that reaching or even surpassing (i.e., overtraining) the initial learning curve plateau or high 

standard leads to automaticity and might counteract the decrease in performance when transferring 

skills from the simulated setting to the clinical setting (the transfer dip) (91).  
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The tests and metrics used for assessment purposes during simulation-based training are often 

focused on technical aspects of the procedure, which can be readily learned, whereas more 

demanding skills that only develop after years of clinical practice, such as interpretation and clinical 

decision-making, are often not included in simulation-based assessment of performance. For the 

same reasons, reaching expert-level performances on a simulator does not mean that learners will 

become experts but rather that they attain technical mastery with increasing levels of movement 

automaticity and efficiency. Moreover, expert scores may be systematically lowered due to minimal 

warm-up as well as a negative transfer effect when translating behavior learned in a clinical setting 

into performances in a simulated environment. Thereby, reaching the highest standard in the 

simulated environment does not guarantee perfection and complete exclusion of errors in clinical 

practice but it can and aims at reducing these errors and ensure that the learner is as prepared and 

proficient as possible before further clinical training. 

 

Learning curves 

A single study proposed using the learning curve plateau as a target for standard setting. The 

incremental improvement decreased to less than 5% after 12 training sessions, and thereby, the best 

fit learning curve model was used to calculate the absolute predicted performance score and used 

this level for standard setting (81). Learning curves are a useful tool for the guidance of simulation-

based training and are frequently used not for summative assessment purposes but to monitor 

training and performance or formative assessment. The slope of the learning curve describes the 

changes in performance with each successive attempt and thereby the relationship between learning 

effort and outcome (performance). As described by Pusic et al. at some point over several repeated 

attempts, the change in performance may be so small that the slope flattens. Only at this point—the 

learning curve plateau—the trainee has “fulfilled” the learning potential (92). However, independent 

of the standard setting level, any given trainee might possess more learning potential and it is 

important to be aware that the learning curve plateau or standard set level is not due to a ceiling 

effect of the assessment tool (93). Altogether, time and resources must be balanced, cost of training 

considered, as well as the training trade-off evaluated when defining the mastery learning, 

simulation-based training curriculum. 

 

Some argue that a pass grade in simulation training, i.e., for a summative assessment purpose, 

should be a mandatory requirement for continued clinical training in the operating room (1, 3, 94). 
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In that case, sufficient evidence of validity is of crucial importance to ensure the trustworthiness of 

the standard setting and test in general. However, in developing a surgical curriculum and 

establishing a cutoff score, more sources of validity need to be explored before implementing such 

simulation-based assessment into the surgical curriculum (17). Messick’s five sources of validity 

evidence are recommended and acknowledged as gold standard when gathering validity evidence 

for any assessment. Korndorffer et al. and subsequently Borgersen et al. have reviewed the use of 

validity frameworks and found that an increasing number of studies gather validity evidence for 

simulation-based assessment of surgical procedures with an increasing number using contemporary 

frameworks (2, 19). The source consequences, where the standard setting is categorized, is the least 

frequently reported source of validity.  Other factors can be a threat to validity: for example, in 

manual rating of the trainees’ performance, raters must agree on how each item or rating must be 

interpreted. However, many of the included studies used only a single rater, which might be more 

practical but negatively affects reliability of assessment. Rarely would—or should—a single rater 

be responsible for all assessment especially in high-stakes pass/fail decisions. Automated generated 

metrics provided by technology-enhanced simulators can to some extent minimize such rater bias 

but need to be valid in relation to assessment. A recent meta-analysis concludes that reliability is 

increasingly reported in the field of medical education but very few studies explore the reliability 

using advanced methods such as generalizability theory (95). 

 

Strengths and limitations 

A strength of our systematic review is the transparency of each phase in the preparation and 

conduction. We provided a clear objective, broad search strategy, and the article selection was done 

in duplicate by experienced surgical educational researchers even though the number of articles was 

very large. Our review has several limitations: by protocol, we included studies heterogeneous in 

regard to study designs, outcome variables, and methodology used. Pooling the extracted data and 

comparing the standard settings statistically was not possible nor intended. Our research question 

and hypotheses relied on the assumption that a great amount of surgical educational research use 

recognized methodologies for standard setting. However, we found that research with inadequate 

methodology continues to be published. Further, many international and national surgical programs 

exist but are not published as research and are therefore not included. Therefore, we have most 

likely only identified the tip of the iceberg in relation to the use of standard setting in assessment of 

surgical skills performance. However, it is unlikely that standard setting in existing, unpublished 
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educational programs is superior to the published studies we have identified. Altogether, a 

publication bias could contribute to an overestimation of the use contemporary frameworks and 

recognized methods for standard setting. 

 

Implications 

Exploring the validity evidence for a test, providing evidence on reliability, and establishing a 

cutoff score using a recognized method are highly recommended. Nonetheless, the pass-fail 

criterion remains influenced by several factors such as time, policy, economy, patient safety 

regulations, and considerations of workload. Furthermore, the educator and institution must reflect 

on whether the assessment is formative or summative. Formative assessment is an influential 

instructional process that highlight the trainee’s challenges and shortcomings whereas the 

summative assessment could be the final decision on whether proficiency was reached in the 

simulated setting.  

The main surgical bodies and international societies should aid in defining guidelines for 

incorporating SBT and standard setting within their respective fields but also create awareness of 

the potential issues that exist when transferring assessment and standards from one context to 

another. Despite international differences, where some countries or national bodies have specific 

certification programs, no international unanimous guidelines exist defining surgical competence. 

To our knowledge, none of the certification programs describe how the standards for certification 

are set. Thereby, many assessments of surgical trainees are in risk of being regional, haphazard, and 

inconsistent relying on e.g., institutional opinion or tradition. Altogether, we suggest that future 

studies strive to use recognized standard setting methods and consider the advantages and 

disadvantages of each method. It is important because time, resources, surgical careers, and patient 

safety depend on the high-quality surgical training where simulation forms an increasing 

foundational basis before continued clinical development. 

 

CONCLUSION 

We see a shift towards competency-based training in surgical education, and therefore, the 

standards for mastery learning must be established using transparent and recognized standard 

setting methodology. Most published literature within this area uses mean or median performance 

of experienced surgeons which is a well-established, however, not recognized method for standard 

setting. We found that eight percent of the included studies applied standards without describing 
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how the standards were set and as a result without considering the risk of misinterpreting the 

surgeons’ performances. Awareness and knowledge about standard setting methods, as well as the 

advantages and disadvantages of each, are needed to increase the quality of future studies. For 

current educational programs and their standards, a critical approach is needed so that the learners 

receive a fair, valid and reliable assessment and patients deserve competent, safe, and well-trained 

surgeons. If applying an already published standard setting, educators should reflect and ensure that 

assessment and standards are also valid in the local context. 
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