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Abstract 

 

Background: Rater training (RT) improves the reliability of assessment tools, but has not been 

well studied for technical skills. This study assessed whether RT improved the psychometric 

properties of surgical skill assessments. 

 

Methods: Surgeons (N=47) were randomized to RT or non-training groups. The RT group 

underwent frame-of-reference training. Participants assessed trainees performing a suturing and 

knot-tying task using four assessment tools. Inter-rater reliability, initial and delayed rater 

agreement, and construct validity were assessed between groups. 

 

Results: There was no significant effect of RT on the assessment tools’ reliability and validity. 

Reliability and validity were most robust for the global rating scale.  

 

Conclusions: Although there were trends towards improved reliability and validity with RT, 

confidence intervals were wide and overlapping. Reliability remained below the minimum 

desired level of 0.8 required for high-stakes testing. Although RT may represent a way to 

improve reliability, further study is needed to determine effective training methods. 
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Introduction 

 

High quality assessments of technical skill form an essential component of trainee evaluations 

for surgical and other procedural-based medical training programs, serving numerous important 

educational functions. Despite their key role in surgical training, formalized assessment tools 

have only recently been developed. Several assessment tools specific to technical skills have now 

been studied and validated. Even so, many of these tools have yet to reach optimal levels of 

reliability and validity, with ongoing room for improvement in these psychometric properties. 

Ongoing ways to improve these tools are needed to ensure high-quality evaluations. 

 

At its core, the purpose of medical education is to train competent clinicians to care for their 

patients in their chosen specialty.1 Medical and surgical training programs face many unique 

challenges in order to accomplish this goal. Training new clinicians to manage complex patients 

is high stakes and risks negatively impacting patient care and outcomes. Traditional time-based 

training models require all trainees to attain competency within a defined time period. Yet 

medical and surgical education programs are evolving to bring forth innovative training methods 

that also introduce new challenges.2 Recent developments include trainee work hour restrictions, 

decreased operating room time, increased procedural costs, and new technologies; all of which 

introduce additional time and setting constraints for education.3 Additionally, many programs are 

shifting towards competency-based training models. As a result, reliable and valid trainee 

assessments are critical to ensure fair and accurate appraisal and advancement.1,4 This holds 
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especially true for surgical training programs, where robust technical assessment tools will be 

required to assess residents’ competency to complete training and move into practice.  
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Competency Based Medical Education and Trainee Assessments 

 

Many medical education bodies have introduced the use of standardized, outcomes-based 

principles to ensure training programs produce competent physicians capable of meeting the 

needs of society. Licensing and accrediting bodies have developed core competency frameworks 

to be used for curriculum development and trainee evaluation. In Canada, the Royal College of 

Physicians and Surgeons of Canada (RCPSC) developed the CanMEDS core competencies; 

composed of seven areas including medical expert, scholar, professional, communicator, 

collaborator, manager, and health advocate.5,6 The CanMEDS framework has become one of the 

most widely adopted competency frameworks both in Canada and internationally.5 In addition, 

educational and credentialing bodies are moving away from time-based training to competency-

based models.2 The RCPSC announced the Competence by Design Initiative (CBD) with the 

goal of implementing competency based medical education (CBME) practices into all training 

programs across Canada by 2022. CBD will transition training programs from the current time-

based approach to an increased focus on more routine and continuous trainee performance 

assessments throughout training.7 For surgical training programs, the shift towards CBME 

requires determining both the best methods of assessment and what defines successful or 

competent performance.2 

 

Multiple tools are available to evaluate medical trainees on the various core competencies.  No 

one tool is sufficient to evaluate all aspects of medical training, and in most programs a variety 

of assessment tools are utilized. Examples include in-training evaluation reports (ITERs), written 
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and oral examinations, procedure logs, and simulation and performance-based testing such as 

Objective Structured Clinical Examinations (OSCE) or other global assessments.1,2,8  

Appropriate tools must be selected in order to best evaluate a given skill or competency. 

Although an oral examination may effectively assess medical knowledge and decision-making, it 

is less optimal for assessment of inter-personal skills. An ITER with domains relating to 

teamwork and communication abilities would be more appropriate for this task. Evaluators must 

carefully determine which aspects of trainee performance they wish to assess and choose tools 

that best capture these characteristics. In some instances a single tool may not suffice and a 

combination of tools may be required to provide an adequate assessment. Additionally, the 

quality of an evaluation generated by any given tool depends upon its underlying psychometric 

properties. An ideal assessment tool produces results that are reliable, valid and feasible.4,8  

 

Reliability 

 

A reliable test is one that generates results that are consistent or reproducible. Types of reliability 

include internal consistency, test-retest reliability and inter-rater (or inter-observer) reliability.3 

Internal consistency measures the degree to which a single item on a test correlates to other items 

or to the overall score. Test-retest reliability refers to the reproducibility of results when the same 

test is administered at two different points in time. Finally, inter-rater reliability (IRR) 

determines the consistency of results between two or more raters who are evaluating the same 

performance. In regards to technical skill assessment, IRR is of particular importance. Multiple 
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physicians may evaluate trainees over the course of training and it is crucial that similar levels of 

performance are scored consistently between evaluators.  

 

Reliability is reported as a dimensionless coefficient ranging from 0, indicating agreement 

between raters is solely due to chance; to 1 which represents perfect agreement between 

subjects.8,9 Several strategies can be employed to improve reliability, including creating a longer 

test or instrument, increasing the variability or range of trainees being assessed, or finding ways 

to improve the objectivity of raters.3 High stakes testing is defined as any test with significant 

consequences for the trainees or institution tied to the results, such as promotion or funding.10 A 

coefficient of 0.80 or higher is regarded as the minimal acceptable reliability for high stakes 

testing, although this cut-off may vary depending on the exact purpose of the test.3,4,11 

Commonly cited benchmarks for interpreting reliability co-efficients for education purposes are 

shown in Table 1.9,12  

 

Table 1: Reliability Benchmarks 

Excellent agreement 0.81 - 1.0 

Good agreement 0.61 - 0.8 

Moderate agreement 0.41 - 0.6 

Fair agreement 0.21 - 0.4 

Poor agreement < 0.2 

 

 

Validity 

 



6 
 

A valid test is one that measures what it purports to measure and reflects how readily conclusions 

can be drawn from the results. Types of validity include face, content, construct and criterion 

validity.8 Face validity describes how well the test mimics how a trainee would use their skills or 

knowledge in an actual situation. As such, simulation or OSCE exams have higher face validity 

compared to multiple choice exams. Content validity reflects how similar the subject matter of 

the test is to that of the overall domain. Criterion validity encompasses both concurrent and 

predictive validity. If test results are similar to other measures of the same knowledge or skill, 

the test can be said to have concurrent validity. Predictive validity is said to be present if test 

outcomes estimate how well trainees will perform in the future. Construct validity describes how 

well a test measures the skill or knowledge it is supposed to measure. Often used as a proxy for 

construct validity is the ability to demonstrate that more senior trainees obtain higher scores on 

the assessment. Construct validity is essential for assessments of technical skill, to ensure that 

more proficient trainees obtain higher scores. Unlike reliability, there is no individual measure of 

validity. Evidence for validity must be built over time through study of the instrument.3  

 

Feasibility 

 

Feasibility is not a measurable property in the same manner as reliability and validity. However, 

the degree to which a tool is feasible or practical remains an important factor in determining its 

usefulness. Aspects of feasibility to consider include if the assessment tool it is timely, cost-

effective, transferable to multiple sites or situations, and whether it is deemed significant or 

consequential by trainees and evaluators.8,13 Additional factors that have been proposed as 
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important for a useful assessment tool include comprehensiveness, flexibility, timeliness, 

accountability and relevance.3  
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Technical Skill Assessment 

 

Standardized assessment tools may help educators follow trainee progress, identify training 

deficiencies, and determine the effect of teaching interventions. They may also serve as feedback 

for trainees in order to foster learning and ultimately determine competence. Unfortunately, few 

medical competency frameworks specifically mention or capture technical skills. In many cases 

technical competencies are arbitrarily grouped under roles such as “medical expert” or “patient 

care”. For surgical disciplines, technical competence is clearly too essential for determining 

overall competence to simply be evaluated as a sub-heading within another category. Well-

designed and high-quality methods of assessment specific to technical skills are thus required.  

 

Though assessment tools play an ostensible role in surgical training, multiple challenges arise 

when developing a robust tool.  Technical skills have multiple components that require 

evaluation. Darzi et al proposed that judgement, knowledge and dexterity all play a role in 

overall skill, and that skill assessments should be able to adequately capture each aspect.14 At the 

completion of training, surgical residents are required to use a core set of skills to perform a 

variety of operations and procedures. Tasks are often complex, numerous and situational in 

nature,15 and competence in one procedure does not always guarantee competence in another. 

Furthermore, any given operation may require a different combination of surgical techniques or 

approaches as dictated by the specific clinical scenario. The approach to an elective 

cholecystectomy performed on a relatively normal gallbladder may differ drastically from the 

approach required for a chronically inflamed and fibrosed gallbladder in the urgent setting. 
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Regardless, the operator must be able to recognize this fact and deal with both situations in a safe 

and effective manner. These features pose obvious obstacles when attempting to develop an 

adequate assessment tool. A recent systematic review on the subject found that a heterogeneous 

mix of tools is used to assess technical skill, and no standard definition of technical competence 

exists. Alarmingly, the minimum performance levels set on many tools to determine competence 

are often completely arbitrary.2 Even when valid benchmarking techniques are used, there are no 

standardized methods by which they are created. Where one study may set a tool’s minimum 

competence score at two standard deviations below the mean “expert” level of performance, 

another may set the minimum score above the 75th percentile of previously evaluated trainees. 

Without further work to define competence and minimum skill levels, standardized use of even 

the most well-validated assessment tools will remain difficult. The authors of the review 

proposed a definition of technical competence adapted from Mohr et al as “the skill to safely and 

successfully perform the steps of a required procedure”.2 Although this is a concise and 

straightforward definition, it still presents the unique challenge of defining what exactly 

constitutes “success” for any given skill or procedure. There are many possible endpoints one 

may choose to determine if a procedure or step has been completed successfully. An absolute 

endpoint of operation completion grossly over-simplifies the evaluation in many cases. Stating 

that a resident was able to remove the gallbladder as the sole measure of a successful 

laparoscopic cholecystectomy does not capture any information on technical ability and other 

key discriminators such as decision-making or independence. Even when procedures are broken 

down into successful completion of individual steps, determinations remain quite subjective. 

Although raters are able to determine if the step was completed successfully, he or she often 

cannot explain in detail the reasons behind the decision, leading to decreased reproducibility 
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between raters.2 Clinical endpoints have been proposed as another possible endpoint, and have 

been shown to correlate with level of technical skill in some instances.2,16 However, it is difficult 

to say to what degree these endpoints truly reflect individual technical skill and they may not be 

transferrable across procedures.17,18 The need to develop more standardized high-quality tools 

with which to capture technical skill and define success is clear.  

 

In spite of the obvious complexity and importance of skill assessments, they have long remained 

subjective, unstandardized, and relatively informal.4 Measuring technical skill has generally been 

limited to subjective judgements by others, a limitation inherent to all types of performance 

assessment.19 Traditionally, surgical training programs have relied on subjective faculty 

observations provided over the duration of training to determine trainee competence. This 

method lacks rigorous criteria, is prone to systematic bias and may not correlate to other forms of 

assessment.1,11,20,21 Direct unstructured observation may include feedback that is difficult for 

trainees to interpret or use effectively to improve.22 Ultimately, unstructured observation lacks 

adequate reliability as each evaluator uses individual ideas and beliefs about how the skill 

“should” be done.3 In spite of this, many training programs continue to rely on some degree of 

direct observation by faculty in combination with rotation-based ITERS and resident procedure 

logs in order to determine competence.3 Unfortunately, these methods have repeatedly been 

shown to be poor measures of technical skill. Procedural logs lack validity and have not been 

shown to correlate with technical competence.3 ITER ratings are retrospective and often delayed, 

remain subjective in nature and have not been shown to produce valid skill assessments.22 They 

are also prone to common rating errors, such as halo, leniency and central tendency.1,3,23 Halo 

occurs when an overall impression results in one domain erroneously affecting evaluation in 
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another unrelated category.  Scores are more similar or highly correlated across the entire tool 

than is true.1,3,24 An example would be an evaluator circling only one category for an entire 

rating scale, such as “exceeds expectations”, thus mistakenly treating the entire scale as one 

overall assessment as opposed to evaluating each domain individually. Leniency involves 

scoring all trainees more favourably (or more poorly for negative leniency or strictness) than 

their actual level of performance deserves.1 Central tendency is the propensity to score all 

trainees near the middle or average performance level of a tool and avoid the extremes.1 Many 

faculty evaluating trainees are not specifically trained in medical education and have insufficient 

knowledge of the correct use and applications of common rating scales.1 ITERs are therefore 

prone to suboptimal assessments and may be less likely to identify struggling residents in 

particular.23  
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Standardized Assessment Tools for Technical Skills 

 

Recognizing the limitations of surgical skill assessments, a variety of tools have been developed 

to measure technical skill in a more objective and standardized manner.  Examples include visual 

analog scales (VAS), task-specific checklists, global rating scales (GRS) and combined 

assessments. However, many programs have failed to adopt these new tools for broader use in 

education and clinical practice.  Barriers to adoption include unwillingness of faculty to accept 

new evaluation paradigms, lack of institutional systems to implement new assessment methods 

and tools, and the increased time commitment required of faculty to complete assessments and 

be trained in their proper use. Training may be omitted entirely to facilitate adoption in some 

instances, however this reduces reliable and consistent use of the tools. Despite these barriers, 

some programs have integrated standardized technical skill assessments into their formal 

academic curriculum. For instance, at the University of Toronto, where the assessment tool 

known as the Objective Structured Assessment of Technical Skill (OSATS) was developed, 

residents undergo a yearly OSATS assessment which is included in their annual feedback and 

evaluation.31 Regardless, training programs with regular structured technical skill assessment 

remain the exception rather than the norm. Most programs continue to rely on ITERs and 

unstructured faculty observation, with standardized technical skill assessment tools being 

reserved for informal use in the lab setting or for research purposes, if used at all.1,3 

 

Additional novel tools such as virtual reality simulators and hand-motion analysis are 

increasingly being utilized and studied for specialized skill sets such as laparoscopic surgery. 
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These novel tools tend to be of greater utility in the lab or experimental setting as opposed to 

real-world assessments and therefore will not be discussed in detail here.3  

 

Pass-fail Designation 

 

Pass-fail determination is a subjective dichotomous determination, wherein an evaluator 

categorizes a trainee as being either successful or not at a particular task.  Usually no additional 

well defined criteria are given. In construct a pass-fail determination is similar to the historical 

method of evaluating technical skills by responsible faculty, applied to a specific task or 

procedure.  Pass-fail determinations have been included in many studies of surgical skill 

assessments in addition to more complex tools. Generally, pass-fail determinations have been 

shown to be of minimal use in discriminating level of technical skill, often with marked 

disagreement between evaluators, highlighting the need for more rigorous and standardized 

tools.20 Results have not been shown to correlate to other measures of technical skill for the same 

task, potentially due to excessive leniency or inconsistency on the part of some clinician 

evaluators.20,25 For example, during the initial trial of OSATS, at least one evaluator passed all 

residents for ten of the twelve skill stations, regardless of their scores on the task-specific 

checklist or GRS.20 Despite their lack of reliability and validity, pass-fail determinations 

continue to be used as a simple benchmark against which to compare other assessment tools or as 

part of combined assessments.  
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Visual Analog Scales 

 

VAS use a graphically represented continuum to measure an overall gestalt of a particular 

quality. They may be used to capture characteristics that are difficult to measure or quantify. The 

scale consists of a straight line, classically 100 mm long, with anchoring statements at either end 

representing the two extremes. The characteristic is marked somewhere along the line and then 

measured and recorded as a numeric value. VAS are commonly used in medicine to measure 

subjective patient symptoms such as pain, or broad attributes such as quality of life. The 

measurement can be repeated at different points in time and used to demonstrate response to 

treatments or interventions.26 These characteristics also make VAS useful as a measure of 

technical skill, for which they have been employed in several studies.  A VAS was included in 

the first iteration of the Global Operative Assessment of Laparoscopic Skills (GOALS) tool 

developed by Vassiliou et al. The VAS was shown to have construct validity and good IRR, 

although the reliability was less than that of the GRS portion of the tool.27 Studies examining 

surgical skills instruction for simple knot tying and laparoscopic skills have shown improved 

VAS scores for students in the training group.28–30 One group showed VAS scores for a knot 

tying task to have excellent IRR and high correlation with task specific checklist scores.29,30  

 

Task-specific Checklists 
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Task- or procedure-specific checklists are developed to describe a specific individual task and 

usually consist of a detailed list of steps which make up the given task. Trainees are evaluated in 

a dichotomous manner, with a score of “1” if a step is complete and a score of “0” if it is not. 

Points for each step are then tabulated to give an overall checklist score. OSCE exams commonly 

use this scoring format.11 For evaluating technical skills, checklists have been developed for a 

wide range of procedures spanning simple knot tying tasks to complex laparoscopic operations. 

Checklists have been shown to have good IRR and construct validity.30,31 They are easy to use 

and have been shown to be subjectively preferred by raters over other types of assessment 

tools.25 Given their binary nature, checklists generally do not contain any information about how 

well each step is performed and have been criticized for measuring completeness as opposed to 

true competence.31,32 There is increasing evidence that checklists alone may have difficulty 

distinguishing between trainees and experts, especially if the expert does not use the stepwise 

approach used in the checklist.4,32–34 Therefore, checklists are often paired with another 

assessment tool that gives some measure of the quality of the performance, such as a VAS or 

GRS.  

 

Global Rating Scales 

 

GRS use a Likert scale to assess various dimensions of an ability or characteristic. For technical 

skills, each item on the GRS measures a different aspect of surgical technique. The quality is 

rated on a numeric scale, often with anchoring statements describing the associated level of 

performance.  GRS are the most frequently utilized technical skill assessment tool,2 and have 
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been widely studied for skill evaluations in a variety of surgical and non-surgical 

disciplines.27,31,35,36 They form a key component of many of the combined assessments such as 

GOALS or the Objective Structured Assessment of Technical Skills (OSATS). In many 

instances they have been shown to be more reliable than task-specific checklists or VAS 

alone.20,27 An attractive feature of GRS is they can be validated and applied to a wide range of 

procedures and clinical situations. Their broad application allows them to be used to compare 

performance for different settings or operations and follow trainee progress over multiple 

assessments.3 Some GRS formats are not procedure specific, and therefore do not capture 

knowledge related to individual procedural steps or decisions. However, these tools can also be 

designed for specific tasks or procedures. An example of a task-specific GRS is the Global 

Assessment of Gastrointestinal Endoscopic Skills (GAGES) tool, which has two iterations 

designed for upper endoscopy and colonoscopy. The tool was modeled after previously 

developed surgical GRS and assesses five aspects of the procedure. It has been shown to have 

construct validity and excellent IRR, with scores exceeding 0.8.37 Similar to ITERs, GRS may be 

prone to common rating errors, with resulting decreased reliability. Due to their design, GRS 

have also been shown to have a “ceiling effect”, whereby the tool is unable differentiate between 

senior or expert surgeons whose scores top out at the upper end of the scale.38 

 

Combined Assessments 

 

Several assessment tools have been developed using some combination of the above instruments 

in an effort to capitalize on their respective benefits and improve evaluations. The GOALS tool 
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was initially developed for assessment of liver bed dissection during laparoscopic 

cholecystectomy. Over time, the tool has been modified and extended to the assessment of a 

variety of laparoscopic procedures.27 GOALS originally combined a task-specific checklist, a 

GRS and a VAS; and has been shown to have excellent reliability and construct validity.27,39 

Representing a different type of combined assessment, the McGill Inanimate System for 

Training and Evaluation of Laparoscopic Skills (MISTELS) assessed skill on several 

laparoscopic tasks performed on an inanimate training model. This system uses a combination of 

speed and accuracy metrics for each task to generate a final score. MISTELS has been shown to 

have evidence of construct, external and predictive validity, as well as excellent intra- and inter-

rater reliability.23,40 Minimum competence scores have been set for each task and have been 

implemented as passing standards in the Fundamentals of Laparoscopic Surgery (FLS) program 

run by the Society of American Gastrointestinal and Endoscopic Surgeons.41 The FLS program 

has been widely adopted by many surgical training programs and certification is required in 

order to be eligible for the American Board of Surgery qualifying exam.42,43 Finally, Reznick et 

al. at the University of Toronto developed the OSATS tool in an effort to standardize technical 

evaluations.31 The initial tool combined a task-specific checklist, a GRS and a pass-fail 

determination for a series of skill stations. This tool has been extensively validated and is the 

best studied assessment tool for open surgical procedures.20,31,32 It is considered by many to 

represent the current “gold standard” for technical skill evaluation.2  

 

Objective Structured Assessment of Technical Skill (OSATS) 
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 OSATS was modeled after the OSCE when first developed, consisting of a multi-station bench 

examination with trainees performing a series of standardized surgical tasks.20 The original 

testing stations included both live animal and bench models, with the trainees being evaluated at 

each station. IRR was 0.64-0.65 for the checklist and 0.70-0.72 for the GRS. Internal consistency 

between stations was variable and ranged from low to moderate (Cronbach’s alpha 0.33-0.61 for 

checklist scores and 0.66-0.74 for GRS). However, correlation between checklist and GRS 

scores was high for both the bench and live animal formats (r = 0.81 and 0.87 respectively), with 

no differences between overall scores on the two types of models.20 Follow-up studies have 

shown the GRS to have improved inter-station reliability and construct validity as compared to 

the checklist. Ultimately, the OSATS creators concluded the GRS may be used alone for reliable 

and valid testing.32 The OSATS GRS consists of a five-point Likert scale which measures seven 

aspects of technical skill including respect for tissue, time and motion, instrument handling, 

knowledge of instruments, use of assistants, flow of operation and knowledge of specific 

procedure.31 Initial studies utilized two surgeon-raters per station, but due to high IRR between 

raters this was transitioned to a single rater per station.20 OSATS current format of a single rater 

evaluating trainees with only the GRS continues to show excellent reliability and construct 

validity, with GRS score predicting about 70% of variance in training level.32 

 

Although initially developed for bench-station evaluations, OSATS has been validated for use in 

a wide array of clinical settings.44 Its application has been extended to live procedures in the 

operating room and other educational endeavors such as simulation. The nature of the tool allows 

easy tracking of resident progress or response to training interventions. As a result, OSATS 

currently represents the standard for technical skill evaluation in the surgical education 
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literature.2,11 Combined assessments similar to OSATS have subsequently been developed for 

use by other surgical and non-surgical subspecialties such as orthopedics, gynecology, cardiac 

surgery and anesthesia.38  Educators have also successfully applied similar combined assessment 

tools to a wide range of non-technical skills such as operative reporting, resuscitation efforts, and 

communications skills.45–47  

 

Despite OSATS widespread use and popularity, there are some notable limitations that reduce its 

reliability. The tool remains fundamentally observational, in that raters observe and judge a 

performance by a trainee, with inherent subjectivity in ratings despite the structured format. 

OSATS is vulnerable to common rating errors, and raters may be more prone to these errors 

when not sufficiently trained in the correct use of the tool. When two or more raters observe and 

score a performance there are multiple factors which may contribute to decreasing IRR. 

Experience levels will differ between raters and certain raters may be more consistent than others 

at baseline.48 Previous interactions with trainees may cause either positive or negative bias. 

Raters might have different interpretations of terms or categories on the scale or give different 

weight to certain aspects of the procedure.  Finally, they may use disparate criteria to judge 

performance or have different standards for performance relative to training level.  

 

The current published IRR for OSATS is 0.64-0.72.20,33,49 These values consistently fall below 

the optimal value of 0.8 required for high stakes testing. Many of these studies use correlation 

coefficients to assess IRR, which is not the optimal statistical measure to calculate IRR and may 

artificially inflate these values.50 Therefore, even for one of the most extensively validated 



20 
 

surgical assessment tools, room for improvement in reliability remains. Methods to enhance the 

reliability of these tools must be developed if they are to be used for purposes such as 

determining proficiency and advancement in competency based frameworks.  
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Rater Training 

 

One method to improve the reliability of assessments is to attempt to improve the objectivity of 

raters.3 Rater Training (RT) is a process whereby raters undergo instruction on how to best 

evaluate trainees and produce reliable and accurate scores.19 In many fields including medicine, 

measuring performance is limited to subjective observational judgements. RT was developed in 

an effort to address the natural bias introduced by subjective performance assessments. There is 

compelling evidence in the behavioural and social sciences literature to suggest that RT can 

improve rater performance.19 The process is thought to work by focusing on optimizing 

standardized use of a tool and limiting the effect of individual preconceived notions.51 RT is 

commonly used in these disciplines to improve the psychometric properties of a variety of 

observational assessment tools.19,24,51–53 In a landmark study on RT methods, Woehr and 

Huffcutt classified RT into four different types including (1) rater error training, (2) behavioural 

observation training, (3) performance dimension training, and (4) frame-of-reference training.  

 

Rater Error Training 

 

Rater error training educates raters regarding common rating errors such as halo, central 

tendency and leniency. Evidence of rating errors is generally considered to reflect a considerable 

degree of inaccuracy within an evaluation.19 Generally, the specific errors are defined and the 

raters are then given strategies on how to avoid them.54 For example, raters may be informed to 
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look for both good and bad features of performance and avoid forming overall impressions in 

order to prevent halo.24 Errors of distribution such as central tendency and leniency may be 

averted by teaching raters that differing levels of trainee performance on separate dimensions is 

common and encouraging use of the full breadth of the scale. Rater error training is more 

focused on improving specific types of rater error as opposed to the psychometric properties of a 

tool, and therefore may not necessarily improve accuracy or reliability.19 In fact, some studies 

have shown the potential of rater error training to decrease rating accuracy. However this effect 

seems to be when training focuses on “correct” or “incorrect” rating distributions.19,54 Others 

have shown that with instruction on avoidance of clear rating error and not specifying “correct” 

or “incorrect” ratings, rater error training may still play a role in improving rater performance.19 

 

Behavioural Observation Training  

 

Behavioural observation training instructs raters to observe and record behaviour as opposed to 

forming global judgments. Raters are taught to anticipate specific behaviours within a dimension 

and make careful record of these observations to improve recall of particular events.19,54 This 

approach seeks to identify more objective or tangible aspects of performance that can be easily 

documented in order to make an evaluation. An example would be classifying a subject based on 

the exact number of times a specific behavior was present or action was performed. 

 

Performance Dimension Training 
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Performance dimension training educates raters on the specific dimensions used to evaluate 

trainees before the observation is begun. Understanding each dimension can then guide rater 

observation and subsequent evaluation. Each dimension is clearly defined and examples of 

actions and behaviours associated with the dimension are given. Having raters participate in 

assessment tool development or familiarizing raters with the tool prior to observation are 

examples of performance dimension training.19 Performance dimension training seeks to increase 

focus on the particular aspects of performance the scale is meant to assess, while minimize 

global judgments made on behaviours not explicitly captured by the tool.54  

 

Frame-of-reference Training 

 

Frame of reference (FOR) training builds a common construct between raters which they use to 

observe and evaluate subjects. Raters are instructed on performance standards for each 

dimension. Rating tool dimensions and their associated behaviours are defined, leading FOR 

training to often include aspects of behavioural observation and performance dimension training. 

The desired level of performance to each specific rating is explained in order to create a shared 

definition between raters of an appropriate ranking for an observed performance. In some 

instances, an element of rater practice, discussion and feedback is incorporated into the training 

to further develop the shared criteria.19,54 FOR training focuses more on improving properties 

such as accuracy, concordance and reliability as opposed to common rater errors.  
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Rater Training in the Behavioral and Social Sciences 

 

Woehr and Huffcutt’s RT review and meta-analysis looked at the effect of the four types of RT 

on the rating errors halo and leniency and the accuracy of both raters and observations. FOR 

training was the most effective form of training to improve rater accuracy, with a mean effect 

size of 0.83. In comparison, behavioural observation training was associated with a mean effect 

of 0.77, whereas rater error training and performance dimension training only produced effects 

of 0.26 and 0.13 respectively.19 Interestingly, all forms of training were associated with some 

degree of improvement on the specific outcomes they were designed to effect. Rater error 

training was associated with a decrease in common rating errors, and behavioural observation 

increased observational accuracy. As a result, when selecting a form of rater training it is crucial 

to determine the goal of training and tailor the methods to the desired result.  

 

Multiple studies have shown significant improvements in IRR and rater concordance when RT is 

administered prior to the use of various observational clinical instruments.51,52,55,56 A wide range 

of instruments have been studied, ranging from psychiatric rating scales to occupational therapy 

assessment tools. Despite extensive evidence supporting RT, several issues limit its study and 

implementation. Some studies have failed to show improvements in rater performance after RT, 

which may have been due to ineffective training methods.51,57 Although the four types of RT 

have been well described, there are significant variations in training format and an optimal 

format has not been defined.19 Training may range from hours to days and be administered using 

vastly different settings and methods. It is likely impossible to determine one best method for 
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every circumstance, and formats need to be adapted depending on the assessment tool and 

objectives. Training programs therefore need to be developed and studied for specific tools in 

their own field and scope of practice. Additionally, the effects of RT are not always durable, and 

even substantial improvements found immediately after training may fade over time. Ongoing 

training or multiple training sessions may be necessary to re-emphasize the learned skills for RT 

to remain valuable.52,55,58 In contrast, other studies have not shown intense training to be any 

more effective than briefer sessions.48,53 Furthermore, not all raters necessarily have the same 

response to training.  It has been proposed some raters may be resistant to training. Expert raters 

in particular may be resistant, especially if the constructs of training differ significantly from 

their own beliefs.48,54,55 Other raters may be inherently inconsistent with a poor response to 

training.  In such cases, strategies may need to be developed to recognize resistant or inconsistent 

raters to further to increase reliability.48,59  
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Rater Training in Medical Education  

 

Despite the proven effectiveness of RT in other fields, RT has yet to be widely studied in 

medical and surgical education. Many studies of commonly used clinical assessment tools have 

commented on their insufficient psychometric properties, in particular poor reliability.60–62 Even 

so, many studies fail to suggest or examine the available options to improve reliability. Existing 

options include increasing the number of assessments, modifying the tools themselves or 

improving rater objectivity, such as through the use of RT. In medicine, significant time 

constraints for both trainees and evaluators make increasing the number of assessments 

extremely challenging.59 Changing existing tools creates problems pertaining to having multiple 

versions of a similar tool, requiring re-validation of the modified instrument.2 As a result, despite 

some limitations, RT remains one of the most promising means available for improving the 

reliability of existing validated assessment tools.  

 

Although it is at times noted that raters are oriented to an assessment tool, the specific process is 

rarely mentioned in detail, if at all, making replication of training difficult to nearly impossible.58 

The initial OSATS study does make brief mention of rater orientation, but no details are given on 

any particular training strategies or format.20 Omission of these facts limits the widespread 

application of the tool to other centers as it may be easily overlooked that any orientation or 

training was performed at all. 
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Systematic Review 

 

In order to better assess the current degree of investigation into RT in medicine, we performed a 

systemic review examining the effect of RT on trainee assessments in medical education.  Our 

specific question was "Does RT for attending physicians improve the psychometric properties of 

assessments of medical trainees?" A search for original publications up until March 2014 was 

performed using PubMed, MEDLINE, EMBASE, The Cochrane Library, CINHL, ERIC and 

PsychInfo. Inclusion criteria of the search were prospective studies with RT for physicians as a 

primary intervention, where some formal description of the training was given. All prospective 

study designs were eligible for inclusion. Additionally some form of control group was needed, 

although it was not limited to any specific type so long as it was present. Studies using pre- and 

post-training comparisons were eligible, as were studies comparing trained raters to an untrained 

group. A specific psychometric property such as reliability or validity had to be specified as an 

outcome variable. Articles were excluded if the RT intervention was not described, if the 

subjects undergoing training were not attending physicians, if there was no comparison group, or 

if an outcome variable was not specified. Review articles were also excluded. The specific search 

terms were "Rater training* AND (medical OR surgical) education". Manual review of the 

selected articles’ references was also performed to ensure search completion. Two reviewers 

assessed articles for eligibility for inclusion. Any disagreements were resolved by consensus. 

The initial search strategy found 228 papers for abstract review, with an additional 29 papers 

found by the manual search. Thirty-four papers were selected for full text review. Eleven papers 

met the criteria and were selected for final inclusion (Figure 1).48,59,62–70 The included studies 

with a description of their methods and findings can be found in Appendix A. Quality of 
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included studies was assessed using modifications of the CONSORT and STROBE checklists 

(Appendix B).  

 

Figure 1: Search Strategy for Systematic Review on Rater Training in Medical Education 

 

 

 

Included studies had marked heterogeneity in terms of their design, methods and type of RT. 

Seven of the studies were randomized trials and four were cohort studies. Five of the studies 

specifically included surgeons; however the majority of the studies looked at rating non-technical 
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skills. Only two studies measured assessments of technical skill.63,66 The majority of studies had 

raters evaluating a video-taped clinical encounter. Of these, four used a standardized, scripted 

encounter as opposed to real patient interactions. Two studies assessed performance ITERS and a 

final study assessed a surgical oral exam.  

 

Training was in workshop format for seven of the studies, and ranged from an hour-long training 

sessions to a four day course. The remainder of the studies utilized a training video. Although all 

studies described their RT intervention, only five specified the intervention using well-defined 

terminology such as “rater error training” or “FOR training”. Types of training ranged from 

using a single format to incorporating all four types of RT into a workshop. Most studies 

compared the training group to a group of untrained raters. Two studies compared raters pre- and 

post-training and George et al. compared an intensive RT program to an accelerated version. 

Five of the studies looked at IRR, although a variety of statistics were used, including interclass 

correlations, Cronbach’s alpha and Kendall's coefficient. The outcomes assessed in the 

remaining studies included accuracy (three studies), correlation coefficients (one study) and 

assessment quality (two studies).  

 

Of the two studies that assessed RT for assessments of technical skill, both were unable to show 

an effect of training. In the first study by Rogers et al, a rater error training video had no effect 

on the IRR of eight surgeons evaluating a simple two handed knot tie video using a standardized 

checklist.63 Cronbach's alpha was used to assess IRR.  Scores were high for both groups 

regardless of training (0.80 for the untrained group vs. 0.71 for the trained group), limiting the 
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ability to show a difference between groups. Additionally, rater error training was used which 

has not been showed to be the most effective method of training, especially for improving 

reliability. The training group was noted to give more specific comments in their feedback, 

which the authors suggested may be indicative of some unmeasured effect of training on rater 

behaviour.  

 

The other study assessing technical skills randomized surgeon raters to either an accelerated or 

immersive FOR training session on using the Zwish OR performance GRS.66 Accuracy of the 

two groups was measured by comparing scores to an expert consensus score. Although the 

immersive group had a slightly higher accuracy of 88% as compared to 80% for the accelerated 

group, this was not statistically significant. There was no difference in the overall Zwish GRS 

scores between groups. Although this study was not significant, the difference in accuracy scores 

was close to achieving significance, suggesting a possible effect of training. The study may have 

been underpowered to detect a difference as forty-four surgeons were randomized but only ten 

were in the non-training group. Accuracy was also assessed using expert consensus scores, 

which may not be the best measure of a tool’s psychometric properties. Reliability and validity 

are generally more critical, especially if the tool is to be used for high stakes purposes.  

 

Of the remaining nine studies assessing evaluation of non-technical skills, four studies had a 

positive outcome. Holomboe et al randomized internal medicine attendings to a four-day 

performance dimension and FOR training workshop on using the mini-CEX (Clinical Evaluation 

Exercise) tool. The mini-CEX is an observational instrument that uses GRS to assess a trainee’s 
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clinical interaction with a patient.71 After training, the tool was used to assess scripted, 

videotaped clinical encounters. After adjusting for baseline rating and program, the trained group 

had significant improvement in IRR that persisted for eight months after the workshop.62 Van der 

Vleuten et al showed a one hour training session improved the accuracy of medicine attendings 

using a checklist to evaluate videotaped history and physical skills as compared to those 

randomized to no training.67 In two papers by Dudeck et al, a home training session for medicine 

attendings was shown to improve the quality of ITER assessments pre- and post-training.69,70 The 

remaining five studies were unable to show an effect of RT.  

 

The overall quality of the included studies was poor to moderate (Appendix B). Only two of the 

randomized studies adequately described their randomization techniques. Three studies did not 

explicitly state their eligibility criteria. Only four studies included a clear and detailed 

explanation of their training intervention, four had a moderate description, while three studies 

had only a brief description. Four of the randomized studies did not state if there were any 

baseline differences between training groups. Three studies failed to list any significant 

limitations and in two this was only very superficially discussed.  Finally, only two studies 

included any type of power calculation, and one of these failed to achieve their desired 

recruitment. Many of the studies were small and thus may have been underpowered to detect a 

difference between groups. It is of note that the only high quality study in the group was able to 

show a significant and prolonged effect of RT.62  
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From the above evidence it is clear that although RT may represent a means to improve the 

reliability of skill assessments, further high-quality studies are needed to determine the role of 

RT within medical and surgical education. The optimal format and duration of training must also 

be determined for each individual setting or tool. No previous studies have assessed RT for 

current validated technical skill assessment tools. We therefore sought to design a study that 

assessed the effect of RT on these commonly used technical assessment tools.   



33 
 

Objectives 

 

To summarize the presented evidence, standardized assessment tools have become more 

common in surgical education, particularly the OSATS GRS. Methods to improve the 

psychometric properties of such tools must be sought if these tools are to be used for high stakes 

evaluations such as those required by competency-based training programs. RT appears to 

improve the properties of assessment tools in other fields. The reliability of the OSATS GRS and 

other tools may be improved with the use of RT, but this specific question has yet to be studied 

in any well-powered or systematic fashion. The objective of the present study was to determine 

the utility of RT for assessments of technical skill by evaluating the effect of a FOR training 

video on surgeon raters’ evaluations of trainees performing a suturing and knot tying task.  

 

Primary Objective: 

1. To determine the effect of RT on the inter-rater reliability (IRR) of the OSATS GRS.  

Secondary Objectives: 

1. To determine the effect of RT on the IRR of three other technical skill assessment tools: a 

pass-fail designation, a VAS and a task-specific checklist. 

2. To determine the effect of RT on the internal consistency of the multi-item assessment tools. 

3. To determine the effect of RT on initial and delayed rater agreement for each assessment tool. 

4. To determine the effect of RT on the construct validity of the four assessment tools. 
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Methods: Study Design and Recruitment 

 

The University of Manitoba Health Research Ethics Board approved this study. Attending 

surgeons from any RCPSC certified surgical subspecialty were eligible for recruitment. An 

advertisement requesting participants was distributed to eligible surgeons within the Winnipeg 

Regional Health Authority (WRHA) and surrounding area (Appendix C). Participation was 

voluntary and surgeons were offered an honorarium for their participation in the study. Informed 

consent was obtained from all participants (Appendix D). Participants completed a short 

questionnaire regarding their practice setting and previous experience with assessment tools 

(Appendix E). After enrollment, surgeons were randomized to either RT or no training using 

stratified block randomization (Figure 2). Surgeons were randomized in blocks of ten, stratified 

by practice location and subspecialty, which have previously been shown to have a significant 

effect on surgeon ratings.66 Randomization was performed by having raters choose from a group 

of identical, unmarked envelopes with designation to either RT or no training. Raters in the no 

training group proceeded directly to evaluation of the trainee assessment videos. Those assigned 

to RT underwent FOR training prior to evaluation. A second rating session was performed with 

all raters approximately two weeks after the initial session to determine if there was any 

sustained effect of training. A two-week period was chosen to limit recall bias from raters’ 

recollections of trainee performance, while not being so distant from the initial session that any 

effect of training may be expected to be lost simply due to the time interval. Neither group 

underwent any form of training prior to the second session. After the second rating session, 

participants in the no training group were offered the opportunity to watch the training video if 

desired.   
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Figure 2: Study Design 

 

 

 

  

Randomization 

Rater Training Session 

Assessment video 
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(initial and delayed) 
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Rater Training 

Group (N=24) 

(4 

Control Group 

(N=23) 

Rater Training Session 

(optional) 
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Methods: Technical Skill Assessment Tools 

 

Four separate assessment tools were used by the surgeon raters to evaluate the trainees’ technical 

skills including a pass-fail designation, a VAS, a task-specific checklist, and a modified version 

of the OSATS GRS (Appendix F). 

 

Pass-Fail Designation 

 

A dichotomous rating of either pass or fail is given for overall performance with no other details.    

                                                                                                                    

Figure 3: Pass-Fail Rating for Technical Skills 

 

Please assess the operator’s performance by indicating a pass or fail rating 

 

 [_] Fail           [_] Pass 

 

 

Visual Analog Scale 

 



37 
 

The VAS is represented by a 10 cm horizontal line with verbal descriptors at each end. The rater 

places an “X” or vertical slash on the line to indicate the level of overall technical skill. The 

score is determined by using a ruler to measure the location of where the “X” or vertical slash 

intersects the horizontal line to the closest mm, for a maximum possible score of 10.0.  

 

Figure 4: Visual Analogue Scale (VAS) for Technical Skills 

 

Please assess the operator’s performance of the task by place an “X” along the line  

 

The operator: 

 

Was unable to    |---------------------------------------------------------------------| Could safely and 

      complete the    independently 

            task             perform the task 

 

 

Task Specific Checklist 

 

A ten-item task specific checklist was developed from a previously published checklist for a 

suturing and knot-tying task.72,73 Raters assign one point for each item on the checklist 

performed correctly and zero points for incorrect items or those not performed at all. The points 

for each individual item are summed for a maximum possible score of 10.  
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Figure 5: Checklist for Suturing and Instrument Knot-Tying (Surgeon's knot technique) 

 

 

 

 Item Correctly 
Performed 

Incorrectly 
Performed 

1 Needle is grasped at junction of the proximal and middle 
third by a needle driver in the dominant hand 

  

2 Needle is positioned perpendicular to the tissue at 
intended entry site; curve of needle is followed to 
penetrate tissue 

  

3 Needle tip is grasped with driver and pulled following 
curve of needle through the tissue 

  

4 After suture is pulled through, a short tail of suture is left at 
needle entry site 

  

5 Suture is rotates twice around the needle driver, which is 
held in dominant hand 

  

6 Tail of suture is grasped with needle driver in dominant 
hand and the knot is pulled tight while tail is kept short 

  

7 Same maneuver is repeated for 2 more throws to 
complete knot but suture is rotated only once around 
needle driver on second and third throws 

  

8 Knot is square   
9 Tissue is well approximated but not strangulated   
10 Sutures are cut properly   

 
*Modified from:  
1. Figert PL, Park AE, Witzke DB, Schwartz RW. Transfer of training in acquiring laparoscopic skills. J Am Coll Surg 2001; 193:533-537 
2. Rosser JC, Rosser LE, Raghu SS. Skill acquisition and assessment for laparoscopic surgery. Arch Surg 1997; 132:200-204 

 

 

OSATS Global Rating Scale 

 

A modified version of the OSATS GRS was used as certain aspects of the original scale could 

not be evaluated from our assessment videos, such as “knowledge of instruments” or “use of 

assistants”. The final adapted GRS consists of five items: respect for tissue, time and motion, 

instrument handling, flow of procedure and overall performance.20,31 Each item is rated on a 5-

point scale with descriptors anchoring points 1, 3 and 5. An average of the scores for the five 

items was calculated for a maximum possible score of 5.  
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Figure 6: OSATS Global Rating Scale 

 

 

Please circle the number corresponding to the candidate’s performance in each category, 

irrespective of training level 

 

Performance 
characteristic 

  Rating   

Respect for 
tissue 

1 
Frequently used 

unnecessary force on 
tissue or caused 

damage 

2 3 
Careful handling of 

tissue but occasionally 
caused inadvertent 

damage 

4 
 

5 
Consistently handled 
tissues appropriately 
with minimal damage 

Time and 
motion 

1 
Many unnecessary 

moves 

2 3 
Efficient time/motion but 

some unnecessary 
moves 

 

4 5 
Clear economy of 

motion and maximum 
efficacy 

Instrument 
handling 

1 
Repeatedly makes 

tentative awkward or 
inappropriate moves 

with instruments 

2 3 
Competent use of 
instruments but 

occasionally stiff or 
awkward 

4 5 
Fluid moves with 

instruments and no 
awkwardness 

Flow of 
procedure 
 

1 
Frequently stopped 

procedure and seemed 
unsure of next move 

2 3 
Demonstrated some 
forward planning with 

reasonable progression 
of procedure 

4 5 
Planned course of 

procedure effortless 
from one move to the 

next 

Overall 
performance 

1 
Unable to perform 

operation independently 

2 3 
Competent, could 

perform procedure with 
minimal teaching 

assistance 

4 5 
Clearly superior, able 
to perform procedure 
independently with 

confidence 

 
*Modified from Reznick R, Regehr G, Macrae H, et al. Testing technical skill via an innovative bench station examination. Am J Surg 1996; 
173:226-230. 1=worst possible score, 5=best possible score 
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Methods: Trainee Assessment Videos 

 

Suturing and knot-tying were the tasks chosen for evaluation. A simple task was chosen because 

we felt surgeons may initially be more receptive to training for a less complex task. A short task 

also allowed raters to evaluate multiple trainees during a single rating session. Finally, use of a 

simple suture and knot-tie facilitated recruitment of surgeons from a wide range of surgical 

specialties. If a positive effect of RT was seen, training could subsequently be applied to more 

complex tasks. Ten standardized skill assessment videos of the suture and knot tie task were 

developed for rater evaluation. In the videos, trainees placed a simple suture and instrument tie 

with a surgeons knot followed by at least two additional knots. The task was performed on a 

bench model. In order to allow for blinded assessments, all trainees wore a gown and gloves 

during the task, and only gloved hands and the operative field were shown in the video. Trainees 

ranging from third year medical students to third year general surgery residents were recruited on 

a voluntary basis. The trainees in the videos were specifically selected to include a range of 

training levels. Prior to completing the task, trainees watched a video demonstrating the correct 

performance of the task. Trainees were allowed to watch the video an additional time if desired 

and ask questions prior to performing the task. Trainees then performed the task while being 

video recorded. No outside instruction or assistance was given during task completion. The 

trainees were directed to set down their instruments when they were satisfied they had completed 

the task and filming was then stopped. Videos were not edited in any way for presentation to the 

raters, although they were shown with no audio component.  
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During the rating sessions, raters indicated to the study administrator when they were ready for 

the first video to begin. A computer randomizing tool (Research Randomizer Version 4.0) was 

used to determine video order so that raters saw the videos in a different random order at each 

rating session.74 Raters watched each video one full time through. Replay or rewinding portions 

of the video were not allowed in order to best emulate a real-time observation. At the cessation 

of the video the rater was given as much time as needed to complete the entire assessment form. 

The study administrator ensured all areas of the assessment form were completed and the next 

video was started. The process was repeated until all ten videos had been rated.  
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Methods: Development of a Rater Training Tool and Study Materials 

 

The optimal method of training for surgical skill assessment tools has not been defined. FOR 

training was selected because it was shown to be the most effective method of RT in previous 

reviews.19 The desired level of performance to each specific rating was explained in order to 

create a shared definition between raters of an appropriate ranking for an observed performance. 

A brief seven-minute training video incorporating FOR elements was developed and 

administered to surgeons before evaluating trainees. The RT video was reviewed by three 

surgeons with graduate degrees in surgical education prior to the study. The training video is 

available for viewing online at https://youtu.be/CzF-hEywufQ. A brief video format was selected 

because it adds minimal commitment for surgeons undergoing training so as not to deter faculty 

from acting as raters. Another advantage of a brief video format is ease of administration, with 

the video potentially being shown before any individual rating session. Administering a standard 

video immediately before each session ensures identical training of all raters, even if different 

surgeons often evaluate trainees at any given session. Given the time constrains many surgeons 

face in practice, a longer or protracted training session, such as a several hour workshop, was felt 

to be impractical and unlikely to be widely adopted. Lastly, for relatively intuitive assessment 

tools or simple skills, longer training is unlikely to be of benefit.66 

 

The video started with a brief introduction to the type of training and the four assessment tools. 

Raters were given paper copies of the assessment tools to review concurrently with the video. 

The pass-fail tool was described first. A “pass” was defined as a student completing the task 

https://youtu.be/CzF-hEywufQ
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independently and correctly through each step. A “fail” was defined as a trainee unable to 

complete the task independently or those completing the task with significant or repeated errors 

in each step. Second, the VAS was described and the extremes were outlined. The top of the 

scale was defined as a performance one would expect from a competent surgeon. This is 

theoretically the top goal of training. This was further described as a trainee completing the task 

smoothly, correctly and proficiently without any stopping or errors. The bottom end of the scale 

was defined as a trainee unable to complete the task or those with significant performance errors, 

essentially being equivalent to a fail on the pass-fail designation. Next, the task-specific checklist 

was evaluated and defined. The correct performance of the task is intrinsically included in the 

checklist and these terms were briefly reviewed. Incorrect performance is not given within the 

checklist, so common errors contributing to incorrect performance for each point were defined 

and described. Finally, the GRS was reviewed. Emphasis was placed on the fact the form is to be 

used “irrespective of training level” as stated on the top of the form. For example, a top third 

year medical student should not receive scores of all 5’s on the GRS just because they are the 

best trainee in their peer group. Instead, trainees of all levels should be rated using the same set 

of criteria to guide use of the scale. As a result, the top score should again represent a 

performance that would be expected of an independent and competent surgeon, reflecting the top 

level that training accomplishes. The suturing task was broken down into several key steps, as 

the GRS applies to broad technical properties throughout the procedure. The suturing and knot 

tying task was broken down into (1) placement of the suture through the tissue, (2) the surgeons 

knot, (3) subsequent knots, and (4) cutting the sutures. Scores were defined by the approximate 

number of errors seen in each key step. Scores of “1” would have errors in most to all of the 

steps with scores of “5” having errors in no steps. The error terms within each performance 
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dimension were defined and examples were given. For instance, in the “respect for tissue” 

domain, error terms included “unnecessary force” with behavioral examples including grasping 

the skin edges too roughly or jamming the needle through the tissue without following the curve. 

Raters were also given an intervention card to be used throughout the rating period that re-

enforced the key points covered in the video (Appendix G). The points included on the card were 

(1) descriptions of the top and bottom anchors for the VAS, (2) definitions and examples of 

incorrect performance for checklist items, and (3) performance descriptors for each anchor on the 

GRS with a reminder to use the scale irrespective of training level. The card was reviewed with 

the rater to further emphasize these points and raters could then ask any questions needed for 

clarification. Overall training took approximately ten minutes to complete.  
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Methods: Statistical Analysis 

 

Analyses were completed using SPSS (Version 17.0) and R Console (Version 3.1.0). A two-

tailed p-value of less than 0.05 was considered significant. Differences between the 

characteristics of the two rating groups were measured using independent samples t-test for 

continuous variables and the Chi-square (χ²) test for categorical variables. Pass-fail 

determination was a dichotomous variable. The VAS score, total checklist score and the average 

GRS score were treated as continuous numeric variables. Pass-fail scores were compared with a 

crosstabs chart and the χ² test. Differences in overall assessment tool scores for the continuous 

variables were compared between rating groups using a mixed effects model. The model 

included random effects for the rater, trainee and a rater:trainee interaction term to control for 

repeated assessments. Independent samples t-tests were used to compare mean assessment tool 

scores between training groups.  

 

Reliability 

 

Internal consistency was measured with Cronbach’s alpha for the multi-item scales (checklist 

and GRS) at the initial and delayed assessments. Mean inter-item correlations were also 

calculated. Reliability was measured with Fleiss Kappa coefficient for the pass-fail designation, 

which accounts for more than two raters. For the continuous variables, IRR and initial and 

delayed rater agreement were calculated using intraclass correlation (ICC) type 2. ICC-2 was 
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selected because our sample of raters was chosen from a possible population, but the identical 

group of raters evaluated each trainee performance. Bland-Altman plots showing the 95% limits 

of agreement were also calculated to show the initial and delayed rater agreement for the 

continuous variables. To develop the plots, the difference between each rater’s initial and 

delayed score for a trainee was calculated. A difference of zero represents perfect agreement, 

with differences farther from zero in either direction indicating greater disagreement between the 

two assessment scores. The difference in scores is plotted against the mean of the two scores to 

generate a Bland-Altman plot with the 95% limits of agreement. IRR and initial and delayed 

agreement between the RT and no training groups were compared using 95% confidence 

intervals.  

 

Validity 

 

To assess construct validity, trainees were divided into two education levels, with “junior” 

trainees consisting of medical students and “senior” trainees consisting of surgical residents. 

Construct validity was assessed using univariate logistic regression for each assessment tool 

score relative to “senior” trainee level.  An interaction term between the variable and RT group 

was included in the regression to determine if there was any effect of RT on construct validity. 

The p-value of the interaction term in the model determined if a significant effect of RT was 

present. Multivariate analysis was then performed for “senior” trainee level using all assessment 

tool scores concurrently for each RT group.  
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Methods: Power Calculation 

 

A power calculation was performed using the seminal equations for IRR by Donner, which 

dictates that n observations are made on k subjects, with n observations representing the number 

of raters for this study.75 As these equations do not readily convert to predict for n, power 

calculation curves were developed via substituting the desired values of ICC into the equation 

(Figure 7). The current published IRR of the OSATS GRS is approximately 0.7, with 0.8 being 

the desired level for high stakes testing. Curves were therefore developed to detect a difference 

in ICC from 0.7 to 0.8, represented by the solid black line in Figure 7. Examining the curves, the 

effect of increasing the number of n raters begins to plateau around 10-15 raters. For our 

proposed change in ICC, power starts to increase around k=60 subjects or trainee assessments. 

Due to surgeon time constraints and rater fatigue, this number of trainee assessments was not 

feasible for this study and is unlikely to be attainable in future studies. A smaller number of 

trainee assessments may have been sufficient to detect a larger difference in ICC, as represented 

by the dotted black line in Figure 7. Given these limitations, we accepted that our study may be 

underpowered to detect a true difference in IRR between the two training groups.  
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Figure 7: Power Calculation Curves for Differences in Inter-Rater Reliability (IRR) 
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Results: Participant Characteristics 

 

A total of 47 RCPSC certified surgeons from multiple surgical sub-specialties including General 

Surgery, Urology, Orthopedics, Otolaryngology, Neurosurgery, Thoracic, Cardiac and Plastic 

Surgery were randomized to either RT or no training groups. All participants completed both the 

immediate and delayed assessments. Characteristics for the two intervention groups are listed in 

Table 2. The majority of participants were certified in General Surgery, which included those 

surgeons practicing in an associated sub-specialty. For most variables, there were no significant 

differences between the two groups in terms of surgeon characteristics, practice setting, and 

teaching and education experience. The exception was years in practice, with surgeons in the RT 

group being in practice slightly longer (p=0.04). There was also a slightly longer period between 

the first and second rating sessions for the untrained group, with a mean time of 19.0 ± 9.1 days 

compared to 15.2 ± 6.7 days in the trained group. Nearly half of raters in both groups had 

previous experience with assessment tools prior to the study. Almost all the experience was with 

some form of GRS for either research purposes or trainee evaluations in a lab setting or OSCE 

exam.   

 

Table 2: Participant Characteristics Between Training Groups 

Participant characteristic No Training  (N=23) Rater Training  (N=24) p-value 

Age (years) 42.7 ± 7.2 46.5 ± 8.1 0.62 

Years in practice 9.5 ± 7.3 14.4 ± 8.2 0.04 

Average residents per year 15.2 ± 15.6 14.7 ± 9.2 0.90 

Average medical students per 

year 

12.5 ± 11.4 10.9 ± 6.3 0.55 
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Time between rating sessions 

(days) 

19.0 ± 9.1 15.2 ± 6.7 < 0.001 

Previous assessment tool 

experience 

  Yes 

  No 

 

 

47.8 % (N=11) 

52.2% (N=12) 

 

 

42.7 % (N=10) 

57.3% (N=14) 

0.77 

Specialty 

  General Surgery 

  Other sub-specialty 

 

73.9% (N=17) 

26.1% (N=6) 

 

75.0% (N=18) 

25.0% (N=6) 

0.93 

Practice setting 

  Academic 

  Community 

 

82.6% (N=19) 

17.4% (N=4) 

 

91.7% (N=22) 

8.3% (N=2) 

0.95 

University appointment 

   Yes 

   No 

 

95.7% (N=22) 

4.3% (N=1) 

 

83.3% (N=20) 

16.7% (N=4) 

0.14 

Gender 

   Female 

   Male 

 

21.7% (N=5) 

78.3 (N=19) 

 

25.0% (N=6) 

75.0% (N=18) 

0.79 

*χ² statistic used for categorical variables; independent samples t-test for continuous variables 
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Results: Assessment Tool Scores 

Scores for the assessment tools for each trainee are shown in Table 3, divided by training group. 

Trainees are ordered from junior to senior level of training in ascending order. There are trends 

towards improved scores with increasing training level, with more variation in the scores of the 

intermediate level trainees.  

 

Table 3: Assessment Tool Scores (Initial and Delayed) by Training Level and Trainee  

 Pass-fail designation VAS (/10) Checklist 

(/10) 

GRS (/5) 

 Fail Pass    

No Training (N=46)      

     Trainee 1 31  (67.4%) 15  (32.6%) 3.1 ± 1.8 6.5 ± 2.2 1.8 ± 0.6 

     Trainee 2 10  (21.7%) 36  (78.3%) 5.2 ± 1.9 8.8 ± 1.4 2.4 ± 0.6 

     Trainee 3 12  (26.1%) 34  (73.9%) 4.6 ± 1.7 6.7 ± 1.8 2.2 ± 0.6 

     Trainee 4 8  (17.4%) 38  (82.6%) 5.3 ± 1.8 7.8 ± 1.7 2.6 ± 0.7 

     Trainee 5 11  (23.9%) 35  (76.1%) 4.8 ± 2.0 7.8 ± 1.8 2.6 ± 0.7 

     Trainee 6 4  (8.7%) 42  (91.3%) 6.2 ± 2.0 8.4 ± 1.9 2.8 ± 0.8 

     Trainee 7 12  (26.1%) 34  (73.9%) 4.5 ± 1.8 6.6 ± 1.8 2.5 ± 0.5 

     Trainee 8 4  (8.7%) 42  (91.3%) 5.8 ± 1.7 7.9 ± 1.7 3.0 ± 0.6 

     Trainee 9 2  (4.3%) 44  (95.7%) 6.9 ± 1.7 8.8 ± 1.2  3.6 ± 0.7 

     Trainee 10 2  (4.3%) 44  (95.7%) 7.7 ± 2.0 8.7 ± 1.6 4.1 ± 0.9 

Rater Training (N=48)       

     Trainee 1 33  (68.8%) 15  (31.2%) 3.1 ± 1.9 5.3 ± 2.0 1.8 ± 0.6 

     Trainee 2 16  (33.3%) 32  (66.7%) 4.7 ± 2.2 7.8 ± 2.1 2.3 ± 0.7 

     Trainee 3 20  (41.7%) 28  (58.3%) 4.0 ± 1.9  6.0 ± 1.9 2.1 ± 0.7 

     Trainee 4 6  (12.5%) 42  (87.5%) 5.6 ± 1.9 7.7 ± 1.7 2.9 ± 0.8 

     Trainee 5 14  (29.2%) 34  (70.8%) 4.6 ± 1.9  6.5 ± 1.8  2.4 ± 0.6 

     Trainee 6 8  (16.7%) 40  (83.3%) 5.3 ± 1.6 7.6 ± 2.0 2.6 ± 0.5 

     Trainee 7 11  (22.9%) 37  (77.1%) 4.8 ± 1.5 6.3 ± 1.7 2.5 ± 0.5 

     Trainee 8 5  (10.4%) 43  (89.6%) 6.2 ± 1.5 8.1 ± 1.6 3.2 ± 0.7 

     Trainee 9 0  (0%) 48  (100%) 7.7 ± 1.3 9.3 ± 0.7 3.9 ± 0.7 

     Trainee 10 0  (0%) 48  (100%) 8.4 ± 1.0 9.3 ± 0.9 4.3 ± 0.6 

*Trainees arranged from most junior to most senior training level 

**Pass-fail designations are listed as overall counts with percentages, and the continuous 

variables are given as mean scores ± standard deviation 
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Total pass-fail rates for the NT and RT groups are shown in Table 4. Overall, the rater training 

group passed 76.5% of trainees and failed 23.5%, as compared to the non-training group who 

passed 79.1% and failed 20.9%. Although more trainees were given a failing score by the RT 

group at the initial assessment, this was not statistically significant. (χ² = 0.17). There were 

similar rates of failures between training groups at the delayed assessment (χ² = 0.99). 

Examining the raw data, in the RT group 5 raters passed all trainees at the initial assessment and 

7 raters passed all trainees at the delayed session; with 4 raters passing all trainees at both 

assessments. In the non-training group, 4 raters passed all trainees at both assessments, with one 

additional rater also passing all trainees at the delayed assessment. In an additional 20 ratings (13 

in the non-training group and 7 in the training group), raters passed all but the lowest-ranked 

trainee. Determinations were very heterogeneous with one example in which the same rater 

passed all but one trainee at the initial assessment and then failed all but one trainee at the 

delayed assessment.  

 

Table 4: Crosstabs with Counts and Percentages for Pass-fail Designation 

 

Mixed model analysis of the three continuous rating tools did not show any significant effect of 

training on mean score for any of the tools. In fact, mean scores were nearly identical between 

training groups (Table 6). RT added only 0.02 to the mean scores for VAS and GRS forms, and 

 No Training (N=230) Rater Training (N=240) χ² 

Initial   0.17 

     Fail 49 (21.3%) 64 (26.7%)  

     Pass 181 (78.7%) 176 (73.3%)  

Delayed    0.99 

     Fail 47 (20.0%) 49 (20.4%)  

     Pass 183 (80.0%) 191 (79.6%)  
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resulted in a checklist total mean score decrease of 0.41. Most of the variance from the model 

derived from the rater or trainees, with minimal added variation related to the rater:trainee 

interaction (Table 6).  

 

Table 5: Mean Scores for Continuous Variables Derived from the Mixed Model Regression 

Assessment Tool Mean Score p-value 

 No training Rater Training  

VAS (/10) 5.41 5. 43 0.95 

Checklist (/10) 7.79 7.38 0.12 

GRS (/5) 2.76 2.78 0.82 

 
 
 

Table 6: Mixed Model Regression with Random Effects 

 VAS (/10) CT (/10) GRS (/5) 

Random Effects 

Variance  

   

  Rater 1.10 (-0.96-3.16) 0.70 (-0.94-2.34) 0.11 (-0.53-0.75) 

  Trainee 2.08 (-0.74-4.90) 1.21 (-0.95-3.37) 0.51 (-0.89-1.91) 

  Rater:Trainee 0.40 (-0.83-1.63) 0.25 (-0.98-1.48) 0.06 (-0.43-0.55) 

Fixed Effects    

  Intercept (Mean 

score) 

5.41 (4.41-6.41) 7.79 (7.01-8.57) 2.76 (2.29-3.23) 

  Training 0.02 (-0.61-0.65) -0.41 (-0.93-0.11) 0.02 (-0.18-0.22) 

     t-test 0.06 -1.52 0.23 

      p-value 0.95 0.12 0.82 

*Variance and scores listed with 95% confidence intervals  
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Results: Internal Consistency for Multi-item Tools 

Internal validity for the GRS was excellent for both training groups at the initial and delayed 

assessments and inter-item correlations were good to excellent. Checklist items were associated 

with much lower levels of internal consistency for both training groups. Inter-item correlations 

were very low and distributed over a wide range. However, further analysis did not support 

deleting any of the individual checklist items, as deleting any one item did not lead to 

improvement in Cronbach’s alpha for the overall scale (Table 7).  

 

Table 7: Internal Consistency for Multi-Item Assessment Tools 

 No training Rater Training 

 Cronbach’s 

alpha 

Mean Inter-item 

correlation and 

range 

Cronbach’s 

alpha 

Mean Inter-item 

correlation and 

range 

Checklist     

Initial 0.64 0.15 (-0.07-0.64) 0.64 0.16 (-0.06-0.54) 

Delayed 0.63 0.15 (-0.02-0.7) 0.65 0.16 (-0.09-0.50) 

GRS     

Initial 0.94 0.74 (0.56-0.85) 0.96 0.82 (0.73-0.88) 

Delayed 0.93 0.73 (0.56-0.88) 0.95 0.80 (0.70-0.87) 
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Results: Initial and Delayed Rater Agreement 

Initial and delayed rater agreement was acceptable for the GRS and VAS assessment forms and 

low for the checklist and pass-fail designation. There was a trend towards higher agreement for 

the RT group but this was not statistically significant (Table 8). This is further demonstrated for 

the continuous variables on the Bland-Altman plots which show no significant differences in the 

95% limits of agreement between training groups for all three assessment tools (Figures 8-10).  

 

Table 8: Assessment Tool Initial and Delayed Rater Agreement 

 No training Rater Training 

Pass-fail 0.41 (0.26-0.57) 0.45 (0.32-0.59) 

VAS 0.62 (0.54-0.70) 0.71 (0.64-0.77) 

Checklist 0.46 (0.35-0.56) 0.53 (0.43-0.61) 

GRS 0.66 (0.58-0.73) 0.73 (0.67-0.79) 

*ICC-2 with 95% confidence intervals 
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Figure 8: VAS Initial and Delayed Rater Agreement – Bland-Altman Plot  
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Figure 9: Checklist Initial and Delayed Rater Agreement – Bland-Altman Plot  

 

CT=Checklist Total Score 
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Figure 10: GRS Initial and Delayed Rater Agreement – Bland-Altman Plot  
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Results: Inter-rater Reliability 

A statistically significant improvement in IRR was not demonstrated for any of the four 

assessment forms. IRR was uniformly poor for the pass-fail designation. Reliability was higher 

for the RT group on all three continuous assessment tools; however the 95% confidence intervals 

were wide and did overlap (Table 9). There was also a trend towards reliability being higher at 

the initial assessment; but again this was not significant. Subgroup analyses were performed for 

the IRR raters within the General Surgery and academic setting cohorts, but no significant effect 

of training could be shown within these sub-groups either.  

 

Table 9: Inter-Rater Reliability of Assessment Tools (ICC) 

Assessment Form IRR with 95% confidence interval 

 No training Rater Training 

Pass-fail   

     Initial 0.20 (0.17-0.25) 0.22 (0.18-0.26) 

     Delayed 0.11 (0.07-0.15) 0.16 (0.13-0.20) 

VAS   

     Initial 0.46 (0.27-0.75) 0.71 (0.50-0.91) 

     Delayed 0.43 (0.24-0.73) 0.54 (0.34-0.80) 

Checklist   

     Initial 0.33 (0.17-0.64) 0.46 (0.27-0.75) 

     Delayed 0.27 (0.13-0.57) 0.42 (0.23-0.71) 

GRS   

     Initial 0.61 (0.41-0.85) 0.71 (0.52-0.89) 

     Delayed 0.52 (0.32-0.79) 0.64 (0.45-0.86) 

*Fleiss kappa for Pass-fail determination, ICC-2 for all other variables 
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Results: Construct Validity 

 

All four assessment tools showed evidence of construct validity on univariate analysis, with 

higher scores being associated with increased odds of senior level of training. This is illustrated 

in Table 10, where none of the 95% confidence intervals for the OR cross 1.0 (all p-values < 

0.001).  Trained raters had a trend towards improved validity, with higher OR for training level 

as compared by independent samples t-test. However, this was not statistically significant for any 

of the tools (Table 11).  

 

Table 10: Univariate Logistic Regression for Senior Level of Training 

 Intercept 

(Standard Error) 

Slope 

(Standard Error) 

Odds Ratio 

(95% Confidence Interval) 

Pass-fail    

   No training -1.36 (0.35) 1.68 (0.39) 5.39 (2.53-11.46) 

   Training -1.37 (0.31) 1.81 (0.35) 6.08 (3.08-12.01) 

VAS    

   No training -1.98 (0.39) 0.37 (0.07) 1.45 (1.27-1.65) 

   Training -2.77 (0.43) 0.53 (0.08) 1.70 (1.46-1.97) 

Checklist    

   No training -1.58 (0.56) 0.21 (0.07) 1.23 (1.07-1.41) 

   Training -2.93 (0.55) 0.41 (0.07) 1.50 (1.30-1.73) 

GRS    

   No training -3.58 (0.56) 1.32 (0.20) 3.73 (2.51-5.54) 

   Training -3.87 (0.57) 1.45 (0.20) 4.25 (2.85-6.33) 
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Table 11: Comparison of Logistic Regression Odds Ratios Between Training Groups 

Assessment tool No Training Rater Training p-value 

Pass/Fail 5.39 (2.53-11.46) 6.08 (3.08-12.01) 0.82 

VAS 1.45 (1.27-1.65) 1.70 (1.46-1.97) 0.12 

CT 1.23 (1.07-1.41) 1.50 (1.30-1.73) 0.06 

GRS 3.73 (2.51-5.54) 4.25 (2.85-6.33) 0.65 

 

When all variables were placed into a multivariate logistic regression, only the GRS retained 

significant construct validity for both the training and non-training groups (Table 12). In the no 

training group, improved checklist scores were significantly associated with more junior level of 

training. There was no significant variance inflation for any of the variables.  

 

Table 12: Multivariate Logistic Regression for Senior Level of Training 

Assessment tool Estimated 

Coefficient 

Standard Error Odds Ratio 

(95% confidence interval) 

p-value 

No Training     

   Intercept -1.59 0.86 n/a n/a 

   Pass-Fail -0.77 0.54 0.46 (0.16-1.34) 0.15 

   VAS 0.02 0.14 1.02 (0.78-1.35) 0.86 

   Checklist -0.44 0.13 0.64 (0.50-0.82) <0.001 

   GRS 1.84 0.37 6.31 (3.05-13.05 <0.001 

Rater Training     

   Intercept -3.46 0.86 n/a n/a 

   Pass-Fail -0.13 0.49 0.88 (0.34-2.28) 0.79 

   VAS 0.14 0.14 1.15 (0.87-1.51) 0.33 

   Checklist -0.06 0.11 0.94 (0.76-1.17) 0.59 

   GRS 1.20 0.37 3.31 (1.60-6.84) <0.001 
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Discussion: Introduction 

 

Recent changes to traditional medical education present new challenges for training physicians. 

Initiatives towards competency-based training have caused many programs to introduce the use 

of standardized, outcomes-based clinical assessment tools. However, the psychometric properties 

of such tools remain insufficient for high-stakes testing, with reliability in particular often below 

desired benchmarks. Although several means to improve reliability exist, many studies fail to 

suggest or examine these options. We sought to develop a brief and feasible RT session with the 

goal of improving the reliability and validity of four common technical skill assessment tools. 

Although there were trends towards improved reliability and validity with RT on all four tools, a 

significant difference between groups could not be demonstrated. With the move to CBME, 

causes for the sub-optimal quality of assessments must be carefully examined. Ongoing efforts 

are needed to develop strategies to increase rater objectivity and improve the use of existing 

assessment tools, such that reliable and valid high-stakes assessments can be ensured. 
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Discussion: Power Calculation 

 

Obtaining adequate power for reliability studies of this nature is considerably limited by the 

number of assessments performed. Despite the overall differences in the reliability of training 

groups, confidence intervals were wide and overlapping for all four assessment tools. Due to 

time and resource constraints, the minimum number of assessments required for adequate power 

was not achieved. Approximately sixty assessments from each rater would have been needed to 

obtain sufficient power. There were no viable strategies that could be identified to increase our 

number of assessments to feasibly reach this goal within our study time-frame. Such a high 

number of assessments would have made it extremely unlikely that many surgeons would have 

participated in the study due to the required time commitment. Indeed, sixty separate 

assessments would be impractical for most medical education studies, which are often restricted 

by the number of participating trainees and evaluators.59 Even when performing ten assessments 

of a relatively simple task, raters felt the time commitment was significant and many expressed 

rater fatigue at the end of the sessions. It remains possible that there is some effect of training on 

improving reliability, yet the current study was underpowered to detect a true difference. This 

limitation may make adequately powered studies assessing the effect of RT on reliability 

difficult to execute. Based on the power calculation curves, having fewer raters perform more 

assessments over a much longer period may be one method to potentially achieve sufficient 

power.  
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Discussion: Assessment Tool Results 

 

Pass-fail Designation 

 

Use of the pass-fail designation was extremely heterogeneous and reliability was uniformly poor, 

in keeping with previous research.20 Examining raters’ use of the pass-fail system does provide 

some interesting insight into rater behavior. Some raters passed every trainee, regardless of 

training group or the trainees’ other assessment tool scores. In the majority of cases, it was the 

same raters who passed all trainees at both assessments. Such behavior could be used to identify 

raters who are prone to rating errors and excessively lenient or those that are resistant to training. 

At the initial assessment, there was a trend towards more stringent use of the passing designation 

in the RT group, as compared to the delayed assessment at which the two groups were nearly 

identical (Table 4). Although this could suggest some effect of training, it was not significant and 

most trainees in both groups passed regardless. The training video of the most junior trainee 

clearly demonstrated an insufficient completion of the task, where the step involving cutting the 

sutures was not performed at all. Despite this, nearly a third of raters in both training groups gave 

this performance a passing grade, further indicating excessive leniency. IRR and initial and 

delayed rater agreement were both classified as poor, supporting the inconsistency of pass-fail 

assessments both between and within users. If nothing else, these findings highlight that due to 

their unreliable and subjective nature, pass-fail designations alone should not be used to make 

judgments about technical skill. Extreme caution should be used when interpreting these results, 

even when combined with other assessment tools.  
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Task-Specific Checklist 

 

Checklist items had moderate internal consistency with poorly correlated and wide-ranging inter-

item correlations. Despite this finding, removing any one item from the checklist did not increase 

its overall reliability and it was analyzed in the original format. Examining the nature of the tool 

may help explain the low inter-item correlations. Each point on the tool relates to a specific 

procedure step, and performance on one item does not guarantee success on another. This may 

be especially true of more junior trainees just learning the task. New learners may have mastered 

one portion and still be improving or struggling with others. As trainees advance and become 

more fluid with the skill it is intuitively expected to see a higher proportion of correctly 

performed steps and improved scores. However, this has not always been shown to be the case 

when evaluating expert performers. Though the task is completed competently and correctly, 

checklist scores may be lower if methods are used that bypass the step-wise construct of the 

checklist.34,76 It has been proposed that as opposed to measuring true competence, checklists give 

points for proceeding methodically and punish efficiency or innovation. This feature has also 

been criticized for converting experienced raters into mere observers recording a binary event, 

removing the subtleties of experienced judgment from the evaluation.76 These phenomena may 

explain the variation in checklist scores, including why higher scores were not associated with a 

higher level of training on multivariate regression. Examining the mean scores given to each 

trainee (Table 3), there was increased variability among checklist scores across training levels. In 

contrast, the VAS and GRS scores proceed in a more step-wise ascension along with trainee 

seniority. Although accuracy was not specifically addressed in this study, it was know that 

Trainee 1 failed to cut the sutures, and yet close to half of raters in both training groups marked 
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this task as complete on the checklist. For this relatively short task, raters were often completing 

the checklist after the cessation of the video, as opposed to simultaneously with watching the 

task. It may have been challenging for raters to accurately recall and capture each item. Attention 

must be paid to appropriate checklist design as it relates to an individual task in order to ensure 

optimal rater performance. All of these factors had the potential to limit the reliability of the 

checklist. IRR and initial and delayed rater agreement were fair to moderate, performing only 

minimally better than the pass-fail designation. This does raise concern about the use of 

checklists as a sole means of trainee evaluation. Regardless, they remain one of the only means 

to measure procedure-specific knowledge in a systematic fashion. If evaluation of information 

particular to the procedure is required, then combining a task-specific checklist with a second, 

more reliable overall assessment tool should be strongly considered. 

 

Visual Analog Scale 

 

VAS have been less extensively studied for technical skill assessments compared to other tools 

such as checklists and GRS. In the current study, VAS had the IRR and initial and delayed rater 

agreement most comparable to the GRS. VAS were also associated with the largest difference in 

IRR between the trained and untrained groups. These tools are rather intuitive to use, but are also 

relatively simple with minimal additional descriptors provided as part of their design. This may 

cause VAS to be more susceptible to different interpretations of the upper and lower ends of the 

scale by individual raters. Defining the upper and lower limits may have helped improve the 

shared understanding of these limits, thus increasing reliability to levels approaching the GRS. 
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VAS function similarly to GRS in that they measure a perceived general concept of technical 

skill and are intrinsically easy to use and understand. Consequently, they may not add any 

additional information to what is already evaluated with a GRS. When assessed in multivariate 

analysis with the other tools, the VAS did not maintain evidence of significant construct validity. 

Therefore, these tools may serve as a fast, uncomplicated and simple assessment of technical 

skill, but may not outperform other well-established tools such as the GRS. Given the lower 

reliability of the untrained group, clear definitions and expectations for the limits of the scale 

should be provided.  

 

Global Rating Scale 

 

The OSATS GRS is considered by many to be the current “gold standard” of technical skill 

evaluation.2 In keeping with previous studies, internal consistency was excellent for the GRS. 

The excellent internal consistency of the GRS instinctively makes sense as the tool measures 

several related qualities that represent an overall construct of technical ability. It is not surprising 

that trainees with high scores on “time and motion” will also score well on “flow of procedure” 

or that appropriate instrument use is associated with proficient tissue handling. This is one of the 

innate advantages of the GRS. For educational purposes, the IRR above 0.7 for the RT group on 

the GRS is considered “good” reliability, while the IRR of 0.52-0.61 for the untrained group is 

considered “moderate”.12 These reliability values are on par with those previously published for 

the OSATS GRS.20,31,32 Although not significant, there were trends towards improved reliability 

with RT. The GRS specifies that it is to be used “irrespective of training level”, which was 
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emphasized throughout the training. We sought to more clearly outline performance standards 

for each portion of the GRS, and defined the upper limit as the performance one would expect 

from a competent surgeon, given that this is the ultimate goal of training. This definition is not 

without flaw, as variability within practicing and competent surgeons is still expected. However, 

this portion of the definition was meant more to serve as a broad concept to emphasize the 

correct reference for the scale’s upper limit. Specific behaviours were then defined and explained 

for each domain to further clarify appropriate benchmarks and scoring. Many surgeons are not 

explicitly trained in the optimal use of these tools. Raters often erroneously use the top end of the 

scale as the best performance they would expect from an individual trainee or of trainees at that 

particular level. Although the GRS contains anchoring statements, in many cases they include 

terms not inherently understood or representative of a specific level of performance.77 For 

example, the anchoring statement “Many unnecessary moves” specifies neither what constitutes 

an “unnecessary move” nor how often it would need to be performed to qualify as “many”. 

Although this characteristic may decrease reliability between users, it is also what allows the 

GRS to be applied to many different procedures and settings. This makes some degree of training 

essential to create procedure-specific shared definitions between raters and ensure the tools 

reliable use in varied situations.2,77 Despite these limitations, the GRS had the highest IRR of all 

tools in both training groups at each assessment. Initial and delayed rater agreement was also 

good for both groups. GRS were also the only evaluation tool to maintain evidence of construct 

validity in the multivariate regression analysis. Therefore, this study does support the body of 

evidence advocating the use of the OSATS GRS as the current optimal technical skill assessment 

tool. 
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 Unfortunately, despite our efforts to improve reliability, the IRR of all four tools remained 

below the minimum threshold of 0.8 for high stakes testing. Methods to improve reliability 

include increasing the number of assessments, decreasing the subjectivity of raters, or increasing 

the variability of trainees assessed.3 There are many factors which may have led to lower than 

desired reliability in the current study. Decreased reliability could have resulted from the 

methods used to evaluate the trainees, the characteristics and behaviour of the raters, or the 

design of the RT intervention.  
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Discussion: Method of Trainee Assessment 

 

Currently there are more ways than ever to evaluate trainees besides direct observation in the 

operating room. With the advent of alternative modes of assessment, including video recordings 

and simulation, the effect of the methods used to evaluate trainees on rating outcomes must be 

considered. Video recordings of junior trainees performing a suturing and knot tying task on a 

bench model were used for rater assessment in the present study. Multiple studies have shown 

the equivalence of assessments performed on low-fidelity bench models as opposed to live or 

tissue models, including the original OSATS studies.3,20 Video assessments were the most 

convenient mode of assessment for our study design, which required a number of surgeons to 

view and evaluate an identical performance. Videos have the advantage of being standardized 

and easily re-usable for a large number of raters.3 Additionally, videos allow blinded 

assessments, which are not possible for in-person evaluation. The majority of studies on video 

assessments have shown they appear to have equivalent reliability as compared to real-time 

assessments.78 Although in one study edited videos of operative procedures were associated with 

decreased inter-rater reliability, others have reported unedited videos show similar reliability as 

compared to direct observation.3 Therefore, we believe the use of blinded, unedited videos of 

trainees performing the task represented the most practical and feasible method to execute our 

study while remaining unlikely to have any significant effect on reliability of the assessments.  

 

The ten trainee videos were selected to represent a range of performance levels across the junior 

trainees. Only junior trainees consisting of medical students and junior residents were selected 
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for the study. We felt this would provide a sufficient range of performance for evaluation of the 

relatively simple surgical task. Increasing the variation in trainee ability is a known method to 

improve reliability.3 Therefore, including a wider array of trainees to include senior residents 

may have expanded the range of performance. Use of a more complex task for evaluation, such 

an appendectomy or laparoscopic cholecystectomy may also have led to a wider performance 

range and increased overall reliability.  

 

We attempted to blind raters to trainee by showing only the trainee’s gloved hands and operative 

field in the assessment videos. Rater bias can effect surgeons’ evaluations due to their 

established beliefs or impressions of a trainee. Blinded assessments have been shown to reduce 

rater bias by as much as 10%.64 Despite our attempts at blinding and randomization of video 

order, identifying behaviours or characteristics were present within some of the videos. Given 

the relatively short time period between rating sessions, it is possible raters could have recalled 

these behaviours at the delayed assessment, introducing observational rater bias. This could have 

contributed to the lower IRR for all tools at the second rating session for both training groups. 

Although there was a significantly longer time interval to the delayed rating session in the 

untrained group, the mean difference was only four days which is unlikely to be of any major 

clinical consequence.  
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Discussion: Rater Characteristics and Behaviour 

 

Despite the standardized design of formalized assessment tools, they remain observational in 

nature and are thus prone to systematic bias related to rater behaviour.79 RT seeks to minimize 

bias from pre-existing rater beliefs and produce more consistent scores. Expert raters are more 

likely to be resistant to RT, especially if the constructs of training differ significantly from their 

own established ideas and principles.54 Other raters many have fundamentally poor rating 

behaviors that in many cases are less likely to respond to training. It has been suggested that 

instead of attempting to provide training, these raters should be identified and removed.48 

Physician raters in particular have been suggested as a group that may be inherently difficult to 

train, with mixed results of RT programs.48,62,67,68 Previous publications assessing RT for 

surgeons have failed to show any significant effect of training, although there were possible 

indications that training may have led to some changes in rating behaviour.63,66 Despite this 

many studies continue to stress the importance of RT prior to the use of any technical skill 

assessment tool, with the goal of decreasing the ambiguity of terms and reference standards.2,54 

There are no well defined criteria to determine what constitutes as “expert” physician rater in 

order to differentiate those who may be more difficult to train. Our group of untrained raters had 

been in practice slightly longer than the RT group, although there was a wide range in both 

groups. Regardless, experience with assessment tools and numbers of trainees were similar 

between groups, which likely represent more important factors for determining whether one is an 

“expert” evaluator. Participation was voluntary so there may also be an aspect of selection bias, 

with raters who agree to participate being more likely to have an interest in or experience with 

surgical education. We did not specifically examine pre-existing rater behavior. In theory, 
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randomization should account for any baseline differences between the groups that were not 

explicitly measured. Examination of the pass-fail and checklist data does reveal that some raters 

were inherently more lenient than others, and seemed to retain this behaviour regardless of 

training. Lenient raters were present in both training groups and may have contributed to lower 

reliability scores for all tools. Expert raters and internal raters have been shown to be more 

lenient as compared to trained novice raters or external raters.2,80 Given that many of the raters in 

our study would be considered “expert” or “internal” raters, these factors could have played a 

role in the observed leniency.  

 

Another factor which has been shown to affect rater performance is differential rater function 

over time or DRIFT. DRIFT is observed when rater fatigue results in increased leniency.79,81 

Physician raters are susceptible to DRIFT, especially during longer or more complex evaluation 

sessions.79 Although DRIFT was not specifically assessed, several raters within our study 

informally commented on perceived rater fatigue during the assessment task. Videos were shown 

in a different random order at each rating session in order to minimize observational rater bias. 

The changing order could have inadvertently led to different videos being subject to the effects 

of DRIFT from different raters, which could contribute to decreased IRR. Further investigation 

would be needed to determine to what extent DRIFT may influence technical skill evaluations in 

a more realistic setting.  

 

The investigational nature of the assessments may also have had an effect on rater behaviour. 

Raters were aware the video evaluations were for the purpose of the study and did not represent 
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actual or high-stakes assessments. The fact that there were no significant consequences related to 

the evaluation may have caused some raters to be more lenient. Observer bias may also have 

played a role, causing raters to adjust their behavior because they knew their ratings were being 

analyzed. These types of limitations are inherent to the study design required of observational 

surgical education research and studies performed outside of the actual operating room. Finally, 

in practice surgeons would rarely perform multiple sequential assessments over such a short 

period. This aspect of our study design may have introduced rater fatigue and decreased 

reliability. Ultimately, methods to study technical skill that more closely emulate real-life 

scenarios may need to be developed. In the future, having raters assess more complex tasks 

spread out over a longer time with fewer evaluations at each session may prove beneficial in 

improving reliability and power.  
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Discussion: Developing a Rater Training Intervention 

 

The major challenge when studying RT is the lack of evidence on the ideal training format, as 

there is nearly unlimited variability in the way training can be administered. This makes it 

difficult to know the best starting point when developing a new training intervention. A variety 

of training formats have been described, varying from in-person tutorials to training videos, the 

use of a single or multiple RT types, and sessions ranging from less than an hour to multiple day 

workshops. In surgery, time constraints are often a limiting factor to surgeon buy-in and 

participation in education activities. This so-called “examiner burn-out” can severely reduce the 

number of surgeons willing to act as evaluators.3 We developed a brief training video that could 

potentially be administered before each rating session, and targeted a fairly simple technical 

skill. It has been suggested that longer training is unlikely to be of benefit for relatively intuitive 

assessment tools or skills.66 No previous study has shown longer training to be more effective 

than abbreviated training sessions and there are no studies comparing video to in-person 

training.62,66 Hence, we felt this format may be both effective and practical for our needs. It is 

possible that the training intervention was simply too brief to lead to effective or sustained 

changes in rater behavior. However, to minimize the effect of examiner burn-out we continue to 

feel a lengthy training workshop would not be feasible or well-adopted by most surgeons. 

Ongoing training or multiple sessions may have been necessary to better integrate the training 

construct.52,55,58 Additions to training such as a practice rating sessions followed by discussion 

and feedback or video examples of trainee performance levels may also have been beneficial.58,62 

In retrospect, the RT session could have been repeated at the second assessment for the training 
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group to see if there was any additive or sustained effect, as opposed to assessing if a potential 

effect was lost over time.  

 

Four assessment forms were covered during our brief training session. This may have made it 

difficult for raters to remember all the information given for each tool. We had hoped to 

determine if the effect of training would differ between more standardized forms like the OSATS 

GRS and less validated tools. Although baseline differences in assessment tool reliability were 

seen, no significant differences between training groups could be shown. Focusing on one or two 

tools may have led to better retention of the training information, decreased the effect of rater 

fatigue and improved overall reliability. The GRS was the last tool on the assessment form, and 

may have therefore been the most susceptible to rater fatigue and possible DRIFT. As our 

primary outcome variable, we could have considered placing the GRS first on the assessment 

form, to be completed immediately after the video with the other tools subsequently following.  

Use of a modified version of the OSATS GRS was necessary given that some of the factors 

could not be determined from our videos. While this practice is common in surgical education 

studies, it necessitates re-validate of the tool and limits the generalizability of results and the 

ability to compare results to other studies that use the full scale or different modifications.2 Also 

because longer tools generally have superior reliability, removing points from the GRS could 

have contributed to decreased reliability. Methodological challenges were present for completion 

of some of the tools, such as many raters finding it difficult to complete the checklist in a timely 

and accurate fashion due to the number of points for the simple task. Although three surgeon 

“experts” with formal training in surgical education provided feedback on the assessment tools 

and the RT intervention, they did not perform any trial ratings. This may have helped indentify 
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some of the challenges raters faced when using the assessment tools and allowed for changes to 

improve their use. 

 

 IRR has been shown to decrease with a narrower range of observed performance.3,82,83 Use of a 

wider range of training levels or evaluating a more complex task may have introduced more 

variability and increased IRR. Additional research is needed to determine if any of the above 

changes would actually lead to a significant effect of RT on improving reliability. Study should 

be individualized to each type of assessment as it is unlikely that one single format of training 

will be effective for all tools. It is not known if the proposed adjustments to existing training 

would be effective or if an entirely new format is required. Unfortunately, either approach would 

need to be re-evaluated; and the previously discussed methodological issues make an adequately 

powered assessment unlikely in either scenario. We attempted to use the available evidence on 

RT to develop an effective and feasible intervention, but were not able to show a significant 

effect of training. The process was challenging due to variation in existing studies and training 

programs. It remains to be seen if additional studies comparing different formats for each tool 

may ultimately help determine successful training methods or improve reliability to levels 

required for high-stakes testing.  
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Conclusion 

 

Rater training was not associated with a significant improvement in the psychometric properties 

of common technical skill assessment tools. Although all tools showed evidence of construct 

validity, this was only maintained by the GRS on multivariate analysis. The reliabilities of pass-

fail designations and task-specific checklists were poor, and results from these tools should be 

interpreted with caution. For the VAS and GRS, the reliabilities demonstrated would be 

considered “good” for the RT group but only “moderate” for the non-trained group for 

educational purposes. However, confidence intervals overlapped. Our findings support the use of 

the GRS as the preferred method of technical skill evaluation, given their superior reliability and 

validity. Currently, no studies have been able to produce IRR above the desired threshold of 0.8 

for the OSATS GRS. It is clear that continued efforts to improve reliability are needed, even for 

the most extensively studied technical assessment tools. Although RT may represent a way to 

improve reliability, further study is needed to determine the most effective methods of training.  
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Appendix A: Summary of Studies Included in the Rater Training Systematic Review 

Reference Objective or 

Question 

Study 

Design 

Setting, 

Population, 

and N 

Intervention* Control Assessments Outcome Comments/Results 

Rogers et al 

2002 

Canada 

Single centre 

Does RT 

improve IRR 

for evaluations 

of  med student 

knot tying 

(7 point GRS) 

 

Randomized 

RT or none; 

Not 

described 

how 

randomized 

General 

surgeons  

(N=8) 

Numbers in 

each group 

not given 

Voluntary 

Rater error 

training 

(RET) video 

(4 errors 

shown 3 

times) 

No training 24 videos of 

real students 

performing 

hand tie, 

rated 

immediately 

IRR  - Feldt’s t test 

on Cronbach’s alpha 

No effect (a=0.71 

RT vs a=0.80 

control) 

Small 

Simple task 

Short training 

High IRR regardless of 

training 

Spanager et al 

2013 

Denmark 

9 centres 

Does RT 

improve 

reliability rating 

surgeons non-

tech skills 

(NOTSS; 5 

point GRS) 

Cohort study 

– pre and 

post training 

General 

surgeons; 

specialists 

and fellows 

(N=15) 

Voluntary 

4 hour 

training 

workshop 

(FOR, RET, 

BOT, PDT) 

Pre- and 

post-

training 

9 scripted 

videos of OR 

encounters, 

rated before 

and 

immediately 

after RT 

IRR  - Cronbach’s 

alpha (a=0.96 &0.97 

pre and a=0.97 & 

0.98 post)  

Pearson’s for 

construct validity 

(=0.95) 

 

Non-technical skills 

Voluntary/assigned 

participation 

Non-randomized 

No effect 

Cook et al 

2008 

US 

Single centre 

 

Effect RT on 

IRR and 

accuracy of 

mini-CEX 

scores (internal 

medicine 

clinical exam)  

(5 point GRS) 

Randomized 

controlled 

(21/54 

declined 

randomizing) 

Medicine 

faculty 

(N=31) 

Voluntary 

Half-day 

workshop 

RE, PDT, 

BOT, FOR 

(FOR for 

more than 

half the 

workshop) 

(N=16) 

Delayed 

and no  

training 

(N=15); 

training 

offered 

after 2nd 

rating 

16 Scripted 

videos; 4 

weeks after  

training 

IRR – ICC w mixed 

linear model (ICC = 

0.40 pre & 0.43 post 

for RT; = 0.43 pre & 

0.53 post control 

Log regression -  no 

significant 

interaction b/w 

group and testing 

period (pre/post) 

p=0.88 

Randomized, high number 

declined randomization 

1 month delay between 

training and rating 

No effect 
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George et al 

2013 

US 

Single centre 

 

Determine 

type of FOR 

training for 

reliable and 

accurate use 

of assessment 

of surgeons 

using the 

Zwisch scale 

(4 point 

GRS) 

Quasi 

experimental 

Immersive vs 

accelerated 

training, non-

randomized 

(depended on 

availability of 

attending 

workshops) 

Surgical 

faculty 

voluntary 

(N=44) 

Immersive – 

FOR with 

videos and 

practice 

testing, 

discussion 

Group 

workshop 

(N=34) 

Accelerated  

1 hour  

Initial FOR 

definitions 

only; 

individual 

(N=10) 

 

10 videos of 

real 

operations by 

staff and 

resident, rated 

immediately 

post RT 

Proportion correct 

response for 

accuracy (80.2% 

immersive vs 88% 

accelerated); 

Spearman 

coefficient for 

correlation accuracy 

(0.90 immersive  vs 

0.93 accelerated); 

Cronbach’s for rater 

bias (0.045 

immersive vs 0.049 

accelerated) 

 

No differences between the two 

types of training 

 

Cannot rule out underlying 

differences between the two 

groups 

Different scoring rubrics for two 

groups 

Noel et al. 

1992 

US 

Multi (12) 

centres 

 

Determine 

accuracy of 

faculty 

evaluations 

of residents 

clinical 

skills, how 

structured 

form and RT 

improve 

evaluations 

(structured 

form 

included 4 
point GRS) 

Quasi 

experimental; 

open form vs 

structured 

form vs 

structured 

with training 

(allocation 

depending on 

when could 

attend, times 

for each 

random at 

each site) 

Internists 

who serve 

as clinical 

evaluators, 

voluntary 

(N=203 

total; 146 in 

groups 2 

and 3) 

15 min video 

on BOT, 

RET, PDT 

(N=69) 

Structured 

form, no 

training 

(N=77) 

Two scripted 

videos of 

resident 

history and 

physical on 

standardized 

patient; rated 

immediately 

Accuracy scores (% 

correct) – no 

difference between 

RT and no training 

with structured form 

(64 vs 66% RT for 

case 1; and 63% vs 

64% RT for case 2) 

Looked at only structured form 

vs structured form with training 

for this review 

 

Structured form improved 

accuracy, training had small, 

non-significant improvements in 

some areas 

Holmboe et 

al.  

2004 

US 

Evaluate 

efficacy of 

direct 

observation 

of 

competence 

Cluster 

designed 

randomized 

control trial; 

stratified, 

sealed 

Internist 

faculty, 

nominated 

by program 

director, 

4 day course; 

“direct 

observation 

of 

competence” 

on day 2, 

No training 

(received 

same info 

packet as RT 

group) 

(N=21) 

Nine scripted 

tapes (3 cases 

at 3 levels 

performance), 

rated 8 

Confidence intervals 

and range to 

estimate IRR (more 

stringent ratings in 

training group with 

smaller range) 

High quality 

Positive effect 

Faculty had to be active in 

teaching for nomination 
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Multi centre 

(16 

programs) 

 

training to 

change rating 

behavior  (9 

point mini-

CEX GRS) 

envelopes; 

rated pre- and 

post training 

then 

voluntary 

(N=40) 

randomized 

(3 lost) 

included 

FOR, PDT 

and BOT 

(N=16) 

months after 

training 

Regression showed 

significantly lower 

ratings 

No differences at baseline 

ratings 

Newble et al. 

1980 

Australia 

Single centre 

Value of RT 

on reliability 

of scores & 

examiner 

selection for 

clinical exam 

(standardized 

checklist 

with scores) 

Randomized 

control trial,  

Rated pre- 

and post 

training 

Surgical and 

internist 

faculty 

(N=18; 9 of 

each, unsure 

how 

selected) 

 

Limited 30 

min training, 

individual, 

PDT (N=6) 

 

Extensive 2 

hour group 

training, 

PDT & FOR 

with practice 

(N=6) 

No training 

(rated 2 

months later) 

(N=6) 

5 videos of 

real students 

with 

standardized 

patient 

(students not 

aware 

standardized); 

rated a few 

days after RT 

IRR Kendall’s co-

efficient (pre-post 

scores: 0.48-0.44 

intensive, 0.57-0.63 

limited, 0.71-0.70 

control) 

Spearman 

correlation between 

groups (0.8-0.9) 

No effect of more intensive 

training on improving reliability 

High training group most 

inconsistent at baseline (no 

difference between internists 

and surgeons) 

Only thing that improved IRR 

was removing unreliable raters 

Van der 

Vleuten et al. 

1989 

US 

Single centre  

 

Does training 

increase 

accuracy of 

assessments 

of clinical 

skills (history 

& physical 

standardized 

checklists) 

Randomized 

trail (3 groups 

– doctors, 

med students 

and lay 

people) 

 

Physicians 

(surgeons 

and family 

doctor), 

prior 

examiners 

(physicians 

N=22) 

FOR training 

with practice 

1.5 hrs 

(N=11) 

No training 

(N=11) 

4 tapes (2 

tapes of 2 

cases) of real 

students with 

standardized 

patient, rated 

immediately  

Accuracy % 

agreement with 

consensus scores 

(overall score 82% 

for RT and 81% 

control) 

Only looked at attending cohort 

All previous examiners 

Some mild improvements on 

individual cases, no 

significances or statistical 

comparisons given 

Ludbrook et 

al 

1971 

Australia 

Single centre 

Does 

examiner 

training 

decrease 

inter-

examiner 

variability for 

clinical skills 

exam 

Randomized 

trial – not 

stated how or 

if for sure 

random; 

marked in 

pair (both 

trained or 

untrained) 

Surgical 

faculty  

(N=16) 

2.5 hour 

FOR training 

with videos, 

practice 

(N=16) 

No training 

(N=16) 

Medical 

school class, 

100 students 

(each student 

in 2 cases 

with 1 pair 

examiners), 

marked 1 

week post- 

RT 

 

Correlation 

coefficients between 

marking pairs 

(r=0.55 RT and 0.49 

control within pairs 

p<0.01 for both; 

Between pairs 

r=0.11 RT and 0.14 

control p>0.05 for 

both) 

 

No effect on correlation between 

rater groups 

All had previous examiner 

experience  

Different scoring rubrics for two 

groups 



89 
 

Dudeck et al 

2013 

Canada 

Multi-centre 

(4 schools) 

Does training 

improve the 

quality of 

ITERS for 

medicine 

residents 

(CCERR 

form used to 

assess ITER 

quality) 

Randomized 

trial of 5 

types of 

training – 

varying 

stages of 

“feedback 

guide” 

Physicians 

who 

supervise 

medical 

trainees 

(N=98; only 

37 returned 

at all 

required 

time points) 

1 CCERR 

score given 

(N=7), 3 

scores given 

(N=6), 1 

score + 

feedback 

given (N=9), 

3 scores + 

feedback 

given (N=5) 

No feedback 

(N=10)  

Whatever 

ITERS they 

completed 

sent in; scores 

+/- feedback 

returned every 

6 months x 3 

Mean CCERR 

scores  - was 

improvement in 

scores for feedback 

groups, but was not 

significant 

Outcome of quality 

Only gave feedback and scores 

no true “rater training” 

workshop 

Low complete collection (37/98) 

Significantly underpowered 

(power calculation N=240) 

Dudeck et al 

2012 

Canada 

Multicentre 

(3 sites) 

Effectiveness 

of workshop 

at improving 

ITER  

Uncontrolled 

pre/post 

training 

design  

Physicians 

who 

supervise 

trainees and 

complete 

ITERS, 

voluntary 

(N=22) 

3 hr 

workshop 

(explain 

good FITER, 

recognize 

challenges) 

None 

(pre/post 

workshop) 

ITERS of real 

clinical 

encounters 

pre and post 

training 

Mean CCERR 

scores (18.9 pre-

training, 21.7 post 

p=0.02); ANOVA  

(no time interaction 

with CCERR items 

so changes were 

consistent pre/post 

for all items) 

Outcome of quality  

 

*Abbreviations: BOT - behavioural observation training; FOR – frame of reference training; PDT – Performance dimension training;         

   RET – rater error training   
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Appendix B: Quality Assessment of Included Studies in the Systematic Review 

Reference Abstract 
or 
Summary 

Random-
ization 
described 

Blinding 
Or 
Conceal-
ment 

Sample 
size 
calcul-
ation 

N lost 
to 
follow 
up  

Eligibility 
criteria 
given 

Intervention 
described 

Ethics 
approval 

Baseline 
Characteristics 
listed 

Limits 
discussed 

Quality and 
generalizability 

Rogers et al. Yes No No No No No Briefly 
described 

Not 
known 

No Yes Poor 
Not generalizable 

Spranager et 
al. 

Yes N/A N/A No No Yes Well 
described 

Yes Yes Yes Moderate 

Cook et al Yes Yes No Yes Yes  Yes Briefly 
described 

No Yes Yes, brief Moderate 
Not generalizable 

George et al Yes N/A N/A No No Yes Well 
described 

Not 
known 

Yes, brief No Moderate 

Noel at al Yes N/A Yes No Yes  Yes Briefly 
described 

No Yes, brief No Moderate 

Holomboe et 
al. 

Yes Yes 
(minimal) 

Yes No Yes  Yes Well 
described  

Yes Yes Yes High 
Generalizable 

Newble et al. Yes No No No No No Moderately 
described 

Not 
known 

Yes, brief No  Poor 
Not generalizable 

Van der 
Vleuten et al 

Yes No No No No No Moderately 
described 

Not 
known 

No Yes Poor 
Not generalizable 

Ludbrook et al Yes No No No No Yes Moderately 
described 

Not 
known 

Yes Yes, brief Poor 
Not generalizable 

Dudeck et al.  
2013 

Yes No Yes Yes (not 
met) 

Yes Yes Moderately 
described 

Yes No Yes Moderate 
generalizable 

Dudeck et al. 
2013 

Yes No Yes No No Yes Well 
described 

Not 
known 

Yes Yes Moderate 
generalizable 
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Appendix C: Advertisement for Study Recruitment 

                                                                                
                                 

        
 Faculty of Medicine    3rd Floor Z Block 

           Department of Surgery    409 Tache Avenue 
           Winnipeg, MB 
           Ph  (204) 237-2574 
           Fax (204) 237-3429 

 
STAFF PHYSICIANS IN ANY 

SURGICAL SUB-SPECIALTY 

  

VOLUNTEERS SOUGHT 

FOR RESEARCH STUDY 
 

On 

THE EFFECT OF RATER TRAINING ON THE RELIABILITY 

OF ASSESSMENTS OF SURGICAL SKILL 

Staff physician volunteers from any of the major surgical sub-specialties are sought 

for a research study entitled “The Effect of Rater Training of the Reliability of 

Assessments of Surgical Skill: A Randomized Control Trial” to be conducted at the 

Faculty of Medicine. This is an educational study that examines in rater training 

improves the reliability of evaluation forms commonly used to assess surgical 

skills.  

Participants will be required to attend two 30 minute sessions that will include an 

orientation session followed by an evaluation of several surgical skills videos. 

Volunteers will be provided a $100 honorarium for participation.  

Interested volunteers please contact: 

Dr. Reagan Maniar – phone number 794-9088 or email reagan.maniar@gmail.com 

Dr. Jason Park – phone number 237-2574 or email jpark@sbgh.mb.ca 

mailto:jpark@sbgh.mb.ca
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Appendix D: Informed Consent Form 

 

 
          Faculty of Medicine     3rd Floor Z Block 

      Department of Surgery    409 Tache Avenue 

           Winnipeg, MB 

           Ph  (204) 237-2574 

           Fax (204) 237-3429 

 

 

 

RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM 

 

Title of Study: The effect of Rater Training on the Reliability of Assessments of Surgical Skill:  

A Randomized Control Trial 

 

 

Principal Investigator   

Dr. Jason Park 

Address: St. Boniface Hospital, 409 Tache Avenue, 3rd Floor Z-Block, Winnipeg, MB R2H 2A6 

Phone number: 237-2574 

 

Co-investigators 

Dr. Ashley Vergis, Department of Surgery, University of Manitoba, 237-2574 

Dr. Lawrence Gillman, Department of Surgery, University of Manitoba, 237-2574 

Dr. Reagan Maniar, Department of Surgery, University of Manitoba, 794-9088 

 

You are being asked to participate in a research study. Please take your time to review this 

consent form and discuss any questions you may have with the study staff. You may take your 

time to make your decision about participating in this study and you may discuss it with your 

friends, family or (if applicable) your doctor before you make your decision. This consent form 

may contain words that you do not understand. Please ask the study staff to explain any words or 

information that you do not clearly understand. 

 

Exclusion Criteria 

You must be a licence and practicing attending surgeon with certification in one of the major 

surgical subspecialties from the Royal College of Physicians and Surgeons of Canada. You must 

have no prior experience with the OSATS Global Rating Scale system.  

 

Purpose of Study 

We want to determine if a rater training intervention will improve the inter-rater agreement 

between evaluators using rating scales from the Objective Structured Assessment of Technical 

Skills (OSATS), a previously validated global rating scale used to assess surgical skills. 

 

Study procedures  

You will first be randomly placed into one of two training groups. If you are placed in the 

intervention group, you will be given a brief training session on how to best complete the various 
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rating scales being used to evaluate surgical skills. If you are in the control group you proceed 

directly to evaluation. You will then watch a series of 10 videos of knot tying. You will use four 

separate scales to rate each video as follows: (1) Pass/Fail, (2) Visual Analog Scale, (3) Global 

Rating scale and (4) Checklist. You will return in approximately one week and watch the same 

knot tying videos and evaluate them a second time using the same four scales.   

 

You can stop participating at any time. However, if you decide to stop participating in the study, 

we encourage you to talk to the study staff first. If you are interested in the results of the study 

you may contact the Principle Investigator at the end of the study. 

 

Discomforts 

You may be uneasy about having your evaluations assessed. We therefore emphasize that you 

will remain anonymous and may also withdraw from the study at any time.  

 

Benefits 

While you may not benefit directly from participating in this study, you will be contributing to a 

study that may improve the assessment and evaluation of surgical skills and therefore have an 

impact on surgical education.  

 

Payment for Participation 

You will receive an honorarium of $100 for your participation in the study.  

 

Confidentiality 

Information gathered in this research study may be published or presented in public forums; 

however your name and other identifying information will not be used or revealed. Despite 

efforts to keep your personal information confidential, absolute confidentiality cannot be 

guaranteed. Your personal information may be disclosed if required by law. All records that 

contain your identity will be treated as confidential in accordance with the Personal Health 

Information Act of Manitoba. 

 

The University of Manitoba Health Ethics Research Board may review records related to the 

study for quality assurance purposes. 

 

No information revealing any personal information such as your name will leave the University 

of Manitoba. 

 

Voluntary Participation/Withdrawal from the Study 

Your decision to take part in this study is voluntary. You may refuse to participate or you may 

withdraw from the study at any time.  

 

Participants who are students or employees of either The University of Manitoba or Health 

Sciences Centre or St. Boniface Hospital or individuals associated professionally with any of the 

investigators can be assured that a decision not to participate will in no way affect any 

performance evaluation of potential participants.  
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Questions 

You are free to ask any questions that you may have about your treatment and your rights as a 

research participant. If any questions come up during or after the study or if you have a research-

related injury, contact any one of the study investigators: Jason Park (204) 237-2574 or Reagan 

Maniar (204) 794-9088. 

 

For questions about your rights as a research participant, you may contact the University of 

Manitoba, Bannatyne Campus Research Ethics Board Office at (204) 789-3389. 

 

Do not sign this consent form unless you have had a chance to ask questions and have received 

satisfactory answers to all of your questions. 

 

Statement of Consent 

I have read this consent form. I have had the opportunity to discuss this research study with the 

study investigators. I have had my questions answered by them in language I understand. The 

risks and benefits have been explained to me. I believe that I have not been unduly influenced by 

any study team member to participate in the research study by any statements or implied 

statements. Any relationship (such as employer, supervisor or family member) I may have with 

the study team has not affected my decision to participate. I understand that I will be given a 

copy of this consent form after signing it. I understand that my participation in this study is 

voluntary and that I may choose to withdraw at any time. I freely agree to participate in this 

research study.  

  

I understand that information regarding my personal identity will be kept confidential, but that 

confidentiality is not guaranteed. I authorize the inspection of any of my records that relate to 

this study by The University of Manitoba Research Ethics Board, for quality assurance purposes. 

 

By signing this consent form, I have not waived any of the legal rights that I have as a participant 

in a research study. 

 

Participant signature: ________________________ Date:  ___________ 

 

Participant printed name:  ________________________  

 

I, the undersigned, have fully explained the relevant details of this research study to the 

participant and believe that the participant named above has understood and has knowingly given 

their consent.  

 

Printed Name: _________________________ Date:  ___________ 

 

Signature:  _________________________   

 

Role in the study:   _________________________ 

 

  

Relationship (if any) to study team members: ______________________ 
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Appendix E: Participant Questionnaire 

 

 
Participant Questionnaire 

 

 

Study identification number: _______________________________________ 

 

 

1. Demographic information  

 

 A. Surgical specialty _______________________________________ 

 

 B. Age _______________________________________ 

 

 C. Gender (circle response)  F / M 

 

 

2. Surgical practice information 

 

 A. Years in practice? _______________________________________ 

 

 B. Primary practice setting (check one):  [   ]  Primary teaching hospital/urban setting 

 

  [   ]  Community hospital/urban setting 

 

  [   ]  Rural hospital 

 

 C. No. of residents supervised on service per year: _______________________________________ 

 

 D. No. of med students supervised on service per year: _______________________________________ 

 

 

3. University appointment (circle response) Yes / No 

 

 If “Yes”, academic rank (check one): [   ]  Lecturer 

 

  [   ]  Assistant Professor 

 

  [   ]  Associate Professor 

 

  [   ]  Full Professor 

 

 

4. Experience with ratings forms 

 

 Do you have previous experience with Objective 

Structured Assessments of Technical Skill (OSATS) or 

Global Ratings Scales (GSRs)? Yes / No 

 

  If “Yes”, please describe: _______________________________________ 

 

  _______________________________________ 

 

  _______________________________________ 
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Appendix F: Assessment Tools (Data Capture Form) 

 
 

Figure 1. Pass/Fail Rating for Technical Skills 

 

Please assess the operator’s performance by indicating a pass or fail rating 

 

 [_] Fail           [_] Pass 

 

 
 

Figure 2. Visual Analogue Scale (VAS) for Technical Skills 

 

Please assess the operator’s performance of the task by place an “X” along the line  

 

The operator: 

 

Was unable to |---------------------------------------------------------------------| Could safely and 
      complete the          independently 

            task       perform the task 

 

 
 

 

Figure 3. Checklist for Suturing and Instrument Knot-Tying* (Surgeon's knot technique) 

 

 Item Correctly 
Performed 

Incorrectly 
Performed 

1 Needle is grasped at junction of the proximal and middle 
third by a needle driver in the dominant hand 

  

2 Needle is positioned perpendicular to the tissue at 
intended entry site; curve of needle is followed to 
penetrate tissue 

  

3 Needle tip is grasped with driver and pulled following 
curve of needle through the tissue 

  

4 After suture is pulled through, a short tail of suture is left at 
needle entry site 

  

5 Suture is rotates twice around the needle driver, which is 
held in dominant hand 

  

6 Tail of suture is grasped with needle driver in dominant 
hand and the knot is pulled tight while tail is kept short 

  

7 Same maneuver is repeated for 2 more throws to 
complete knot but suture is rotated only once around 
needle driver on second and third throws 

  

8 Knot is square   
9 Tissue is well approximated but not strangulated   
10 Sutures are cut properly   

 
*Modified from:  
3. Figert PL, Park AE, Witzke DB, Schwartz RW. Transfer of training in acquiring laparoscopic skills. J Am Coll Surg 2001; 193:533-537 
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4. Rosser JC, Rosser LE, Raghu SS. Skill acquisition and assessment for laparoscopic surgery. Arch Surg 1997; 132:200-204 

 

 

Figure 4. Global Rating Scale 

Please circle the number corresponding to the candidate’s performance in each category, 

irrespective of training level 

 

Performance 
characteristic 

  Rating   

Respect for 
tissue 

1 
Frequently used 

unnecessary force on 
tissue or caused 

damage 

2 3 
Careful handling of 

tissue but occasionally 
caused inadvertent 

damage 

4 
 

5 
Consistently handled 
tissues appropriately 
with minimal damage 

Time and 
motion 

1 
Many unnecessary 

moves 

2 3 
Efficient time/motion but 

some unnecessary 
moves 

 

4 5 
Clear economy of 

motion and maximum 
efficacy 

Instrument 
handling 

1 
Repeatedly makes 

tentative awkward or 
inappropriate moves 

with instruments 

2 3 
Competent use of 
instruments but 

occasionally stiff or 
awkward 

4 5 
Fluid moves with 

instruments and no 
awkwardness 

Flow of 
procedure 
 

1 
Frequently stopped 

procedure and seemed 
unsure of next move 

2 3 
Demonstrated some 
forward planning with 

reasonable progression 
of procedure 

4 5 
Planned course of 

procedure effortless 
from one move to the 

next 

Overall 
performance 

1 
Unable to perform 

operation independently 

2 3 
Competent, could 

perform procedure with 
minimal teaching 

assistance 

4 5 
Clearly superior, able 
to perform procedure 
independently with 

confidence 

 
*Modified from Reznick R, Regehr G, Macrae H, et al. Testing technical skill via an innovative bench station examination. Am J Surg 1996; 
173:226-230. 1=worst possible score, 5=best possible score 
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Appendix G: Rater Training Intervention Card 

 

 

Rater Training Instruction Card 

VAS: 

Bottom of scale – unable to complete the task independently or significant errors in every step 

Top of scale – completes the task at level of competent practising surgeon 

 

Checklist: See sheet for correct performance 

Heading Incorrect Performance 

1. Needle grasping Grasped too close to either end of needle, instrument held wrong 
2. Needle through tissue Needle forced through tissue or edges grasped roughly 

3. Needle pull through Not following the curve, no motion at the wrist 

4. Suture length Left > 4 cm or very short, not able to work with comfortably 

5. Surgeons throw Not looped twice, does not hold stitch with dominant hand 

6. Surgeons knot tie Knot not square, stitch end pulled too long or short 

7. Further knots Suture repeatedly falls off needle driver, needing to be re-looped 

8. Square of knots Knots not square, lack of alternating knots 
9. Tissue approximation Edges loose and gaping or too tight and strangulated 

10. Sutures cut Sutures cut too long (> 1cm) or too short 

 

GRS: Use the scale irrespective of training level for all trainees 

1 – Errors in majority of steps (3-4 steps) or forgotten steps, or could not perform task independently 

2 – Performed task independently but with multiple errors or points to improve 

3 – Competent performance, small errors in some steps (1-2 steps) with areas to improve  

4 – Performed task well, minimal to no errors, minor areas to improve for maximal performance 

5 – Majority to all of steps performed smoothly and without errors, should be performed at the level of 

an independent competent practising surgeon. 

* The Overall Score section should be roughly the average of the scores in the other 4 sections* 
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	At its core, the purpose of medical education is to train competent clinicians to care for their patients in their chosen specialty.1 Medical and surgical training programs face many unique challenges in order to accomplish this goal. Training new cli...
	Competency Based Medical Education and Trainee Assessments
	Many medical education bodies have introduced the use of standardized, outcomes-based principles to ensure training programs produce competent physicians capable of meeting the needs of society. Licensing and accrediting bodies have developed core com...
	Multiple tools are available to evaluate medical trainees on the various core competencies.  No one tool is sufficient to evaluate all aspects of medical training, and in most programs a variety of assessment tools are utilized. Examples include in-tr...
	Reliability
	A reliable test is one that generates results that are consistent or reproducible. Types of reliability include internal consistency, test-retest reliability and inter-rater (or inter-observer) reliability.3 Internal consistency measures the degree to...
	Reliability is reported as a dimensionless coefficient ranging from 0, indicating agreement between raters is solely due to chance; to 1 which represents perfect agreement between subjects.8,9 Several strategies can be employed to improve reliability,...
	Validity
	A valid test is one that measures what it purports to measure and reflects how readily conclusions can be drawn from the results. Types of validity include face, content, construct and criterion validity.8 Face validity describes how well the test mim...
	Feasibility
	Feasibility is not a measurable property in the same manner as reliability and validity. However, the degree to which a tool is feasible or practical remains an important factor in determining its usefulness. Aspects of feasibility to consider include...
	Technical Skill Assessment
	Standardized assessment tools may help educators follow trainee progress, identify training deficiencies, and determine the effect of teaching interventions. They may also serve as feedback for trainees in order to foster learning and ultimately deter...
	Though assessment tools play an ostensible role in surgical training, multiple challenges arise when developing a robust tool.  Technical skills have multiple components that require evaluation. Darzi et al proposed that judgement, knowledge and dexte...
	In spite of the obvious complexity and importance of skill assessments, they have long remained subjective, unstandardized, and relatively informal.4 Measuring technical skill has generally been limited to subjective judgements by others, a limitation...
	Standardized Assessment Tools for Technical Skills
	Recognizing the limitations of surgical skill assessments, a variety of tools have been developed to measure technical skill in a more objective and standardized manner.  Examples include visual analog scales (VAS), task-specific checklists, global ra...
	Additional novel tools such as virtual reality simulators and hand-motion analysis are increasingly being utilized and studied for specialized skill sets such as laparoscopic surgery. These novel tools tend to be of greater utility in the lab or exper...
	Pass-fail Designation
	Pass-fail determination is a subjective dichotomous determination, wherein an evaluator categorizes a trainee as being either successful or not at a particular task.  Usually no additional well defined criteria are given. In construct a pass-fail dete...
	Visual Analog Scales
	VAS use a graphically represented continuum to measure an overall gestalt of a particular quality. They may be used to capture characteristics that are difficult to measure or quantify. The scale consists of a straight line, classically 100 mm long, w...
	Task-specific Checklists
	Task- or procedure-specific checklists are developed to describe a specific individual task and usually consist of a detailed list of steps which make up the given task. Trainees are evaluated in a dichotomous manner, with a score of “1” if a step is ...
	Global Rating Scales
	GRS use a Likert scale to assess various dimensions of an ability or characteristic. For technical skills, each item on the GRS measures a different aspect of surgical technique. The quality is rated on a numeric scale, often with anchoring statements...
	Combined Assessments
	Several assessment tools have been developed using some combination of the above instruments in an effort to capitalize on their respective benefits and improve evaluations. The GOALS tool was initially developed for assessment of liver bed dissection...
	Objective Structured Assessment of Technical Skill (OSATS)
	OSATS was modeled after the OSCE when first developed, consisting of a multi-station bench examination with trainees performing a series of standardized surgical tasks.20 The original testing stations included both live animal and bench models, with ...
	Although initially developed for bench-station evaluations, OSATS has been validated for use in a wide array of clinical settings.44 Its application has been extended to live procedures in the operating room and other educational endeavors such as sim...
	Despite OSATS widespread use and popularity, there are some notable limitations that reduce its reliability. The tool remains fundamentally observational, in that raters observe and judge a performance by a trainee, with inherent subjectivity in ratin...
	The current published IRR for OSATS is 0.64-0.72.20,33,49 These values consistently fall below the optimal value of 0.8 required for high stakes testing. Many of these studies use correlation coefficients to assess IRR, which is not the optimal statis...
	Rater Training
	One method to improve the reliability of assessments is to attempt to improve the objectivity of raters.3 Rater Training (RT) is a process whereby raters undergo instruction on how to best evaluate trainees and produce reliable and accurate scores.19 ...
	Rater Error Training
	Rater error training educates raters regarding common rating errors such as halo, central tendency and leniency. Evidence of rating errors is generally considered to reflect a considerable degree of inaccuracy within an evaluation.19 Generally, the sp...
	Behavioural Observation Training
	Behavioural observation training instructs raters to observe and record behaviour as opposed to forming global judgments. Raters are taught to anticipate specific behaviours within a dimension and make careful record of these observations to improve r...
	Performance Dimension Training
	Performance dimension training educates raters on the specific dimensions used to evaluate trainees before the observation is begun. Understanding each dimension can then guide rater observation and subsequent evaluation. Each dimension is clearly def...
	Frame-of-reference Training
	Frame of reference (FOR) training builds a common construct between raters which they use to observe and evaluate subjects. Raters are instructed on performance standards for each dimension. Rating tool dimensions and their associated behaviours are d...
	Woehr and Huffcutt’s RT review and meta-analysis looked at the effect of the four types of RT on the rating errors halo and leniency and the accuracy of both raters and observations. FOR training was the most effective form of training to improve rate...
	Multiple studies have shown significant improvements in IRR and rater concordance when RT is administered prior to the use of various observational clinical instruments.51,52,55,56 A wide range of instruments have been studied, ranging from psychiatri...
	Rater Training in Medical Education
	Despite the proven effectiveness of RT in other fields, RT has yet to be widely studied in medical and surgical education. Many studies of commonly used clinical assessment tools have commented on their insufficient psychometric properties, in particu...
	Although it is at times noted that raters are oriented to an assessment tool, the specific process is rarely mentioned in detail, if at all, making replication of training difficult to nearly impossible.58 The initial OSATS study does make brief menti...
	Systematic Review
	In order to better assess the current degree of investigation into RT in medicine, we performed a systemic review examining the effect of RT on trainee assessments in medical education.  Our specific question was "Does RT for attending physicians impr...
	Included studies had marked heterogeneity in terms of their design, methods and type of RT. Seven of the studies were randomized trials and four were cohort studies. Five of the studies specifically included surgeons; however the majority of the studi...
	Training was in workshop format for seven of the studies, and ranged from an hour-long training sessions to a four day course. The remainder of the studies utilized a training video. Although all studies described their RT intervention, only five spec...
	Of the two studies that assessed RT for assessments of technical skill, both were unable to show an effect of training. In the first study by Rogers et al, a rater error training video had no effect on the IRR of eight surgeons evaluating a simple two...
	The other study assessing technical skills randomized surgeon raters to either an accelerated or immersive FOR training session on using the Zwish OR performance GRS.66 Accuracy of the two groups was measured by comparing scores to an expert consensus...
	Of the remaining nine studies assessing evaluation of non-technical skills, four studies had a positive outcome. Holomboe et al randomized internal medicine attendings to a four-day performance dimension and FOR training workshop on using the mini-CEX...
	The overall quality of the included studies was poor to moderate (Appendix B). Only two of the randomized studies adequately described their randomization techniques. Three studies did not explicitly state their eligibility criteria. Only four studies...
	From the above evidence it is clear that although RT may represent a means to improve the reliability of skill assessments, further high-quality studies are needed to determine the role of RT within medical and surgical education. The optimal format a...
	Objectives
	To summarize the presented evidence, standardized assessment tools have become more common in surgical education, particularly the OSATS GRS. Methods to improve the psychometric properties of such tools must be sought if these tools are to be used for...
	Primary Objective:
	1. To determine the effect of RT on the inter-rater reliability (IRR) of the OSATS GRS.
	Secondary Objectives:
	1. To determine the effect of RT on the IRR of three other technical skill assessment tools: a pass-fail designation, a VAS and a task-specific checklist.
	2. To determine the effect of RT on the internal consistency of the multi-item assessment tools.
	3. To determine the effect of RT on initial and delayed rater agreement for each assessment tool.
	4. To determine the effect of RT on the construct validity of the four assessment tools.
	The University of Manitoba Health Research Ethics Board approved this study. Attending surgeons from any RCPSC certified surgical subspecialty were eligible for recruitment. An advertisement requesting participants was distributed to eligible surgeons...
	Figure 2: Study Design
	Methods: Technical Skill Assessment Tools
	Four separate assessment tools were used by the surgeon raters to evaluate the trainees’ technical skills including a pass-fail designation, a VAS, a task-specific checklist, and a modified version of the OSATS GRS (Appendix F).
	Pass-Fail Designation
	A dichotomous rating of either pass or fail is given for overall performance with no other details.
	Visual Analog Scale
	The VAS is represented by a 10 cm horizontal line with verbal descriptors at each end. The rater places an “X” or vertical slash on the line to indicate the level of overall technical skill. The score is determined by using a ruler to measure the loca...
	Task Specific Checklist
	A ten-item task specific checklist was developed from a previously published checklist for a suturing and knot-tying task.72,73 Raters assign one point for each item on the checklist performed correctly and zero points for incorrect items or those not...
	OSATS Global Rating Scale
	A modified version of the OSATS GRS was used as certain aspects of the original scale could not be evaluated from our assessment videos, such as “knowledge of instruments” or “use of assistants”. The final adapted GRS consists of five items: respect f...
	Methods: Trainee Assessment Videos
	Suturing and knot-tying were the tasks chosen for evaluation. A simple task was chosen because we felt surgeons may initially be more receptive to training for a less complex task. A short task also allowed raters to evaluate multiple trainees during ...
	During the rating sessions, raters indicated to the study administrator when they were ready for the first video to begin. A computer randomizing tool (Research Randomizer Version 4.0) was used to determine video order so that raters saw the videos in...
	Methods: Development of a Rater Training Tool and Study Materials
	The optimal method of training for surgical skill assessment tools has not been defined. FOR training was selected because it was shown to be the most effective method of RT in previous reviews.19 The desired level of performance to each specific rati...
	The video started with a brief introduction to the type of training and the four assessment tools. Raters were given paper copies of the assessment tools to review concurrently with the video. The pass-fail tool was described first. A “pass” was defin...
	Methods: Statistical Analysis
	Analyses were completed using SPSS (Version 17.0) and R Console (Version 3.1.0). A two-tailed p-value of less than 0.05 was considered significant. Differences between the characteristics of the two rating groups were measured using independent sample...
	Reliability
	Internal consistency was measured with Cronbach’s alpha for the multi-item scales (checklist and GRS) at the initial and delayed assessments. Mean inter-item correlations were also calculated. Reliability was measured with Fleiss Kappa coefficient for...
	Validity
	To assess construct validity, trainees were divided into two education levels, with “junior” trainees consisting of medical students and “senior” trainees consisting of surgical residents. Construct validity was assessed using univariate logistic regr...
	A power calculation was performed using the seminal equations for IRR by Donner, which dictates that n observations are made on k subjects, with n observations representing the number of raters for this study.75 As these equations do not readily conve...
	Figure 7: Power Calculation Curves for Differences in Inter-Rater Reliability (IRR)
	Rater training was not associated with a significant improvement in the psychometric properties of common technical skill assessment tools. Although all tools showed evidence of construct validity, this was only maintained by the GRS on multivariate a...

