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Abstract

Background—Surgeries employing arthroscopic techniques are among the most commonly

performed in orthopaedic clinical practice however, valid and reliable methods of assessing the

arthroscopic skill of orthopaedic surgeons are lacking.
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Hypothesis—The Arthroscopic Surgery Skill Evaluation Tool (ASSET) will demonstrate

content validity, concurrent criterion-oriented validity, and reliability, when used to assess the

technical ability of surgeons performing diagnostic knee arthroscopy on cadaveric specimens.

Study Design—Cross-sectional study; Level of evidence, 3

Methods—Content validity was determined by a group of seven experts using a Delphi process.

Intra-articular performance of a right and left diagnostic knee arthroscopy was recorded for

twenty-eight residents and two sports medicine fellowship trained attending surgeons. Subject

performance was assessed by two blinded raters using the ASSET. Concurrent criterion-oriented

validity, inter-rater reliability, and test-retest reliability were evaluated.

Results—Content validity: The content development group identified 8 arthroscopic skill

domains to evaluate using the ASSET. Concurrent criterion-oriented validity: Significant

differences in total ASSET score (p<0.05) between novice, intermediate, and advanced experience

groups were identified. Inter-rater reliability: The ASSET scores assigned by each rater were

strongly correlated (r=0.91, p <0.01) and the intra-class correlation coefficient between raters for

the total ASSET score was 0.90. Test-retest reliability: there was a significant correlation between

ASSET scores for both procedures attempted by each individual (r = 0.79, p<0.01).

Conclusion—The ASSET appears to be a useful, valid, and reliable method for assessing

surgeon performance of diagnostic knee arthroscopy in cadaveric specimens. Studies are ongoing

to determine its generalizability to other procedures as well as to the live OR and other simulated

environments.
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Introduction

The Accreditation Council for Graduate Medical Education (ACGME) recently announced

the Next Accreditation System. This new system expands upon the six core competencies

and will require programs to demonstrate that residents are progressing toward proficiency

by attaining milestones in general and specialty-specific areas throughout training26. In

orthopaedic surgery, three of the proposed 16 specialty-specific milestones areas are

managed primarily using arthroscopic techniques (ACL injury, meniscal injury, and rotator

cuff injury). Knowledge of a procedure does not always equate to the ability to successfully

perform that procedure and we feel that determining a surgeon’s overall proficiency should

include an assessment of technical skill. This assessment must be reliable and valid, it

should be unbiased, and it should be feasible for programs to administer at little additional

cost3, 25.

In several surgical specialties, global rating scales have been developed to assess surgical

skill3. The Objective Structured Assessment of Technical Skill (OSATS) global rating scale

has been used to evaluate open procedural skills in general surgery23. Due to the different

set of skills required to perform minimally invasive procedures, similar global rating scales

have been created and validated for laparoscopic and endoscopic procedures1, 2, 15, 33, 35.
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Insel et al. utilized a global rating scale and task-specific checklist in their Basic

Arthroscopic Knee Skill Scoring System which was created to assess surgeon performance

of arthroscopic partial menisectomy in cadaveric knees21. This assessment tool

demonstrated construct validity, but their use of a single, non-blind observer did not allow

for reliability testing21. In a similar process, Hoyle et al. created the Global Rating Scale for

Shoulder Arthroscopy (GRSSA) to assess video recordings of diagnostic shoulder

arthroscopy performed on live patients18. The GRSSA demonstrated construct validity but

poor inter-rater reliability18. Due to their design, both of these global rating scales lack

generalizability in that they can only be used to assess partial menisectomy and shoulder

arthroscopy respectively.

The Arthroscopic Surgery Skill Evaluation Tool (ASSET) was created to be used as an

assessment of global arthroscopic technical skill. It was designed to be generalizable to

multiple arthroscopic procedures as well as both the live OR and simulated environments.

The ASSET includes eight domains that can be evaluated using intraoperative procedural

video recorded through the arthroscopic camera. The purpose of this study was twofold; (1)

to describe the development and content validation of the ASSET and (2) to evaluate its

validity and reliability. Our hypothesis was that the ASSET will demonstrate content

validity, concurrent criterion-oriented validity, inter-rater reliability, and test-retest

reliability, when used to assess the technical ability of surgeons performing diagnostic knee

arthroscopy on cadaveric specimens in the surgical skills laboratory.

Materials and Methods

Development of the ASSET Global Rating Scale

This study was approved by our institutional review board. A modified Delphi method was

used to develop the content of the ASSET global rating scale13, 36. Content development

group members were recruited by the principle investigator, using personal contacts known

to have an interest in arthroscopic skills education. An e-mail explaining the study and the

role of each subject was sent to 8 experts at 7 orthopaedic residency programs. Subjects

were informed of the estimated time commitment for the project and offered a $100 gift card

as compensation for participation. Of the 8 experts contacted, 7 responded that they wished

to participate in this study.

A conference call was held in October 2011 to introduce the study and provide pertinent

background information. The content development group was asked to reach a consensus

regarding basic criteria to which an ideal arthroscopic evaluation tool would adhere. An

initial version of the ASSET was developed based on that criteria following an extensive

review of the surgical education literature and preliminary testing. Similar to global rating

scales validated in other surgical fields, a 5-point Likert-type scale with descriptors at 1, 3,

and 5 was found to be the most practical17, 21, 23, 33, 35. However, rather than assigning

arbitrary numbers to the descriptors, the ASSET was designed to correspond to the levels of

the Dreyfus model of skill acquisition with “1” representing the novice level, “3”

representing the competent level, and “5” representing the expert level of arthroscopic skill

performance 6, 8. It was thought that this would help improve reliability and would allow for

its use within the context of an already accepted model of professional skill acquisition.
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Group members were provided with the initial version of the ASSET and given access to

intraoperative video examples of diagnostic knee arthroscopy. Group members were

instructed to use the ASSET to rate the videos and complete an online survey

(SurveyMonkey.com, Palo Alto, CA) that asked them to identify any omitted domains

which they considered important to include on an assessment of arthroscopic skill. Each

member was also asked to make any necessary changes to the domains contained on the

initial ASSET. Survey and email responses were collected for 2 weeks, summarized by the

principle investigators, and presented anonymously back to the group. A subsequent

conference call was held to ensure that member opinions were being correctly interpreted by

all. Based on group suggestions, a new version of the ASSET was drafted and sent to all

members for review and critique. After 30 days, suggestions were reviewed by the principal

investigators and incorporated into a final version of the ASSET that was presented to the

group for a final vote.

Development of the ASSET Task Specific Checklist for Diagnostic Knee Arthroscopy

A checklist for diagnostic arthroscopy of the knee was also created using the Delphi method.

Since diagnostic arthroscopy of the knee may be performed in a variety of ways it was felt

that this checklist was necessary to standardize the procedure being evaluated by the

ASSET. The checklist was not designed to contain all steps that constitute a complete

diagnostic arthroscopy of the joint. Rather, the checklist was created to determine the

minimum acceptable set of steps that must be included for a video-based competency

assessment of the procedure using the ASSET. For this project, diagnostic arthroscopy of the

knee was selected because it represents one of the first arthroscopic procedures performed

by residents. It is expected that task specific checklists will be created so that ASSET may

be used in the evaluation of more complex surgical procedures such as menisectomy,

anterior cruciate ligament reconstruction, and rotator cuff repair.

In October 2011, group members were asked to deconstruct diagnostic arthroscopy of the

knee listing all steps they considered essential using an online survey (SurveyMonkey.com,

Palo Alto, CA). Responses were collected for 2 weeks and used to create a master list of all

steps. A second online survey was then sent that instructed group members to select the

steps from the master list that they considered essential to include for video-based

assessment of diagnostic knee arthroscopy. Group members were given 30 days to review

the list and vote. All steps that achieved 100% group consensus were removed from further

analysis. Steps that did not achieve 100% agreement were presented back to the group along

with the majority opinion. Group members were given 30 days to provide their opinion for

or against the remaining steps. Following this, the procedure checklist was created from

items that >80% of respondents considered essential and were modified based on the

feedback provided. A final yes/no vote was taken on the checklist in its entirety.

Establishing the Validity and Reliability of ASSET

A recruitment email was sent to all orthopaedic surgery residents at our institution

describing the research study. Residents were asked to self-enroll and complete an online

survey (Survey Monkey, Palo Alto, CA) which asked them to report the number of knee

arthroscopies recorded in their ACGME case log and to estimate the number of prior
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arthroscopic knee procedures in which they had actively performed a portion of the

procedure. The postgraduate year of each resident was obtained from the roster kept by the

department. Two orthopaedic faculty members were also recruited through email and

participated in this study. Prior to entering the skills lab, all subjects viewed an

intraoperative recording of an orthopaedic faculty member performing a diagnostic

arthroscopy of the knee. After watching the video, subjects were assigned to begin on either

a right or left cadaveric specimen using alternative assignment based on the date of

participation. Each subject was asked to complete all of the tasks outlined by the content

development group’s previously agreed upon task specific checklist for diagnostic knee

arthroscopy. A cheat sheet with brief verbal directions for each task was fixed to the

arthroscopic monitor for subjects to reference during the procedure. A trained observer

provided assistance to each subject by placing varus and valgus stress on the knee. Verbal

instructions from the observer were limited to the instructions provided on the cheat sheet.

Upon completing the lab and demographics survey, subjects were provided with a $10 gift

card as compensation. Video of each subject performing the diagnostic knee arthroscopy

was recorded directly through the arthroscopic camera. No views external to the joint or

audio was recorded to prevent identification of any subject from the video recordings. Each

recording began when the patellofemoral joint could be visualized and continued until all

tasks had been performed or a reasonable amount of time had been given (25 minutes). All

recorded videos were transferred from the hard drive connected to the arthroscopic tower

and assigned a random identification number for subsequent review and rating. All videos

(n=60) were independently reviewed by two raters blinded to subject identity. Both raters

were involved in the content validation of the assessment tool, and both had prior experience

using a global rating scale to assess arthroscopic skill.

Statistical Methods

The validity of the ASSET was measured in several ways. Concurrent validity was assessed

using Pearson’s correlation coefficient (r) to determine the relationship between arthroscopic

experience (PGY, ACGME weblog, estimated number of procedures performed) and total

ASSET scores. Concurrent criterion-oriented validity was assessed by conducting a one-way

analysis of variance for ASSET score with 3 levels of training; novice (PGY1-2),

intermediate (PGY 3-4), advanced (PGY 5- Attending). If significant differences were

observed, post-hoc testing was done using Student-Newman-Keuls test for all pairwise

comparisons. The level of significance for all statistical tests was set at p<0.05.

The reliability of the ASSET was also measured in several ways. The internal consistency of

the ASSET domains were assessed using Cronbach’s alpha. The inter-rater reliability of the

total ASSET score was determined using the intra-class correlation coefficient (ICC) for

absolute agreement between a fixed, non-random set of raters. Inter-rater reliability on each

ASSET domain was assessed using ICC. The test-retest reliability was assessed by

comparing the correlation of the ASSET scores given for the first and second arthroscopy

performed in the skills lab.

Descriptive statistics were used to report subject demographic variables.

Koehler et al. Page 5

Am J Sports Med. Author manuscript; available in PMC 2014 August 17.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results

Content Validity

The content development group felt that an ideal arthroscopic evaluation tool would

demonstrate validity and reliability, would be unbiased, would be practical and simple to

administer, would assess both live and simulated surgery, and would be generalizable to

multiple procedures and settings (OR and simulation lab). After completing the modified

Delphi process the group unanimously approved the ASSET. This version included 8

domains for assessment with a ninth domain, “additional complexity of procedure”, being

included as a control measure (Figure 1). Each domain was designed to assess a unique facet

of arthroscopic skill acquisition and every attempt was made to limit overlap. See appendix

1 for a detailed description of each domain. The total score of the ASSET is the sum of the 8

domains with a maximum of 38. It was the consensus of the group that for an individual to

be considered competent for the technical portion of the procedure being assessed, they must

achieve a minimum score of “3” in each of the 8 domains being assessed. The group also

approved a task specific checklist for diagnostic knee arthroscopy (Figure 2).

Validity of the ASSET

ASSET scores increased with level of training (Figure 3). The mean of the ASSET scores

given for the first arthroscopy performed correlated with subject year in training (r=0.83,

p<0.01) and the number ACGME knee arthroscopies reported (r=0.76, p<0.01). One-way

analysis of variance revealed that there was a significant difference in the mean total ASSET

score across the levels of training for both the first (p<0.01) and second (p<0.01)

arthroscopy performed in the lab. Post-hoc, pairwise comparison of ASSET scores assigned

for subjects’ first arthroscopy performed in lab found that there was a significant difference

between rater scores for each of the three levels of training (p<0.05) demonstrating

concurrent criterion-oriented validity (Figure 4).

Reliability of the ASSET

The inter-rater reliability of the total ASSET score was assessed for all videos rated (n=60)

using ICC and found to be 0.90. There was no significant difference in the mean total

ASSET scores assigned by each rater (p=0.93). Comparison of mean ASSET scores given

for procedures performed on the left versus the right knee were not significantly different for

rater 1 (p=0.50) or rater 2 (p=0.71). There was a positive correlation between rater scores

that was significant (r=0.91, p<0.01). Cronbach’s α demonstrated that the domains of the

ASSET had good internal consistency for both raters (α=0.94). The inter-rater reliability

was ICC = 0.75-0.87 for all ASSET domains except safety (κ= 0.52) (Table 1). There was a

significant positive correlation between each subject’s mean ASSET score for the first and

second arthroscopy performed (r = 0.79, p<0.01) demonstrating test-retest reliability.

Discussion

Over the last few decades there has been a significant shift towards competency based

graduate medical education5, 28. In the future, valid and reliable assessments of technical

skill are likely to play an increasingly important role in the evaluation of surgical
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proficiency and the ASSET was designed specifically for this use. To be useful these

assessment tools must be valid and reliable.

Our results indicate that the ASSET is a feasible, valid, and reliable assessment of diagnostic

knee arthroscopy skill in the simulation lab. This tool does however, have several

limitations. First, The ASSET was designed as a video-based assessment. Others have

developed similar tools which employ live raters and argue that some important procedural

skills may not be easily evaluated or well seen when using video. Our content development

group however, felt that a video-based assessment offered significant advantages over using

live raters. A video-based assessment tool facilitates unbiased assessment as scoring can

take place out of the presence of and without identification of the examinee. This enables the

evaluations to be done at any time or place and therefore decreases the burden on the rater.

In addition the rater is able to pause or rewind the videotape during scoring which may lead

to more accurate assessment and could improve reliability which has been poor in

previously described arthroscopic assessments1, 17, 19, 21. Second, the ASSET is restricted in

that only the intra-articular portion of the case can be evaluated. It was felt by the content

development group that the tool should require only the use of inexpensive or readily

available equipment and should not significantly interfere with standard operative protocol

as the intent was for it to enable evaluation both in the simulated and live OR environments.

Since the arthroscopic camera and video capture equipment is available in virtually all

arthroscopic cases, we elected to record and evaluate only those portions of cases that are

visualized by the arthroscopic camera. The extra-articular portions of a procedure such as

portal placement or graft harvest must therefore be evaluated using other methods. An

external camera may allow for adequate evaluation of these important skills, however its use

may be more limited to assessment in the simulated environment where the position and

type of camera can be standardized without affecting the surgical procedure. Third, we

specifically developed the domains of the ASSET to allow for the assessment of multiple

arthroscopic procedures. As a result the domains and weighted descriptors used were not

specific to any procedure. We do recognize that this may affect the validity and utility of the

assessment for some individual arthroscopic procedures. However, a similar assessment tool

used for assessing laparoscopic skill, the Global Objective Assessment of Laparoscopic

Skills (GOALS), has been shown to be valid for assessing technical skill during multiple

procedures15. Because the process of rigorous validation is extensive, it was felt that one

tool which could be used for multiple procedures would be preferable to tools developed and

validated for each individual procedure. Fourth, though every effort was made to decrease

ambiguity and increase reliability, the ASSET still remains a subjective evaluation. This is

similar to other methods of assessment in surgery like the OSATS, GOALS, and ABOS step

II. Research is ongoing regarding more objective measures of assessment and we feel that

ultimately these types of objective assessment, combined with tools like the ASSET will

provide the best evidence of a surgeon’s competency9, 12, 16, 24, 25, 30, 31. Fifth, the domain

safety demonstrated a reliability of ICC = 0.52 which is considered moderate by Landis and

Koch criteria (Table 2)22. All other domains of ASSET demonstrated significantly higher

levels or inter-rater agreement. Though this number is adequate, it does suggest some

modification to this domain may improve the overall reliability of the ASSET. Safety was

particularly hard to assess using this study design as the same cadaveric specimens were
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used for all subjects and it was difficult to determine whether minor cartilage scuffing was

pre-existing or was caused during that trial. This may therefore be easier to assess with less

used specimens or in the live operating room setting.

A modified Delphi process similar to that employed in the development of other surgical

assessments was utilized to determine the content of the ASSET14, 27, 29. Using this

technique, the content development group was able to achieve a consensus opinion

regarding the basic criteria to which an ideal arthroscopic skill evaluation would adhere as

well as which specific domains of arthroscopic skill would be assessed by the ASSET. The

convenience of using this method allowed for the entire process to be conducted

electronically with experts from different geographic areas and at minimal cost. Multiple

versions of the assessment were tested until the final version was created with a mix of

domains and weighted descriptors that were felt to be clear and objective. The domains

chosen are similar to those utilized by other global assessments of surgical skill but are

specific to arthroscopy23, 33, 35. We felt that some of the previously proposed arthroscopic

assessment tools had multiple domains that assessed similar skills which may place too

much weight on a particular skill and could lead to confusion by the raters, effecting

reliability. When developing the ASSET, every attempt was made to eliminate redundancy

and maximize rater reliability. Other similar assessments of technical skill have included

cognitive domains such as “knowledge of instruments” or “knowledge of procedure”21, 23.

Though these domains are important, it was felt by the content development group that these

could be better assessed by other methods and fell outside the realm of technical skill. The

content of the ASSET is unique from other assessments in that it is meant to easily allow for

unbiased (blinded) assessment, be practical and simple to administer, assess both live and

simulated surgery, and be generalizable to multiple procedures and settings (OR and

simulation lab). We are optimistic that this generalizability will enable collaboration

between institutions, allow for the establishment of benchmarks for the attainment of

procedural skills, and enable investigators to measure the effect that simulators and other

training methodologies have on the acquisition of surgical skill.

The concurrent criterion-oriented validity of the ASSET was established utilizing methods

similar to that of other assessments of surgical skill. Similar to the OSATS global rating

scale which is widely used in general surgery to assess open and laparoscopic surgical skills

as well as the GOALS which is used by the American College of Surgeons to assess their

Fundamentals of Laparoscopic Surgery program, the ASSET was able to demonstrate that

individuals with more surgical experience achieved higher scores on average than

individuals with less surgical experience23, 33.

An important measure of the reliability of an assessment is the agreement between different

raters when evaluating the same subject. Without adequate inter-rater reliability, it becomes

difficult to compare results when different raters are utilized. The ICC of the ASSET global

rating scale matched or exceeded that which has been reported for other previously validated

global assessments of surgical skill(Table 3)23, 32-34. We believe that this result was due to

the fact that the domains and descriptors for the ASSET were chosen with the understanding

that the reliability of the instrument was of significant importance. In addition, all raters had

a thorough understanding of how to utilize the ASSET as well as practice with this and other
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similar tools for the evaluation of surgical skill using intra-operative video. We do feel that

an established rater training protocol will be necessary to maximize the reliability for

ASSET between all raters and will therefore increase its generalizability. Another important

measure of reliability is test-re-test reliability indicating that an individual will achieve a

similar score when assessed a second time. The scores did correlate between an individual’s

first and second trial with an r=.79. We observed higher ASSET scores for the second knee

arthroscopy when compared to the first. The increase in scores was greatest for subjects in

PGY 1-3 (Figure 5) who have limited exposure to arthroscopy at our program. We believe

this increase in scores most likely represents improved technical performance for this

relatively basic procedure as this was not observed for the more experienced subjects.

It is currently unclear how best to use a skill assessment like the ASSET in demonstrating

attainment of the ACGME core competencies. The Dreyfus model of skill acquisition

describes developmental stages starting with novice and proceeding to advanced beginner,

competent, proficient, and expert 10. The trainee is assumed to progress along the continuum

of the model with professional education and through the process of deliberate practice 11.

Some authors have attempted to describe this and similar models within the context of

medical education and provide a picture of how this might be adapted to orthopaedic

technical skill assessment4, 7, 8, 20. In an effort to allow some standardization within the

overall assessment of surgical competency the ASSET was designed to follow this rubric

(Table 4)6, 8, 10. It must be stated that controversy exists regarding how best to apply the

Dreyfus model to medical education and further work is necessary in this area. It is also

important to understand that the achievement of a competent score on the ASSET by an

individual does not indicate that the individual is “competent” to perform the procedure

being tested. It solely indicates that the examinee demonstrated a competent level of

technical skill for that particular test and procedure. Assessment of overall surgical

competence would require an integrative assessment of all facets of the procedure of which

technical skill is only one component. Our hope is that the ASSET can be used in

conjunction with other methods of competency evaluation to provide a clearer picture of the

overall competence of the individual surgeon.

In conclusion, the ASSET appears to be a useful, valid, and reliable method for assessing

surgeon performance of diagnostic knee arthroscopy in cadaveric specimens. Further study

of the ASSET is currently underway to determine other measures of validity and reliability,

as well as the feasibility of utilizing it to assess the technical skill of surgeons performing

multiple procedures in both the operating room and simulation lab. Additional study is also

needed to determine the role of technical skill evaluations within the overall context of the

ACGME competency of patient care.
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Figure 1.
ASSET Global Rating Scale
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Figure 2.
Task Specific Checklist for Diagnostic Arthroscopy of the Knee
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Figure 3.
ASSET Scores Increase with Level of Training
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Figure 4. Mean Total ASSET Scores Assigned for Each Level of Experience on First
Arthroscopy Performed
I-bars represent the 95% confidence interval of the mean.

* A significant difference was observed between experience levels (p<0.05).
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Figure 5.
Comparison of Mean ASSET Score for First and Second Trial and Level of Training.
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Table 1

Inter-rater Reliability for Each ASSET Domain

ASSET Domain ICC*

Safety 0.52 (0.23 – 0.81)

Field of View 0.78 (0.70 – 0.86)

Camera Dexterity 0.75 (0.65 – 0.86)

Instrument Dexterity 0.87 (0.82 – 0.92)

Bimanual Dexterity 0.84 (0.76 – 0.91)

Flow of Procedure 0.87 (0.80 – 0.94)

Quality of Procedure 0.82 (0.74 – 0.90)

Autonomy 1.00

*
Inter Class Correlation Coefficient (95%CI)
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Table 2

Landis and Koch Levels of Reliability

ICC Value Level of Reliability

<0.00 Poor

0.00-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Almost Perfect
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Table 3

Comparison of ASSET Reliability to Other Similar Global Rating Scales

Assessment Tool n Raters ICC#

ASSET (Diagnostic Knee Arthroscopy) 60 videos 2 0.90

OSATS* Global Rating Scale (Basic Skill) 12 stations 2 0.70 to 0.72

OSATS* Global Rating Scale (Carpal Tunnel Release) 28 subjects 2 0.69

GOALS** Direct Observation (Cholecystectomy) 19 subjects 2 0.89

GOALS** Video Observation (Cholecystectomy) 10 videos 4 0.68

#
ICC=intra-class correlation coefficient.

*
OSATS=Objective Structured Assessment of Technical Skills.

**
GOALS=Global Operative Assessment of Laparoscopic Skill
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Table 4
Applying the Dreyfus Model to Surgical Competency

Novice

• Is rule driven

• Uses analytic reasoning and rules to link cause and effect

• Has little ability to filter or prioritize information, so synthesis is difficult at best
and the big picture is elusive

Medical Student/Intern

• Not able to perform majority of
procedure even with supervision

Advanced Beginner

• Is able to sort through rules and information to decide what is relevant on the basis
of past experience

• Uses both analytic reasoning and pattern recognition to solve problems

• Is able to abstract from concrete and specific information to more general aspects
of a problem

Junior Resident

• Performs majority of the
procedure with supervision

Competent

• Emotional buy-in allows the learner to feel an appropriate level of responsibility

• More expansive experience tips the balance in clinical reasoning from methodical
and analytic to more readily identifiable pattern recognition of common clinical
problem presentations

• Sees the big picture

• Complex or uncommon problems still require reliance on analytic reasoning

Senior Resident/Fellow

• Performs complete procedure
with supervision

• Likely able to perform safely
without supervision but has not
yet done so

Proficient

• Breadth of past experience allows one to rely on pattern recognition of illness
presentation such that clinical problem solving seems intuitive

• Still needs to fall back to methodical and analytic reasoning for managing
problems because exhaustive number of permutations and responses to
management have provided less experience in this regard than in illness
recognition

• Is comfortable with evolving situations; able to extrapolate from a known situation
to an unknown situation (capable)

• Can live with ambiguity

Fellow/Practicing Orthopaedist

• Repeatedly performs task
successfully and independently

Expert

• Thought, feeling, and action align into intuitive problem recognition and intuitive
situational responses and management

• Is open to notice the unexpected

• Is clever

• Is perceptive in discrimination features that do not fit a recognizable pattern

Practicing Orthopaedist/Professor

• Demonstrates advanced skill and
is adaptable to handling
unexpected surgical situations
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