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Abstract
Introduction Self-review of recorded surgical procedures offers new opportunities for trainees to extend technical learn-
ing outside the operating-room. Valid tools for self-assessment are required prior to evaluating the effectiveness of video-
review in enhancing technical learning. Therefore, we aimed to contribute evidence regarding the validity of intraoperative 
performance assessment tools for video-based self-assessment by general surgery trainees when performing laparoscopic 
cholecystectomies.
Methods and procedures Using a web-based platform, general surgery trainees in a university-based residency program 
submitted recorded laparoscopic cholecystectomy procedures where they acted as the supervised primary surgeon. Attend-
ing surgeons measured operative performance at the time of surgery using general and procedure-specific assessment tools 
[Global Operative Assessment of Laparoscopic Skills (GOALS) and Operative Performance Rating System (OPRS), respec-
tively] and entrustability level (O-SCORE). Trainees self-evaluated their performance from video-review using the same 
instruments. The validity of GOALS and OPRS for trainee self-assessment was investigated by testing the hypotheses that 
self-assessment scores correlate with (H1) expert assessment scores, (H2) O-SCORE, and (H3) procedure time and that (H4) 
self-assessment based on these instruments differentiates junior [postgraduate year (PGY) 1–3] and senior trainees (PGY 
4–5), as well as (H5)simple [Visual Analogue Scale (VAS) ≤ 4] versus complex cases (VAS > 4). All hypotheses were based 
on previous literature, defined a priori, and were tested according to the COSMIN consensus on measurement properties.
Results A total of 35 videos were submitted (45% female and 45% senior trainees) and self-assessed. Our data supported 2 out 
of 5 hypotheses (H1 and H4) for GOALS and 3 out of 5 hypotheses (H1, H4 and H5) for OPRS, for trainee self-assessment.
Conclusions OPRS, a procedure-specific assessment tool, was better able to differentiate between groups expected to have 
different levels of intraoperative performance, compared to GOALS, a general assessment tool. Given the interest in video-
based learning, there is a need to further develop valid procedure-specific tools to support video-based self-assessment by 
trainees in a range of procedures.
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Evidence suggests that surgical technique and skills directly 
influence safety and patient outcomes [1, 2]. A recent study 

has shown that almost one third of surgical graduates do not 
feel confident in their ability to perform certain procedures 
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independently [3]. Modern challenges to surgical education 
include restriction of working hours as well as the COVID-
19 pandemic that reduced trainees’ exposure to elective 
surgery through mandated cessation of non-essential proce-
dures [4, 5]. Hence, extension of technical learning outside 
the operating-room has become crucial [6]. Video-based 
assessment (VBA) of recorded operative procedures pro-
vides a new opportunity to measure surgeon performance 
while minimizing barriers related to direct in-theater evalu-
ations. While video-assisted structured feedback by expert 
surgeons significantly improves laparoscopic skill acquisi-
tion in surgical trainees [7–9], this method is resource inten-
sive and may have limited feasibility outside research set-
tings. Accordingly, there is growing interest in the potential 
role of guided self-assessment of videorecorded surgical 
procedures to address this procedural training gap [10].

Self-assessment is an integral part of lifelong medical 
experiential learning. Evidence supports the utility of guided 
self-assessment to improve performance in non-medical 
fields such as sports and music [11]. However, systematic 
reviews report mixed results regarding the accuracy of 
trainee self-assessment [12–14]. These shortcomings can be 
mitigated using video recordings and implementing guided 
self-assessment strategies based on more robust intraop-
erative performance standards [12, 15]. Video-based tools 
with evidence supporting their use for self-assessment are 
required before the value of video-based self-assessment in 
enhancing surgical skill acquisition can be accurately inves-
tigated [16]. Thus the aim of this study was to contribute 
evidence regarding the validity of intraoperative assess-
ment tools when used for formative video-based self-assess-
ment by general surgery trainees performing laparoscopic 
cholecystectomies.

Materials and methods

Participants and settings

This study is a single-centered prospective cohort study that 
took place at the adult hospital sites of the McGill University 
Health Center. This was a sub-study of a recently completed 
randomized controlled trial with data collected from August 
2020 to August 2021 (effect of video-based guided self-
reflection on intraoperative skills: a pilot randomized con-
trolled trial; ClinicalTrials.gov Identifier NCT04643314). 
This study was approved by our Institutional Review Board 
(MUHC Ethics Approval ID 2020-6348). Inclusion criteria 
were: (1) postgraduate year (PGY) 2–5 trainees, (2) rotat-
ing through a General Surgery Clinical Teaching Unit, (3) 
performing elective or emergency (patients admitted through 
the emergency department) laparoscopic cholecystectomies 
(4) and performing more than 70% of the procedure. PGY 1 

trainees and procedures where there was significant (more 
than 30%) supervising surgeon take over were excluded.

Measures and procedures

Demographic data from the trainees (i.e., age, gender, PGY, 
handedness, and number of previous laparoscopic and lapa-
roscopic cholecystectomy procedures) and the character-
istics of the operative procedures (diagnosis, urgency, and 
procedure time) were collected. Junior trainees were defined 
as PGY 2–3, and senior trainees were PGY 4–5. Total dura-
tion of the operation was defined as the time from skin inci-
sion to skin closure. Time to dissect the triangle of Calot 
was defined as the time from completion of adhesiolysis to 
clipping the first structure in the triangle of Calot. Duration 
of dissection of the gallbladder bed was defined as the time 
from division of the last structure in the hepatocystic triangle 
until detachment of the gallbladder from the gallbladder bed. 
In case of rescue techniques such as antegrade cholecystec-
tomy or subtotal cholecystectomy, only the total procedure 
time was collected. The operative times were measured 
based on these definitions by one of the authors blinded to 
the operator and operative case characteristics.

Each resident was given a data storage device (USB key) 
to record elective and emergency laparoscopic cholecystec-
tomy procedures in which they acted as the supervised pri-
mary surgeon for a significant portion of the operation (more 
than 70% of the whole procedure for senior trainees or more 
than 70% of triangle of Calot dissection and/or gallblad-
der wall dissection for junior trainees). These videos were 
uploaded to a secure web-accessible platform (Theaor.io) 
and any identifying features were removed by the platform. 
In addition to storage and facilitation of access to surgical 
videos, Theator segments the procedure into steps to enable 
more targeted review of different parts of the operation (i.e., 
preparation, triangle of Calot dissection, division of cystic 
structures, gallbladder separation, gallbladder packaging, 
extraction) and evaluates whether the critical view of safety 
was obtained. Trainees met with a member of the study team 
not involved in clinical supervision to receive coaching on 
the nature and the use of the intraoperative assessment tools 
and undergo rater training including demonstration of sam-
ple videos for low and high scores for each assessment items. 
The trainees were then asked to practice using the scales 
with calibrating videos in the same session. Subsequently, 
trainees in the intervention group were asked to review their 
own operating-room recordings and to assess themselves, 
entering their self-assessment scores directly into the Thea-
tor platform as shown in Supplementary Material 1.

Operative performance was assessed using two measures 
selected from tools identified by a systematic review of per-
formance assessment tools for laparoscopic cholecystectomy 
[17]: Global Operative Assessment of Laparoscopic Skills 
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(GOALS) [18], a global rating tool for laparoscopic skills, 
and Operative Performance Rating System (OPRS) [19], 
a procedure-specific assessment tool. Both GOALS and 
OPRS have been supported by validity evidence for use in 
direct intraoperative and video-based evaluation of trainees 
by attending surgeons [17]. In the present study, 16 attend-
ing Acute Care Surgery and Minimally Invasive Surgery 
surgeons participated in our study. The attending surgeon 
underwent the same rater training as the participants. The 
attending surgeon received an email with a link to provide 
their GOALS and OPRS assessments immediately after 
the procedure with maximum allotted time of 72 h. They 
also completed a post-procedural questionnaire to report 
the degree of involvement of the trainee in the procedure 
(0–100%), case difficulty [using a Visual Analogue Scale 
(VAS: 1–10)] and overall trainee entrustability using the 
Ottawa Surgical Competency Operating-Room Evaluation 
(O-SCORE) [20].

GOALS is a general intraoperative performance assess-
ment tool for laparoscopic procedures consisting of five 
items, each scored using a 5-point Likert scale where ‘1’ 
represents the lowest level of performance and ‘5’ is con-
sidered ideal performance. The total possible score ranges 
between 5 and 25 [18]. The items evaluate depth perception, 
bimanual dexterity, efficiency, tissue handling and autonomy 
(Supplementary Material 2) [18]. There is evidence for the 
validity of GOALS in direct intraoperative and video-based 
evaluation by attending surgeons [17]. OPRS is a procedure-
specific 10-item intraoperative assessment tool [20]. A rating 
scale of 1–5 is used to evaluate each item with a rating of 
four or higher indicating technical proficiency and operative 
independence [17]. The final score is the mean score of the 
10 items (Supplementary Material 3) [20]. OPRS has been 
recommended for use in the setting of direct observation, 
but it can also be used in assessment of recorded procedures 
[17]. The O-SCORE is a valid and reliable intraoperative 
assessment of operative competence using a 5-level scale. 
The expert clinician ranks the trainee’s independence from 
1 = “I had to do it” to 5 = “I did not need to be there” (Sup-
plementary Material 4) [23]. This scale is only designed for 
direct observation and is not suited for video assessment 
[23]. This scale is included in trainee competency assess-
ment by the Royal College of Physicians and Surgeons of 
Canada’s competency-based medical education framework.

Validity assessment

The validity of GOALS and OPRS tool as formative video-
based self-assessment tools by general surgery trainees 
in laparoscopic cholecystectomy was evaluated based on 
COSMIN best practice guidelines for examining psycho-
metric properties [21]. Based on previous literature, we 
hypothesized a priori that if GOALS and OPRS are valid 

video-based self-assessment tools for general surgery train-
ees in laparoscopic cholecystectomy, trainee self-assessment 
scores will correlate with (1) expert assessment scores [22], 
(2) O-SCORE Entrustability Scale [20, 23], and (3) proce-
dure time [24] and that (4) self-assessment based on these 
instruments can differentiate junior (PGY 1–3) from senior 
trainees (PGY 4–5) [25], as well as (5) simple (VAS ≤ 4) 
versus complex cases (VAS > 4) [20].

Statistical analysis

A sample size of 29 submissions was expected to be suffi-
cient to detect moderate correlations, i.e., r = 0.5 (as defined 
by COSMIN best practice guidelines) [21] with an α = 0.05 
and β = 0.80. Continuous variables were reported using 
mean and standard deviation or median and interquartile 
range, as appropriate. Categorical variables were reported 
using frequencies and percentages.

Guidelines recommend that hypotheses testing be based 
on the expected direction and magnitude of differences or 
correlations rather than on sample size-dependent statistics, 
such as p values [21]. Hypotheses 1–3 were tested using 
Pearson or Spearman’s rank Correlation where appropriate. 
We expected a moderate positive correlation (coefficient 0.3 
to 0.5) between attending surgeon and trainee self-assess-
ments, and a moderate negative correlation (coefficient − 0.3 
to − 0.5) between trainee self-assessment and procedure 
time. Hypotheses 4–5 were tested using multiple linear 
regression while adjusting for gender (for Hypotheses 4 and 
5) [26], case complexity (for Hypothesis 4) and PGY level 
(for Hypothesis 5). We hypothesized that the magnitude of 
difference between groups would be equal to or greater than 
the minimal important difference (MID) of 2 for GOALS 
[18] and 0.3 for OPRS [27, 28]. These MIDs were estimated 
based on distribution based method with differences above 
one-half of the standard deviation considered clinically 
meaningful [29]. To reduce the risk of bias arising from 
missing data, we used random-forest-based imputation of 
missing data using the missForest R package [30]. Statistical 
analyses were performed using RStudio (version 1.2.1577; 
RStudio, Inc., Boston, MA, USA).

Results

A total of 35 intraoperative recordings of laparoscopic chol-
ecystectomy procedures were submitted by 11 trainees. Two 
trainees refused self-assessment citing time constraints. The 
trainee median age was 30 years, 45% were female and 45% 
were senior trainees ( ≥ PGY 4). Fifty-five percent of the 
submitted cases were done by trainees who had been the 
primary operating surgeon in more than 20 laparoscopic 
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cholecystectomies and 89% had been the primary operating 
surgeon in more than 50 laparoscopic procedures (Table 1).

Out of the 35 submitted intraoperative recordings of lapa-
roscopic cholecystectomies 11 (37%) were of patients with 
acute cholecystitis and 8 (23%) were of patients with biliary 

colic. Twelve cases out of 35 (34%) were done on an emer-
gency basis and 17 (48%) were deemed complex (VAS > 4) 
by the attending supervising surgeon (Table 2). In 9 (26%) 
of these cases, the supervising attending surgeon took over 
for less than 30% of the duration of the procedure. Median 
length of procedure was 85 min, 20.5 min for dissection 
of the triangle of Calot and 10.4 min for dissection of the 
gallbladder bed (Table 2).

Table 3 summarizes the intraoperative attending surgeon 
assessment and the trainee video-based self-assessment 
scores for GOALS and OPRS. Median length of time to 
completion of the intraoperative assessments by the attend-
ing surgeon was 0 days. However, trainee median length of 
time to video-based self-assessment was 10 days. The attend-
ing surgeon’s GOALS and OPRS total scores were higher 
than the trainee’s self-assessments [22 vs. 18 (p = 0.001) and 
4.5 vs. 3.7 (p < 0.001); respectively].

Trainees’ GOALS video self-assessment scores correlated 
with staff surgeon GOALS assessment scores (correlation 
coefficient 0.47) and mean self-assessment scores differed 
between senior versus junior trainees (adjusted mean differ-
ence 3.53 [3.06, 3.78]). However, they did not correlate with 
entrustability (O-SCORE) or total procedure time. GOALS 
scores were also not significantly different between complex 
versus simple procedures (Table 4). Trainees’ OPRS self-
assessment scores correlated with staff surgeon assessment 
(correlation coefficient 0.35), differed between senior versus 
junior trainees (adjusted mean difference 0.51 [0.17, 0.84]) 

Table 1  Characteristics of trainee operator

Data are presented as median (IQR) or n (%)
IQR interquartile range, PGY postgraduate year

Variables

Number of trainees 11
Age (years) 30.0 (29.0, 31.5)
Gender
 Female
 Male

5 (45%)
6 (55%)

Training level
 Junior trainees (PGY 2–3)
 Senior trainees ( ≥ PGY 4)

6 (55%)
5 (45%)

Handedness
 Right-handed
 Left-handed

11 (100%)
0 (0%)

Previous laparoscopic cholecystectomy experience
 ≤ 20

 > 20

5 (45%)
6 (55%)

Previous laparoscopic experience
 ≤ 50

 > 50

2 (18%)
9 (89%)

Table 2  Operative case 
characteristics

IQR interquartile range, VAS Visual Analogue Score

Variables

Number of videos, n 35
Diagnosis, n (%)
 Acute cholecystitis
 Biliary colic
 Chronic cholecystitis
 Choledocholithiasis
 Gallbladder polyp
 Pancreatitis

13 (37%)
8 (23%)
4 (11%)
3 (9%)
3 (9%)
4 (11%)

Operative priority, n (%)
 Emergency
 Elective

12 (34%)
23 (66%)

Complex procedure (VAS > 4), n (%) 17 (48%)
Triangle of Calot dissection done by trainee, % (mean +/− SD) 89.3% ± 26.5%
Gallbladder bed dissection done by trainee, % (mean +/− SD) 96.9% ± 9.6%
Take-over by supervising surgeon, n (%)
 Yes
 No

9 (26%)
26 (74%)

Procedure duration-min, median (IQR)
 Total procedure time 85.0 (66.0, 115.0)
 Dissection of triangle of Calot duration 20.5 (16.1, 36.9)
 Dissection of gallbladder bed 10.4 (7.8, 14.8)
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and differed between complex versus simple procedures 
(adjusted mean difference 0.39 [0.03 to 0.74]). However, 
they did not correlate with entrustability scores or proce-
dure time (Table 4). Hypothesis 3 was further investigated 
by testing the correlation of the self-assessment scores with 
the duration of the dissection of the triangle of Calot and the 
dissection of the gallbladder from the liver bed separately. 
Both GOALS and OPRS self-assessment scores correlated 
with the duration of dissection of the gallbladder bed but not 
the triangle of Calot dissection.

There was an 11% rate of missing attending surgeon intra-
operative assessment (Supplementary Material 5). However, 
sensitivity analysis by testing these hypotheses after imputa-
tion of missing data yielded similar findings (Supplementary 
Material 6).

Discussion

GOALS and OPRS are two commonly used general and 
procedure-specific intraoperative assessment tools in laparo-
scopic cholecystectomy. There is evidence for their validity 
as formative assessment tools for surgical trainees evalu-
ated by attending surgeons [17]. In this study we contribute 
evidence regarding the validity of their use for video-based 
self-assessment by general surgical trainees. Of the 5 a priori 
hypotheses tested for validity, 2 were supported for GOALS 
while 3 were supported for OPRS, suggesting stronger sup-
port for the use of self-assessment tools with procedure-
specific items in this context.

Trainees’ GOALS self-assessment scores correlated with 
expert GOALS assessment scores [22] and self-assessment 
scores were significantly higher in senior surgical trainees 
(PGY 4–5) compared to junior trainees (PGY 2–3) [25]. In 

Table 3  Intraoperative expert assessment and video-based self-
assessment

IQR interquartile range, O-SCORE Ottawa Surgical Competency 
Operating-Room Evaluation, GOALS Global Operative Assessment 
of Laparoscopic Skills, OPRS Operative Performance Rating System, 
NA not applicable

Variables Intraoperative 
expert assess-
ment
Median (IQR)

Trainee 
self-assess-
ment
Median 
(IQR)

p value

Time to assessment (days) 0 (0–1) 10 (4–28) NA
O-SCORE 4 (3,4) NA NA
GOALS 22 (19, 23) 18 (17, 20) 0.001
 Depth perception 5 (5, 5) 4 (4, 4)  < 0.001
 Bimanual dexterity 4 (4, 5) 4 (3, 4) 0.01
 Efficiency 4 (4, 5) 3 (3, 4)  < 0.001
 Tissue handling 4 (4, 5) 4 (3, 4)  < 0.001
 Autonomy 4 (3.2, 5) 4 (3, 4) 0.1

OPRS 4.5 (3.7, 4.9) 3.7 (3.3, 4)  < 0.001
 Incision/port placement 5 (5, 5) 4 (4, 5) 0.001
 Exposure 4 (4, 5) 4 (4, 4) 0.07
 Cystic duct dissection 4 (4, 5) 4 (3, 4) 0.009
 Cystic artery dissection 4 (4, 5) 4 (3, 4) 0.002
 Gallbladder dissection 5 (4, 5) 4 (3, 4)  < 0.001
 Instrument handling 4 (4, 5) 4 (3, 4) 0.003
 Respect for tissue 5 (4, 5) 4 (3, 4)  < 0.001
 Time and motion 4 (4, 5) 3 (3, 4)  < 0.001
 Operation flow 4 (4, 5) 3 (3, 4)  < 0.001
 Overall performance 

rating
5 (4, 5) 4 (3, 4)  < 0.001

Table 4  Validity hypothesis testing

GOALS Global Operative Assessment of Laparoscopic Skills, OPRS Operative Performance Rating System, O-SCORE Ottawa Surgical Compe-
tency Operating-Room Evaluation, TC triangle of Calot, BG gallbladder bed
a 95% CI is reported for regression coefficients

Hypothesis GOALS OPRS

Coefficient (95% CI)a Hypoth-
esis con-
firmed

Coefficient (95% CI)a Hypothesis 
confirmed

(1) Correlation of self-assessment with expert score 0.47 Yes 0.35 Yes
(2) Correlation of self-assessment with expert entrustability score 0.17 No 0.18 No
(3) Correlation of self-assessment with total procedure time  − 0.11 No  − 0.13 No
 (a) Correlation with duration of TC dissection  − 0.05 No  − 0.06 No
 (b) Correlation with duration of GB bed dissection  − 0.41 Yes  − 0.32 Yes

(4) Mean difference in self-assessment score for senior vs. junior 
trainees

3.53 (3.06, 3.78) Yes 0.51 (0.17, 0.84) Yes

(5) Mean difference in self-assessment score for complex vs. simple 
cases

 − 1.56 (− 3.40, 0.28) No  − 0.39 (− 0.74, − 0.03) Yes
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contrast to previous literature demonstrating that intraop-
erative technical skill scores obtained by direct observation 
by expert surgeons correlate with entrustability score [23], 
procedure duration [24], and operative case complexity 
[20], these were not observed in our study for GOALS self-
assessment scores. Trainees’ OPRS self-assessment scores 
correlated with expert OPRS assessment scores [22] and 
self-assessment scores were significantly higher in senior 
surgical trainees (PGY 4–5) compared to junior trainees 
(PGY 2–3) [25] and in simple (VAS ≤ 4) compared to more 
complex cases (VAS > 4) [20]. However, the previously 
demonstrated correlation between intraoperative technical 
skill assessed by attending surgeons and entrustability score 
[23] and procedure duration [24] were not detected using 
OPRS self-assessment scores.

Neither OPRS nor GOALS self-assessment scores cor-
related with the O-SCORE evaluating entrustability, despite 
studies reporting correlation between expert assessment 
scores and O-SCORE [23]. This could be due to inher-
ent differences between the constructs that these tools are 
designed to measure. O-SCORE is a tool that is designed 
to assess surgical competence (i.e., technical skills, cogni-
tive skills and non-technical skills including communication 
and leadership) and hence readiness for independent perfor-
mance of a procedure [20]. In contrast, the assessment items 
in OPRS and GOALS are largely directed towards techni-
cal skills performance with one or two elements assessing 
cognitive skills (namely elements evaluating flow of the 
operation or trainees’ autonomy) [17]. This is supported by 
previous studies showing that self-assessment of cognitive 
tasks to be fundamentally different and less accurate than 
that of more objective technical tasks in trainees [12]. Fur-
thermore, O-SCORE assessment incorporates an established 
external reference criterion (independent performance of a 
procedure as an attending surgeon) but OPRS and GOALS 
items are susceptible to relative scoring by trainees based 
on training level (e.g., “I did well as a junior resident in an 
emergency case”), especially in more junior trainees who 
lack the full range of surgical skills. This can in turn result 
in end-aversion bias (i.e., avoidance of low scores during 
self-assessment due to an incorrect external reference) [31]. 
Therefore, the discrepancy between our findings with previ-
ous literature that reported a correlation between O-SCORE 
and OPRS may be due to the lower risk of end-aversion bias 
and superior cognitive task assessment in expert attending 
assessors compared to trainee self-assessment in our study.

Similarly, neither OPRS nor GOALS self-assessment 
scores correlated strongly with total procedure time, in con-
trast to what was previously reported in the literature [24]. 
In our analysis, procedure length was defined a priori as the 
time from skin incision to skin closure. We performed a sen-
sitivity analysis looking at the association of self-assessment 
score with duration of dissection of the triangle of Calot 

and duration of dissection of the gallbladder bed separately. 
We observed a significant inverse correlation between self-
assessment scores and time for dissection of the gallbladder 
bed. We hypothesize that the lack of correlation with total 
operative duration can be due to the variations in operative 
characteristics such as difficulty obtaining intra-abdominal 
access, presence of intra-abdominal adhesions, gallbladder 
extraction, or variability in involvement of junior trainees 
in closure that are independent from technical skills but can 
affect the procedure duration. Furthermore, previous stud-
ies have also suggested a significant disagreement between 
surgeons regarding when the ‘critical view of safety’ is 
achieved or when dissection of the triangle of Calot can be 
deemed adequate [32, 33]. Therefore, the lack of correlation 
of the self-assessment scores and the duration of dissection 
of the triangle of Calot may reflect the variability in defining 
the endpoint of this dissection between supervising attend-
ing surgeons.

A systematic review of self-assessment of technical tasks 
in surgery by Zevin et al. reported mixed results regarding 
the accuracy of trainee self-assessment [12]. These findings 
have been partly attributed to methodological limitations 
of previous studies and to factors such as recall bias (i.e., 
poor recall of intraoperative events by trainees after the fact) 
[12]. Cognitive factors such as ‘memory bias’ have also been 
reported to affect accuracy of self-assessment. Memory bias 
is a defense mechanism that encourages poor recall of per-
sonal failures to decrease unhappiness and despair [34]. 
The use of intraoperative recording review and valid and 
reliable assessment tools with unambiguous behavioral 
anchors have been associated with improved accuracy of 
self-assessment [12, 35]. Furthermore, video-based self-
reflection has been found to readily address factors such as 
recall bias and memory bias, and valid assessment tools with 
clear performance anchors have the potential to address the 
lack of accuracy and inconsistency in interpretation of items 
[12, 15]. Our findings corroborated these previously outlined 
observations as we observed that OPRS (as an assessment 
tool that includes procedure-specific performance anchors) 
had stronger evidence of validity as a self-assessment tool 
compared to GOALS (a general assessment tool).

However, although GOALS and OPRS self-assessment 
scores significantly correlated with expert scores, they were 
consistently lower than expert scores. This discrepancy 
could be due to participant characteristics such as self-confi-
dence, level of training or trainee gender [12]. Trainees who 
are women and trainees with low self-confidence have been 
reported to more frequently underestimate their performance 
[12]. Furthermore, rater training is an important avenue for 
minimizing information bias as it improves accuracy and 
reliability of assessment using standardized tools [36]. In 
our study we used a personal session to familiarize the train-
ees with the assessment tools and performance anchors, and 
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provide them with video examples. This method is formally 
known as ‘Performance Dimension Training’ [36]. Even 
though this method has been shown to improve rater accu-
racy, raters remain susceptible to the ‘drift effect’ where 
assessment accuracy can decline with time after initial 
training [37]. In future studies, providing longitudinal self-
assessment feedback by comparison to expert assessments 
(i.e., Frame-of-reference Training) may lead to more sig-
nificant and sustained positive impact on self-assessment 
accuracy [38]. Consequently, lack of adequate rater train-
ing or the drift effect could have introduced non-differential 
information bias in this study [39].

The strength of our study lies in the robust methodology 
used for validity assessment. We followed COSMIN best 
practice guidelines and hypotheses were posed a priori to 
prevent reporting bias [21, 40]. We observed that the median 
time to completion of intraoperative attending assessment 
was 0 days, with 75% of evaluations being completed by 
1 day after the procedure decreasing the chance of recall bias 
of direct intraoperative assessments by attending surgeons. 
The median time to completion of trainee self-assessments 
was 10 days with a larger interquartile range. The use of 
intraoperative recording for self-assessment reduces concern 
about recall bias. However, since our data came from train-
ees who were interested in self-assessment, an element of 
selection bias cannot be excluded. Another limitation of our 
study is that the 35 videos analyzed were submitted by 11 
trainees, introducing a clustering effect between submissions 
by the same trainee (i.e., values for videos obtained from 
the same trainee have a different relationship to one another 
than values for videos obtained from different trainees). 
Lack of accounting for clustering of data through statistical 
methods can introduce type 1 error [41]. However, given 
the size of the clusters (with two to five videos submitted by 
a given trainee), cluster analysis is not recommended and 
hence it was not performed [42]. Hierarchical linear mod-
eling (HLM) is another statistical solution to decreasing type 
1 error when analysing clustered data. However, previous 
research has shown that this strategy in sparsely clustered 
data (cluster size < 5) is not recommended due to significant 
decrease in power [43].

In summary, our study contributes evidence support-
ing the validity of GOALS and OPRS for formative trainee 
video-based self-assessment. There was stronger support 
for the use of OPRS, with three of five validity hypotheses 
supported, suggesting a potential advantage for assessments 
that include procedure-specific items compared to global 
assessments alone. These tools and their procedure-specific 
performance anchors can act as a guide for more accurate 
introspection and therefore may enhance their educational 
value for procedural learning. Given the reduced operative 
exposure of surgical trainees [3], use of these strategies to 
expand skills training outside the operating-room is crucial 

[10]. Future research should focus on developing procedure-
specific VBA tools with robust measurement properties. 
This is an important step that will be required to investigate 
whether video self-review can improve procedural learning 
by surgical trainees.
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