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Abstract

Background: Cognitive non-technical skills (NTS), including situation awareness and decision-making, are critical determinants of 
surgical outcomes. Current NTS assessments depend on expert human observation, which is resource-intensive and difficult to 
scale. To address this, we investigated whether surgical gestures, derived from annotated video of the surgical field, could serve as 
objective indicators of cognitive NTS.

Methods: A data set of 40 open-source laparoscopic appendicectomy videos was annotated for temporal (for example surgical 
gestures) and spatial (for example coordinates of actions) indicators of surgical NTS. Using the Non-Technical Skills for Surgeons 
(NOTSS) tool, 12 expert observers independently assessed decision-making (1–4) and situation awareness (1–4). Multivariable linear 
regression analysed video-derived indicators predictive of NTS.

Results: Across all videos, a total of 10 385 events were annotated, generating 87 374 data points. The mean cognitive NOTSS rating was 
5.6 (s.d. 0.8) out of 8, with decision-making and situation awareness highly correlated (r = 0.8, P < 0.001). The final multivariable model 
explained 39.6% of the variance in expert cognitive NOTSS ratings, identifying five predictors: dexterity index, events during the final 
operative phase, coagulating events, dropping actions, and actions targeting the small bowel.

Conclusion: This study provides evidence that non-technical skills can be inferred from silent video of the surgical field alone. These 
findings lay the foundations for scalable, automated tools to evaluate surgeons’ cognitive processes offering new avenues to improve 
surgical training, performance and outcomes.

Lay Summary

Surgery relies not just on technique, but also on social (for example communication) and cognitive skills (for example decision- 
making). Collectively known as non-technical skills, these attributes are critical to safe surgical care. Current methods of 
assessing these skills rely on human observers. This is time-consuming, prone to bias, and difficult to scale. With the increasing 
availability of operative video, there is growing interest in whether objective data from the surgical field could support 
assessment of these skills. The aim of this study was to examine whether patterns of surgical gestures visible on operative 
video are associated with expert assessments of surgeons’ non-technical skills.

Forty short segments of video of laparoscopic appendectomy procedures were rated for non-technical skills by expert surgeons. 
A validated tool was used for ratings. At the same time, each video was annotated using a structured codebook to capture temporal 
(for example actions performed) and spatial (for example where on the screen an action occurs) attributes. Analysis focused on 
identifying variables from annotation which were related to expert-ratings.

Certain attributes, such as how frequently surgeons changed their hand use, how they managed tissue and how they behaved 
during key phases of the operation, were associated with higher expert ratings of non-technical skills. These findings suggest that 
experts draw on observable technical cues when judging cognitive performance, even when broader operating room context is 
unavailable. In the future, combining video-based analysis with additional information, such as audio or whole operating room 
video, may support more scalable and objective feedback for surgical training and help improve patient safety.
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Introduction

The field of surgery remains one of the highest-risk arenas within 

modern healthcare. As the third leading contributor to global 

deaths, improving surgical standards is an urgent priority1. 

Although variation in postoperative outcomes is influenced by 

many factors, recent attention has focused not only on patient 

characteristics but also on the surgeon’s non-technical skills 

(NTS). These critical cognitive (for example decision-making) 

and social (for example leadership) domains in the operating 

room (OR) are essential for safe and effective care and are 

increasingly becoming embedded into surgical training 

pathways2. A recent systematic review including over 250 000 

procedures established a significant relationship between 

intraoperative NTS and patient-level outcomes3. Perioperative 

NTS (for example consideration of treatment options) also 

influence outcomes, particularly in high-risk patients, 

reinforcing the need for regular appraisal and feedback4. This is 

especially relevant for situation awareness and decision-making 

given their greater representation in NTS errors5. Current 

approaches for assessing these higher-order cognitive skills 

predominantly rely on expert surgeons. Regular NTS feedback is 

not commonplace and, when performed, is time intensive. 

Debriefing a single procedure can take a median of 30 min, 

which can translate into several hours for a whole list6. 

Developing automated metrics could improve scalability of 

routine NTS appraisal by highlighting debriefing focus and 

quality of feedback.

The rapid evolution of operative video analysis offers 

unprecedented opportunities for novel, enhanced performance 

insights7. The potential for evaluating NTS through data was 

identified in a recent international Delphi, in which NTS-based 

operative performance metrics represented the most prominent 

domain (4 of 10 statements) within the consensus statement8. 

Feasibility of deep-learning to assess operating team NTS has 

previously been demonstrated using wide-angle video of the 

whole OR9; however, there are currently no approaches to 

analyse NTS from video of the surgical field alone10. Given the 

ubiquity of minimally invasive surgical video and the urgent 

need for scalable objective feedback, developing tools to 

measure cognitive NTS using existing operative video feeds and 

without the need for expert assessors would represent a 

significant advance in surgical performance assessment and 

quality improvement.

Surgical gestures, defined as the classification of specific 

actions (for example cutting), are currently used for competency 

and quality assessment of technical skills11. Gestures can be 

further characterized by action triplets—an action, the target of 

the action (for example skin), and the instrument used (for 

example scalpel)12. Specific gesture use, determined through 

video annotation, has been shown to directly impact functional 

outcomes following surgery, further strengthening their 

potential to provide meaningful insights for surgeons and 

influence patient care13. Although video-derived gesture 

analysis has successfully captured technical skills, its 

application to assess NTS remains unexplored. The potential to 

harness surgical gestures to reflect cognitive abilities is 

strengthened by the increasingly established relationship 

between technical and NTS14. For example, repetition of 

movements and variations in surgical workflow could be used to 

reflect decision-making processes.

To advance the field of surgical data science, the present study 

explored to what extent surgeons’ gestures, derived from surgical 

field video, could serve as objective markers of cognitive NTS and 

how expert raters infer such skills when broader operative context 

is unavailable. Establishing such relationships is a necessary 

precursor to automation, validation, and eventual integration 

into surgical training and quality improvement frameworks.

Methods

This study leveraged expert-ratings and annotation of operative 

video to identify attributes from the surgical field to represent 

situation awareness and decision-making. Laparoscopic 

appendectomy was chosen given its prevalence, with over 

300 000 procedures performed annually in the United States, 

most commonly by surgical trainees, with postoperative 

complications reported in up to 13% of cases15–17. Approval for 

this study was granted by the Edinburgh Medical School 

Research Ethics Committee (reference: 24-EMREC-020_A1).

Data set development
A data set of 40 open-source laparoscopic appendectomy 

videos was developed by searching YouTube (California, 

USA) for ‘laparoscopic appendectomy’ and ‘laparoscopic 

appendicectomy’. Videos were eligible if they were unedited and 

demonstrated a non-retrocecal, uncomplicated appendicitis, 

defined as grade 1 or 2 on the acute appendicitis disease severity 

score (Table S1)18. Two independent raters (L.D., C.B.), each with 

>100 appendectomies performed as the primary surgeon, 

assessed 10 videos (25% of the data set) for disease severity and 

interrater reliability was calculated. To further standardize the 

data set, included videos had to ligate the appendiceal base with 

at least one surgical tie without the use of a stapling device. 

This operative technique was chosen as it allowed further 

demonstration of cognitive processes (for example placement of 

the surgical tie) and is a frequently used approach for 

appendiceal base ligation19. Otherwise, instrument selection 

was at the discretion of the operating surgeon.

Each video was edited to show a 5-min segment immediately 

before the first surgical tie on the appendix was cut. This 

allowed for both surgical tie application and dissection skills to 

be included, providing raters with a broad range of skills to 

assess. Previous studies utilizing video-based ratings have 

adopted a similar method showing only critical steps to 

represent the whole procedure20.

Cognitive NTS evaluation
Video segments were rated by members of the Non-Technical 

Skills for Surgery (NOTSS) faculty. The NOTSS faculty is 

affiliated with the Royal College of Surgeons of Edinburgh with 

the mission of supporting surgical teams to advance the 

cognitive, social, and behavioural skills that makes surgery safe, 

productive, healthy, patient-centred, and team-focused. They 

have the greatest expertise in teaching and assessing NTS and 

therefore were best placed to rate video segments. Following 

consent and provision of demographic data, raters were 

randomly assigned to one of four groups of 10 videos, with each 

group independently rated by three raters. Ratings were 

performed using the validated NOTSS rating tool, which uses a 

4-point scale to rate multiple elements within situation 

awareness and decision-making (Table 1)21,22. A ‘not observable’ 

option was available if a rater deemed an element absent from 

the video segment provided. Ratings were completed using the 

Research Electronic Data Capture (REDCap) platform23. All 

raters were provided with study-specific training which included 
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a video introduction, written guidance on using the NOTSS rating 

tool for operative video, and in-study follow-up.

To control for technical skills, video segments were also rated 

using the Global Operative Assessment of Laparoscopic Skills 

(GOALS) tool (Supplementary Methods and Table S2)24. A separate 

set of raters, recruited via the Faculty of Surgical Trainers (Royal 

College of Surgeons of Edinburgh) and the Technology-Enhanced 

Surgical Training Consensus Group (an international panel of 

surgical educators and researchers with an interest in 

data-driven surgery)8, assessed each video independently in 

parallel to the NTS group. The format of recruitment and video 

allocation were the same as for NTS ratings.

Video annotation
Full-length video annotation was performed by a single annotator 

(L.D.) who is clinically trained in laparoscopic appendectomy and 

experienced in video annotation (Fig. 1). Annotation was 

performed using Dartfish Pro S (Fribourg, Switzerland; version 

11.4), a sports-analytics platform previously used successfully 

for operative video analysis25. A structured codebook was 

developed following established recommendations to guide 

annotations and maintain consistency (Supplementary Material)26. 

Each discrete surgical event, defined as an action by the surgeon 

or the assistant, was temporally annotated for each gesture 

category (dexterity, action type, target anatomy, and 

instrument)27 and operative phase according to a previously 

published cognitive task analysis (Table S3)28. Spatial features 

were captured through x and y coordinate mapping of each 

event using the built-in feature within Dartfish. For example, 

the point of grasping the appendix was identified and the 

coordinates generated by the platform.

Statistical analysis
The mean NOTSS score across the three raters was used as the 

summary cognitive NTS rating for each video, with a maximum 

score of eight. The individual rater scores were determined by 

the sum of situation awareness and decision-making, which in 

turn were determined by the mean scoring across the three 

elements rated for each domain. Details of how summary 

technical ratings were derived is available in the Supplementary 

Material. For descriptive statistics, the mean (s.d.) or median 

(i.q.r.) across all videos were used with videos classified as high, 

middle and low performing based on quartiles of cognitive NTS 

rating.

Interrater reliability (IRR) was assessed using an ICC two-way 

mixed effects model29 and intergroup variation using a one-way 

analysis of variance (ANOVA). Given raters were nested within 

groups of 10 videos, a linear mixed-effects model was used, with 

group assigned as a fixed effect, and video and rater assigned as 

random effects to further explore rating reliability. A similar 

analytical approach has been used where operative videos were 

rated by multiple independent groups of raters30.

To identify predictors of cognitive NTS, a multivariable linear 

regression model was derived using unadjusted temporal and 

spatial annotations. Additional composite predictors, such as a 

dexterity index representing the mean number of events before 

dexterity change, were created from unadjusted annotations 

(Supplementary Methods). The goal was to develop a parsimonious 

model with the greatest explainability for the outcome variable 

(that is non-technical performance). Candidate predictors were 

selected based on univariable analysis and clinical significance. 

Variance inflation factor (VIF) was used to assess for collinearity 

between candidate predictors, with a value greater than 5 

considered to be significant31. Selection into the final model for 

correlated predictors was guided by clinical significance. P < 0.05 

was considered statistically significant, and all analyses were 

performed in RStudio (Version 2024.04.2+764).

Results
Data set characteristics
Across the 40 videos, 10 385 events were labelled, generating 

87 374 data points. The mean number of events per video 

was 259.6 (s.d. 76.3) and the median full-length video 

duration (that is prior to 5-min segment editing) was 

23.3 min (i.q.r. 20.6–25.2). There was no difference comparing 

videos by quartile for total duration and number of total and 

surgeon events (Table 2). All videos were grade 1 on the 

appendicitis severity scale, with 100% agreement between 

the two raters. Although the focus was on surgical gesture 

annotation, the developed codebook included label categories 

for 12 variables (Table S4).

Table 1 Cognitive NOTSS taxonomy used for video ratings

NOTSS domain Element

Decision-making Considering options
Selecting and communicating decisions
Implementing and reviewing decisions

Situation awareness Gathering information
Understanding information
Projecting and anticipating future states

Fig. 1 An overview of the video annotation pipeline

Dick et al. | 3
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Of the 12 NTS video-raters, the majority were male (n = 11, 92%) 

and practised in the UK (n = 11, 92%). The mean number of years 

clinical experience of the rating panel was 22.5 years. The 

overall mean cognitive NTS rating was 5.6/8.0 (s.d. 0.8), with 

decision-making and situation awareness highly correlated (r =  

0.8, P < 0.001). The overall mean technical skill rating was 3.2/5.0 

(s.d. 0.57). No statistically significant differences were observed 

in mean group-level ratings for either NTS (P = 0.68) (Fig. S1) or 

technical skills (P = 0.65). Furthermore, the correlation between 

the two constructs was not statistically significant (r = 0.29, P =  

0.07). IRR varied among rater groups (range: −0.48 to 0.65), with 

the greatest variability observed in evaluations of situation 

awareness, consistent with the inherently inferential nature of 

this category (Tables S5, S6). The linear mixed-effect model 

identified a cognitive NTS rater variance of 39.9%. To mitigate 

rater-dependent variability, ratings were aggregated across 

three independent raters for all downstream analyses, a 

commonly used approach to stabilize estimates in subjective 

performance assessment.

Model derivation
On univariable analysis, nine variables were identified as 

independent predictors of NTS (Table S7). There was collinearity 

between several variables (VIF > 5), usually due to representing 

the same construct. For example, coagulating actions were 

highly correlated with use of a bipolar instrument (r = 0.53, P <  

0.001). After refinement, the most parsimonious model for 

predicting NTS was derived (Table 3), comprising: the number of 

events during phase 5, dexterity index, the number of 

coagulating actions, the number of dropping actions, and the 

number of actions targeting the small bowel (Fig. 2). The 

adjusted R2 of the final model was 0.3963.

Discussion

This study explored whether surgeons’ NTS could be inferred 

from video-derived insights from the surgical field alone, as 

interpreted by expert raters blinded to wider contextual 

information. The findings demonstrate that specific metrics, for 

example the number of actions within defined operative phases 

and select action types, exhibit significant relationships with 

expert-rated NOTSS scores for decision-making and situation 

awareness. Although impact on clinical outcomes was not the 

aim of the present study, NOTSS ratings have previously been 

associated with patient outcomes, suggesting that the identified 

video-derived indicators may have meaningful implications for 

surgical performance. As surgical data science evolves, it is 

crucial to develop tools which provide meaningful insights for 

surgeons. By discovering video-based indicators reflective of 

cognitive performance, the results of this study can inform 

future research with the ultimate objective of developing 

advanced techniques to appraise skills and enhance feedback.

The variables included in the final model represent a broad range 

of constructs, reflecting the complexities of NTS in the OR. Prior 

work exploring whole OR video analysis of NTS derived models 

with explanatory power up to 0.3359. The present study had a 

comparable power (0.3963), reinforcing the intricacies of 

evaluating NTS. The majority of studies assessing NTS in the OR 

rely on direct observation as ground truth32; however, validity of 

video-based assessment has also been demonstrated22. These 

approaches present challenges in scalability, standardization and 

data availability. The present study should be interpreted as 

identifying video-derived technical cues that experts use as 

proxies for cognitive performance, rather than as a definitive 

measure of NTS. The weak, non-significant correlation between 

GOALS and NOTSS may be a result of the limited case complexity 

and short, edited video segments, reducing variation in technical 

skill while still capturing differences in cognitive performance.

Negative relationships were demonstrated between NOTSS 

ratings and dexterity index, the number of coagulation actions, 

and the number of actions targeting the small bowel. Dexterity 

is traditionally considered a technical skill and is included in 

several validated tools (for example GOALS)24. As a performance 

metric, the percentage of bimanual movements can accurately 

distinguish between higher and lower technical rated 

surgeons33. The findings in this study support that frequent 

changes in dexterity can reflect cognition, with 

higher-performing surgeons recognizing the need to frequently 

utilize non-dominant actions, a trait often less intuitive for 

those lacking experience. Coagulating actions were also found to 

be significant to non-technical performance. Accurate 

decision-making regarding the appropriate volume of tissue to 

Table 2 Characteristics of the data set, descriptive annotations, and non-technical ratings

Non-technical skill group

Variable Lower Middle Upper P

Number of videos 10 21 9
Median video duration (s) 1443 (1292–1496) 1398 (1251–1554) 1306 (1187–1403) 0.49
Mean number of events 260.1 (86.6) 269.2 (71.8) 236.8 (78.6) 0.58
Mean number of surgeon events 227.9 (82.2) 231.8 (56.7) 210.3 (73.5) 0.73
Mean number of assistant events 32.2 (16.3) 36.4 (26.2) 29.5 (18.8) 0.71
Mean non-technical rating

Situation awareness 2.3 (0.3) 2.8 (0.1) 3.3 (0.4)
Decision-making 2.4 (0.4) 2.8 (0.1) 3.3 (0.3)
Overall 4.7 (0.6) 5.6 (0.2) 6.6 (0.6)

Table 3 The most parsimonious model with greatest 
explainability for variables predictive of non-technical 
performance

Variable Adjusted R2 95% c.i. P

Overall model 0.3963 <0.001
Estimate

Number of events in 
phase 5

0.16 0.036 to 0.284 0.01

Dexterity index −0.492 −0.803 to −0.18 0.003
Number of actions

Coagulating −0.018 −0.028 to −0.008 <0.001
Dropping 0.077 0.013 to 0.142 0.02

Action target
Small bowel −0.008 −0.014 to −0.001 0.002
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coagulate and awareness of the proximity of surrounding 

structures likely results in more judicious use of this action type. 

This is reinforced in the recent finding that coagulating actions 

influence functional outcomes following surgery in select 

patients13. Small bowel–focused actions were also identified as a 

contributor to NTS, albeit with marginal effects. Nevertheless, 

awareness of small bowel positioning during setup of the 

surgical field can improve efficiency and flow of the operation.

A significant positive relationship was observed between 

dropping actions and non-technical ratings; a counterintuitive 

result. Acknowledging that even in the most skilled hands, errors 

can occur, this finding could reflect that response to, and recovery 

from, an undesirable event provides greater insights to surgical 

NTS than the absence of such actions. Further investigation in 

data sets with greater contextual information (for example audio) 

would provide further insights into the relationship between 

errors and cognitive performance. Increased activity during the 

last phase of the operation demonstrates the final opportunity to 

recognize and rectify potential complications (for example 

bleeding), increasing NTS appraisal.

The present study identifies key video-derived operative 

metrics relevant to non-technical performance assessment. In 

the short term, the most feasible application is to support 

formative appraisal, for example through self-reflection or 

video-based review. Longer term, the next phases require 

development of automated analytic tools, demonstration of 

validity, and linking to clinical outcomes. Automated annotation 

of gestures from operative video has already been 

demonstrated, notably for coagulating actions, with high 

specificity34. However, automation of some variables highlighted 

in this study are more challenging. Classifying dropping actions 

requires not just sensitivity in recognizing an ungrasped target, 

but specificity for the underlying principle trying to be measured 

(that is a technical error). These challenges could be mitigated 

by combining surgical field video analysis with automated NTS 

evaluation from video captured of the entire OR9, 

large-language model-based assessment of NTS (for example 

from OR transcripts)35, and sensors to measure physiological 

proxies of NTS36. By incorporating these automated assessments 

with existing performance metrics (for example kinematic data 

from robotics platforms)37, surgeons could receive feedback 

based on multimodal data, enhancing insights and identification 

of development needs. Real-time applications (for example 

warning highlighting excessive coagulation) could maintain 

patient safety and improve outcomes13.

The data set developed lacked audio and video of the whole OR 

team to complement the laparoscopic video. Although it remains 

unclear what the minimum signal is required to reliably measure 

cognitive NTS, the addition of these data streams may have 

reduced some rater variance and improved reliability by 

providing clarity of rationale from the operating surgeon’s 

perspective. Identifying specific attributes which influence 

situation awareness and decision-making ratings may also 

explain the observed differences in reliability. Regardless, these 

findings highlight the challenges of existing assessment 

methods, reinforce the need for objective insights, and provide 

foci for future research. Without the usual contextual features 

for NTS assessment (for example view of the OR setting, 

interaction between OR team members), raters may have relied 

more heavily on technical attributes such as tissue handling. 
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Although mitigated through purposeful selection of raters with 

the necessary training and experience in using the NOTSS rating 

tool, the possibility remains that NTS ratings were influenced by 

technical features. However, this also represents a strength of 

the study: it provides insight into how raters extract and 

interpret non-technical cues in constrained or decontextualized 

settings, an increasingly relevant scenario for future virtual or 

AI-assisted performance evaluation. Finally, uncomplicated 

laparoscopic appendectomy may not fully stress NTS, and 

publicly shared videos may preferentially represent favourable 

performance. However, it is likely that the metrics identified 

become more pronounced during a complex procedure. The 

next logical study is to explore video-derived metrics in surgical 

data sets with greater diversity (for example open inclusion 

criteria for severity) and procedures where NTS are more critical 

(for example cholecystectomy)38.

The current study provides the first empirical evidence that 

cognitive NTS can be inferred from gestures captured through 

video of the surgical field alone when broader contextual cues 

are unavailable. As part of a multiphase programme, future 

work should focus on refining these models, expanding 

validation across more complex procedures and varied operative 

contexts, and incorporating complementary data sources. 

Integrating such insights into routine surgical practice via 

automated tools could enhance training, strengthen feedback, 

and ultimately improve patient outcomes.
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