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Abstract
Introduction Gender bias has been identified consistently in written performance evaluations. Qualitative tools may provide 
a standardized way to evaluate surgical skill and minimize gender bias. We hypothesized that there is no difference in opera-
tive time or GEARS scores in robotic hysterectomy for men vs women surgeons.
Methods Patients undergoing robotic hysterectomies performed between June 2019 and March 2020 at 8 hospitals within 
the same hospital system were captured into a prospective database. GEARS scores were assigned by crowd-sourced evalu-
ators by a third party blinded to any surgeon- or patient-identifying information. One-way ANOVA was used to compare the 
mean operative time and GEARS scores for each group, and significant variables were included in a one-way ANCOVA to 
control for confounders. Two-tailed p-value < 0.05 was considered significant.
Results Seventeen women and 13 men performed a total of 188 hysterectomies; women performed 34 (18%) and men per-
formed 153 (81%). Women surgeons had a higher mean operative time (133 ± 58 vs 86.3 ± 46 min, p = 0.024); after adjust-
ment, there were no significant differences in operative time (p = 0.607). There was no significant difference between the 
genders in total GEARS score (20.0 ± 0.77 vs 20.2 ± 0.70, p = 0.415) or GEARS subcomponent scores: bimanual dexterity 
(3.98 ± 0.03 vs 4.00 ± 0.03, p = 0.705); depth perception (4.04 ± 0.04 vs 4.05 ± 0.02, p = 0.799); efficiency (3.79 ± 0.02 vs 
3.82 ± 0.02, p = 0.437); force sensitivity (4.01 ± 0.04 vs 4.05 ± 0.05, p = 0.533); or robotic control (4.16 ± 0.03 vs 4.26 ± 0.01, 
p = 0.079).
Conclusion There was no difference in GEARS score between men vs women surgeons performing robotic hysterectomies. 
Video-based blinded assessment of skills may minimize gender biases when evaluating surgical skill for competency evalu-
ation and credentialing.
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Despite achieving gender parity in medical school enroll-
ment, women make up only 22% of active general surgeons 

in 2020 [1]. Men are more likely to be preferentially treated 
in leadership opportunities, promotion, and salary [2]. While 
this represents a complex, pervasive social issue not lim-
ited to medicine, there has been some work over the last 
20 years to determine the cause and consequences of gender 
disparities in surgery in hopes of achieving gender equality. 
Given that ideal physicians are often described with more 
traditionally masculine traits than feminine ones, gender role 
expectations contribute to the burden of advancement by 
women physicians [3]. These implicit biases are difficult to 
ignore when evaluating the competency of trainees [3–6].

Subjective, qualitative assessments have been an invalu-
able tool in surgical education, whether formalized through 
ACGME-mandated assessments or informal feedback given 
directly from the evaluator to the trainee. However, analyses 
of these assessments have found that men are more likely 
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to receive positive feedback [3, 5]. One analysis of subjec-
tive feedback across nine surgical specialties found that men 
received more superlative words (“terrific”, “a star”), and 
women received more phrases about personality (“always 
smiling”, “never seems to get upset”)5. This gender bias is 
internalized, with women residents under-rating their own 
technical skills despite blinded reviewers identifying no 
difference in skill between women and men [7, 8]. These 
findings are consistent across other fields outside of gen-
eral surgery, suggesting that this disparity is systemic and 
requires careful consideration [7, 9].

Given that direct assessment and feedback provides criti-
cal guidance for the growth of surgical trainees, we hypoth-
esized that blinded assessments could minimize gender bias. 
Traditional assessments remain necessary when blinding is 
not possible, such as the evaluation of non-operative skills; 
however, blinded assessments offer an opportunity to further 
improve surgical education by eliminating gender-related 
bias. Multiple standardized assessment tools to describe 
surgical skills have been devised in the past. For robotic 
surgery, the Global Evaluative Assessment of Robotic Skills 
(GEARS) score, which quantifies surgical skill with a Lik-
ert-based scale, has been validated to distinguish between 
novice and expert surgeons [10, 11]. The GEARS score 
describes 5 domains of robotic skill, with a higher num-
ber suggesting better technical skills [12]. We hypothesized 
that there would be no difference between the technical skill 
of men and women surgeons in gender-blind video-based 
assessments.

Methods

Patients undergoing robotic hysterectomies performed 
between June 2019 and March 2020 at 8 hospitals within a 
large hospital system were captured into a prospective data-
base for retrospective analysis. Hysterectomies were chosen 
as the model procedure as there was a more even distribution 
of men and women surgeons performing this case as com-
pared to other robotic procedures. Our hospital system rou-
tinely sends robotic videos for GEARS scoring, regardless of 
the surgical subspecialty; as such, the robotic approach was 
utilized in this study. Surgeon gender and mean operative 
time were collected. Because of privacy related concerns, 
we were unable to associate videos with each specific patient 
and therefore collect patient- or outcome-specific variables. 
Surgeon gender was determined from preferred pronoun on 
the hospital website. Years of experience was determined in 
combination with the hospital website and graduation year 
from Doximity (Doximity Inc., San Francisco, CA). This 
study was approved by the Institutional Review Board at 
Northwell Health and was deemed exempt. Consent was not 
required.

The methodology for video-based assessment was 
described previously by this group [13]. Skills assessment 
was provided by the Crowd-Sourced Assessment of Tech-
nical Skills (C-SATS) group (Seattle, WA). Online evalua-
tors assigned GEARS scores without accessing information 
identifying the patient or surgeon. Evaluators did not have 
access to surgeon- or patient-identifying information, includ-
ing the surgeon’s name. After assessment of technical skills, 
the videos and score were sent to the research team through 
a secure application program interface. All data were stored 
in a secure, HIPAA-compliant database under the hospital 
surgical quality improvement program.

Descriptive statistics are presented as follows: for con-
tinuous data: mean ± standard deviation; for categorical data, 
frequencies and percentages. The mean operative time and 
GEARS scores were determined for each surgeon, and one-
way analysis of variance was used to compare the means for 
men and women surgeons. Two-tailed p-value < 0.05 was 
considered significant.

For adjustment for confounding variables, significant 
variables from the univariate screen (years of experience 
and number of cases) were included in a final one-way analy-
sis of covariance (ANCOVA). ANCOVA is a linear model 
that blends analysis of variance (ANOVA) and regression, 
evaluating whether the means of a dependent variable are 
equal across an independent variable, while controlling for 
covariant variables. In this case, we evaluated a continuous 
outcome variable (duration and GEARS scores), continu-
ous dependent covariates (operative volume and years of 
experience), and a categorical independent variable (gen-
der). The assumptions of ANCOVA were tested as follows. 
The dependent (operative time and GEARS scores) and 
covariates (years of experience and number of cases) are 
continuous, and the independent variable (gender) is cat-
egorical. The groups were independently observed without 
significant outliers (Fig. 1). The residuals are normally dis-
tributed for each independent variable. The covariates are 

Fig.1  Mean GEARS score for men vs women surgeons. On unad-
justed analysis, there was no significant difference in mean GEARS 
score for men vs women surgeons
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linearly related to the dependent variables. There is homoge-
neity of variances with homoscedasticity. All analyses were 
performed with SPSS 26.0 (IBM, Armonk, NY) statistical 
software.

Results

Seventeen women and 13 men performed a total of 188 
hysterectomies; women performed 34 (18%) and men per-
formed 153 (81%). Women tended to be less experienced 
based on years of experience (10.2 ± 5.4 vs 17.6 ± 9.0, 
p = 0.009) and submitted fewer robotic cases for scoring 
(2 ± 2.4 vs 11.5 ± 11.1, p = 0.003) (Table 1).

On unadjusted analysis, women surgeons had a higher 
mean operative time (133 ± 58 vs 86.3 ± 46 min, p = 0.024). 
There was no significant difference between the genders in 
total GEARS score (20.0 ± 0.77 vs 20.2 ± 0.70, p = 0.415) 
(Fig.  1). Similarly, there was no significant difference 
between the groups in GEARS subcomponent scores: 
bimanual dexterity (3.98 ± 0.03 vs 4.00 ± 0.03, p = 0.705); 
depth perception (4.04 ± 0.04 vs 4.05 ± 0.02, p = 0.799); effi-
ciency (3.79 ± 0.02 vs 3.82 ± 0.02, p = 0.437); force sensitiv-
ity (4.01 ± 0.04 vs 4.05 ± 0.05, p = 0.533); or robotic control 
(4.16 ± 0.03 vs 4.26 ± 0.01, p = 0.079) (Table 2). There was 
no correlation between years of experience and GEARS 
score for men or women surgeons (Fig. 2) or between opera-
tive volume and GEARS score (Fig. 3).  

After adjustment for years of experience and number of 
cases, there was no significant difference between men and 
women in operative time (p = 0.607), total GEARS score 
(0.431) or any of the GEARS subcomponent scores: biman-
ual dexterity (p = 0.426); depth perception (p = 0.325); effi-
ciency (0.408); force sensitivity (p = 0.407); robotic control 
(p = 0.854).

A post hoc power analysis was performed to determine 
the necessary sample size to identify a difference in mean 
GEARS scores. Based on 80% power and α of 0.05, four 

Table 1  Comparison between 
men and women surgeons 
sampled

SD standard deviation, no number

Variable Women (n = 17) Men (n = 13) p-value

Years of experience (years ± SD) 10.2 ± 5.4 17.6 ± 9.0 0.009
Number of cases (no ± SD) 2 ± 2.4 11.5 ± 11.1 0.003
Fellowship training 9 6 0.724
Female pelvic medicine and reconstructive surgery 4 2
Gynecologic oncology 4 5
Minimally invasive gynecologic surgery 1 0

Table 2  Difference in men and 
women surgeons’ operative time 
and GEARS scores

GEARS score global evaluative assessment of robotic skill, SD standard deviation
*adjusted for years of experience and number of cases

Variable Women (n = 17) Men (n = 13) Unadjusted 
p-value

Adjusted* 
p-value

Operative time (mins, mean ± SD) 133 ± 58 86 ± 46 0.024 0.607
Total GEARS score (score, mean ± SD) 20.0 ± 0.8 20.2 ± 0.7 0.415 0.431
Bimanual dexterity 3.98 ± 0.03 4.00 ± 0.03 0.705 0.426
Depth perception 4.04 ± 0.04 4.05 ± 0.05 0.799 0.325
Efficiency 3.79 ± 0.02 3.82 ± 0.02 0.437 0.408
Force sensitivity 4.01 ± 0.04 4.05 ± 0.05 0.533 0.407
Robotic control 4.16 ± 0.03 4.26 ± 0.01 0.079 0.854

Fig.2  Years of experience vs GEARS score for men and women sur-
geons. There was no significant correlation between years of experi-
ence and GEARS score for men or women surgeons
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women and four men would be required to detect a 10% 
difference in GEARS scores, assuming an anticipated mean 
GEARS score of 20 ± 1 for men.

Discussion

This study aimed to examine gender-based discrepancies in 
intraoperative technical skill as evaluated by blinded, video-
based assessment. We found that women surgeons tended to 
have a longer operative time; however, there were no differ-
ences in technical skill based on the GEARS score assigned 
by blinded, crowd-sourced evaluators. In a post hoc power 
analysis, this study was appropriately powered to identify 
a 10% difference in GEARS score. While this early work 
should be replicated in future multi-institutional studies 
across procedures and specialties, we suggest that blinded, 
video-based assessments may help to minimize gender bias 
in surgical evaluation.

Few studies consider gender as a potential bias in the evalu-
ation of surgical trainees [14]. Currently, surgical education 
is based on qualitative, holistic feedback from attending sur-
geons, and self-assessment. However, unconscious gender 
biases affect this type of assessment, threatening the validity 
of the current way that we assess surgical trainees [14, 15]. 
Men tend to receive more positive narrative feedback from 
faculty [5]. Women tend to receive conflicting feedback, par-
ticularly regarding autonomy, assertiveness and receptiveness 
to oversight, making it difficult for women to improve their 
performance based on this feedback [3]. Gender bias is seen 
across specialties; in internal medicine, men faculty members 
rate men residents higher in clinical judgment, history, pro-
cedures, relationships, medical care and overall [9]. It is also 
seen in evaluations of students by faculty [6, 16] and in evalua-
tions of faculty by trainees [4] and by students, with the largest 

gender discrepancy seen in surgical specialties [17]. This gen-
der biased is internalized. In a blinded, video-based assessment 
of simulated surgical skills, women tended to underrate their 
performance as compared to expert assessment [7]. While not 
a solution to the problem of gender bias in surgery, blinded 
video-based assessment may help to minimize its impact on 
the judgment of surgical trainees.

Our current system may undervalue women surgeons. 
Repeated undervaluation as a trainee can result in women 
receiving less operative autonomy, impacting confidence, 
training quality, and performance [18]. In addition to the barri-
ers faced in an unfavorable work environment with harassment, 
insufficient mentoring and leadership, and a male-dominated 
culture [19], these stereotypes may lead women to undervalue 
themselves, pursuing fewer leadership opportunities or shying 
away from more difficult cases, perpetuating a cycle where 
women are underrepresented in surgical decision-making.

While this study is among early work addressing gender 
bias in surgery, there are several important limitations to 
discuss. At the onset of the study, we sought to address gen-
der disparities in general surgery; however, the majority of 
the robotic surgeries performed outside of gynecology were 
performed by men. The gender disparity at the attending 
level unfortunately resulted in our inability to study gender 
disparities. In the future, with a more equal distribution of 
men and women surgeons in all specialties, this study should 
be repeated outside of a gynecologic procedure. There is no 
current way to accurately describe the technical complex-
ity of a surgical procedure. While the link between techni-
cal skill and outcomes has yet to be established [13, 20], 
potential future studies could use medical history or clinical 
outcomes as proxies for case difficulty and skill. Given that 
this was a small study, we were unable to perform subgroup 
analyses. In addition, we were not able to assess outcomes 
data as videos were deidentified. Although videos are rou-
tinely uploaded to the C-SATS database at our institution, 
surgeons still have the option of not doing so and the degree 
of compliance with uploading to C-SATS is unknown. Addi-
tionally, the vast majority of procedures were performed by 
men (153 vs 34), and we were unable to address whether 
men are busier, perform more robotic surgeries, or submit 
their surgeries more frequently to C-SATS. Taken together, 
then, this may suggest a selection bias. Despite these limi-
tations, this early work establishes that video-based assess-
ment provides a unique opportunity for gender-blind techni-
cal skill evaluation.

Conclusion

In this analysis of gender-blind video-based assessments 
in robotic hysterectomies, there were no differences identi-
fied between men and women surgeons in operative time, 

Fig.3  Number of cases vs GEARS score for men and women sur-
geons. There was no significant correlation between number of cases 
and GEARS score for men or women surgeons
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GEARS score or GEARS subcomponent scores as deter-
mined by crowd-sourced review. Incorporating video-based 
assessments into holistic review may minimize the impact 
of gender bias in surgical trainee evaluations.
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