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Abstract
Objectives Gender differences have been reported to influence medical training. We investigated gender differences encoun-
tered during training in interventional radiology maneuvers.
Methods Catheter handling was analyzed under standardized conditions in 64 participants naïve to endovascular procedures 
(26 women, 38 men). Objective (e.g., catheter pathway, catheter movements, required time) and subjective parameters (stress 
level) were recorded. The NASA-Task Load Index (NASA-TLX; 1–20 points) was used to assess participants’ stress levels 
and perceived workload.
Results In the easier tasks, no significant differences between male and female participants regarding catheter handling were 
observed. In the most complex task, female participants took themselves more time (688 ± 363 vs. 501 ± 230 s; p = 0.02), 
asked for help more frequently (n = 19 vs. n = 8) and earlier than men (203 ± 94 vs. 305 ± 142 s; p = 0.049), whereas men 
stood out by more agitated catheter handling (6.0 ± 1.8 vs. 4.8 ± 1.6 movements/s; p = 0.005). Overall, female participants 
perceived tasks to be more difficult (11.5 ± 4.2 vs. 9.6 ± 3.3; p = 0.016), perceived higher stress levels (8.9 ± 4.9 vs. 6.3 ± 
4.4; p = 0.037), and rated their own performance lower (9.12 ± 3.3 vs. 11.3 ± 3.3; p = 0.009). However, female participants 
were able to correlate self-assessed with objective parameters correctly (r between −0.555 and −0.469; p = 0.004–0.018), 
whereas male participants failed to correctly rate their performance (p between 0.34 and 0.73). Stress levels correlated with 
objective parameters in males (r between 0.4 and 0.587; p < 0.005), but not in female participants.
Conclusion Perceived stress levels, self-evaluation skills, and catheter handling differ greatly between untrained male and 
female participants trying to solve interventional radiological tasks. These gender-specific differences should be considered 
in interventional radiology training.
Clinical relevance statement As psychological aspects may influence individual working strategies gender-specific differ-
ences in self-perception while learning interventional radiology maneuvers could be essential regarding success in teaching 
and treatment outcomes.
Key Points 
• After performing standardized training, 38 male and 26 female volunteers showed significant differences regarding objec 
   tive and self-assessed performance, as well as in perceived workload while performing simulated endovascular catheter  
   maneuvers.
• After solving simulated endovascular radiological tasks, female participants were able to self-assess their objective per 
   formance much more accurately than male participants.
• Women took more time to solve simulated endovascular tasks and asked earlier and more frequently for help than men.
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AOI  Area of interest
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IR  Interventional radiology
NASA-TLX  National Aeronautics and Space Adminis-

tration-Task Load Index
VA  Vertebral artery

Introduction

Gender differences are known to influence physician-
patient interaction and patient satisfaction [1–5], medical 
practice, and therapy outcomes [1, 2, 4–6]. In the case of 
objectively comparable medical performance, for example, 
patients rated treatment success depending on the doctor’s 
gender, which resulted in differences in receiving appre-
ciation and positive public representation [3, 7–10]. Like-
wise, gender differences in medical specialty preferences 
have been described [11, 12].

Focusing on the broad field of radiology, less women 
working in the field of interventional radiology (IR) can 
be found [9, 10, 13]. Accordingly, Li et al also reported 
a significant gender disparity in IR compared to general 
radiology in Canada [14], which they attributed to possi-
ble misconceptions about IR among medical students and 
female physicians, presumably due to insufficient men-
toring. However, they also mentioned pregnancy-related 
issues and gender differences in teamwork to contribute to 
these findings [14].

As various gender-related differences have been 
reported for medical education, it is imperative to discern 
their origin and the processes involved in their emergence 
to improve understanding and to take these disparities 
into consideration in the training of interventionalists. 
The underlying study therefore focuses on self-assess-
ment in learning basic interventional endovascular tasks. 
Psychological variables, such as perceived stress levels 
and self-assessed ratings of performance and difficulty 
of different tasks were included in the paradigm to grant 
a differentiated understanding of the subjective processes 
and experiences that lead to these gender differences.

Material and methods

Participants, inclusion, and exclusion criteria

Sixty-four participants (26 female and 38 male) naïve to 
endovascular, interventional techniques were recruited 
from students and staff of University Medical Center 
Mainz always by the same male MD-student. There was 
no significant mediator effect within the study population 
characteristics (Table 1). To minimize a potential bias dur-
ing recruitment, participants were recruited by hanging 
flyers or by asking a complete team before or after the case 
demonstration if any volunteers would like to take part in 
the underlying study. Three female and one male partici-
pant included in the study were known personally by the 
recruiter. One female participant (hitherto unknown to the 
recruiting MD student) quit during the second task as she 
perceived the difficulty of the task to be too high. Data was 
anonymized after collection. Participants were informed 
about data protection policy and gave informed consent. 
The research paradigm was non-invasive and posed no bio-
logical risk to participants. As participation was on a vol-
untary basis and study data were published anonymously, 
the Institutional Review Board waived issuing a statement. 
The study was conducted in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards.

Recruitment and training of participants

Recruitment, training, and information provided to the vol-
unteers were standardized and thus carried out by the same 
staff (male MD student). All of the 64 participants under-
went a standardized training session prior to performing the 
simulated endovascular procedures by themselves. The train-
ing session included watching a standardized training video, 
in which basic interventional techniques were slowly dem-
onstrated and explained by a board-certified interventional-
ist. Afterwards, participants were introduced to the silicone 
vascular model and the basic handling of each catheter was 
demonstrated once more in a standardized way. We did not 
aim at providing perfect training for every subject, but to 
provide a comparable training level giving all participants 
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an approximately similar chance to solve the tasks. The 
intensity of training, as well as the simulated endovascular 
tasks, were set to reveal differences between the subjects. 
Several preliminary experiments with different volunteers 
were performed in order to optimize our study setup prior 
to starting the underlying study. None of the volunteers who 
were used to adjust the setup and difficulty level of the study 
was included in the real study. Finally, we created a set of 
four tasks with increasing and decreasing difficulty levels. 
The third task (task 2.1) was the most difficult task, whereby 
the first and the fourth task were the easiest.

Catheter model and interventional tasks

A life-size silicone model (NST00V02 #5117; United 
Biologics Inc.), ranging from the femoral artery up to 
the superior sagittal sinus, was used for the experiments 
(Fig. 1A). The silicone model was filled with distilled 
water mixed with baby shampoo (100:1). Each participant 

started the procedure from the same catheter position in 
the upper descending Aorta (marked with an asterisk in 
Fig. 1A). The complete experimental setup is shown in 
Fig. 1B.

The participants were asked to solve four different tasks 
simulating neuroradiological interventional procedures 
(Fig. 2). The first task included using a vertebral-configured 
4F-catheter to probe the V2-segment of the left vertebral 
artery (VA; Task 1.1), and from this point a microcatheter 
and a microwire had to be used to navigate the tip of the 
microcatheter into a tip-aneurysm of the basilar artery (BA; 
task 1.2). In the next task (2.1), an S2-configured 5F-cath-
eter had to be used to probe the right internal carotid artery 
(ICA), from where a microcatheter and a microwire had to 
be used to navigate the tip of the microwire into an ICA-
sidewall aneurysm.

Directly after accomplishing all four tasks, the partic-
ipants were asked to fill in a questionnaire including the 
NASA-Task Load Index (described in detail below).

Table 1  Study population characteristics with a degree of hand focus, job, and hobbies

*  diverse (n = 0)
**  Degree of hand focus: 0 = foot focused; 6 = equal; 11 = hand focused

Groups Subgroups Participants (N)* Mediator analysis 
(subgroups correlated 

to sex)Male Female

38 (59%) 26 (41%) p-value

Age 20–30 12 (31.6%) 13 (50%) > 0.05
31–40 18 (47.4%) 5 (19.2%)
41–50 5 (13.2%) 4 (15.4%)
51–60 3 (7.9%) 4 (15.4%)

Handedness Right 37 (97.4%) 25 (96.2%)
Left 0 (0%) 1 (3.8%)
Both 1 (2.6%) 0 (0%)

Job Medical staff 24 (63.2%) 13 (50%)
Handwork 1 (2.6%) 1 (3.8%)
Administration/IT 13 (34.2%) 12 (46.2%)
Handicraft [hours/day] 2.1 ± 2.1 2.1 ± 2.2

Playing an instrument No 16 (42.1%) 15 (57.7%)
Yes 22 (57.9%) 11 (42.3%)
Degree of hand focus** 9.4 ± 1.1 9.6 ± 0.9

Frequent sports activity No 8 (21.1%) 2 (7.7%)
Yes 30 (78.9%) 24 (92.3%)
Degree of hand focus** 5.5 ± 1.3 5.6 ± 0.7

Degree of integration of sports 
in everyday life

Rare/not at all 5 (13.2%) 2 (7.7%)
Less than half of all opportunities 6 (15.8%) 5 (19.2%)
More than half of all opportunities 8 (21.1%) 6 (23.1%)
Often/always 18 (47.4%) 13 (50%)

Other hobbies No 19 (50%) 13 (50%)
Yes 19 (50%) 13 (50%)
Degree of hand focus** 9.1 ± 1.8 9.0 ± 2.0
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Fig. 1  Experimental setup. A Photograph of the silicone vessel model 
used. All participants worked with the same vessel model to solve 
the given tasks with the starting position of the catheter (*) in the 
descending upper thoracic aorta. B Experimental setup: Participants 
(1) were standing at an angiography stretcher table (2) on which the 
silicone-vessel-model (3) was placed. The catheter system (4) was 

already in place at the starting position within the silicone model. 
To more realistically simulate angiography, the participants’ sight 
onto the silicone model was blocked by a curtain (5). A video camera 
(6) mounted over the silicone model was used to capture all catheter 
movements while simultaneously providing live feedback for the par-
ticipants on a 32”-monitor (7) placed in front of the interventionalists

Fig. 2  Interventional tasks. The 
goal of experiment 1.1 was to 
probe the left vertebral artery 
(arrows) using a vertebral-
configured catheter. Task 1.2 
continued where task 1.1 ended: 
The goal here was to probe a 
basilar-tip-aneurysm with a 
microcatheter via a microwire. 
Goal of experiment 2.1 was to 
probe the right internal carotid 
artery using a sidewinder-con-
figured (Simmons 2) catheter. 
After completing task 2.1, goal 
of task 2.2 was to probe an 
aneurysm of the right internal 
carotid artery using a micro-
catheter and microwire
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Objective study parameters

The following parameters were acquired for each partici-
pant and each task: Time required to solve each task (in 
seconds); distance covered by the catheter within the vas-
cular model during each task (in centimeters; measurements 
were performed using the freely available software „Viana.
net“ (Free Software Foundation Inc.); the number of move-
ments within predefined areas of interest (= “AOI”) and a 
number of tries—one “try” was defined as a forward move-
ment, followed by a correcting backward movement within 
an AOI was classified as one “try.” From the aforementioned 
parameters catheters’ velocity (pathway covered by catheter 
per time needed to solve a task), agitation (number of move-
ments divided by time), and acceleration were calculated. 
Acceleration was calculated using the parameters time, path-
way, and number of tries by using the formula below:

Subjective study parameters

Subjective parameters included self-assessed performance, 
self-assessed stress level, perceived experiments’ difficulty 
of each participant, as well as the time until asking for 
help. Parameters of self-assessment were taken from the 
NASA-TLX (1–20 points) and were queried using a ques-
tionnaire comparable to other studies [15–19].

During the experiment, all participants were allowed 
to ask for assistance if required, albeit knowing that any 
assistance would be recorded. Assistance consisted of 
standardized phrases provided by the staff.

Statistical analysis

The condition of normal distribution for the independent 
t-test was not fulfilled as calculated with the Shapiro-Wilk-
Test. Dunnett’s multi-comparison test was performed to 
compare gender-based objective parameters mean values 
(2-sided; α = 0.05). Non-parametric Kruskal-Wallis test 
was used to re-evaluate significance levels between mean 
values (there were no relevant changes). Correlations 
between objectively measured parameters and subjective 
stress levels, and self-assessed difficulty and performance 
were analyzed using a Spearman-Test (partial ordinal 
scaled parameters). Mediation analysis showed no rel-
evant interaction between subgroups [20] and no relevant 
interactions between the subgroups were detected. Multi-
collinearity was considered if the correlation was r >0.9 
(p < 0.05) [21, 22]. All analyses were performed using the 

Acceleration =
Velocity [

cm

s
]

Number of Tries
=

Pathway [cm]

Time taken [s] ∗ Number of Tries

statistical software SPSS (Version 29, IBM) and the PRO-
CESS-Macro for SPSS from Hayes [23] to exclude possible 
mediator-based effects within subgroups (see Table 1).

Results

Data from 64 participants (26 female and 38 male) were 
acquired. We created a set of four tasks (1.1, 1.2, 2.1, and 
2.2) with increasing and decreasing difficulty levels. The 
third task (task 2.1) was the most difficult one, whereby the 
first and the fourth task were the easiest, as indicated by the 
times required to solve the tasks. Thus, the most significant 
differences were revealed while absolving task 2.1. One 
female participant decided to quit during task 2.1 due to high 
stress levels. Data of this participant were only considered 
for experiments 1.1 and 1.2, as well as for the NASA-TLX 
(n = 64), but not for analysis of the overall performance 
(n = 63).

Objective study parameters

In total, women took themselves (or required) significantly 
more time to solve all four tasks (p = 0.02; see Table 2). 
This effect was most evident in the third task 2.1 (navigat-
ing the tip of a sidewinder-catheter from the aortic arch 
into the brachiocephalic trunk), which turned out to be 
the most challenging task as male and female participants 
required significantly more time to solve this task than for 
any other task (p < 0.001 compared to all other tasks). 
Female participants carried out significantly less catheter 
movements per second (“agitation”) during the third task 
(p = 0.005) and showed a lower catheter velocity than men 
(p = 0.016).

Task 1.1 (probing the left VA with a vertebral catheter) 
was easiest and completed within the shortest time by all 
participants. For time, statistical significance was only 
reached in task 2.1 (probing the right ICA; p = 0.02). 
Acceleration of the catheter, number of tries, and catheter 
pathway did not show any significant differences between 
male and female participants.

Testing for multicollinearity in men and women, there 
were correlations between the number of movements 
and catheter pathway (each r > 0.9; p < 0.001), which 
described redundant effects.

Subjective study parameters

Women rated their performance significantly lower than 
male participants (9.1 ± 3.3 vs. 11.3 ± 3.3; p = 0.009; 
Table 3). Concordantly, the difficulty of the experiments 
was rated significantly higher by females (11.5 ± 4.2 vs. 
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9.6 ± 3.3; p = 0.016), and they also reported significantly 
higher self-assessed stress levels during the tasks (8.9 
± 4.9 vs. 6.3 ± 4.4; p = 0.037; CI 95%; Table 3). In the 
first set of experiments (1.1 and 1.2) men (n = 5) asked 
for help earlier (after 130 ± 37s vs. 170 ± 138s; p = 0.6; 
95% CI) than women (n = 8; Table 3). No significant dif-
ferences were notable, as the first two tasks did not seem 
too difficult (as indicated before). In the more difficult 
second set of tasks (2.1 and 2.2), more women asked for 
help (19/25; 76% vs. 8/38; 21%) and did so significantly 
earlier (in Table 3 after 204 ± 95s vs. 305 ± 142s p = 
0.049; 95% CI).

The time until asking for help increased significantly 
(p < 0.001) between the first (1.1/1.2) and the last two 
tasks (2.1/2.2), which could be due to a learning effect 
and increased motivation. Interestingly, the time until 

asking for help between the first and the second set of 
tasks increased stronger in men (+134%), whereas this 
increase was smaller in women (+20%; Table 3).

Correlation between objective and subjective 
parameters

In general, female participants were able to correlate their 
objective performance and the perceived level of difficulty 
much better, as indicated by multiple significant correlations 
in Table 4. In contrast, correlations of objective performance 
parameters with self-assessed performance and difficulty 
failed to reach statistical significance in male participants.

On the other hand, perceived stress levels correlated sig-
nificantly with most of the objectively assessed parameters 
in male participants (p between < 0.001 and 0.013; Table 4), 

Table 3  Subjective parameter 
results Tasks 1.1 and 1.2 Tasks 2.1 and 2.2

Sex (N) Mean ± 1 SD p value Sex (N) Mean ± 1 SD p value
Time until requesting help [s] M (5) 130 ± 37 0.6 M (8) 305 ± 142 0.049

F (8) 170 ± 138 F (19) 204 ± 95
Number of supports per person M (5) 2.8 ± 3.5 0.2 M (8) 4.4 ± 3.2 0.8

F (8) 3.3 ± 1.7 F (19) 4.6 ± 2.7 

After performing all tasks
Sex (N) Mean±1 SD p value

Self-assessed performance M (38) 11.3 ± 3.3 0.009
F (26) 9.1 ± 3.3

Self-assessed difficulty M (38) 9.6 ± 3.3 0.016
F (26) 11.5 ± 4.2

Self-assessed stress level M (38) 6.3 ± 4.4 0.037
F (26) 8.9 ± 4.9

Table 2  Objective parameter results

Sex Task 1.1 Task 1.2 Task 2.1 Task 2.2 Overall

Mean ± 1SD p Mean ± 1SD p Mean ± 1SD p Mean±1SD p Mean±1SD p

Time to solve tasks [s] M 52.7 ± 31.3 0.4 138 ± 65.5 0.3 233 ± 163 0.02 78.1 ± 74.8 0.1 502 ± 230 0.02
F 59.1 ± 30.8 162 ± 100 357 ± 264 115 ± 101 689 ± 364

Number of movements M 286 ± 143 0.6 172 ± 98 0.1 1309 ± 807 0.4 78.7 ± 63.4 0.008 1845 ± 866 0.2
F 310 ± 205 228 ± 164 1508 ± 968 144 ± 124 2170 ± 1095

Agitation [movements/s] M 6.2 ± 2.7 0.2 1.3 ± 0.6 0.4 6.0 ± 1.8 0.005 1.2 ± 0.8 0.02 14.8 ± 4.6 0.2
F 5.4 ± 2.2 1.5 ± 0.7 4.8 ± 1.6 1.7 ± 1.0 13.3 ± 4.3

Number of tries M 5.6 ± 3.4 0.8 14.6 ± 8.5 0.4 25.7 ± 13.9 0.1 9.8 ± 10.0 0.1 55.6 ± 23.3 0.056
F 5.8 ± 3.9 16.7 ± 12.4 34.2 ± 27.4 14.2 ± 12.5 70.9 ± 39.0

Catheter-tip-pathway [cm] M 26.4 ± 10.1 0.3 30.4 ± 12.8 0.3 147 ± 90.2 0.2 17.0 ± 13.8 0.06 220 ± 100 0.07
F 29.6 ± 16.9 35.0 ± 20.1 188 ± 123 24.7 ± 18.2 276 ± 135

Velocity [cm/s] M 0.6 ± 0.21 0.4 0.25 ± 0.07 0.8 0.66 ± 0.17 0.016 0.24 ± 0.1 0.1 1.76 ± 0.45 0.4
F 0.54 ± 0.16 0.24 ± 0.1 0.57 ± 0.16 0.29 ± 0.13 1.66 ± 0.44

Acceleration [cm/(s*try)] M 0.1 ± 0.1 0.4 0.02 ± 0.02 0.6 0.04 ± 0.04 0.7 0.05 ± 0.1 0.1 0.3 ± 0.1 0.6
F 0.1 ± 0.1 0.02 ± 0.02 0.04 ± 0.04 0.08 ± 0.1 0.3 ± 0.2
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but interestingly not in female participants for 6 out of 7 
parameters (except catheter-acceleration correlating with 
stress level in women; here p = 0.033).

Discussion

The number of studies analyzing “gender differences” 
increased exponentially within the last three decades, as 
confirmed by a PubMed search. The same applies to the 
search terms gender differences and medicine. Focusing on 
medicine, significant gender differences in medical treatment 
and outcomes have been described for innumerous diseases 
[1, 2, 4–6, 13]. Likewise, significant differences between 
male and female physicians affecting medical training as 
well as daily clinical practice have been identified [3, 8, 10, 
14]. In the underlying cohort study not only technical skills 
but even more important factors such as perceived stress 
levels and the ability to assess one self’s performance cor-
rectly were analyzed.

Basic objective parameters, such as time and a number 
of catheter movements, were the most primitive and super-
ficial sort of parameters, which we acquired by analysing 
the procedures. From these data, we additionally calcu-
lated further parameters such as velocity and agitation. Our 
experimental setup contained four different tasks with dif-
ferent difficulty levels. The most challenging task was task 
2.1, which significantly (by about 40–55%) contributed to 
the overall results of the objective parameters (because the 
participants took more time to manage this task). Whereas 
there were no significant differences in objective parameters 

in the easier tasks, we observed that the female participants 
took more time to solve the given tasks and asked earlier for 
help than the male participants. On the other hand, women 
were able to estimate their own objective performance 
much better, whereas men failed to correctly assess their 
own performance. The difference in working speed might 
result from different working strategies and it could also be 
triggered by different factors. For example, all participants 
were informed that the time was taken during the experi-
ments. However, it was never said to any of the participants 
that time is of relevance to judge their performance. Never-
theless, this information alone could be sufficient to trigger 
male competitiveness (which from an evolutionary aspect 
may be expected to have been exposed to strong selective 
pressure throughout human history) [24]. Therefore, it could 
have been that male participants simply hurried up because 
they felt the experiment to be a challenge, while women 
did not see this experiment as a challenge and simply took 
their time to solve the tasks. This would be in line with the 
hypothesis, that reduced working speeds yield a higher 
degree of precision thereby avoiding more complications 
and resulting in a better outcome. This interpretation would 
also be supported by the findings of Barr et al, who reported 
women take more time in treating patients [1, 2, 4], which 
resulted in an increased level of patient satisfaction [1, 5]. 
Gender-based treatment differences were also observed in 
terms of 30-day mortality and readmission in an internists’ 
study: patients treated by female internists presented a sig-
nificantly lower readmission rate and mortality after 30 days 
than patients treated by male internists [6]. Furthermore, 
Alcaide-Leon et al observed fewer mistakes made by female 

Table 4  Correlation analysis results using Spearman’s rank correlation

Self-assessed performance Self-assessed difficulty Self-assessed stress 
level

m f m f m f

Time to solve tasks [s] R −.057 −.513    .188    .459       .469  .249
p value    .732    .009    .258    .021       .003  .230

Number of movements R −.159 −.555    .068    .037       .587  .038
p value    .339    .004    .687    .861 < 0.001  .858

Agitation [movements/s] R    .103 −.053 −.256 −.410    −.072 –.251
p value    .538    .803    .120    .042       .666  .226

Number of tries R    .054 −.394    .187    .379       .399  .142
p value    .756    .051    .262    .061       .013  .498

Catheter-tip-pathway [cm] R −.113 −.469    .135    .179       .459  .167
p value    .498    .018    .420    .391       .004  .424

Velocity [cm/s] R    .044 −.005 −.211 −.266    −.110 –.131
p value    .795    .981    .203    .199       .511  .532

Acceleration [cm/s*try] R    .125    .383 −.182 −.469    −.233 –.429
p value    .455    .059    .275    .018       .159  .033

N       38       25       38       25         38     25
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doctors in diagnostic radiology than by their male colleagues 
[25]. Irrespective of disease severity, patient-specific char-
acteristics, and gender, treatment disparities have also been 
related to a surgeon’s age [26]. This, however, is not an unex-
pected finding as older surgeons in most cases will be more 
experienced.

Accordingly, gender differences in self-assessment 
and perception of one’s own abilities and achievements 
have been reported. Women, for example, do not only 
seem to rate their performance generally lower than men 
[7] but women and men also seem to perceive personal 
success and failure differently [27, 28]. Whereas women 
tend to rate their personal success as “lucky”, and fail-
ures are considered as “lack of skills”, men tend to rate 
their personal success as “based on skill” and failures as 
being “unlucky” [27, 28]. Interestingly, when being unob-
served, women rated their performance similar to those 
of their male counterparts [7]. Ludwig et al thus hypoth-
esized that women, when being under observation, seem 
to judge their own performance more accurately than 
men, presumably to avoid being judged negatively for 
their failings [7]. This explanation would also match our 
observation with women requiring more time to solve the 
interventional tasks in our experimental setup while cor-
rectly interpreting their own performance. These findings 
are also supported by Gill et al, who exposed male and 
female participants to tasks harbouring a high likelihood 
of failure [3]: They observed a decreased performance of 
male participants concomitantly with a decreased chance 
of success, whereas female performance decreased inde-
pendently of that. In our study, higher stress levels of 
male participants positively correlated with an increase in 
time and number of catheter movements required to solve 
the tasks. Thus, when men were more stressed out, they 
tended to become more agitated. When women indicated 
lower stress levels and lower difficulty of tasks and self-
assessed their performance higher, they showed higher 
catheter acceleration values than men, which could mean, 
that these female participants performed catheter move-
ments more efficiently than men.

The present study has some limitations. Whereas over 
60 volunteers were recruited, the number of participants 
still could have been higher. On the other hand, the number 
of participants yielded several significant results. We tried 
to eliminate any bias from the study using a standardized 
teaching video and recruitment, training, and the experi-
ments were performed by the same male MD student. This, 
in fact, might have introduced some bias, as male or female 
participants might have reacted differently depending on 
the gender (or even personality) of the study supervisor. 
This problem, however, is almost intractable. Interestingly, 
we realized that men were more willing to participate in 
the study than women, which is another potential source 

for bias, which hardly can be corrected. Reasons for this 
might be that men are more prone to accept challenges. 
This theory would also be supported by Ludwig et al and 
Gill et al, who reported a higher willingness of male par-
ticipants to accept challenges and to compare with others 
than women. Ludwig et al hypothesized that women could 
tend to rate their performance lower when being observed, 
which would match our results. Whether this difference 
affects the results of our study finally remains unclear, and 
matched-pair analyses of a larger cohort might yield even 
more exact results. The fact that we investigated the per-
formance of volunteers naïve to catheter techniques puts 
the results of this study mainly into an early educational/
training setting: comparing well-trained (and it would be 
difficult to clearly define “well-trained”) male and female 
interventionalists might have yielded different results. 
Therefore, performing this experiment with participants 
naïve to catheter handling provides the considerable advan-
tage of avoiding confounding factors such as years of train-
ing. Another important point is that differences in objective 
catheter handling performance might have influenced the 
results. Whereas we ensured that none of the participants 
had any experience with catheter handling, it was more 
difficult to exclude different backgrounds regarding other 
situations in which hand-eye coordination is important. 
We therefore checked the background of the participants 
using a questionnaire including activities possibly affecting 
manual dexterity including sports and playing an instru-
ment but found no significant differences here.

Differences in self-assessed performance, stress 
level, and self-assessed difficulty observed in our study 
were comparable to the results of other studies [3, 7, 
27, 28] and could explain differences in performance 
between men and women. Increased awareness of failing 
in women might already have influenced our objective 
parameters, such as perceived stress levels, difficulty, 
and own performance. One consequently may interpret 
that the female participants presented with a remark-
ably critical self-perception, which may have resulted 
in a raised willingness to ask for help. Most interest-
ingly, when our male participants felt their skills were 
insufficient, their self-assessed stress levels increased 
proportionally.

In conclusion, we observed several interesting gen-
der-related differences not only regarding working 
speed and catheter movements in some parts of the 
experiment but also in self-perception of individual per-
formance and stress levels in this educational setting. 
We learned that inexperienced male volunteers solved 
the most difficult interventional task somewhat faster 
than women, who in contrast took themselves more time 
and performed catheter movements with less agitation. 
Female participants asked more frequently and earlier 
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for help than their male counterparts, while they showed 
a more “aggressive tactic” with significantly more 
catheter movements per second. Female participants 
inexperienced in endovascular procedures rated their 
performance in general lower than inexperienced men 
and indicated higher stress levels during simulated angi-
ography, but were much better able to correctly assess 
their objective performance. Whereas men tended to 
overestimate their own performance and failed in self-
assessment of objective parameters. Although these 
gender-based differences do not necessarily reflect the 
situation in well-trained male and female interventional-
ists, instructors should be aware of these differences as 
they may affect the interpretation of young colleagues’ 
behavior and performance, thereby improving training 
and teaching of not only interventionalists.
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