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ARTICLE INFO ABSTRACT

Keywords: Objective: This study aimed to investigate the feasibility of using eye tracking data to identify orthopedic trainees’
Hip arthroscopy technical proficiency in hip arthroscopic procedures during simulation-based training.
Simulation

Design: A cross sectional study.

Setting: A simulation-based training session for hip arthroscopy was conducted. Eye tracking devices were used to
record participants’ eye movements while performing simulated operations. The NASA Task Load Index survey
was then used to measure subjective opinions on the perceived workload of the training. Statistical analyses were
performed to determine the significance of the eye metrics and survey data.

Participants: A total of 12 arthroscopic trainees, including resident doctors, junior specialist surgeons, and
consultant surgeons from the Department of Orthopedics in five hospitals, participated in this study. They were
divided into three subgroups based on their prior clinical experience.

Results: Significant differences, including those for dwell time, number of fixations, number of saccades, saccade
duration, peak velocity of the saccade, and pupil entropy, were observed among the three subgroups. Addi-
tionally, there were clear trends in the perceived workload of the simulation-based training based on feedback
from the participants.

Conclusion: Based on this preliminary study, a correlation was identified between the eye tracking metrics and
participants’ experience levels. Hence, it is feasible to apply eye tracking data as a supplementary objective
assessment tool to benchmark the technical proficiency of surgical trainees in hip arthroscopy, and enhance
simulation-based training.

Eye tracking
Surgical training
Technical assessment

1. Introduction

Hip arthroscopic surgery is rapidly developing as a technique used in
orthopedic surgery to diagnose and treat many hip-related conditions
[1]. Beyond the general difficulties of arthroscopic surgery, such as
reduced tactile feedback, narrowed vision of the camera, limited degrees
of freedom for manipulation, and the difficulty of integrating
three-dimensional (3D) information based on two-dimensional monitors
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[2, 3, 4], hip arthroscopic techniques are compounded by challenges
involving safe access to specific anatomical sites, time constraints for
surgery, and the requirements for specialized instrumentation [4]. Owing
to these difficulties, orthopedic trainees and surgeons are required to
spend significantly more time to practice the relevant technical skills to
achieve competency.

Previous research findings have inferred that a surgeon would be
required to perform more than 100 cases of hip arthroscopic surgery to
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achieve optimal clinical outcomes [5, 6]. This learning curve has become
smoother with developments in simulation technology. Instead of only
relying on operating room experience to master the appropriate surgical
skills, medical professionals can practice skills repeatedly in a safe
environment [7, 8]. Various types of simulators that enhance training
efficiency have been used to facilitate the training of hip arthroscopic
skills [9, 10, 11], thus shortening the training duration without
compromising the quality of patient care.

As acquiring clinical skills by simulation-based training becomes
increasingly popular [12], objective assessment methods to assess the
trainees’ surgical skills are necessary to ensure that they have achieved
adequate levels of competency [13]. Systematic and objective assess-
ments can help medical educators to structure competency-based
training programs [14], to benefit surgeon certification processes and
improve quality of healthcare and patient safety. Facilitated by evalua-
tion tools, such as the Objective Structured Assessment of Technical Skills
[15] and Arthroscopic Surgical Skill Evaluation Tool [16] the assessment
process has become more accurate and impartial. However, as most
evaluation tools rely on the subjective opinions of examiners, the risk of
bias cannot be completely avoided.

In recent years, eye tracking has shown its potential as a measure-
ment tool for assessing the technical skills of surgery [17, 18, 19]. The
eye tracking system records and analyses eye movements and pupil
behavior during operative procedures. It has been considered a suitable
assessment method as it is based on objective data, which avoids the
potential bias of a subjective grading approach. Studies have revealed
that eye tracking metrics show strong associations with perceived
workload [20, 21]. For example, a higher fixation rate and proportion of
fixation within an area of interest (AOI) indicate a greater degree of
focused attention, and more elaborate visual representation during a
task, which are traits associated with a more experienced operator [18,
22]. Furthermore, eye metrics, such as the overlap of gaze and fixation
locations, can be considered as surrogate markers for identifying the
level of expertise of surgeons [23]. Fixation metrics and scan path
patterns observed in medical professionals are able to reflect their
operational behaviors, which can generate benchmarks for improving
training strategies [24]. Thus, tracking the eye metrics of medical
trainees and educators can provide a better insight to learning behavior
and assist in gauging the trainees’ proficiency level in specific technical
skills.

Moreover, the increasing use of simulation-based training to
smoothen the steep learning curve of hip arthroscopy is appealing for
evaluating eye metrics of surgeons during simulated operations. Data
obtained from these investigations can be valuable in revealing intra-
operative cognitive processes of the arthroscopic surgeon, especially
while performing complex and challenging procedures. These studies
will be beneficial to medical educators in providing a starting point to
improve program design and optimizing the usage of simulation in sur-
gical training. Therefore, the aim of this study was to identify the dif-
ferences in eye metrics for surgeons with varying levels of competency
when performing hip arthroscopic procedures in a simulated setting.

2. Results

A total of 12 arthroscopic surgeons, including resident doctors, junior
specialist surgeons, and consultant surgeons from the Department of
Orthopedics in five hospitals, were included in this study. All participants
were male and right-handed. The novice group performed lesser
arthroscopic operations. Only surgeons with specific experience in hip
arthroscopy were classified in the experienced group, or else, they were
placed in the intermediate group (details as shown in Table 1).

All participants performed the simulated operation on a 3D printed
simulator over 3 days. Eye movements were recorded simultaneously.
Varied features of eye movements were recorded on different AOIs. As
four participants, one from the intermediate group and three from the
experienced group, did not use fluoroscopy to assist portal placement, the
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Table 1. Clinical experience of subgroups.®

Novice group Intermediate Experienced
group group
n 3 5 4
Performed arthroscopic 0 0 22.5 + 5.00
surgery for hip (mean + SD)
Performed arthroscopic 16.67 + 20.82 82 + 73.28 105 + 42.03
surgery for shoulder
(mean + SD)
Performed arthroscopic 46.67 + 35.12 190 + 174.64 128.33 + 122.98

surgery for knee
(mean + SD)

@ Data are presented as the mean number of arthroscopic procedures
performed.

experienced group was not included in the analysis of fluoroscopy-
related metrics.

2.1. Eye tracking metrics

The novice group had the longest dwell time, followed by the inter-
mediate and experienced groups, at the operative site and arthroscopic
field (Table 2). For the fluoroscopic field, the novice group had a
significantly longer dwell time than the intermediate group (Figure 1A;
median, 125.206 [IQR: 26.5-138.4] vs. median, 12.252 [IQR: 4.9-20.7];
P = 0.034, respectively). The results demonstrated a clear trend that the
groups with more prior surgical experience had shorter dwell times
during the simulated operation.

The number of fixations for the operative site significantly differed
between the three subgroups (Table 3). The novice and intermediate
groups showed significant difference in fixations for the fluoroscopic
field (Figure 1B; median, 56 [IQR: 34-89] vs. median, 10.5 [IQR:
6.3-14.8]; P = 0.034, respectively). In general, the number of fixations
was reduced with increased surgical experience; only the intermediate
group showed a higher number of fixations over the novice group for the
arthroscopic field.

The number of saccades was significantly different for the fluoro-
scopic field, as the novice group had more saccades than the intermediate
group (Figure 1C; median, 30 [IQR: 19-44] vs. median, 9 [IQR:
3.5-16.0]; P = 0.034, respectively). For the operative site, the number of
saccades was decreased with increased surgical experience, although this
was not statistically significant (Table 4). However, for the arthroscopic
field, the novice group had fewer saccades than the intermediate and
experienced groups.

The saccade duration showed significant differences between the
three groups. Participants with more surgical experience had a shorter
saccade duration (P < 0.001), as shown in Table 5. Notably, the expe-
rienced group had a shorter saccade duration than the intermediate
group in the operative site, and shorter duration than the novice group in
the arthroscopic field. In the fluoroscopic field, no significant difference
were observed between the novice and intermediate groups (Figure 1D;
median, 20 [IQR: 20-60] vs. median, 20 [IQR: 20-40]; P = n.s.,
respectively).

Similarly, significant differences were observed in the peak velocity
of saccades between the three groups (Table 6). In general, peak velocity
values for the operative site and arthroscopic field increased with the
participants' clinical experience (P < 0.001); only the intermediate group
had a slightly lower value than the novice group in the arthroscopic field.
A similar difference was observed between the novice and intermediate
groups for the fluoroscopic field (Figure 1E; median, 177.06 [IQR:
122.85-274.29] vs. median, 193.68 [IQR: 134.49-292.66]; P = 0.048,
respectively).

Pupil entropy was observed to be significantly different for the
operative site and arthroscopic field; participants with more surgical
experience had a smaller pupil entropy (Table 7). For the fluoroscopic
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Table 2. Details on the dwell time (second) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value
Median IQR Median IQR Median IQR

Operative Site 1114.180 617.3-1823.7 911.355 312.2-1012.7 465.957 283.6-637.3 0.046

Arthroscopic Field 1845.896 1150.8-1866.5 1148.459 835.6-1176.6 578.972 500.7-732.7 0.002

IQR: interquartile range.

field, no statistical significance was found between the novice and in-
termediate groups (Figure 1F; median, 0.047 [IQR: 0.0239-0.1110] vs.
median, 0.001 [IQR: 0.0003-0.0016]; P = n.s., respectively).

For pairwise comparisons, the dwell time for the arthroscopic field
showed significant differences between the novice and experienced
groups (P = 0.006), and the experienced group had a shorter dwell time.
At the operative site, the saccade duration was significantly different
when comparison was made between any two of the three groups (P <
0.05), and the peak velocity of saccade was significantly different in the
experienced group compared to both the intermediate and novice groups
(P < 0.001). Similarly, pairwise comparisons of the peak velocity of
saccade and saccade duration in the arthroscopic field showed significant
differences when comparing any two of the three groups (P < 0.001).

2.2. Cognitive load

Based on the NASA-TLX survey, no significant differences were
discovered between the three subgroups (Table 8). However, clear trends
were observed in most dimensions. Participants with less experience had
higher levels of mental effort and frustration. The experienced group
rated physical and temporal demand lower than groups with less
experience.

3. Discussion

Eye metrics have been previously demonstrated to correlate with
participants' cognitive load when performing simulated operations [21].
This preliminary study, which compared eye tracking data between
groups with varying clinical experience in a simulation-based training,
established specific correlations that denoted the participants' experience
level and eye metrics data, which could be used as an indicator for
determining participants’ proficiency in hip arthroscopic surgery.

Participants with more surgical experience had a shorter duration and
fewer number of fixations at the operative site. Participants presented
with longer dwell times and more fixations in response to a more chal-
lenging task [25]. An association between the dwell time and informa-
tion processing load has been previously reported [17, 26], where an
increased dwell time and workload were correlated. Compared to the
experienced group, the novice and intermediate groups had less clinical
experience in arthroscopic operations, particularly, hip arthroscopy.
Participants in the latter two groups were generally unfamiliar with the
techniques required for the simulated training task. Therefore, it was
unsurprising that they required more cognitive load when performing the
assigned tasks, which correlated with the finding that the simulated
operation was more demanding for less experienced participants.

Similar to the fixation metrics, the number of saccades observed was
an important indicator of workload, as an increased number of saccades
may suggest an increasing mental workload for the task [27]. In this
study, less skilled participants had a higher number of saccades for the
operative site, indicating that in these two AOISs, less skilled participants
experienced increased mental cognitive load when performing the task.
Notably, we observed the opposite phenomenon for the arthroscopic
field, where the novice group had the lowest number of saccades between
the three subgroups. This could be explained by a previous study that
showed that an increased mental workload did not always equate to an
increased number of saccades [28], as inexperienced participants may

require more time to perceive information (which reduces the number of
saccades).

Based on the precept established in previous studies [29, 30, 31, 32]
viewing behavior can be divided into two categories: early and later
viewing. Early viewing is characterised by more saccades and a shorter
duration of fixation; as much information as possible is collected during
the early phase. In contrast, later viewing has fewer saccades and a longer
fixation duration to process more in-depth and object-centered analyses
[32]. In this study, the novice group had the fewest saccades and longest
fixation duration for the arthroscopic field, which correlated with a later
viewing pattern. This observation suggested that novices were required
to expend more work analyzing information from the arthroscopic screen
(which was the main tool for accomplishing intra-joint operations), to
complete the simulated task, compared to the intermediate and experi-
enced groups.

In this study, other saccadic-related parameters, such as saccade
duration and peak velocity of saccade, have proven that trainees with less
surgical experience perceived an increased workload than more experi-
enced trainees. Generally, less skilled trainees had a longer saccade
duration and lower peak velocity of saccade than more experienced
trainees; these findings were consistent with earlier studies [33, 34, 35],
which reflected the status of attention span and working memory of the
trainees when performing the tasks. Compared to more experienced
trainees, the difficulty level of the simulated task was higher for novice
trainees, which resulted in increasing attentiveness and working mem-
ory. In contrast, experienced surgeons distributed their attention more
effectively by simultaneously observing the necessary locations at the
appropriate time, to reduce memory impairment.

In the AOIs for the operative site and arthroscopic field, pupil entropy
was discovered to be significantly higher in less experienced groups,
which was consistent with earlier findings reported in surgeons who
performed inguinal hernia repair [36]. Compared to surgeons from the
experienced group, less experienced participants required more infor-
mation processing during the task; thus, rendering pupillary changes less
predictable, which meant that less experienced participants were nor-
mally associated with higher cognitive load when performing tasks [37].
The findings on pupil entropy were similar to other examined eye met-
rics, where participants with increasing experience levels required less
cognitive load to perform simulated hip arthroscopic procedures.

Despite no observed significant differences in the cognitive load
regarding mental demands, effort, and frustration, experienced partici-
pants had lower scores. Less experienced participants with inadequate
experience in hip arthroscopy were more challenged when performing
simulated procedures, which resulted in a higher mental demand,
significantly more effort required to accomplish the task, and frequent
frustration. However, given more practice, trainees could develop
intraoperative mentally embedded movement coordination and cogni-
tive load reduction [38]. Although the scores for physical and temporal
demands did not decrease with improved experience levels, the experi-
enced group had a lower score than the other two groups, which may
indicate that the experience level of the orthopedic surgeon was impor-
tant during arthroscopic simulations.

Eye tracking metrics can be used as an additional objective determi-
nant of orthopedic trainees’ technical proficiency and quality of training
for arthroscopic procedures. With the wide-spread use of simulation-
based arthroscopy, eye tracking data could be used to assess the
learning efficiency of individuals using simulation-based training for
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Figure 1. Box plots for eye tracking metrics for the fluoroscopic field of the novice and intermediate group. (A) Box plot of the dwell time; (B) Box plot of the number
of fixations; (C) Box plot of the number of saccades; (D) Box plot of the saccade duration; (E) Box plot of the peak velocity of saccade; (F) Box plot of the pupil entropy.
The box denotes the spread of data collated through their quartiles and the whisker indicate variability of the data outside the upper and lower quartiles.

honing their surgical skills. Moreover, by comparing eye tracking data of 3.1. Limitations

actual surgeries with simulation-based training, medical educators could

evaluate the quality of the training program and the simulator used. Eye This study had several limitations. First, the number of participants
tracking metrics can be an objective reference for informing educators was small, which may have resulted in a Type II error for some vari-
and researchers of the effectiveness of simulation-based training, ables (e.g., temporal demand on NASA-TLX). Thus, increasing the
generating similar physiological feedback to trainees, compared to an sample size would enhance the value of the study. Second, some par-
actual operation. ticipants (one surgeon from the intermediate group and three from the
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Table 3. Details on the number of fixations (count) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value
Median IQR Median IQR Median IQR

Operative Site 629.0 434.0-809.0 476.0 222.0-561.0 356.5 258.3-407.5 0.046

Arthroscopic Field 366.0 301.0-676.0 450.0 358.0-684.5 382.0 278.5-465.3 0.712

IQR: interquartile range.

Table 4. Details on the number of saccades (count) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value
Median IQR Median IQR Median IQR

Operative Site 430.0 346.0-707.0 422.0 138.5-528.0 302.5 223.3-356.3 0.121

Arthroscopic Field 132.0 107.0-274.0 353.0 204.5-551.0 334.0 228.0-411.5 0.210

IQR: interquartile range.

Table 5. Details of saccade duration (millisecond) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value

Median IQR Median IQR Median IQR

Operative site 40 20-60 40 20-60 20 20-40 <0.001

Arthroscopic field 40 20-60 20 20-40 20 20-20 <0.001

IQR: interquartile range.

Table 6. Details of peak velocity of saccade (degree per second) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value
Median IQR Median IQR Median IQR

Operative site 191.01 132.9-292.2 198.42 136.7-299.4 224.19 148.1-314.0 <0.001

Arthroscopic field 252.49 152.9-349.9 213.27 139.5-321.7 288.61 198.7-367.9 <0.001

IQR: interquartile range.

Table 7. Details of pupil entropy (bit) for three subgroups.

Areas of interest Novice Group Intermediate Group Experienced Group P value
Median IQR Median IQR Median IQR

Operative site 0.124 0.118-0.175 0.013 0.003-0.154 0.002 0.001-0.003 0.015

Arthroscopic field 0.129 0.086-0.148 0.018 0.007-0.038 0.003 0.002-0.006 0.010

IQR: interquartile range.

Table 8. Details on the NASA-TLX (score) for three subgroups.

Subscales Novice Group Intermediate Group Experienced Group P value

Median IQR Median IQR Median IQR

Mental demand 7.5 6.0-9.8 7.0 5.5-7.5 5.0 3.0-7.0 0.317

Physical demand 6.0 2.8-8.5 6.0 5.5-6.5 3.0 2.3-5.3 0.324

Temporal demand 6.0 5.0-8.5 5.0 5.0-7.0 4.0 2.3-5.0 0.083

Performance 85 6.3-10.0 6.0 5.5-8.0 7.0 6.0-9.5 0.939

Effort 8.0 5.5-9.8 7.0 6.5-7.5 6.0 4.5-6.8 0.164

Frustration 7.5 5.5-9.5 7.0 5.5-8.5 5.0 2.0-8.0 0.227

IQR: interquartile range.

experienced group) did not use fluoroscopy in their simulated practice,
which further reduced the available data set for statistical analyses for
the fluoroscopic field, and may have affected the accuracy of the re-
sults. In future, improving the study design and applying a stricter

study protocol would be helpful in mitigating this issue. Third, in
contrast to actual surgeries, the simulator used in this study was a task-
specific trainer, which is used specifically for some important steps in
hip arthroscopy; other steps were excluded. As the simulation practice



B. Cai et al.

Heliyon 8 (2022) e12335

Acetabular Labrum

| Operative Site

] Arthroscopic Field

Fluoroscopic Field

Figure 2. The equipments and settings for this study. (A) Assembled simulator with a silicon component overlaid on the bony structures; (B) Arthroscopic view
showing the intra-articular space of the simulator; (C) Demonstration of areas of interest for the simulated operation.

Table 9. Measurement metrics of eye movement data.

Metrics Description Unit

Dwell time Sum of durations from all fixations and saccades when visualizing the AOI Second

Number of fixations Total number of times when gazing at the AOI Count

Number of saccades Total number of saccades counted when visualizing the AOI Count

Saccade duration The time taken to complete the saccade when visualizing the AOI Millisecond

Peak velocity of saccades The highest velocity reached during the saccade when visualizing the AOI Degree per second
Pupil entropy Predictability of pupil change Bit

is more akin to a solo performance rather than teamwork, which is
required during an actual surgery, eye behavior during communication
and cooperation between team members was omitted in this study.
Therefore, this study is unable to fully reveal the surgeons' eye

behaviors during the entire hip arthroscopic surgery. Future studies
should measure the complete set of surgeons’ eye metrics for hip
arthroscopy using different simulators for assessing operational per-
formance and inter-team communication.
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4. Conclusion

In this simulation-based training, medical trainees with different
experience levels showed differences in eye behavior when performing
hip arthroscopy. The results of this preliminary study demonstrate a good
correlation between eye tracking metrics and participants' prior clinical
experience. A higher level of surgical proficiency resulted in a lower
cognitive load. Our findings demonstrated the possibility of applying eye
tracking metrics data as part of an assessment tool to evaluate medical
trainees’ technical skills and establishing a benchmark for enhancing
simulation-based training programs. Future work should focus on
investigating the varied eye tracking metrics with larger sample sizes in
simulated and real operational settings; thus, providing more valuable
information on the pattern of eye movements during arthroscopic
procedures.

5. Material and methods

This study was conducted at a single academic training center and
was reviewed and approved by the university's institutional review
board.

5.1. Participants

Participants of this study were orthopedic surgeons with prior expe-
rience in performing arthroscopic surgery independently and their sur-
gical experience levels varied. They enrolled in this study voluntarily and
received no remuneration or other benefits for their participation. In-
formation regarding their training and prior clinical experience in
arthroscopy was collected. Based on the participants' arthroscopic sur-
gical experience, they were divided into three subgroups: novice, inter-
mediate, and experienced groups. The surgical volume for the novice
group was typically lower than other participants. For the intermediate
and experience groups, the main distinguishing factor among these two
groups was prior experience in performing hip arthroscopy, which would
greatly influence the surgeons’ behavior during the simulated operation.
Before conducting the study, participants were informed of the purpose
and design of this study, and could withdraw at any time without
consequence. Consent was then obtained. Data collection was completed
in July 2021.

5.2. Tasks and measures

In this study, a task-specific trainer was used for training in hip
arthroscopic procedures (Figure 2A and B). Important surgical skills for
hip arthroscopy, such as portal placement, intra-joint anatomical iden-
tification, and navigation could be performed using this simulator [39,
40, 41, 42]. Most equipment and tools used in this simulation-based
training were identical to those of an actual operation. An arthroscopy
demonstration linked to a laptop was used as the video system for the
simulated procedure. Before the simulated operation, a 4-h didactic
lecture on hip arthroscopy and operational instructions relating to the
training content were given to all participants. During the simulated
operation, participants were required to establish the anterolateral por-
tal, mid-anterior portal, proximal mid-aterritorial portal, and distal
anterolateral portal for hip arthroscopy. They were free to use fluoros-
copy to assist with portal placement. Additionally, participants were
required to identify the 12 o'clock, 2 o'clock, and 4 o'clock positions on
the labrum.

The eye metric data of the simulated operation were recorded using
the Tobii Pro Glasses 2 (Tobii Technology AB, Danderyd, Sweden), a
portable eye tracking device (set at 50 Hz). This device has a head unit
that embeds a video camera, microphone, and six infrared sensors. The
video camera located at the center of the external side of the glass frame
recorded the simulated operation. Infrared sensors internally mounted on
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the glass frame recorded eye movements and pupil behavior. The
microphone recorded the audio information from the training session.
Recordings were annotated using the Tobii Pro Lab Software (Tobii
Technology AB). AOIs for this study were defined as the operative site,
and arthroscopic and fluoroscopic fields (Figure 2C). The operative site
referred to the simulator that was designed to replicate the soft tissue and
bony structures of the hip joint. The arthroscopic field denoted the screen
in the video system which simulated the visual images obtained from an
arthroscopic camera. The captured images provided essential informa-
tion for the intra-joint operation. The fluoroscopy screen displayed X-ray
images that assisted portal placement. Participants’ gaze direction and
eye metrics were measured based on these AOIs. The gaze fixations were
initially identified using the AOI selection tool of the Tobii Pro Lab
Software (Tobii Technology AB) and manually verified by the research
team.

Based on the specific setting of this study and available data sets, the
data evaluated in this study included dwell time, number of fixations,
number of saccades, saccade duration, peak velocity of saccade, and
pupil entropy. The description of the metrics and unit used are shown in
Table 9. Furthermore, the number of saccades reflected the switching
times for fixation. Pupil entropy indicated the predictability of pupil
change, or change in pupil size.

After the simulated operation, a modified NASA Task Load Index
(NASA-TLX) survey was used to assess participants’ perceived workload
[17]. The NASA-TLX was used to semi-quantitatively measure the opin-
ions of participants based on six subscales, including mental demands,
physical demands, temporal demands, performance, effort, and frustra-
tion [43]. In this present study, each subscale comprised a continuous
scale ranging from 0 (very low) to 10 (very high). These sub-scores were
added to obtain the final NASA-TLX workload score, and presented as a
final value ranging from O to 60 to indicate the perceived workload of
each participant [17, 44].

5.3. Statistical analysis

The Jonckheere-Terpstra test, a rank-based nonparametric test, was
used to analyze eye movement data for the operative site and arthro-
scopic field, and NASA-TLX data of the three different groups of partic-
ipants. Due to the limited number of participants in the experienced
group (n = 1) who used fluoroscopy, eye movement data on the fluoro-
scopic field for the experienced group were excluded from analysis, and
the Mann-Whitney U test was used to compare data from the novice and
intermediate groups. All statistical analyses were performed using the
SPSS Statistics software (version 23.0; IBM, New York, USA). Results
were considered statistically significant when the P value was less than
0.05.
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