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José M. Sánchez Carrión5 • Mercedes Martin Berrido5 • Gonzalo Olivares5
Andrés Catena2

•

Received: 13 July 2015 / Accepted: 2 March 2016
Ó Springer Science+Business Media New York 2016

Abstract
Background Task (over-)load imposed on surgeons is a
main contributing factor to surgical errors. Recent research
has shown that gaze metrics represent a valid and objective
index to asses operator task load in non-surgical scenarios.
Thus, gaze metrics have the potential to improve workplace safety by providing accurate measurements of task
load variations. However, the direct relationship between
gaze metrics and surgical task load has not been
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investigated yet. We studied the effects of surgical task
complexity on the gaze metrics of surgical trainees.
Methods We recorded the eye movements of 18 surgical
residents, using a mobile eye tracker system, during the
performance of three high-fidelity virtual simulations of
laparoscopic exercises of increasing complexity level: Clip
Applying exercise, Cutting Big exercise, and Translocation
of Objects exercise. We also measured performance accuracy and subjective rating of complexity.
Results Gaze entropy and velocity linearly increased with
increased task complexity: Visual exploration pattern
became less stereotyped (i.e., more random) and faster
during the more complex exercises. Residents performed
better the Clip Applying exercise and the Cutting Big
exercise than the Translocation of Objects exercise and
their perceived task complexity differed accordingly.
Conclusions Our data show that gaze metrics are a valid
and reliable surgical task load index. These findings have
potential impacts to improve patient safety by providing
accurate measurements of surgeon task (over-)load and
might provide future indices to assess residents’ learning
curves, independently of expensive virtual simulators or
time-consuming expert evaluation.
Keywords Eye metrics  Neuroergonomics  Surgical
skills assessment  Patient safety  Saccades
Although the healthcare system heavily invests in the
creation of systematic and structured medical training
assessment protocols in order to improve patient’s safety
[1], medical errors continue to occur [2]. Task (over-)load
imposed on surgeons is a main contributing factor leading
to errors [3, 4]. For example, while new surgical techniques
present several advantages to the patient’s safety and
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quality of life—such as reduced postoperative pain and
earlier return to activities of daily living [5]—surgeons
have started to face unexpected higher levels of work load
[6, 7]. Therefore, new assessment metrics are needed to
inform about the costs related to these task load variations
[8]. Quantifying surgeons’ task load provides an opportunity to understand surgeons’ response to the challenges
posed by surgical procedures, and consequently, it represents a first step to ensure patient’s safety and to improve
surgical training programs [9].
Effective surgical training represents a valid tool to
countermeasure (over-)load situations in medical practice
[10]. However, surgical training and its assessment is
particularly challenging due to the fundamental ethical
tension between medical education and patients’ safety
[11]. Current assessment tools are based on validated
observer-generated scoring systems [12], on self-reported
tests and questionnaires [13], and on computer-based
simulations metrics [14]. Although sometimes sophisticated, such methods have methodological and setting
restrictions, however. The main limitations for subjectivebased methods rise in their off-line nature or the response
biases related to personal and motivational factors [15].
Computer-based methods have very limited applicability
outside expensive simulation laboratories [16, 17]. Thus,
the development of objective and feasible systems to assess
surgical task load remains a major challenge in the
healthcare field [18, 19].
Vision is the dominant sensory system supporting
human function, especially in psychomotor tasks, as it is
vital to identify the action’s target and provides feedback to
enable corrections [20]. In fact, gaze metrics represent one
of the most valid, reliable, and objective indices to assess
operator performance [21–23], including physicians [24,
25]. Specifically, in surgical scenarios, gaze metrics have
been used to quantify surgical skills [25–27], to study
differences between novice and expert surgeons [21, 28,
29], and to analyze surgeon’ scanning behavior [30, 31].
Previous studies have also tried to relate surgical task load
to gaze metrics using indirect relationships, as those
mediated by surgeon’s expertise [21] or time-on-task [19].
To date, however, no studies have considered the direct
relationship between gaze-based metrics and surgical task
load, by manipulating the objective complexity of the task
(see Ref. [18] for the recent literature review on eye-based
metrics in surgery).
In non-surgical scenarios, gaze entropy—a measure of
the uncertainty over the gaze position at any point in time
[32] (see ‘‘Gaze dynamics analyses: Gaze entropy [and
velocity]’’ section for more details)—has been proved to be
a sensitive and valid task load index [33–35]. Briefly, gaze
entropy increases with task load [34]: that is, visual
exploration patterns become less stereotyped (i.e., more
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random) during more complex tasks. Furthermore, in
medical applications, gaze entropy has been successfully
used to recognize the rising and falling interest levels of
expert radiologists during medical imaging assessment and,
then, track their learning curves [25]. When compared with
other eye metrics, such as pupil response [21, 27, 36], gaze
entropy offers the advantage that the measured value does
not depend on external factors such as environmental light
or emotional state [37, 38]. Furthermore, unlike other
sensitive indices, as saccadic (fastest movement of the eye)
velocity [19], gaze entropy does not rely on intrusive and
bulky eye tracking systems for the acquisition of its signals
[34, 39]. Thus, gaze entropy could be measured with
mobile and wearable eye trackers (e.g., small-framed
glasses eye trackers) which are robust to head movements
and changes in ambient illumination, and, most importantly, are easy and comfortable to use. These features
make possible to assess surgeon’s performance in real
medical settings [21, 40]. For these reasons, a task load
index based on gaze entropy has the potential to provide an
accurate and unbiased measure of the task demands
imposed on the surgeon and therefore be a valid index to
use in real and simulated surgical scenarios.
Here, we aimed to investigate the effect of task load on
the gaze entropy of surgical residents while performing
high-fidelity simulated laparoscopic exercises. Residents
performed three standardized exercises with different
levels of task complexity (low, medium, and high). We
expected that task complexity would increase gaze entropy,
as well as the perceived task complexity, while, at the same
time, would reduce laparoscopic performance.

Materials and methods
Ethical approval
We conducted the study in conformity with the Code of
Ethics of the World Medical Association [41]. The
experiments were carried out under the guidelines of the
University of Granada’s Institutional Review Board (IRB
approval #899). Written informed consent was obtained
from each resident prior to the study.
Experimental design
Each experimental session included three simulated
laparoscopic exercises corresponding to three levels of task
complexity (low, medium, and high) [42]. We used a Latin
square design to minimize the potential effect of confounding factors, including practice and learning effects
and task-switching costs (i.e., the costs associated with
going from a complex task to an easy one). The dependent
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variables for the analysis were the perceived level of task
complexity, the accuracy in performing the tasks, and the
gaze-based metrics (gaze entropy and velocity, see ‘‘Gaze
dynamics analyses: Gaze entropy [and velocity]’’ section).
Sleepiness level before the experimental session and fatigue between tasks were also assessed. Each experimental
session lasted *45 min.
Sample size
A sample of 18 residents was set to obtain a full balanced
design (i.e., equal numbers of residents in each of six
possible simulated laparoscopic exercise sequences).
Owing to lack of applicable pilot data—being this study
first of its nature—no power calculation was undertaken.
Such a number was considered appropriate based on a
previous cohort, where statistically significant differences
in the gaze metrics were found [21].
Participants
Residents attended IAVANTE (Andalusian Public Foundation for Progress and Health), in Granada (Spain), for
laparoscopic training. Eighteen residents (7 males and 11
females) volunteered to participate in the study (mean age,
height, and weight: 27 ± 2.6 years, 168 ± 8.1 cm, and
67 ± 14.0 kg). Participants had received postgraduate
training for an average of *2 years (min 1 year, max
4 years). To reduce possible bias due to previous experience (i.e., knowledge-based shortcuts), we involved only
laparoscopically naive residents [17]. Most of the residents
were junior surgical trainees (only two of them were
middle surgical trainees). Residency specialities included:
pediatrics (2), urology (4), general surgery (5), and
obstetrics–gynecology (7). All participants had normal or
corrected-to-normal vision. Residents were non-smokers
and mostly right-hand dominant (only one resident was
left-hand dominant). They reported an average of 7 h of
sleep (range 6–8 h) during the night previous to the study.
Before the experiment, each resident filled in the Stanford
Sleepiness Scale [43] (SSS) for screening purposes. No
participants scored [3 (had they done so, they would have
been excluded from further testing [44, 45]). All participants were naive to the aim of the experiment.
Apparatus and tasks
Residents performed three simulated laparoscopic exercises from the Basic Laparoscopic Skills Acquisition
Module (Lap MentorTM, SimbionixÒ): the Clip Applying
exercise, the Cutting Big exercise, and the Translocation of
Objects exercise, using the Lap MentorTM high-fidelity
virtual reality laparoscopic surgery simulator (Fig. 1). In

the Clip Applying exercise, residents used two clip appliers
to clip nine leaking ducts in a specific segment. In the
Cutting Big exercise, residents used one duck bill to retract
and one pair of straight endoscopic scissors to safely cut
and separate a gel circular form attached to a metal ring. In
the Translocation of Objects exercise, residents used two
duck bills to manipulate six solid objects and place them
into the orientation of matching transparent ones. The
lookzone area, defined as the region of interest around the
relevant task targets (i.e., leaking ducts, gel circular form,
and solid/transparent objects) and respective tools [46], did
not differ across the three simulated laparoscopic exercises
(Clip Applying = *343 cm2; Cutting Big = *353 cm2;
and Translocation of Objects: *344 cm2).
Procedure
The advanced Multi-purpose Simulation and Technological
Innovation Complex in IAVANTE houses several laparoscopic and advanced human robotic simulators, which
provide health professionals with general clinical skills and
specific surgical training. The day before the experimental
session, all residents underwent a 5-min simulator familiarization phase. Previous to the beginning of the experimental session, we recorded the date of birth, sex, hand
dominance, years of postgraduate training, and residency
speciality for each resident. Sleepiness was assessed in that
moment. Then, we set up the eye tracking system and
performed the calibration procedure. An instruction screen
indicating the type of task to be performed preceded each
simulated laparoscopic exercise. No time limits were
imposed on the residents to perform the three exercises.
Residents did not rest between exercises, except to answer
the questionnaires described below.
Questionnaires
We used the NASA-Task Load Index [NASA-TLX]
questionnaire [47] as an indicator of the degree of task
complexity that residents experienced while performing the
simulated laparoscopic exercises. The NASA-TLX is a
scale with six bipolar dimensions: mental demand (MD);
physical demand (PD); temporal demand (TD); own performance; effort; and frustration. The first three dimensions
(MD, PD, and TD) reflect task-related factors such as task
complexity [19]. Furthermore, because surgeon fatigue
might be a confounding factor in affecting performance
[48, 49], we asked residents to fill in the Borg rating of
perceived exertion [50] [Borg Scale] after each simulated
laparoscopic exercise (i.e., three different measuring
times). This scale indicates the levels of perceived fatigue.
The score ranges from 6 to 20, where higher scores reflect
higher levels of fatigue.
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Fig. 1 Experimental setup.
A Residents used the Lap
MentorTM surgery simulator
(SimbionixÒ) for the
laparoscopic tasks. The position
of the simulator tower was
fixed. The laparoscopic tasks
were displayed on a 1700
computer monitor facing the
subject. The monitor was
mounted on the simulator tower
and positioned about 160 cm
above the floor level and about
60 cm from the participants’
eyes. B Screenshots showing the
three laparoscopic exercises
(extracted from the Basic Task
Module of the LAP MentorTM):
Clip Applying exercises (top),
Cutting Big exercises (middle),
and Translocation of Objects
exercises (bottom).
Figure adapted from (http://
simbionix.com/)

Performance data
We used the subjects’ accuracy performing the exercises as
an indicator of task complexity [51]. For the Clip Applying
exercise, we considered the number of clipped ducts divided by the total number of clipping attempts. For the
Cutting Big exercise, we considered the number of
retraction operations without overstretching injuries to the
tissue divided by the total number of retraction operations.
Finally, for the Transposition of Objects exercise, we
considered the average ideal number of translocations per
object divided by the average number of translocations per
object. To compare residents’ performance across the three
simulated exercises, accuracy was always expressed in
percentage.
Eye movement recordings and analyses
We sampled eye movements binocularly at 30 Hz, using a
wearable eye tracking system (Tobii Glasses 2.0, Tobii
Sweden). The device consists of a small recoding unit—
attached to a belt worn by the residents—and an eye
tracking unit mounted on an eyeglasses frame. The eye
tracker is connected to the recoding unit via a HDMI cable.
Recordings are stored in a SD memory card. See the recent
works by Morales and colleagues [39] for a detailed
description of the system.
We recorded eye movements only during the execution
of the three simulated laparoscopic exercises: i.e., collected
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data reflect surgeon’s gaze behavior during his/her performance. We identified blink periods as portions of the
raw data where eye information was missing for 100 ms or
more and removed these segments from the analysis. We
further removed the 200 ms before and after each blink or
semi-blink to eliminate the initial and final parts during
which the pupil was still partially occluded. Gaze data from
three residents were lost due to a failure of the recording
system.
Gaze dynamics analyses: Gaze entropy (and
velocity)
While operating, surgeon’s eyes are constantly making
voluntary rapid movements (i.e., saccades) to sample
ambient regions and extract relevant information (i.e.,
fixation periods). During each fixation, in addition to
extracting information, the surgeon has to make a decision
as to where to look next [52]. The sequential periods of
rapid saccades and steady fixations define surgeon’s gaze
behavior. Here we focused on two features of surgeon’s
gaze behavior: gaze entropy and velocity.
To measure (gaze) entropy, we used Shannon’s entropy
formula [53], defined as:
X
Hg ðXÞ ¼ 
pðx; yÞ  log2 pðx; yÞ
where p(x,y) is the probability of the subject’s gaze falling
in the (x,y) position of the visual field for a given sample
(see Fig. 2), estimated from the full recording. This gives a
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measure of the average uncertainty over the position of
gaze on an instant in time during the simulated exercise, or,
equivalently, the information provided by a single observation, measured in bits. Therefore, it is a measure of gaze
dispersion. In order to calculate the gaze entropy, we
divided the visual field [81 9 48 degrees of visual angle
(dva); i.e., the total visual field allowed by the eye tracker
device] in 3888 bins of 1 9 1 dva, and calculated the
probabilities of the gaze falling in each of these bins on any
given time sample. Note that 2 9 2 dva and 4 9 4 dva
sized bins produced equivalent results. Gaze entropy, as
defined here, provides a good indication of the dispersion
of gaze over the visual field. However, it is still possible
that this dispersion obeys to the spatial properties of the
task at hand and not necessarily its complexity. To exclude
the possibility that we are conflating task complexity with
its spatial structure, we use an independent, complimentary
measure: the gaze velocity, which has been previously used
as a proxy to study gaze behavior [54]. Thus, we defined
gaze velocity averaged over the simulated exercise, using
the harmonic mean, as:
vg ¼ PN1

10

Time(s)

Vertical Position (dva)

Fig. 2 Examples of gaze traces
and entropy values obtained in
the experiment. The top row
shows vertical (teal color) and
horizontal (pine color) gaze
position traces across time. A
rapid change in the trace on the
Y-axis indicates a saccadic
movement, while a still trace
implies a fixation period. The
bottom row shows the gaze
position of each sample in the
horizontal and vertical axes.
The exact estimated entropies
for each sequence are shown
and labeled as H in the
corresponding plots. The left
column A shows data for a lowentropy period, while the right
column B shows data for a
higher entropy (*9 %
increment) period. Each period
has duration of 10 s (300
samples with our recording
equipment) (Color
figure online)

N  fs

1
n¼1 rg ðnÞrg ðn1Þ

where fs is the sampling rate of the recording device (in this
case, 30 Hz), N is the number of samples recorded during
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the simulated exercise, and rg(n) is the (x,y) position of the
gaze (in units of degrees of visual angle) on the sample n.
Gaze velocity provides information about how fast the gaze
is continuously moving through the exercises, independently of the spatial configuration of its elements. Therefore, a high average velocity will indicate that the gaze is
moving faster, which explains at least a fraction of the
entropy, independently of the spatial properties of the task.
To make our conclusions more likely to be generalized
to real medical environments (i.e., robust), we computed
gaze entropy and velocity values, considering all the
recorded raw gaze points instead of fixations coordinates or
saccade epochs, respectively. We took this decision also
considering the technical constraints from the eye tracker,
namely high levels of noise system and low sampling rate.
Notwithstanding the above, we obtained similar results (see
Supplementary material section) when applied classical
gaze entropy calculations (e.g., [25]).
Statistical analyses
To analyze the effects of task complexity, we calculated
separate repeated-measures ANOVA (one for each
dependent variable: gaze entropy and gaze velocity,
laparoscopic accuracy, and NASA-TLX scores) with the
three simulated exercises (Clip Applying exercise, Cutting
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Big exercise, and Translocation of Objects exercise) as the
within-subject factor. Thus, we compared each resident to
him/herself across exercises, and variability between residents was part of the error terms. We also performed
separate trend analysis (one for each dependent variable) to
identify the existence of specific trends in our data. Furthermore, to estimate possible effects of perceived level of
fatigue on our main dependent variables, we analyzed the
Borg Scale scores across the exercises, independently from
the complexity of the performed task. In all analyses, we
used the Bonferroni-Holm correction for multiple comparisons [55]. Significance levels were always set at
a \ .05.

across the exercises, F(2, 34) = 6.22, p \ .05, residents
performed better the Clip Applying exercise and the Cutting Big exercise than the Translocation of Objects exercise
(corrected p values \.05, see Table 1).
Finally, surgeon fatigue (as expressed by the Borg
Scale) was stable across the experimental session, F(2,
34) = 2.54, p [ .05; mean ± SD: 1st measuring
time = 9 ± 2.3; 2nd measuring time = 10 ± 2.6; and 3rd
measuring time = 10 ± 2.8.
All together, these results indicate that the task complexity manipulation was successful.

Results

Gaze entropy linearly increased with increasing task
complexity, F(1, 14) = 117.97, p \ .05, indicating that
exploration pattern become less stereotyped (i.e., more
random) during the more complex exercises. Gaze entropy
was lower in the Clip Applying exercise and the Cutting
Big exercise than the Translocation of Objects exercise,
F(2, 28) = 28.46, p \ .05; corrected p values \.05 (see
Fig. 3; Table 1). In the same way, gaze velocity linearly
increased with increased task complexity, F(1,
14) = 20.39, p \ .05, indicating that exploration pattern
becomes more rapid during the more complex exercises.
Gaze velocity was slower in the Clip Applying exercise and
the Cutting Big exercise than in the Translocation of
Objects exercise, F(2, 28) = 6.96, p \ .05; corrected
p values \.05 (see Fig. 3; Table 1).

We aimed to determine the effect of task complexity on
surgeons’ gaze entropy, surgical performance, and perceived task complexity. Residents performed three standardized simulated laparoscopic exercises while we
recorded their eye movements.
Effectiveness of surgical task complexity
manipulation: subjective ratings and accuracy
Task complexity (as expressed by the NASA-TLX scores)
linearly increased from the easy to more complex exercises, F(1, 17) = 95.38, p \ .05. Accordingly, task complexity differed across the exercises, F(2, 34) = 37.15,
p \ .05, residents experienced lower levels of complexity
for the Clip Applying exercise than for the Cutting Big
exercise, and perceived lower levels of complexity for the
Cutting Big exercise than for the Translocation of Objects
exercise (corrected p values \.05, see Table 1).
We found an opposite linear trend for the laparoscopic
accuracy, F(1, 17) = 17.51, p \ .05. Accuracy differed
Table 1 Effect of task
complexity on gaze dynamics
(entropy and velocity),
laparoscopic accuracy,
execution time, and subjective
ratings

Effect of surgical task complexity on residents’ gaze
dynamics indices

Discussion
We studied the effects of surgical task complexity on the
gaze metrics of surgical trainees. Our results show that task
complexity modulates gaze dynamics during standardized
Clip Applying

Cutting Big

Translocation of
Objects

Gaze entropy* (bits), M ± SD

6.798 ± 0.7

6.939 ± 0.9

7.654 ± 0.7

Gaze velocity* (dva/s), M ± SD

6.754 ± 0.1

7.472 ± 0.1

8.797 ± 0.1

58.233 ± 0.1

58.081 ± 0.3

38.110 ± 0.2

22.863 ± 15.1

37.569 ± 17.4

54.605 ± 18.7

Accuracy*,

(%), M ± SD

NASA-TLX*, M ± SD

The mean and standard deviation of the gaze entropy and velocity were calculated from fifteen residents
(n = 15). NASA-TLX values range between 0 and 100, with higher values indicating higher task load.
Accuracy values are reported in percentage, with higher values indicating better performance. The mean
and standard deviation of the NASA-TLX scales, accuracy score, and execution time were calculated from
all residents (n = 18)
dva/s Degree of visual angle/second, M Mean, NASA-TLX NASA-Task Load Index, SD Standard deviation
*Bonferroni-Holm corrected p values \ .05
Execution time (sec), M ± SD: Clip Applying: 97 ± 22; Cutting Big: 192 ± 22; and Translocation of
Objects: 577 ± 275
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Fig. 3 Analysis of gaze entropy and velocity across the three
laparoscopic exercises. A Example of heat maps (top) and velocity
(bottom) maps for resident #2 across the different exercises. Heat
maps are normalized to the maximum value of each map. Yellowish/
darker regions of the visual field indicate areas where residents
directed their gaze more often. Velocity maps show the harmonic
average of the gaze velocity. Gaze velocity moduli are normalized
over the three exercises and represented by the arrow length using a
logarithmic scale. The arrow direction represents the dominant
velocity direction. Colored dots represent regions of the visual field
where gaze measurements were not registered. Briefly, resident #2

shows higher gaze dispersion in the Translocation of Objects
exercises, which also elicit higher gaze velocities over the majority
of gaze positions. B Average entropy and velocity across all residents
for each exercise. Exercises are indicated in green (Clip Applying
exercises), blue (Cutting Big exercises), and red (Translocation of
Objects exercises). Error bars represent the standard error from the
mean (n = 15). Note. The Supplementary material section includes
complementary analyses on entropy and gaze velocity metrics, as well
as additional analyses on classical eye movement metrics (fixation
rate and duration) (Color figure online)

simulated laparoscopic exercises: visual exploration
becomes less stereotyped (i.e., more random) and faster
during more complex exercises. Perceived levels of task
complexity as well as surgical performance provide an
independent validation of these results. This is well illustrated by Fig. 3, which shows that gaze entropy and
velocity linearly increase from the easiest to the hardest
exercises. These results are consistent with previous reports
of the effects of task complexity on gaze entropy [33–35],
now applied to the healthcare field. Gaze entropy behaved
similarly to other entropy-based metrics (i.e., pupil and
hand movements), recently studied in surgical scenarios
[21, 56]. Finally, our previous studies have shown (saccadic) gaze velocity to be sensitive to arousal variations
(see Ref. [22] for a recent review). Since task complexity
modulates arousal [57], laparoscopic complexity may have
modulated the residents’ arousal levels [58], and consequently their gaze velocity as well.
In order to accurately perform laparoscopic procedures,
surgeons need to learn where to look to sample the necessary information. They also need to use their eye
movements to coordinate their hands to reach the task-

relevant locations [59]. Here, residents changed their visual
exploration to compensate for the increase in task complexity. To understand this phenomenon, we must consider
the information-seeking process behind psychomotor tasks.
When performing easy tasks, visual exploration strategies
orient surgeons’ gaze to highly informative elements of the
simulation [60, 61]. However, the optimal visual exploration strategies, i.e., those that will direct the surgeons’
gaze only to the most relevant elements, are not known in
advance [62]. It is reasonable to assume that residents
might follow a far-from-optimal approach [63]. While this
suboptimal approach might serve the resident well in the
less complex tasks, in the most complex tasks, it causes
their gaze to move constantly over different places of the
visual field, not all of them useful, while searching for the
points containing the information needed to perform the
task.
We must note that residents prevalently performed short
unfamiliar psychomotor tasks. Even though the Translocation of Objects exercise has also a cognitive component,
as the residents had to perform several mental representations and rotations to correctly accomplish the task, future
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research should investigate the sensitivity of gaze metrics
to detect surgeons’ load variations while performing more
analytical exercises (e.g., during clinical decision-making
procedures).
Finally, one potential caveat of this study is that our
analyses mixed together data falling inside and outside the
lookzone areas. However, since the size of the lookzone
areas did not differ across the exercises, there should not be
any bias across conditions related to the lookzone factor,
and therefore, we can conclude that the different spatial
patterns, including the gaze falling outside the area of
interest, are caused by differences in task complexity.
Future analyses will benefit from efficient analysis tools
able to handle dynamically changing areas of interest [64]
in head-unrestrained conditions (i.e., without the use of
chin/forehead support) during free viewing tasks.

Conclusions
Our data support gaze indices as a valid, sensitive, and easy
way to objectively assess the task load imposed by surgical
procedures and to know the surgeon’s capacity to operate
without risk to patients’ safety or their own. Furthermore,
because new low-cost eye tracker solutions offer the possibility of continuously and unobtrusively monitoring gaze
behavior in real assessment protocols, our findings have
potential impacts for the development of new entropybased measures to evaluate residents’ learning curves,
independently of expensive virtual simulators or timeconsuming expert evaluation.
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