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Abstract

Background: Current literature demonstrates the ability of eye tracking to
provide reliable quantitative data as an objective assessment tool, with poten-
tial applications to medical and surgical training to improve performance.
Objective: The aim of this study was to evaluate the changes in gaze behavior
in anesthesia novice trainees when performing a simulated epidural tech-
nique before and after a hands-on training on the epidural simulator. Me-
thods: We enrolled 48 novice trainees who had never previously performed
an epidural block. After a standardized learning module, each trainee prac-
ticed the epidural procedure on the epidural simulator while wearing a pair of
eye tracking glasses (Tobii Pro Glasses 50 Hz wearable wireless eye tracker).
After this baseline recording, each trainee spent two hours practicing with the
epidural simulator and afterwards once again performed the eye tracking
epidural procedure. Eye tracking metrics and epidural learning (duration of
the procedure and number of attempts) before and after the simulated prac-
tice were recorded. Results: The duration of the epidural procedure and of
the epidural needle advancement phase (P < 0.05) and the number of epidural
attempts (P < 0.001) were reduced after the tutorial. When considering the
eye tracking metrics, after the tutorial, the number of visit counts decreased
and their duration increased (P < 0.05). The number of epidural needle inser-
tions (additional attempts) showed a significant positive correlation with the
visits number (aOR = 2.02 (95% CI = 1.26 - 3.55; P = 0.008)) and a significant
negative correlation with the visit duration (aOR = 0.65 (95% CI = 0.39 - 0.99;
P = 0.05)). Conclusion: We observed significant changes in gaze behavior
associated with increased performance during the epidural technique learning
with a simulator in anesthesia trainees who had never previously performed
an epidural block. These results may create a prototype for future studies on
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eye tracking technique as a teaching and evaluating tool in simulation.
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1. Introduction

Epidural block is a complex procedure and requires cognitive skills such as the
knowledge of the anatomy along with psychomotor skills such as the skills re-
quired to perform the technique. The learning curve is one of the most common
tools to assess how the physician in training is progressing at a skill, but the
achievement of competence is highly dependent on the subjective and qualitative
nature of the definition of learning.

Eye tracking is the process of measuring an individual’s eye movements, us-
ing a device called an eye-tracker, to register his attentional behavior while per-
forming a task.

The principle underlying the use of eye-tracking technology is the “eye-mind”
theory that suggests there is a relationship between where an individual looks
(fixates) and the insight into the cognitive processes that guide this scanning,
essentially what he is paying attention to, or thinking about at that point in time.

Although cognitive processes are complex, and it is possible that an individual
may be simultaneously fixating on one thing, thinking about something else,
studies have demonstrated that an individual’s attention and thoughts at a given
point in time most likely correspond to their point of fixation [1] [2].

In the medical field, perception and visual expertise have a high impact on
work efficiency and effectiveness, as well as on the correctness of analysis and
diagnosis.

Eye tracking has been successfully used for quantitative proficiency assessment
and may be a new promising tool to evaluate competency. Current literature
demonstrates the ability of eye tracking to provide reliable quantitative data as
an objective assessment tool, with potential applications to medical and surgical
training to improve performance [3].

Eye metrics can consistently distinguish non-experts from experts, and many
studies report that as proficiency in a task improves, there is an increase in focused
attention and visual representation during its performance [4] [5] [6] [7] [8].

Using the eye-tracking methodology in medical students, Zumwalt et al. [9]
demonstrated that education may quite quickly affect visual behavior as new
knowledge is gained. Soh e al [10] examined trainee radiologist readers while
they attempted to detect breast lesions on radiologic images before and after an
e-learning tutorial, observing an improvement in lesion detection as demon-
strated by improved eye-tracking metrics.

We performed this study to evaluate the changes in gaze behavior in anesthe-
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sia novice trainees when performing a simulated epidural technique before and

after a hands-on training using an epidural simulator.

2. Methods

Forty-eight anesthesia trainees volunteered from the University of Catania Med-
ical School to be enrolled in this prospective, observational study. Each partici-
pant gave written informed consent and privacy, confidentiality and anonymity
were fully guaranteed by the EESOA Research Board.

In our Region simulation centers do not have access to a formal ethical ap-
proval process. Our study was eligible for Ethical Committee’s exemption, in
accordance with US Federal Human Subject Regulations-Protection of Human
Subjects, due to the nature of the study itself, as no patients were involved, the
trainees participating were volunteers, researchers ensured that those taking part
in the research would not be caused distress, all participants’ personal and other
data were completely anonymized, and all the investigators had no conflict of
interest and were not involved in any of the participants’ university teaching
programs. In addition, the study was in line with the Healthcare Simulationist
Code of Ethics supported by the Society for Simulation in Healthcare [11].

All the novice trainees included in this study had never previously performed
an epidural block.

All trainees received a standardized three-hour learning module on epidural
anatomy and technique as described elsewhere [12] and subsequently practiced
the epidural procedure on the epidural simulator while wearing a pair of eye
tracking glasses. Each trainee then spent two hours practicing the epidural tech-
nique with the epidural simulator, under the supervision of a trained instructor.
At the end of this individual hands-on tutorial, every trainee was asked to per-
form once again the epidural procedure, wearing the eye tracking glasses.

For this study we used a commercially available Tobii Pro Glasses 50 Hz
wearable wireless eye tracker. This system can measure eye movements using
cameras integrated into the eyeglasses which record the corneal reflection of
infrared lighting to track pupil position, mapping the subject’s focus of attention
on video recordings of the subject’s field of vision (gaze). In addition to tracking
gaze, this system enables the measurement of various eye metrics including fixa-
tion frequency and dwell time, used as a surrogate measure of perceived stimu-
lus importance [13].

All the eye-tracked epidural procedures were recorded immediately after ac-
curate individual calibration, during which the participant, after wearing the
glasses unit, focused on the center of the calibration target.

All the eye tracking video-recordings were stored and analyzed by using a
Tobii Pro Lab Software. We selected five areas of interest (AOI), to define re-
gions of a displayed stimulus, and to extract metrics specifically for those re-
gions. The areas were the following: 1) point of the epidural needle at its inser-
tion into the skin; 2) shaft of the epidural needle; 2) hub of the needle; 3) barrel
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of the syringe; 4) plunger of the syringe; 5) other fields of view.

We also divided the epidural procedure into three phases: 1) epidural needle
insertion and advancement; 2) loss of resistance procedure (LOR); 3) duration of
the whole epidural simulated procedure.

Number and duration of fixations, visit counts and their duration for each
area of interest and for each phase before and after the hands-on tutorial, were
examined.

Fixations are represented as discrete samples of almost stable points where the
eye is looking. Numbers of visits are defined as number of visits that occur dur-
ing an interval of time, and specific to a target AOI. Visit duration is the elapsed
time between the start of the first fixation on the AOI until the end of the last
fixation on the AOL

Eye tracking metrics were mapped as gaze plots and heat maps. Heat maps
and gaze plots are data visualizations that can communicate important aspects of
visual behavior clearly and with great power. Gaze plots show the location, or-
der, and time spent looking at locations on the stimulus. Time spent looking,
most commonly expressed as fixation duration, is shown by the diameter of the
fixation circles. The longer the look, the larger the circle.

Heat maps show how looking is distributed over the stimulus and can effec-
tively reveal the focus of visual attention.

For the purpose of the study we used a validated, modified version of a com-
mercially available epidural simulator (P61, 3B Scientific) which can realistically
reproduce the anatomical features of the layers the needle must pass through to
reach the epidural space [14].

Number of attempts and total duration of the epidural procedure before and
after the hands-on tutorial were recorded. An attempt was defined as a complete
withdrawal of the needle from the skin and its reinsertion at the same or at a
different interspace. The total duration of the procedure was defined as the
length of time between the insertion of the epidural needle into the skin of the
simulator and the completion of the loss of resistance technique (finding of the

epidural space).

3. Statistical Analysis

The power analysis was set according to a parametric model (paired t-test) in
order to set 90% test power and a 95% significance level and resulted in a re-
quired sample size of 44 observations. A paired t-test was used to evaluate the
differences between the variables observed before and after the hands-on tutorial.
A logistic regression model was used to evaluate the correlation between the
dependent variable “number of epidural needle insertions” and the control vari-
able “eye tracking metrics”. It was not possible to make a priori power analysis
because the impossibility to make assumptions on number of insertions before
the experiment so a post hoc power analysis was carried out for a logistic regres-

sion model. Considering the enrolled sample size and setting the significance
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level of 95% and the effect size of 0.5, the power of test for the logistic regression
model resulted to be 80%. The adjusted odds ratio (aOR) was calculated from

the logistic regression parameters.

4. Results

All the trainees completed the task. Two eye tracking recordings were excluded
for technical reasons, leaving 46 for the analysis.

The duration of the epidural procedure and of the epidural needle advance-
ment phase (P < 0.05) and the number of epidural attempts (P < 0.001) were re-
duced after the tutorial (Table 1).

When considering the eye tracking metrics, no differences in the number and
duration of fixations were noted. After the tutorial, the number of visit counts
decreased and their duration increased (P < 0.05) (Table 2). No differences were
noted between the groups during the LOR procedure phase.

The number of epidural needle insertions (additional attempts) showed a sig-
nificant positive correlation with the visits number (aOR = 2.02 (95% CI = 1.26 -
3.55; P = 0.008)) and a significant negative correlation with the visit duration
(aOR = 0.65 (95% CI = 0.39 - 0.99; P < 0.05)).

The radar chart of mean visit count and mean visit duration (seconds) in the
assessed AOI during the epidural procedure is reported in Figure 1.

Examples of typical gaze plot and heat map before and after the tutorial are
shown in Figure 2.

Table 1. Duration of the epidural procedure and number of additional attempts before
and after the practical tutorial.

Before tutorial After tutorial

t-test
mean 95% CI SD mean 95% CI SD

Duration of the epidural
needle advancement phase 22.6 (16.8-27.6) 185 17.4 (14.6-20.1) 94 P<0.05
(seconds)
Total duration of epidural
252.0 (196.3 - 308.6) 193.4 178.5 (116.2-240.8) 212.2 P <0.05
procedure (seconds)
Number of additional

2 1-4 1.5 0 0-1 1.1 P <0.001
epidural attempts (count) (1-4) ©-1)

Table 2. Eye tracking metrics, observed during the epidural needle advancement phase,
before and after the practical tutorial.

Before tutorial After tutorial
t-test
mean 95% CI SD mean 95% CI SD
Total number of fixations (count) 17 (12-20) 13.1 14 (11-17) 9.4
Duration of fixations (seconds) 0.9 (0.8-1) 0.5 1.0 (0.8-1.2) 0.6
Visit count (count) 3 (22-31) 1.1 2 (1.8-2.5) 13 P<0.05
Visit duration (seconds) 1.4 (1.2-16) 0.7 1.8 (14-21) 12 P<0.05
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Figure 1. Radar chart of mean visit count and mean visit duration (seconds) in the assessed AOI during the epi-
dural procedure. Pre: before the practical tutorial with simulation; Post: after the tutorial.

Figure 2. Gaze plots (above) and heat maps (below) before ((1), (3)) and after ((2), (4))
the tutorial. The photos show the representative example of changes in eye tracking me-
trics in the case of the trainee who improved after the practical tutorial.

5. Discussion

In this study we have examined changes in gaze behavior during the initial

training with an epidural simulator in novice anesthesia trainees who had never
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previously performed an epidural block.

The assessment of gaze and attention and their relationship to expertise is the
most common use of eye tracking [3]. Significantly greater fixation of relevant
anatomic targets in laparoscopic procedures was demonstrated by expert surge-
ons and similar findings were reported for studies in other non-surgical special-
ties [4] [5] [6] [7] [8]. Scan path analysis has shown that novices had a much
wider search strategy, compared to their more experienced colleagues [4].

In one preliminary study on epidural simulator[15], expert anesthesiologists
had an overall shorter duration of fixations during the epidural procedure, and
spent more time fixating a more specific target location such as the point of the
epidural needle rather than the syringe’s barrel, whilst trainees split their atten-
tion between tracking their tools and the target location.

Interestingly, in this study we have observed significant changes in visit counts
and duration, but not in number and duration of fixations, which are the eye
tracking metrics associated to experience and expert behavior [4] [5] [6] [7] [8].

A visit is the period of time when a participant first focuses on a region until
the person looks away from that region and may consist of at least one fixation
but could include dozens depending on the size and content in the region. Visit
count and total visit duration can be informative when examining individual
participant’s interest or ease of understanding.

Our study has evidenced more visit counts of shorter duration before the
practical tutorial and less visit counts of longer duration after it, which may sug-
gest the acquisition of an initial competence and a more focused attention after
the tutorial.

These eye tracking pattern changes might represent the early stages of a rudi-
mentary transition from novice to a more capable (but not still expert) behavior.

In addition, we noted that changes in visit count and duration were associated
with increased performance in carrying out the epidural practical task (number
of attempts), and therefore it could be assumed that visit patterns may reflect the
very initial process of learning, whereas the fixation patterns may mirror the
proficient behavior.

The changes we have observed may reflect the perceptual learning (the im-
provement of perceptual abilities with practice) which, in turn, reflects plasticity
in the adult visual system [16]. We hypothesize that exposure to the tutorial
might have triggered some learning-related neural changes at an early level of
visual processing, representing stimuli relating to task performance [17]. The
results of our study are not only purely speculative, but pave the way for future
application developments of teaching with simulator task trainers.

The changes in eye tracking metrics correlated well with the number of epi-
dural attempts which may suggest the adequacy of eye tracking as a tool to eva-
luate the advancements of the trainee’s learning.

In anesthesia, a huge amount of information is presented visually. However,

little is known about the anesthetists’ distribution of visual attention to gather
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the relevant information to correctly perform a practical technique. The atten-
tion of the operator selects the relevant sources of information from the sensory
input and determines which information will be perceived and processed to ac-
complish the skill, in our case, the epidural technique. This process is performed
by the working memory that takes into account the knowledge, expectations and
mental models of the epidural anatomy and technique.

Eye-tracking provides an informative metric and may be used to develop an
objective assessment tool, with which trainees may be objectively monitored
during their training period.

Using eye tracking to help understand the learning progress of the trainee
when performing a practical activity could also supplement the methodology of
utilizing gaze behavior to aid in teaching. Chetwood et a/ [18] have shown that
using eye-tracking technology to provide visual instruction improves completion
times and reduces errors in a simulated laparoscopic surgery environment. Al-
though this reported technology requires significant development, the future

potential applications are wide-ranging.

6. Conclusions

In this study we were able to observe subtle, but significant, changes in gaze be-
havior associated with increased performance during learning of epidural tech-
nique with a simulator in anesthesia novices who had never previously per-
formed an epidural block.

We believe that our paper may create a paradigm for future studies on the
evolution of eye tracking techniques as a teaching tool and to estimate the

progress of learning.
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