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Introduction: Eye tracking is the process of measuring an individual’s eye movements to
register their attentional behavior by using a device called an eye-tracker. Studies conducted
using eye-tracking techniques have demonstrated a number of differences in eye movement
parameters and patterns between experts and novices. The aim of this preliminary study was
to evaluate if there are any differences in eye-tracking metrics between novice and expert
anesthesiologists during the performance of an epidural block using an epidural simulator.
Methods: Seven experts and seven novices who gave their consent to this preliminary study
were asked to perform an epidural technique using an epidural simulator while wearing a pair
of Tobii Pro glasses. Number of fixations, fixation duration, heat maps and scan-paths were
examined by Tobii Pro Lab Software. Duration of the procedure was also recorded.
Results: The observation of the attentional heat map and gaze plot showed different gaze
dispersion between experts and novices. The mean total duration of fixations during needle
insertion and advancement and catheter introduction was lower in experts than trainees
(respectively, 0.18 vs 3.56 sec; P<0.05 and 0.73 vs 2.48 sec; P<0.05). The mean fixation
count was greater in experts vs trainees (5 vs 2; P<0.05). The mean duration of the epidural
procedure was 104.16 (41) (trainees) vs 65.3 (32.6) seconds (experts) (P<0.05). Expert
anesthesiologists spent more time fixating a more specific target location (eg, the point of
the epidural needle rather than the syringe’s barrel) whilst novices split their attention
between tracking their tools and the target location.
Discussion: Eye tracking may have interesting implications for the creation of assessment
programs, which distinguish skill level through the use of gaze behavior, and may be
a promising tool for monitoring training progress towards the development of expertise.
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Epidural block is a complex procedure and requires cognitive skills, such as the
knowledge of the anatomy and of the procedure, along with psychomotor skills,
such as those required to perform the technique, one of the most difficult to master
in anesthesia.1
Eye tracking is the process of measuring an individual’s eye movements, using
a device called an eye-tracker, to register his attentional behavior while performing
a task. By recording the direction of a user’s gaze and relationship to an area of
interest (AOI), eye-tracking technology provides an objective tool for measuring
visual patterns. It has been used in psychology, in psycholinguistics, marketing, as
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an input device for human-computer interaction, and in
product design, and, most recently, also in some fields of
medicine and nursing, for both training and assessment.2
For procedural and visual-based tasks, eye tracking
holds great promise as a tool for monitoring training pro
gress towards the development of expertise in medicine.
For example, experienced surgeons spend more time con
centrating on target location whilst novices split their
attention between tracking their tools, the operative site,
the sterile field and target location.3
The aim of this preliminary, observational study was to
evaluate if there are any differences in eye-tracking metrics
between novice and expert anesthesiologists during the per
formance of the epidural block using an epidural simulator.

Methods
Ethical approval was requested and was waived by the
Research Ethics Committee because they deemed it unne
cessary due to the nature of the study, as no patients were
involved, the participants were volunteers, all their data
were completely anonymized, and all the investigators had
no conflict of interest since they were not involved in any
teaching program of the University to which the trainees
belonged. This decision was in agreement with the elig
ibility of this study for exemption according to US Federal
Human Subject Regulations-Protection of Human
Subjects. Each participant gave written informed consent
and privacy, confidentiality and anonymity were fully
guaranteed by the EESOA Research Board.
We enrolled 7 novice trainees and 7 expert anesthesiol
ogists with more than 15 years experience in epidural
techniques who were asked to perform the epidural
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procedure using a standardized epidural simulator, while
wearing the eye-tracking glasses.
For this study, we used a commercially available Tobii
Pro Glasses 50 Hz wearable wireless eye tracker (Figure
1). This system can measure eye movements using cam
eras integrated into the eyeglasses which record the cor
neal reflection of infrared lighting to track pupil position,
mapping the subject’s focus of attention on video record
ings of the subject’s field of vision (gaze).
All the eye-tracked epidural procedures were recorded
immediately after accurate 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
six areas of interest (AOI), to define regions of a displayed
stimulus, and to extract metrics specifically for those regions.
The areas were the following: 1) point of the epidural needle
at its insertion into the skin; 2) shaft of the epidural needle; 3)
hub of the needle; 4) barrel of the syringe; 5) plunger of the
syringe; 6) other fields of view (Figure 2).
We also divided the epidural procedure into two
phases: (1) needle insertion and its advancement and (2)
epidural catheter introduction and its advancement.
The number and duration of fixations for each area of
interest and for each phase were examined.
Fixations are represented as discrete samples of almost
stable points where the eye is looking. Their duration is
the elapsed time between the start of the first fixation on
the AOI until the end of the last fixation on the AOI.
Eye-tracking metrics were mapped as gaze plots and
heat maps. Gaze plots show the location, order, and time

Figure 1 The Tobii Pro Glasses 50 Hz wearable wireless eye tracker.
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Figure 2 Areas of interest (AOI).

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 stimu
lus and can effectively reveal the focus of visual attention.
For the purpose of the study, we used a validated,
modified version of a commercially 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.4
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 introduction of the
catheter into the epidural space.
An unpaired T-test was used to evaluate the differences
between the variables observed between the trainees and the
experts.

Results
All the participants completed their task. Observation of the
attentional heat map and the gaze plot showed different gaze
dispersion between experts and novices (Figure 3). Expert
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Figure 3 Gaze behavior. Typical novice’s (A) and expert’s (B) gaze plots and
novice’s (C) and expert’s (D) heatmap.

anesthesiologists spent more time fixating a more specific
target location (eg: the point of the epidural needle rather
than the syringe’s barrel) whilst novices split their attention
between tracking their tools and the target location.
Results are shown in Table 1. The mean total duration
of fixations during needle insertion and advancement and
catheter introduction was lower in experts than trainees
(respectively, P<0.05 and P<0.05). During the insertion of
the epidural catheter the mean fixation count was greater
in experts vs trainees (P<0.05). The mean duration of the
epidural procedure was greater with trainees. (P<0.05).
Table 1 Eye-Tracking Metrics. Values are Given as Mean (SD)
Experts

Trainees

P

0.18
(0.34)

3.56
(4.59)

< 0.05

Total duration of fixations during
catheter introduction (sec)

0.73
(1.29)

2.48
(1.90)

< 0.05

Fixation count during catheter

5 (2.0)

2 (3.46)

<0.05

introduction (n)
Duration of the epidural

65.3

104.16

<0.05

procedure (sec)

(32.6)

(41)

Total duration of fixations during
needle insertion and
advancement (sec)
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Discussion
It is commonly believed that there is a difference in the cogni
tive and motor skills of physicians depending on how experi
enced they are. Eye-tracking methodology has been used to
identify gaze control parameters that differentiate novices from
experts but, to the best of our knowledge, this is the first eyetracking study on an anesthesia technical skill. Our results are
consistent with that obtained in a surgical setting,2,5,6 which
showed that experienced surgeons spent more time fixating on
a target location, whereas novice surgeons fragmented their
attention between tracking their tools and the target site. These
findings are however in contrast to those of another study7
where experts were found to take much longer to complete the
simulated surgical procedure compared to novices and were
also found to make more errors. This was, however, most likely
due to the experts being less experienced with the virtual reality
trainer simulator than their novice colleagues. In our case, such
a bias would have been highly unlikely, since both the groups
had never previously used the epidural simulator and the
environmental conditions of epidural simulation were very
realistic without the need to use virtual reality.
In our simulation study, the expert anesthesiologists had an
overall shorter duration of fixations during the epidural proce
dure, 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 novices split their attention between
tracking their tools and the target location.
The ability of eye tracking to identify such a difference
in gazing during the epidural procedure supports the idea
that gaze behavior differences found between experts and
novices may be fundamental in helping to guide the future
in the development of training and assessment programs.
When comparing gaze behavior between expert and novice
users, experts make more careful observations, have a deeper
cognitive processing and demonstrate less anticipation,
together with more local processing and engagement with the
task than novices.8 Indeed, experts make more careful obser
vations and have deeper cognitive load of the stimulus, and this
suggests that they focus more on the details.8
We recognize that the limitations of our study are its
observational nature and the relatively small sample involved,
and certainly, further work is required to fully explore the
applications of eye-tracking and gaze behavior in this anesthe
sia setting. However, we believe that our preliminary results
could lay the groundwork for the potential use of gaze patterns
as an early warning system to novice-type gaze behavior,
thereby reducing clinical errors.
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Recent papers focused on learning and safety during the
execution of neuraxial techniques by studying applied forces
using devices which detect the pressure variations.9,10
Gaze behavior also focus on learning and safety, since
it could be used not only to create assessment tools and
training programs for clinicians, but also to improve tech
nique with a shortened learning curve. A replay of the eye
movements of experts, superimposed on the screen show
ing the visualization, could be used to model the eye
movements of novices. In this way, novices may learn on
what and in which order to focus.
In summary, this preliminary research has demon
strated different gaze patterns between experts, who
spent more time fixating a more specific target location,
and trainees, who split their attention between tracking
their tools and other different areas, when performing
a simulated epidural technique.
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