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A B S T R A C T

Aim: To explore the potential of mobile eye-tracking to identify healthcare students’ area of visual in-
terest and its relationship to performance ratings.
Background: Eye-tracking identifies an individual’s visual attention focus, and has been used as a train-
ing technique in medicine and in nursing. In this study participants wore a point of view (PoV) camera
within a spectacle frame during simulation education experiences.
Methods: Thirty-nine final year nursing and paramedicine students individually participated in three 8
minute clinical simulations with debriefing using videoed eye-tracking recordings. Coloured dots on the
video depicted the participant’s pupil fixation on five targeted areas. Data extracted from the video camera
were collated to report time spent on each target (their ‘gaze’).
Results: The mean total gaze of expert designated targets in the environment for three 8 minute sce-
narios was 40–77%. Of 35 participants’ focus on three main areas of interest, their priority was the patient’s
head (34%), the patient’s trunk (24%) and their clinical assistant (5%), with significant differences between
nursing and paramedic disciplines (P < 0.05). Objectively rated clinical performance improved signifi-
cantly by the third scenario (P ≤ 0.001). Participants were positive regarding use of eye tracking during
debriefing.
Conclusions: Eye tracking has the potential to enhance debriefing and educational outcomes, although
there are limitations to gaze capture in high fidelity environments and resource cost is high. Further study
is warranted to enable better understanding of how expert clinicians achieve high levels of performance.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Eye movement tracking or eye-tracking is a technology that has
emerged from the field of marketing, whilst more recently being
trialled as a technique for the training of healthcare professionals.
Eye-tracking can identify the focus of an individual’s attention and
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measure eye movements based on where their pupil is focused
(Poole and Ball, 2004). These measurements have been used in con-
junction with other training assessments to examine how well
clinicians perform procedures (Hermens et al., 2013; Poole and Ball,
2004). Some examples include investigation of nurses’ scanning pat-
terns during medication administration (Ze, 2011); the use of eye-
tracking to explore patient identification errors in nursing
(Henneman et al., 2010); and examination of electrocardiograph in-
terpretation by novice expert and nurses (Horsley et al., 2014).

We hypothesised that recording performance whilst wearing a
point of view (PoV) camera within a spectacle frame during
simulation education experiences would enhance debriefing for
health professional students. Eye-tracking recordings may further
enable detailed analysis of the student’s area of attention, inform
their reflective review and, ultimately, assist decision-making and
enhance performance (Box 1).

1.1. Eye-tracking technology

As humans, we make between three and five eye movements per
second to examine and make sense of visual information (Holmqvist
et al., 2011). Visual attention is the first step in making sense of
complex information (Horsley et al., 2014). In clinical nursing, in-
dividuals need to collect and prioritise patient cues and make
decisions about patient management using visual cues (Levett-Jones
et al., 2010). Video technology incorporated into a pair of high-
technology glasses and computerised software developed by Tobii
Technology (Fig. 1) enables timed data replay. The Glasses capture
PoV video and the pupil movement is mapped over this (Figs 2 and
3). With the assumption that gaze fixation is normally the focus of
thought (Duchowski, 2007), it follows that eye-tracking could
substantiate the timing and sequence of clinical decision-making
during a simulation experience.

2. Methods

A pilot observational study was designed to explore the feasi-
bility of using eye-tracking during high fidelity clinical simulation
scenarios and the impact on students’ learning experience. The ob-
jective was to identify undergraduate healthcare students’ area of
visual interest and its relationship to performance ratings.

2.1. Sample

A convenience sample of 39 final year undergraduate degree stu-
dents was recruited from three Australian universities in 2013. The
universities were chosen in order to recruit a sample of students
studying in two disciplines and from two Australian states. Nine-
teen participants were enrolled in a Paramedic Bachelor programme
and 20 in a Nursing Bachelor programme. Ethical approval was ob-

Box 1. Definitions used
Eye-tracking: measurement of eye movements based on where the eye’s pupil is focused, using video technology
AoI (area of interest): visual attention tracked by camera
Gaze: the total time an individual’s attention is given to visual target/s in the environment (i.e. fixation time)
Gaze capture: timed attention to a visual target of more than 150 milliseconds – anything less is not noted by the human brain.
PoV glasses: point of view glasses worn by participant contain a camera that is calibrated to each individual’s right eye retina.

Fig. 1. The Tobii eye tracking headset worn by participants.

Fig. 2. The eye tracking video output. Note the pupil tracking (red) overlaid with
the PoV capture.

Fig. 3. The eye tracking video output. Note the pupil tracking (red) overlaid with
the PoV capture.
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tained from all participating universities. Data were collected at
various times over the course of 2013.

2.2. Procedures

In university simulation laboratories, each student individually
participated in three scenarios with a standardised patient (actor)
in bed and portraying a rapidly deteriorating patient. On arrival, par-
ticipants were orientated to the simulation session and the study
procedures.

Eye tracking glasses were fitted and calibrated to suit each in-
dividual, who were then instructed how to look through the glasses
to enable optimal video capture. The eye tracking glasses were cali-
brated before each scenario.

The three 8-minute scenarios depicted common medical con-
ditions: acute myocardial infarction, hypovolemic shock and chronic
obstructive pulmonary disease. The simulation scenarios used were
previously trailed with undergraduate nursing students (Bogossian
et al. 2013) Participants’ ability to assess and respond to the dete-
riorating patient was rated by a clinician using an observational
structured clinical examination (OSCE) developed in the above
named programme.

Participant’s eye movements and PoV were recorded via Tobii
glasses with the whole performance separately video-recorded by
another fixed video-camera. After each scenario, the participant was
taken to an interview room and debriefed by a trained clinician using
the PoV replay with eye-tracking overlay. Over approximately 20
minutes, the participant and clinician engaged in an analysis and
learning debrief using the video record and replay options. At pro-
gramme completion feedback tools were completed. Details of the
study protocol and the outcome measures of clinical performance
and situation awareness have been reported elsewhere (Cooper et al.,
2013; O’Meara et al. 2015) although Area of Interest is examined
for the first time in this current report.

2.3. Eye-tracking measures

The eye-tracking video camera overlaid the participants’ pupil
fixation on a simultaneous point-of-view recording. Coloured dots
on the video depicted the participant’s pupil fixation during each
scenario, with the size of the coloured dot approximating the pupil
fixation time (Figs 2 and 3). A number of metrics can be used to
analyse eye-tracking. ‘Gaze’ (the sum of all recorded fixations) was
the measure used to compare attention that was distributed amongst
targets in the environment (e.g. the patient, a defibrillator or another
staff member) (Poole and Ball, 2004).

Gaze recorded in milliseconds was collated by an external pro-
vider who extracted and logged five designated target areas. These
targets were determined by clinical experts on the research team
to be:

• the patient’s head
• the patient’s trunk (defined as the patient’s upper body; chest

and abdomen, excluding extremities
• the scenario assistant (doctor/senior nurse or second paramedic)
• two objects in the room (e.g. a picture or flowers) which were

used as measures of situation awareness of the wider (or global)
environment.

2.4. Analysis

Following the Tobii eye-tracking protocol, minimum gaze on an
area of interest (AoI) was set at ≥150 ms (Tobii Technology, 2013).
Below this, gaze data are too minimal for the human brain to record,
and too short to be extracted and logged by researchers – and were
thus excluded. In addition gaze was not captured where participants

looked ‘around’ the glasses (that is, past the frame), often when they
were up close to a patient and looking down at an object. In this
situation, and based on the Tobii guidelines, four eye-tracking re-
cordings (of 39) were excluded where eye-tracking was recorded
for less than 60% of the 8 minutes.

Survey data were analysed using IBM-SPSS version 19 (IBM
Corporation, 2011) using summary and inferential statistics. Para-
metric tests were used to analyse performance scores. Categorical
data were compared with AoI using correlation coefficients and non-
parametric tests. Statistical significance was set at P < 0.05.

3. Results

The dataset represented all 20 nursing students and 15 of 19
paramedicine students. The mean total gaze on designated targets
in the environment for the three 8 minute scenarios was 40–77%.

3.1. Gaze on areas of interest (AoI)

Graphs 1–3 display gaze on three visual targets as a proportion
of the total gaze by discipline for scenarios 1, 2 and 3 respectively.
Over all 3 scenarios, the participants’ gaze focused mainly on the
patient’s head (34%), followed by the patient’s trunk (24%) and the
clinical assistant (5%).

The two additional situation awareness object targets were
omitted from the analysis because gaze was too limited in dura-
tion to be reliably reported (as previously discussed).

Graph 1. Comparison of gaze on AoI (as a proportion of total AOI gaze) by disci-
pline in scenario 1.

Graph 2. Comparison of gaze on AoI (as a proportion of total AOI gaze) by disci-
pline in scenario 2.
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Mann–Whitney U tests identified a significant difference in gaze
between disciplines in eight of the nine AoI (see graphs above).
Paramedicine students had more gaze fixed on the patient’s head
and upper body as compared to nursing students. Conversely, nursing
students’ gaze on the scenario assistant was almost twice that of
paramedicine students for the first two of three scenarios (see graphs
above).

3.2. Performance

There was a significant improvement in the observed clinical per-
formance ratings, between the first (Cardiac) scenario (M = 48.72,
SD = 10.73) and the last (Respiratory) scenario (M = 65.64, SD = 9.61)
(t(38) = −8.77; P = 0.000, 95% CI [−20.83, −13.01]) with a moderate
effect size (Cohens’ d = 1.66). Spearman’s Rank Order Correlation tests
were performed to determine whether performance ratings were
associated with gaze on AoIs identifying that a focus on the ‘Patient’s
body’ correlated to the ‘OSCE’ score in scenarios 1 (p(30) = 0.401,
P = 0.028) and 3 (p(32) = 0.378, P = 0.033).

Feedback comments from both professional groups indicated an
increase in awareness of their situation and benefits from mapping
gaze path in reflective debriefing. There were no negative com-
ments made.

4. Discussion

As far as is known, this is the first time mobile eye tracking has
been used in dynamic high-fidelity scenarios in nursing. In line with
the study objectives, eye-tracking was seen by participants as as-
sisting their feedback, and there were strong indications that
the ‘eye-tracking’ component improved learning. Importantly
paramedicine students and nursing students were significantly dif-
ferent in the focus of their attention on three patient-centred areas
of interest, which may reflect the degree of emergency training and
how students in each discipline are taught to assess and manage a
patient. For example paramedic students spent considerably more
time focusing on the patient’s head and body whilst nursing stu-
dents spent more time gazing at their assistant and appealing for
guidance.

We found significant barriers, however, to the application of eye-
tracking glasses in a naturalistic setting. Participants working close
to a patient or doing ancillary tasks (e.g. reading an ECG or making
notes) may drop their gaze below the glasses and outside the capture
area. On average, 4.4 minutes of the 8-minute scenarios were cap-
tured despite participants being coached on how to optimise gaze
capture.

Hermens et al. (2013) also noted that eye-tracking equipment
can miss eye movement when there are large field-of-view areas.
Alternatively, eye-tracking in two-dimensional fields within im-
mediate proximity (such as when viewing a computer screen or
looking at a supermarket shelf display) may be more reliable. In a
small 2D area of a computer screen, a below-screen scanner can suc-
cessfully capture views (Horsley et al., 2014). However, decreasing
dynamism and fidelity in a scenario, in order to increase eye track-
ing capture, may not simulate the true clinical situation and
performance.

We reported total gaze duration as the main measurement for
visual targets. Hermens et al. (2013) report that gaze fixation du-
ration are appropriate in scenario type situations as it reduces the
possible variation between participants. Other studies have used al-
ternative eye-tracking measurements such as transitions, eye
movement scans and patterns, the time to first fixation and also pupil
diameter (Hermens et al., 2013; Holmqvist et al., 2011; Poole and
Ball, 2004). Each of these approaches requires matching of instru-
mentation with the study objectives to optimise processes.

In the current study there were benefits to study participants
with significant improvement in performance assessments between
the first and third scenario, and positive reports for the inclusion
of eye tracking records in the debriefing process. Such outcomes are
supported by Wilson et al. (2011) who identified that surgeons who
received gaze training made the greatest progress in training.
However AoI analyses do need to take into account the situation
as a whole, for example, identifying a focus on the patient’s trunk
and through reflective video review identifying why this oc-
curred. The convenience nature of the study sample was a limitation
as it is likely that students who were most interested in simula-
tion and emergency care were recruited. As a pilot study with limited
resources, the study was also underpowered to detect differences
between disciplines but does demonstrate proof of concept. Future
studies should expand the evidence for best practice by examin-
ing visual scanning patterns amongst disciplines and between
novices and experts, to enable novice and expert development.

5. Conclusion

This study demonstrates the potential for eye-tracking to ob-
jectively capture a unique perspective on clinical practice.
Paramedicine and nursing students had different approaches to simu-
lated clinical situations which were identified by variations in gaze
patterns. Whilst the study outcomes were positive they must be bal-
anced against the resources’ intense nature of eye-tracking in clinical
simulation. As a stand-alone training programme, the time re-
quired, a high staff to student ratio and call on university resources
preclude this model as training for individual students. To over-
come such resource limitations, eye-tracking or point-of-view
cameras could feasibly be included in scenarios that are based on
teams of students. In future studies an understanding of experts’
performance would also be of benefit. Further study of this appli-
cation is warranted.
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