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ABSTRACT
VR displays (HMDs) with embedded eye trackers could enable better
teacher-guided VR applications since eye tracking could provide
insights into student’s activities and behavior patterns. We present
several techniques to visualize eye-gaze data of the students to
help a teacher gauge student attention level. A teacher could then
better guide students to focus on the object of interest in the VR
environment if their attention drifts and they get distracted or
confused.
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1 INTRODUCTION
Virtual reality has long been suggested as a way to enhance edu-
cation [5]. VR displays (HMDs) could be used for remote virtual
reality based educational applications (e.g., a virtual lab, a virtual
field trip) where a teacher could remotely guide a group of students.
VR can produce experiences that are vividly remembered, along
with numerous other effects that seem to hinge on immersive or
embodied experiences [1]. However, there are distractions in VR
which students may shift focus away from the main educational in-
formation [2]. We can mitigate such problems with use of students
eye-gaze data obtained from the HMD’s embedded eye-tracker (e.g.,
HTC Vive Pro Eye). Eye-gaze data could help a teacher identify
confused/distracted students and then a teacher could better guide
those students towards the object of interest in the VR environment.
This work explores different gaze-data visualization techniques for
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the teacher and these visualizations would be the basis of identify-
ing students who need additional help to direct or maintain their
attention. These techniques would let a teacher visualize real-time
eye tracking data which will help understand the attention level
of students and improve the effectiveness of such VR system to
supervise and assist students.

Eye tracking devices record gaze points of a participant as raw
data which can be then aggregated into fixations and saccades, the
two major categories of eye movement. A fixation is an aggregation
of gaze points based on a specified area and time span. A saccade
is described as a rapid eye movements from one fixation to another.
Researchers have used line charts, bar charts, coordinate plots and
scatter plots to visualize fixation data [3, 4]. However, these con-
ventional visualization are not ideal for the VR environment. We
explored techniques that may be more suitable for gaze-data visu-
alization in a VR environment.

2 GAZE DATA VISUALIZATIONS
We designed and implemented several gaze data visualization tech-
niques for the teacher, as follows (see Figure 1):

Gaze Circle (GC): Each colored circle represents the current
fixation point of a student. Smoothing over time is applied
to reduce jitter in the gaze data.

Gaze Circle with Student Position (GCP): This technique rep-
resents a student’s position with a head model and a gaze
circle is used to show where the student is looking.

Gaze Arrow with Student Position (GAP): Aheadmodel rep-
resents a student’s position and an arrow is rendered to show
the direction where a student is currently looking.

Gaze Trail (GT): A gaze-trail (saccade) is visualized over a
time-span and each student is represented with a unique
color. This technique not only shows where a student is
looking currently, but also shows the history in a given time-
span.

Gaze Trail with Arrows (GTA): Similar to gaze trail but an
arrow indicating the direction of fixation point movement is
also added. This allows a teacher to find out the sequence in
which a set of objects is visualized.

Glowing Gaze Trail (GGT): Similar to gaze trail but it ren-
ders the trail using a particle effect. The particles show the
history which interpolates from yellow to green over time.
This creates an effect similar to arrows (as in GTA described
above).
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(a) GC (b) GCP (c) GAP

(d) GT (e) GTA (f) GGT

Figure 1: Gaze data visualization techniques for a teacher.

3 PRELIMINARY STUDY RESULTS
We did a preliminary study with 9 participants. They rated each
technique on a scale from 1 to 7 for accuracy (detecting where stu-
dents are looking at), preference, frustration, and mental/cognitive
demand. The results are summarized in Figure 2. The Gaze trail
technique was not preferred by our participants since it had higher
mental demand to accurately identify where the user is looking.
Frustration levels were low with all the techniques. Glowing gaze
trail was the most preferred technique. However, statistical signifi-
cance was not assessed and we consider these results to just give a
first impression.

4 CONCLUSION AND FUTURE PLANS
The goal of this work is to find out intuitive ways to visualize stu-
dent’s eye tracking data to help a teacher identify confused/distracted
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Figure 2: Summary of Results

students in an immersive educational VR environment. Our prelim-
inary results seem promising and would help us further improve
these techniques. Possibly, some of these visualization techniques
could be combined to design hybrids of these techniques. For ex-
ample, gaze arrow with student position (GAP) could be combined
with gaze circles to show the fixation area as well. For the future,
we plan to design techniques to gauge attention level of students
and conduct a usability experiment with detailed analysis of these
techniques. Furthermore, we also plan to explore 3D heat maps for
gaze data visualization.
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