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Abstract
Introduction: Amyotrophic lateral sclerosis (ALS) can affect
various eye movements, making eye tracking a potential
means for disease monitoring. In this study, we evaluated the
feasibility of ALS patients self-recording their eye movements
using the “EyePhone,” a smartphone eye-tracking application.
Methods: We prospectively enrolled ten participants and
provided them with an iPhone equipped with the EyePhone
app and a PowerPoint presentation with step-by-step re-
cording instructions. The goal was for the participants to record
their eye movements (saccades and smooth pursuit) without
the help of the study team. Afterward, a trained physician
administered the same tests using video-oculography (VOG)
goggles and asked the participants to complete a question-
naire regarding their self-recording experience. Results: All

participants successfully completed the self-recording process
without assistance from the study team. Questionnaire data
indicated that participants viewed self-recording with Eye-
Phone favorably, considering it easy and comfortable. More-
over, 70% indicated that they prefer self-recording to being
recorded by VOGgoggles.Conclusion:With proper instruction,
ALS patients can effectively use the EyePhone to record their
eye movements, potentially even in a home environment.
These results demonstrate the potential for smartphone eye-
tracking technology as a viable and self-administered tool for
monitoring disease progression in ALS, reducing the need for
frequent clinic visits. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Eye movements are believed to be preserved well into
the late stages of amyotrophic lateral sclerosis (ALS) [1],
which is a motor neuron disease defined by degeneration
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of both upper and lower motor neurons [2]. However,
this prevailing teaching in neurology is based mainly on
visible clinical evaluations rather than objective, quan-
tified eye-movement metrics. Increasing availability of
eye-movement tracking has yielded a multitude of ocular
motor abnormalities in ALS, including saccadic intru-
sions, slow saccades, and abnormal smooth pursuit [3–6].
Furthermore, some studies have found a significant as-
sociation between the degree of eye-movement involve-
ment and the clinical progression of ALS [7–9].

In both clinical trials and clinical practice, nuanced
biomarkers are important metrics to objectively assess
clinical status and therapeutic effects. Nevertheless, there
are a lack of proper biomarkers for ALS, which is con-
sidered a barrier for developing effective treatments [10].
Normally, patients must be tracked in an in-person
clinical setting. Self-utilized eye-tracking technology
may provide an accessible solution. First, longitudinal eye
tracking may mark nuanced disease progression. Second,
the continuous collection of self-utilized data can cir-
cumvent the inconvenience of patients and caregivers
traveling long distances for research and clinical ap-
pointments [11, 12]. Finally, as late-stage ALS patients
rely on eye-tracking technology to communicate with
their caregivers [13], it is dually important to understand
the eye-movement abnormalities that could potentially
affect this important means of communication.

We evaluated the feasibility of ALS patients self-recording
of eye movements with our smartphone application named
“EyePhone” [14]. The hypothesized power of “EyePhone” is
the ability to effectively and repeatedly track eye-movement
abnormalities outside of a clinical appointment.

Methods

We prospectively enrolled participants at Johns Hopkins
Outpatient ALS Center between June 2022 and January 2023. All
patients with a diagnosis of ALS were considered for our study
regardless of the severity of their symptoms. The study team
provided participants with an iPhone 11 Pro (Apple, CA) with
EyePhone app installed, a small phone stand, and a laptop to view
the instruction slide-deck.

The EyePhone app has been developed in-house by our study
team using the Swift programming language using the Apple’s
ARKIT developer tools. As the app currently relies on facial and eye
detection features embedded in iPhone’s front camera, it only runs
on iPhone models with the FaceID feature (iPhone X and later). The
app is maintained and updated by our study team and is currently
compatible with the latest iOS version (iOS 17.1). EyePhone is still in
development and is not commercially available. However, interested
parties are welcome to reach out to the corresponding author for a
demo of the app.We have previously published several papers about
the development of the EyePhone application where we have

highlighted in detail the development, calibration, and preliminary
assessment of the app’s accuracy based on the current standard of
care (video-oculography [VOG] goggles) [14–16].

We prepared a two-part presentation including an introductory
video for general features of the app and the tests to perform, and a step-
by-step self-paced guide for performing eye-movement tests and re-
cording them.We loaded the PowerPoint containing the self-recording
instructions on a laptop and placed it beside the smartphone set-up. All
participants viewed the same instructional presentation.

The eye-movement test comprised of the following:
1. Test of horizontal and vertical saccades: the participants were

instructed to position their face 30 cm from the phone (using
EyePhone’s distance measure feature) and run the saccade test in
the app. The test consisted of two red dots that appeared alternately
on the screen. The dots were placed 12.5 cm apart, spanning 20° of
the visual field at a 30-cm distance. After recording vertical sac-
cades, the patients were instructed to rotate the phone 90° counter
clockwise to record horizontal saccades in a similar manner.

2. Test of horizontal and vertical smooth pursuit: the instructions to
this test were similar to the saccade test, except patients were in-
structed to follow the red dot as it moved across the screen. The dot
was designed tomove at a velocity of 10°/second at a 30-cmdistance.
We instructed the participants to refrain from asking the study team

for help during the self-recording process. They were, however, en-
couraged to use the help of their caregivers as needed. Amember of the
study team was present during the self-recording process only to
address any unanticipated technical issues and note possible difficulties.

Once the participants successfully completed the self-recording
session, a trained study team member recorded their eye move-
ments with the ICS Impulse VOG goggles (Natus Medical Inc.,
WI). These goggles connect to their own software (OtoSuite
Vestibular) and provide eye-movement traces and metrics. After
calibrating the VOG goggles, we tested saccades by the built-in
saccade testing sequence that tests horizontal saccades of 7.5 and
15-degree amplitude. We recorded the horizontal and vertical
smooth pursuit using the same moving target on EyePhone while
using the gaze recording function on VOG goggles.

After the recording process, we asked the participants to com-
plete a survey about their experience recording their eye movements
using EyePhone and its comparison to being recorded by a study
team member using the VOG. The EyePhone application saves the
eye-movement data sampled at 60 Hz in a CSV (comma-separated
values) file. We visualized the eye traces by importing the data files
into MATLAB R2023 and graphing eye position by time for each
recording. We conducted a preliminary analysis of the comparison
ofmean smooth pursuit gain between the ALS patients and a sample
of previously recorded healthy volunteers using Mann-Whitney U
nonparametric test by IBM SPSS statistics 29.0.

Results

We enrolled 10 participants, 70% female, with an
average age of 56.5 ± 12.2 years. The average ALS
functional rating score (ALS-FRS) was 26.8 ± 6.3 out of
48. The educational background of the patients encom-
passed a range from “some college education with no
degree” to “graduate or professional degree” with
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majority of the participants (40%) having completed a
bachelor’s degree as the highest level of their education.

All participants successfully completed the self-recording
process without help from the study team. Figure 1 dem-
onstrates traces of eye movements obtained by the par-
ticipants and corresponding VOG traces obtained by the
study team. None of the participants experienced any pain
or discomfort during the self-recording process.

Usability Statistics
Table 1 summarizes the participants’ responses to our

usability questionnaire. As evident in the table, all participants
agreed that recording their eye movements with EyePhone
was a comfortable, easy, and feasible task. Moreover, all
participants agreed (70% strongly agreed) that they were able
to easily follow the instructional video, and if they were
provided the instructions, they would be able to record their
eye movements at home using their own smartphone.

When asked about their preference betweenEyePhone and
VOG, 70% of the participants (n = 7) stated that they would
prefer EyePhone if they were to take the eye-movement tests
again. To take the element of commute into account, we asked
the latter half of our study population (n = 5) whether they
would prefer coming to the clinic to have their eye move-
ments recorded by VOG or record their eye movements
themselves at home using EyePhone and an instructional
video, assuming that both methods’ quality was acceptable to
their care provider. All 5 patients chose self-recording with
EyePhone at home over VOG recording at clinic.

Data Quality and Eye-Movement Traces
By visualizing the eye-movement traces obtained from

EyePhone self-recordings and comparing them to the
VOG traces (obtained by the study team) of the same
individuals, we were able to detect some of the previously
described eye-movement abnormalities in ALS. Moreover,

Table 1. Summary of the responses to the usability questionnaire

Question Strongly
disagree, %

Disagree,
%

Neutral,
%

Agree,
%

Strongly
agree, %

It was comfortable to record the eye movements using
the phone

0 0 0 60 40

It was easy to adjust the phone in the recommended
position in front of my face

0 0 0 70 30

It was easy to follow the instructions provided by the
instructional video

0 0 0 30 70

It was easy to perform the tests without help from the
study team

0 0 0 50 50

It was easy to navigate between the features of the phone
application

0 0 0 30 70

It was easy for me to perform the saccade test (looking at
the red dot at different locations on the screen) and
recording my eye movements using the phone

0 0 0 40 60

It was easy for me to perform the smooth pursuit test
(following the red dot as it moves on the screen) and
recording my eye movements using the phone

0 0 0 20 80

If I were provided with the instructional video, I would be
able to record my eye movements at home using my
smartphone?

0 0 0 40 60

Fig. 1. a Eye-movement traces of a healthy volunteer obtained
previously by the study team. Note how the eye movements (solid
orange line) parallel the target trajectory (dashed blue line).
b Smooth pursuit traces of an ALS patient obtained by EyePhone
(left) and VOG (right). Note how in both traces as the eyes cannot
keep up with the target (dashed line) the make saccadic compen-

satory movements (highlighted by red arrowheads). c Saccade traces
of an ALS patient obtained by EyePhone (left) and VOG (right).
Note how the eye traces (solid lines) depict that the eyes have to
make successive smallmovements (hypometric saccades highlighted
by red arrowhead) as opposed to one bigmovement (compare to the
healthy volunteer figure in a). VOG, video-oculography.
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we compared the self-recorded traces of the ALS patients
to healthy volunteer traces previously obtained by the
study team.

Figure 1a represents a smooth pursuit trace and a
saccade trace of a healthy volunteer previously obtained
by the study team using EyePhone. Figure 1b depicts an
example of abnormal (i.e., choppy) smooth pursuit
picked up from the self-recorded traces of one of the
participants with ALS. The trace obtained by a trained
operator using the VOG shows a similar abnormality.
Figure 1c highlights in the same fashion how a self-
recorded EyePhone trace of one other participant with
ALS has saccade abnormalities similar to those picked up
by the VOG goggles. Furthermore, a preliminary analysis
comparing the smooth pursuit data obtained by Eye-
Phone showed that healthy volunteers had a significantly
higher horizontal smooth pursuit gain compared to the
ALS patients (online suppl. Fig. 1; Table 1; for all online
suppl. material, see https://doi.org/10.1159/000538992).

Discussion

The data from our usability study indicates that with
video instruction, ALS patients can easily use the Eye-
Phone to record their eye movements with the help of
their caregivers as needed. So far, the use of eye-tracking
technology has been limited to enhancing communica-
tion in late stages of ALS [17], and the diagnostic and
prognostic use of this technology is rare – if not
absent – outside of research. However, as the search for a
reliable biomarker continues to pose a barrier to ALS
treatment trials [10], smartphone eye-tracking could
serve more than it has previously been credited.

A nuance of our pilot study was observing how well
patients with a wide range of ALS-FRS scores interacted
with this technology. The participant with the lowest
ALS-FRS score (worst disability), scored 0 in the first four
categories (speech, salivation, swallowing, and hand-
writing), but was nevertheless able to complete the re-
cording process. This indicates that a combination of
proper instruction, help from caregivers, and a user-
friendly application, can overcome physical barriers
that one might find, even in later stages of ALS.

Although the focus of this study was evaluating the
feasibility of eye-movement self-recording, the prelimi-
nary data show promising findings as well. Comparing
the traces extracted from recordings obtained by the ALS
patients to healthy volunteers, we were able to highlight
some of the previously established eye-movement ab-
normalities in ALS [1, 3, 6]. Furthermore, our preliminary

data show similar abnormalities confirmed by the stan-
dard clinical reference VOG.

By enabling patients to obtain eye-movement traces
comparable to those of the clinical reference (VOG
Goggles), EyePhone can serve as a readily available tool
for obtaining valuable biomarkers that could shape the
future of ALS assessment and resource allocation.
Nonetheless, we must emphasize that this is just the
beginning of a long path toward optimizing and cali-
brating EyePhone for the use by ALS patients. While we
had previously tested and validated EyePhone in other
clinical and research environments, this was our first
attempt at evaluating the participants’ capability and
experience using the EyePhone app. Through the course
of this pilot study, we have learned valuable
insights – regarding the usability of the app and the
obstacles in the path of an optimized patient-facing
app – that would guide us in shaping the app for a
better user experience combined with reliable output.

Providing an accessible self-utilized eye-movement
recording tool also aligns with recent research that in-
dicates high correlation of speech and voice abnormalities
with progression of the disease [18]. Further, such self-
utilized disease tracking is in line with burgeoning reports
that continuous, effective, data obtained without the need
for clinical visits can and should be used for marking
disease progression both for research [11, 12] and clinical
care [19, 20]. Understanding the constraints that affect
patients with advanced disease, especially in regard to
mobility, in-home solutions like EyePhone app hold the
potential to change patient follow-up in ALS trials and
real life.

Conclusion

In this feasibility study we showed that ALS patients
can be instructed to record their eye movements using a
smartphone application and produce eye-movement
traces on par those collected using the standard of care
VOG by trained staff.

Limitations

Our study was a feasibility study, limited by the small
sample size. Furthermore, while we were able to detect
eye-movement abnormalities based on the EyePhone
traces, it is important to consider that the methodology of
this study limits us from drawing conclusions on the
accuracy of such self-recorded traces in detecting
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abnormalities. Future studies with larger sample size and
more controlled protocols will aid us in establishing the
accuracy of this application.
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