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Abstract

Purpose. The aim of this study was to evaluate how eye-trackers are currently
used in clinical settings and to explore whether guidelines are perceived to be
needed to support their use in a clinical context.

Methods. A survey was developed and distributed to clinical eye-tracker users,
manufacturers, professional bodies and other key stakeholders. The survey
explored current practices, perceived barriers to clinical eye-tracking, guideline
availability, and the perceived need for guidelines to support clinical practice.

Results. Eighty responses to at least one of the survey questions were received.
Of these, three were excluded from some analyses due to having no clin-
ical involvement in eye-tracking (their involvement was in research only).
Eye-tracking was performed by ophthalmologists, orthoptists, neurologists,
optometrists, allied scientists and audiologists. Whilst most respondents were
assessing eye movements daily, eye-tracking was mostly performed either rarely
(less than 10%) or moderately often (10-60%) in their practice. Most clinical
respondents (76%) reported they both performed eye-tracking and interpreted
the results. The most commonly identified barriers to clinical eye-tracking were
eye-trackers being considered primarily research tools, considered unsuitable for
performing the assessments, and lack of access to an eye-tracker. Most respon-
dents (71%) were unaware of any existing guidelines for clinical eye-tracking.
Where guidelines were reported to exist, they were described as somewhat
sufficient to completely insufficient. Most respondents (93%) supported the devel-
opment of guidelines for clinical eye-tracking. A small number of respondents
(7%) reported concerns about introducing clinical eye-tracking guidelines.

Conclusion. A broad range of clinicians, professionals and other stakeholders
involved in clinical eye-tracking responded to this survey. Their responses sug-
gest a general consensus of a need for clinical eye-tracking guidelines. Whilst
guidelines may address some of the reported barriers to eye-tracking clinically,
and support benchmarking and standardisation across a broad range of clinical
disciplines, concerns around a perceived threat to autonomous clinical practice
should also be considered.
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Introduction

Recent decades have seen eye-tracking technologies extend from research into clini-
cal practice. Eye movement measures obtained from eye-tracking systems provide an
accessible and quantifiable index of neural integrity, reflecting the integrated function
of the oculomotor and vestibular systems and their underlying brainstem, cerebel-
lar, and cortical networks [6, 42]. Eye movement measures are used in the diagnosis
and monitoring of ophthalmic, neurological, and psychiatric disorders [19]. The tran-
sition from electro-oculography (EOG) and magnetic scleral search coil (SSC) systems
to infrared video-based oculography (VOG) during the early 2000s enabled precise,
non-invasive measurements suitable for clinical contexts [29, 31, 48], and eye-tracking
became a practical clinical tool. This translational shift is described in a review by
Larrazabal et al. [41]. Yet despite technological progress, implementation remains
inconsistent, and the absence of harmonised standards for acquisition, calibration,
and interpretation continues to limit comparability across sites, devices, and datasets
[33, 86], and therefore also across patient visits and specialities.

Eye movements are unique among physiological signals because they are both eas-
ily observable and deeply informative about distributed neural systems. From the
pioneering work of Robinson [64], Bahill, Clark & Stark [4], and Collewijn [20], who
used substantially different tracking methods and hardware, to modern infrared video-
based systems, the field has refined its capacity to capture ocular motion as a direct
biomarker of neurological function. More recent analyses have revisited classic sac-
cade metrics, comparing them to current methods for computational precision [26]. An
increasing diversity of recording systems intended for a wide range of clinical, research,
and consumer usage scenarios have become commercially available. Early EOG tech-
niques [10] provided low-cost, long-duration measures, while magnetic SSC systems
[36] established the benchmark for accuracy. The development of VOG has since pro-
duced systems varying in accuracy, precision, comfort, and accessibility, with several
systems enabling quantitative eye-movement assessment in outpatient and bedside
settings. These variations in tracking methods and hardware may significantly affect
eye movement measurements which may subsequently affect clinical decisions.

Expansion of eye-tracking across clinical domains

Applications of eye-tracking have proliferated across medicine and psychology. In
vestibular and balance disorders, the movements of the eye remain the primary indi-
cator of labyrinthine asymmetry. Tests such as caloric irrigation, the head impulse
test, and positional manoeuvres that exploit the vestibulo-ocular reflex (VOR) are
performed in order to localise peripheral and central lesions [18, 27, 29, 48]. Struc-
tured diagnostic criteria from the Barany Society now define presbyvestibulopathy
[2], bilateral vestibulopathy [71, 73], and acute unilateral vestibulopathy [72] with
consistent clinical taxonomy. Quantitative biomarkers have also been proposed for
vestibular migraine [3] and comparative caloric versus electrical vestibular stimulation
[49]. Video head impulse testing (vHIT) and VOG recordings allow objective quantifi-
cation across age groups, including children [79], while recent normative studies have
refined thresholds for binocular and torsional responses [69, 70].
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Eye-tracking also provides diagnostically relevant measures across a range of neuro-
logical disorders and demyelinating conditions [25], Alzheimer’s disease and dementias
[83], and psychiatric disorders [77]. In Parkinson’s disease (PD), saccadic slowing,
reduced blink rate, and smooth pursuit deficits are established biomarkers [30, 80].
Modern VOG and artificial-intelligence methods now detect subclinical patterns in
microsaccades and vergence [57, 87], providing non-invasive biomarkers of dopamin-
ergic dysfunction. Disease-specific oculomotor phenotypes have been reported in
progressive supranuclear palsy (PSP), where early slowing of vertical saccades and fre-
quent square-wave jerks are characteristic oculomotor features that help differentiate
PSP from idiopathic PD [22, 60, 88]. The differentiation of movement disorders by
oculomotor profile exemplifies the broader potential of eye-tracking to support early
diagnosis and subtype classification, extending far beyond what is directly observable
in clinical examination [38, 44].

Wearable, head-mounted eye-tracking systems have been used to confirm dis-
tinctions between PD and PSP [28, 32]. In multiple sclerosis (MS), internuclear
ophthalmoplegia (INO) is readily detected by saccadic disconjugacy measured during
binocular viewing [8] and additional oculomotor abnormalities have been associated
with broader cognitive dysfunction [23, 56]. Studies comparing VOG with MRI, in
INO due to MS, have demonstrated that functional abnormalities may be detectable
even when corresponding lesions are not evident on MRI [58].

Cognitive and traumatic disorders are an expanding application domain for clinical
eye-tracking. In mild cognitive impairment, dementia, and Alzheimer’s disease, eye-
movement measures show characteristic slowing, fixation instability, and biases in
visual attention that correlate with cognitive decline [25, 45, 47, 62, 83]. Eye movement
parameters and pupillary indices have also been shown to be robust biomarkers of
recovery from traumatic brain injury (TBI) [16, 50, 51, 75, 81]. Recent studies outline
diagnostic strategies for vision and oculomotor disorders following concussion [1, 65]
and review diagnostic strategies for TBI [15], including large-scale classification and
device-comparison [40].

Eye movements have been established as a sensitive measure of function in other
conditions such as disorders of the neuromuscular junction [17, 82], and amblyopia
[66, 74], as well as in the assessment of gaze-evoked nystagmus [5]. Eye movements have
also demonstrated value as biomarkers in a diverse range of conditions, including neu-
rodevelopmental and psychiatric disorders such as autism spectrum disorder (ASD)
[39, 67, 77], attention-deficit/hyperactivity disorder (ADHD) [61, 77], schizophrenia
[43, 53], anxiety disorder [46] and anorexia nervosa [59]. Across these different domains
and clinical conditions, eye-tracking provides a convenient, repeatable, and multidi-
mensional signal linking neural and cognitive health and function with non-invasively
measurable behaviour.

Measurement methods and data quality

The clinical utility of eye-tracking depends fundamentally on data quality and on the
clinician’s ease of use under time pressures of clinical practice. Spatial and tempo-
ral precision, sampling rate, calibration, and noise handling can dramatically affect
derived metrics, as consistently emphasised in methodological literature [33, 52, 63, 89].
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Independent assessments of commercial VOG and video-nystagmography (VNG) sys-
tems have demonstrated variable precision across devices and contexts [24], while
practical frameworks for recording and interpretation have been suggested for specific
tests or procedures only [37]. Advances in noise modeling [85, 86] offer means of improv-
ing reproducibility across hardware, while population-based studies have shown that
factors such as ethnicity and experimental design influence calibration accuracy [9, 33].
Clinical users face an additional challenge: patients may present with reduced visual
acuity, limited fixation, ptosis, strabismus, limited eye movements, reduced cooper-
ation or cognitive impairment, all of which can degrade data quality and diagnostic
power unless systems incorporate robust validation and recovery routines [21].

Since many diagnostic benchmarks were derived from legacy recording systems
that differ substantially from modern hardware, harmonised standards would ideally
accommodate both contemporary and legacy technologies. Comprehensive procedu-
ral discussions such as the Oxford Textbook of Vertigo and Imbalance [14] and The
Neurology of Eye Movements [42] address many of these practical aspects, but do not
describe quantitative standards for eye data acquisition and analysis.

Goals of the present study

Eye-tracking is now at a crossroads between research innovation and clinical appli-
cation. Evidence is widespread for its utility in diagnosing, differentiating, and
monitoring a wide range of neurological, vestibular, ocular and cognitive disorders.
Yet, barriers remain to its reliable and convenient integration into routine clinical
practice. Across the literature, calls for standardisation—spanning data quality, cali-
bration, reporting, and interpretation—have grown louder over time [19, 33, 52, 86].
However, most initiatives to date have been researcher-driven rather than clinician-led.

Procedural guidance has advanced unevenly and is often fragmented between
diagnostic definitions, educational materials, and manufacturer documentation, yet
none offer a unified framework for clinical practice with support for data quality
considerations in recording and clinical interpretation.

The present study aims to characterise the current landscape of clinical eye-
tracking through a survey of clinicians, allied health professionals, or others who record
or analyse eye-movement data in a clinical setting, and manufacturers of eye-tracker
technology. By documenting how, when, and why eye-trackers are used across clini-
cal settings and specialities, and by identifying clinicians’ perceived barriers to wider
adoption, this work aims to provide a practitioner-oriented perspective for future con-
sensus guidelines. The goal is to support and motivate the development of practical
recommendations that respect scientific rigour, diagnostic precision, and the realities
of time and training in clinical practice.

To this end, the International Society for Clinical Eye-Tracking (ISCET) was estab-
lished in 2023 to promote international collaboration, knowledge exchange, and the
development of open standards for clinical applications of eye-tracking [54, 55].

The survey was designed to answer the following research questions, specific to
clinical use and applications of eye-tracking in human health:
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How are eye-trackers used clinically?

® Who (or which specialisation) performs the eye-tracking, data analysis and inter-
pretation?

How frequently is eye-tracking performed?

Which systems are used?

Which measures or data are used, and by whom?

How is data processed, analysed and interpreted?

Are there limitations to, barriers or concerns about eye-tracking at present?

What guidelines, if any, are used for eye-tracking clinically?

® Where they exist, is there a desire or need to change existing guidelines?
® Where they don’t exist, is there a desire or need to develop guidelines?

Methods

The ISCET survey working group developed the survey. It was written in English,
piloted internally, and refined through feedback from the working group. The survey
instrument was created in Qualtrics (Qualtrics, Provo, UT, USA). The investigation
was carried out in accordance with the Declaration of Helsinki. Following ethical
approval (University of Sheffield UoS064587) the survey was disseminated internation-
ally to maximise diversity of responses. The survey was open to clinicians, professional
bodies, manufacturers, and stakeholders across the clinical eye-tracking community.
It was distributed electronically to 106 organisations identified as being relevant
stakeholders by the working group and falling into the following categories:

Clinical organisations focused on:

Audiology Ophthalmology
Concussion Optometry
Dizziness/balance Orthoptics

Eye movement disorders Otolaryngology
Neuro-ophthalmology Otology

Neurodiversity & reading disabilities Vision

Neurology /neuroscience Visual electrophysiology
Neuropsychology

Eye-tracker manufacturers:

Eye-tracking software developers (with potential clinical uses)
Regulatory bodies
Funding agencies

For the full list of organisations contacted, see Online Resource 1.

The survey was open between October 2024 and September 2025. No responses were
received after March 2025. The survey questions are available in Online Resource 2.
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Prior to completing the survey, participants were presented with study information
and gave their informed consent to participate. Data handling of the survey results is
described in Online Resource 3.

If respondents had more than one applicable involvement with clinical eye-tracking
(question 4), they were asked to select the option that best described their involvement
and complete the survey in that capacity. Where respondents reported more than one
speciality, both were retained except when calculating response rates. In Figures 1, 2
and 6 such respondents are counted once, under the speciality shown. Respondents
are included only where they answered the question.

Results

Participants

One hundred and twenty-three identities were logged as opening the survey, and
responding to at least one consent statement (there were seven statements related to
consent for every respondent, see supplementary information ESM 2). Eighty partici-
pants responded to at least one survey question. Three responses from researchers who
did not engage with clinical eye-tracking were excluded from some analyses. A fur-
ther 43 read and reported they understood some or all of the participant information
but did not participate in the survey: of these 43, 19 gave consent to all statements
to participate, but gave no answers to any of the survey questions. The remaining 24
of 43 gave consent to some statements only, and they did not progress to the survey
questions. See Table 1 for a full breakdown of participant response rates. Region or
geographical information was not collected, as this would be potentially identifiable.

Current use of eye-tracking

There were 46 respondents who reported they perform clinical eye-tracking and/or
interpret the results during their clinical duties (n=43), or described their role as
‘other’ but reported they were from a clinical institution (n=3). Twenty-seven of those
46 respondents gave their clinical speciality and described how frequently they assessed
eye movements as part of their clinical role. Eye movement assessments were most
commonly performed daily (see Figure 1).

The proportion of eye movement assessments where eye-tracking technology was
used was most frequently reported to be < 10% by 38% of respondents, although 22%
reported using eye-tracking technology in over 60% of their eye movement assessments.
Since the survey was likely completed by individuals with a pre-existing interest in
clinical eye-tracking, it is not surprising that many respondents already used eye-
tracking in their practice. However, the breakdown by clinical discipline is of interest
(shown in Figure 2).

Most clinicians reported that they both perform eye-tracking and interpret the
results (see Figure 3). Of the 48 respondents who described how results were inter-
preted and/or reported (31 clinicians, 17 non-clinicians), 44% (21/48) reported this
was done both quantitatively and qualitatively, 29% (14/48) interpreted and/or
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Table 1 Response rates by question and respondent type. Clinicians are defined as respondents
who perform or interpret clinical eye-tracking (Q4; n = 46). Non-clinicians are all remaining
respondents who answered Q4 (n = 31), comprising manufacturers (n = 19), professional body
representatives (n = 8), and those who selected ‘Other’ in Q4 (n = 4). A further 43 respondents did
not answer Q4 or any subsequent question and are excluded. Percentages are calculated from the
respective group totals. Q15 was a manufacturer-only question and is not applicable to clinicians.

Question Clinicians (n =46) Non-clinicians (n = 31)
n % n %
Q4: Role / involvement 46 100 31 100
Q45: Awareness of existing guidelines 31 67 17 55
Q49: Should guidelines exist 30 65 16 52
Q11/Q32/Q41: Barriers to adoption 31 67 6 19
Q8/Q23: Clinical speciality 29 63 3 10
Q9/Q39: Session frequency of eye-tracking 31 67 3 10
Q10/Q29/Q40: Proportion of patients 30 65 6 19
Q7/Q15/Q25/Q31/Q36: Devices used 31 67 22 71
Q13/Q19/Q34/Q43: Type of analysis 31 67 17 55
Q51: Guidelines scope (free text) 27 59 14 45
Q15: Regulatory approval — — 16 52
Q14/Q20/Q35/Q44: Analysis methods 31 67 17 55

reported only qualitatively, 21% (10/48) interpreted and/or reported only quanti-
tatively, and 6% (3/48, all non-clinicians) were unsure what interpretation and/or
reporting was performed, see Figure 4. Forty-eight respondents (31 clinicians and 17
non-clinicians) reported how eye-tracking results were analysed. Two selected ‘other’
but gave no further detail, 32 gave a single response and 14 gave multiple responses,
giving a total of 65 responses. Analysis was with commercially available software (45%,
29/65), using own software (31%, 20/65), using open source code (12%, 8/65), no
analysis performed (6%, 4/65) and unsure how the analysis was performed (6%, 4/65).

The most popular eye-tracker named amongst respondents was the EyeLink from
SR Research (27% — see Figure 5), although it is worth noting there are multiple
devices in the EyeLink series, and several respondents reported ‘EyeLink’ without
specifying which device is used.

Barriers to adoption

The most commonly identified barriers to clinical eye-tracking were eye-trackers being
considered primarily research tools, considered unsuitable for performing the assess-
ments, and no access to an eye-tracker, with limited time, cost, and lack of familiarity
with eye-tracking also identified, see Figure 6.
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‘How frequently do you perform eye movement assessments?’
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Fig. 1 Session frequency of assessment of eye movements, stratified by clinical speciality. If clinicians
did not specify a speciality, they are not included in this plot. One clinician specified two specialities
(in ‘monthly’), and so are counted twice here. Some clinicians did not report assessment frequency
and so do not appear in this figure.

Clinical guidelines

Awareness of guidelines for clinical eye-tracking was answered by 48 respondents. The
majority of respondents were not aware of any existing guidelines for clinical eye-
tracking (71%, 34/48), 21% (10/48) were aware of guidelines, with one (2%, 1/48)
responding ‘yes, but we do not use them’ and 9 (19%, 9/48) responding ‘yes and we use
them’. Four respondents (8%, 4/48) answered ‘other’, but gave insufficient information
to include and categorise their responses as yes or no.

Of those that gave additional details of the existing guidelines they were aware
of (free text), these were reported as from an institution (1/9), from a manufacturer
(4/9), evidence-based (2/9), they cited documentation that was not relevant to clinical
eye-tracking (4/9) or the guidelines were not stated (2/9). Some respondents reported
multiple sources of existing guidelines. Existing guidelines were reported to range from
‘somewhat sufficient’ to ‘completely insufficient’.

The majority of respondents - 93% (43/46) - responded that guidelines for clinical
eye-tracking should exist, and 7% (3/46) thought they should not. Reasons cited for
the view that they should not exist can be summarised as: the complex and multi-
factorial assessment of patients requires an individualised approach for each patient
rather than a text book or prescribed approach; oculomotor assessments being dif-
ferent from electrophysiology (International Society for Clinical Electrophysiology of
Vision, ISCEV); guidelines would be limiting; and it being a manufacturer role rather
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‘In what proportion of your eye movement assessments do you perform
clinical eye-tracking?’

Ophthalmologist 1 12% 25% n=8
Neurologist 4 - 25% n=4
OnhoptiSt | e "
Optometrist 67% 33% n=3
Audiologist 1 33% 67% n=3
Allied | 33% 33% 33% n=3
scientist
Never Rarely Moderate Often
(0%) (<10%) (10-60%) (>60%)

Fig. 2 Proportion of eye movement assessments where eye-tracking technology is used, stratified by
clinical speciality. If clinicians did not specify a speciality, they are not included in this plot. One
clinician (in ‘rarely’) specified two specialities, and so is reported twice here

‘Which of the following best describes your involvement with clinical
eye-tracking?’
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Fig. 3 Respondent involvement with clinical eye-tracking by role, where ‘performs’ means records
eye-tracking data

than a clinician role to develop guidelines. Responses from those that thought guide-
lines should exist included a wide range of suggested scenarios, conditions, or eye
movements that such guidelines should cover, see Table 2.
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‘How are the eye-tracking results interpreted and/or reported?’
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Fig. 4 Type of interpretation and or reporting of eye-tracking results, from all respondents who
answered this question (n=48) - including non-clinicians

Manufacturer responses

Nineteen respondents were from eye-tracker manufacturers (n=17) or people con-
nected to the eye-tracking market (n=2). Of the eye-tracker manufacturers that
responded regarding regulatory approval (n=16), 69% (11/16) reported that they mar-
ket device(s) that have regulatory approval for clinical use and 44% (7/16) reported
that they market device(s) without regulatory approval for clinical use, while two
respondents reported marketing both approved and unapproved devices.

Of all those categorised as manufacturer responses, 68% (13/19) reported — to
the best of their knowledge — how they believed analyses of eye-tracking results are
performed by their users, with multiple responses possible. A total of 20 responses
were recorded. Forty five percent of responses (9/20 responses) reported commercial
software was used for analysis, 35% (7/20 responses) reported users own software
was used, 10% (2/20 responses) reported open source software was used, 5% (1/20
responses) reported their users were not thought to be analysing the results and 5%
(1/20 responses) were unsure how the analysis was performed.

Professional body responses

FEight respondents indicated they were involved with a professional body or repre-
sented an organisation. Sixty-three percent (5/8) gave the name of their professional
body, which were confirmed to be recognised organisations related to clinical prac-
tice; however names were withheld in accordance with the consent taken (see consent
and survey questions in Online Resource 2). Three responded to the question “To
the best of your knowledge, do your members have any concerns or issues specific to
the use of eye-tracking technology clinically?”; one with ‘No’, one with ‘Yes’, and one
with ‘Unsure’. In terms of which clinical specialisations their members represented,

11
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‘Which eye-tracking devices or technologies do you use for clinical
eye-tracking?’
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Fig. 5 Eye-tracking devices used in clinical practice. Five respondents selected more than one device;
four selected two devices, and one selected four devices. Devices selected only once are included in
‘Others’, together with free-text responses that could not be assigned to a named system

one responded with optometry, and one with ophthalmologists (with those performing
eye-tracking being neuro-ophthalmologists). In response to the question “To the best
of your knowledge, how are the eye-tracking results interpreted and or reported by
your members?”, one responded quantitatively - by reporting numerical results, one
reported both quantitatively and qualitatively - by observing the recorded information
and describing the findings, and one reported that they were unsure how this is done.
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‘Considering the eye movement assessments without eye-tracking
technology, what are the main reasons for not adopting such technologies
at present?’

I Ophthalmologist
1751 [ Neurologist
I Orthoptist
15.0 1 14 I Optometrist
[ Audiologist
2 - Allied
é 1231 - scientist
5 Unspecified
10 10 ; ;
§ 10.0 1 Med[c§l SPeC|alw
= 9 - I Non-clinician
° 8
8 754
£
p=}
z
5.0 1 4
2.5+ 2
0.0-
Time Knowledge Cost Access Research Unfamiliar Not
tools suitable

Fig. 6 Barriers to the adoption of clinical eye-tracking, stratified by speciality. A respondent report-
ing both clinical science and optometry is counted here as an Optometrist. Respondents were asked
to select any applicable barriers from a list of seven coded categories. Multiple responses were per-
mitted; 14 selected more than one barrier. Five respondents selected ‘Other’ and are not represented
in the plot: one Orthoptist noted having access to an eye-tracker but managing some cases without
it; one Ophthalmologist described performing eye-tracking, rather than identifying a structural bar-
rier; two Audiologists - one with no further detail, one describing situational device unavailability;
and one non-clinician with no further detail
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Table 2 Thematic analysis of free-text responses to the question of which eye
movement types, scenarios or conditions clinical eye-tracking guidelines should cover.

Theme Specific items mentioned n

Eye movement types Saccades (pro-, anti-, double-step), smooth 13
pursuit, nystagmus, fixation / fixation abnor-
malities, vergence, optokinetic nystagmus,
vestibulo-ocular reflex, gaze holding, saccadic
latency, central oculomotor signs, eye move-
ment perimetry, pupillometry

Clinical conditions Parkinson’s disease / PSP / parkinsonism, 15

& patient populations MS, Alzheimer’s disease / neurodegenerative
diseases, INO, myasthenia gravis, traumatic
brain injury / stroke, nystagmus conditions,
strabismus, gaze paresis, cranial nerve palsies,
ataxia, metabolic / endocrine / neurological
diseases, neuro-ophthalmic conditions, neuro-
muscular diseases, children, psychiatry, reha-

bilitation
Methodology Calibration, recording protocols, hardware / 16
& standardisation software setup and specifications, data export

and analysis, reporting guidelines, inter-centre
comparability, apparatus specifications, wave-
form interpretation, pre-testing procedures,
data quality and error implications, minimal
device requirements, consensus on visual stim-
uli

Clinical decisions Thresholds for management decisions, when 3
to repeat testing, normal variation vs. clinical
significance, regulatory approval as primary
outcome measure, patient expectations

Other / unclear See note below 7

Note. The seven responses coded as Other / unclear were: one describing elec-
trophysiology; one referring to training clinical staff in monitoring attention
and stress levels; and four responses too vague to code (‘diagnosis’; ‘research,
post-op results’; ‘Yes for treatment and setting patient expectations’; and a
response from a respondent who stated they were unfamiliar with clinical eye-
tracking).
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Discussion

This study aimed to characterise the current landscape of clinical eye-tracking through
a survey of users and stakeholders. As far as we are aware, this is the first survey
attempting to characterise the broad spectrum of clinical domains using eye-tracking.

How are eye-trackers used clinically?

A diverse range of clinicians responded to the survey, including optometrists, ophthal-
mologists, orthoptists, neurologists, audiologists and allied scientists. Of those who
responded, the majority assess eye movements on a daily basis, but use eye-tracking
rarely (less than 10%) to moderately (10-60%) as part of their eye movement assess-
ments. This is likely biased towards those with an interest in this area rather than
faithfully representing the rates of eye-tracking usage across clinical professions as a
whole. Nevertheless, it does demonstrate that there is scope for clinical eye-tracking
across a broad range of use cases. A representative range of modern trackers were
reported, with analysis undertaken by both commercial and bespoke software. There
are no standardised clinical eye movement protocols with normative data. The adop-
tion of calibration and validation protocols varies by region, use case, and clinical
workflow. In practice, clinicians often have limited time or training to assess the quality
of each recording or to adjust default settings for individual patients.

Although VOG has become the predominant automated method for clinical eye
movement recording, other technologies retain selective value, for example, when tor-
sional eye movement is relevant, as few VOG systems address this. EOG and its clinical
derivative electronystagmography (ENG) are still used in specific contexts — partic-
ularly for caloric and rotational testing, or where patients cannot tolerate infrared
cameras, as well as in sleep or other contexts where the eye is closed. EOG may also be
the preferred method of eye-tracking in clinics that already perform electrodiagnostic
tests, for example, when recording Visual Evoked Potentials from patients with sus-
pected albinism. The technique is robust and low cost, but also limited by drift and
lower spatial precision [10, 31]. Guidance documents such as those from the British
Society of Audiology [11, 12] still reference EOG or ENG as acceptable alternatives
to VOG under defined conditions. Magnetic SSC systems remain in use mainly within
specialised centres requiring high temporal and spatial accuracy, where legacy research
provides benchmarks [36, 64] or where ground-truth recordings are required for the
development or validation of new clinical measures [34].

Eye-tracking clinical guidelines

Technical capability has outpaced clinical standardisation. Although modern eye-
tracking systems can measure fine-grained temporal dynamics across multiple degrees
of freedom, there is considerable uncontrolled variance in algorithms for analysis
between systems, and in data quality between systems and indeed between patients,
while clinicians operate under constraints of time, training, and workflow. Many clin-
icians interpret eye-tracking outputs indirectly—through system-generated metrics or
software classifications—without scope for routine inspection of raw traces. Others
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may continue to rely on visual observation supplemented by selective recording, espe-
cially in time-pressured environments. These differing practices reflect variation in
both familiarity and available equipment and infrastructure, leading to inconsistencies
in diagnostic criteria and thresholds.

The practical consequence is that clinical results cannot be directly compared
across devices, datasets, patient visits, or sites without harmonised performance cri-
teria. Eye-tracker manufacturers such as SR Research and Tobii now provide detailed
calibration and validation protocols for their systems [68, 76], but these remain pro-
prietary rather than standardised, and are designed primarily for research rather than
clinical contexts.

The survey results demonstrate that there is a desire and need for consensus guide-
lines with 93% of respondents to that question indicating that such guidelines should
exist. This is not surprising given the utility of eye-tracking demonstrated in the liter-
ature. The development of clinician-focused guidelines would allow standardisation for
diagnosis, monitoring of a wide range of conditions, and provide a common framework
when referring patients to or between clinical specialities. Most respondents (71%)
were unaware of any guidelines for clinical eye-tracking, and where guidelines were
identified, these were most often manufacturer documentation or material not specific
to clinical eye-tracking. This is consistent with the published landscape.

Despite decades of progress in eye movement recording, professional guidance on
how to record, validate, and interpret these data for diagnosis or to provide clinically
useful information remains fragmented. Internationally, the Bardny Society has issued
consensus definitions for vestibular disorders [2, 71-73, 84], establishing what should
be diagnosed but not prescribing how recordings should be acquired or quantified. In
the United States, the American Academy of Otolaryngology—Head and Neck Surgery
Foundation (AAO-HNSF) guideline for benign paroxysmal positional vertigo [7] pro-
vides standardised manoeuvres and management recommendations but does not define
eye-movement recording standards. The 2021 U.S. Department of Defense and Veter-
ans Affairs (DoD/VA) Clinical Recommendations [78] similarly emphasise vestibular
triage and rehabilitation pathways without specifying eye-movement or data-quality
metrics.

National and regional bodies have contributed complementary procedural frame-
works. The British Society of Audiology (BSA) has published recommended proce-
dures for caloric and positional testing [11, 13] and for eye-movement recordings [12].
These guidelines have been influential procedural templates in many clinical con-
texts over the last decade: they describe calibration routines, fixation suppression, and
reporting indices, explicitly recommending VNG over EOG where available. Existing
publications predate the current generation of eye-tracking tools and guidelines require
periodic review as the technology changes. Reliance on institutional procedures or
manufacturer protocols often substitutes for up-to-date, formal standards. Resources
such as the Interacoustics Academy’s “Caloric Test: Deep Dive” [35] provide detailed,
recording-based instruction, but are designed for users of their particular hardware at
a particular stage of technical development.

The most cited (n=14) barrier to clinical uptake of eye-tracking technologies was
that eye-tracking was considered purely a research tool. The development of clinical
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guidelines may change this situation in three ways. Firstly, it would provide concrete,
actionable guidance for busy clinicians without their having to integrate information
from a vast research literature. Secondly, they would also provide benchmarks for
manufacturers, for regulatory compliance, research and development, and advertising
purposes. Thirdly, guidelines could provide a framework under which multi-centre
reference (‘normative’) data could be generated and referenced across research, clinical
practice, and technical development.

Barriers to wider integration are practical as well as conceptual. Formal education
in the technical and applied aspects of eye-tracking is rare outside research settings.
Existing guidelines provide procedural structure for specific tests, but limited direction
on quantitative interpretation or error handling. As a result, clinicians may depend on
proprietary software defaults or manufacturer recommendations for calibration valid-
ity, eye-movement event detection (fixations, saccades, smooth pursuit, blinks), and
artefact filtering or rejection, even though the literature demonstrates the critical role
of individual characteristics and environments as well as hardware in contributing error
to the signal. Pending standardisation, cross-platform and multi-site data aggrega-
tion remains unreliable, and the large-scale normative databases that could transform
diagnostic accuracy and monitoring remain out of reach.

Of interest were the three respondents who indicated that eye-tracking guidelines
should not exist. The comments accompanying these responses came from clinicians
who value their autonomy and independence in judgement when assessing eye move-
ments and using clinical eye-tracking, and perceived standardised guidelines as a
threat to independent use and interpretation. The initial development of any guidelines
should take this into consideration, providing benchmarks rather than prescriptive
protocols which may be unwelcome.

As eye-tracking technologies are increasingly employed across domains such as
ophthalmology, neurology, audiology, optometry, psychiatry, and orthoptics, we aim to
address fragmented clinical implementation and lack of universally adopted guidelines
or common principles to support clinical practice. The intention of this survey was to
characterise the perspectives and practical needs of clinicians and allied stakeholders.
The goal is to address these needs with consensus as the guiding principle for guideline
development.

Limitations

How accurately the number of respondents to the survey represent those using eye-
tracking clinically is unknown. Despite attempts to reach a wide audience and capture
clinical eye-tracker use internationally, it is acknowledged that the results of this
survey may under-represent, or may closely represent, the numbers involved in prac-
tice. Several respondents (n=43) did not answer some or all of the survey questions,
despite initially reporting they understood the participant information. It is unknown
whether these were potentially relevant responses that were not captured, if these were
non-clinicians or others who wanted to view but not answer questions.

This questionnaire required participants to select how they were involved in clinical
eye-tracking under a fixed set of possible responses that aimed to cater to clinicians,
researchers, manufacturers, and members of professional bodies. However, the lines
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between these roles are somewhat arbitrary and may not encompass mixed roles or
roles that do not fall neatly into these categories. In many clinical settings, distinct
categories of, e.g., research and clinical practice may not be reflective of everyday
clinical work. Whether this may have influenced responses is unclear. Another issue
seen retrospectively is that we asked for responses from those involved in clinical eye-
tracking. This excluded clinicians who aspire to use eye-tracking in practice, but have
not yet done so.

The survey was piloted to ensure questions were understandable, but it may be
possible to improve some questions in the future based on the results presented. For
example, respondents were asked if they ‘interpreted’ eye-tracking results; this may
have been better divided into ‘process eye-tracking data’ and ‘use eye-tracking results
to make clinical decisions’.

The present survey provides a useful characterisation of those currently involved
in clinical eye-tracking and reports a majority wish for guidelines or recommendations
to support eye-tracking in clinical practice. Repeating the survey in the future would
allow an estimate of the growth of the field. Future versions of the survey should:

- Ask for the specific tests that are performed during clinical eye-tracking

- Ask for the amount of experience respondents have with clinical eye-tracking

- Consider whether there is value in distinguishing between respondents who are
involved in vestibular neurology; audiology; and ear, nose, and throat specialities

- Consider whether there is value in distinguishing between respondents who are
involved in ophthalmology; neurology; and neuro-ophthalmology specialities

- Consider including responses from those who would like to use eye-tracking clinically,
but are unable to do so

Conclusions

Overall, the present survey characterises a diverse set of users and stakeholders
involved in clinical eye-tracking. Across a broad spectrum of application areas, there
is wide support for the introduction of clinical guidelines for the use of eye-tracking
technology from those using eye-trackers regularly, those using them occasionally, and
those who perceive barriers to their clinical use. A small number of survey respondents
do not support guideline development citing concerns about autonomy. For guidelines
to be effective, it will be important to emphasise that guidelines do not override or
replace the individual responsibility or judgement of clinicians in making appropriate
decisions in the circumstances of their patients.

Declarations

- Funding: This study was unfunded. The following authors have declared funding
sources: R.S.M. is funded by Silmasa&tio, Grant No. 20250022.

- Competing interests: M.J.D. is the General Coordinator of ISCET, recently
joined the editorial board of Documenta Ophthalmologica. R.S.M. serves as the
Vice President/Regional Coordinator for Europe & Africa Regions for ISCET.
A.D. serves as the Vice President/Regional Coordinator for Australasia Regions for

18


https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

ISCET. S.C. is the Spokeperson for ISCET. F.S. is a paid consultant to Definium
Therapeutics Inc. (formerly MindMed).

- Ethical approval for the study was granted by the University of Sheffield
(UoS064587). All respondents gave consent to participate after reading the partici-
pant information and prior to completing any of the survey questions. Numbers of
those accessing the survey but not fully consenting to all statements (and there-
fore not proceeding to the survey questions) are reported in the manuscript for
transparency.

- Consent for publication: All authors gave explicit consent for the final version
to be submitted, with their co-authorship.

- Data availability: G.A. has ethical approval for an anonymised data set to be
uploaded to ORDA (Online Research Data repository, University of Sheffield).

- Materials availability: All materials relevant to this study have been presented
as supplementary materials.

- Code availability: Plotting code available on request

- Author contributions: F.B.M. and G.A. contributed equally to the work. G.A.
led the project, coordinated meetings and survey distribution, drafted the survey
for review, wrote the methods, and co-authored results and discussion. F.B.M. con-
ducted literature review, wrote introduction (comments from G.A., R.S.M., M.J.D.,
A.D., S.C.), drafted article, designed data handling, and coded data (together
with D.G. and M.J.D., checked by S.C., G.A.), analysed and plotted data, co-
authored results and discussion, prepared supplementary information documents.
All co-authors commented on and edited the survey and the draft article.

Supplementary information.

Online Resource 1 (ESM_1.pdf): list of organisations contacted.
Online Resource 2 (ESM_2.pdf): survey questions, as administered.
Online Resource 3 (ESM_3.pdf): data handling and inclusion criteria.

Acknowledgements. Thank you to members of ISCEV and ISCET who con-
tributed to the conceptualisation and interpretation of the survey, and to the survey
working group members who supported its early development. We would like to
acknowledge all those who shared, distributed and completed the survey.

References

[1] Adhan TK, Gunton KB (2025) Optimal diagnostic strategies for concussion-
related vision disorders: A review. Eye and Brain 17:27. https://doi.org/10.2147/
eb.s492854

[2] Agrawal Y, Van De Berg R, Wuyts F, et al (2019) Presbyvestibulopathy:
Diagnostic criteria consensus document of the classification committee of the
Barany society. Journal of Vestibular Research: Equilibrium and Orientation
29(4):161-170. https://doi.org/10.3233 /ves-190672

19


https://doi.org/10.2147/eb.s492854
https://doi.org/10.2147/eb.s492854
https://doi.org/10.3233/ves-190672
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

[3] Alsharif DS, Tucker CA, Coffman DL, et al (2022) Electrodermal and postural
responses in dizzy adults: Diagnostic indicators of vestibular migraine. Journal of
Vestibular Research: Equilibrium and Orientation 33(1):51-62. https://doi.org/
10.3233/ves-220004

[4] Bahill AT, Clark MR, Stark L (1975) The main sequence, a tool for studying
human eye movements. Mathematical Biosciences 24(3-4):191-204. https://doi.
org/10.1016,/0025-5564(75)90075-9

[5] Baier B, Dieterich M (2011) Incidence and anatomy of gaze-evoked nystagmus
in patients with cerebellar lesions. Neurology 76(4):361-365. https://doi.org/10.
1212/wnl.0b013e318208f4c3

[6] Bedell HE, Stevenson SB (2013) Eye movement testing in clinical examination.
Vision Research 90:32-37. https://doi.org/10.1016/j.visres.2013.02.001

[7] Bhattacharyya N, Gubbels SP, Schwartz SR, et al (2017) Clinical practice guide-
line: Benign paroxysmal positional vertigo (update). Otolaryngology—Head and
Neck Surgery 156(3 Suppl):S1-S47. https://doi.org/10.1177/0194599816689667

[8] Bijvank JA, Van Rijn LJ, Balk LJ, et al (2019) Diagnosing and quantifying a
common deficit in multiple sclerosis: Internuclear ophthalmoplegia. Neurology
92(20):E2299-E2308. https://doi.org/10.1212/wnl.0000000000007499

[9] Blignaut P, Wium D (2014) Eye-tracking data quality as affected by ethnicity
and experimental design. Behavior Research Methods 46(1):67-80. https://doi.
org/10.3758/s13428-013-0343-0

[10] Boukadoum AM, Ktonas PY (1986) EOG-based recording and automated
detection of sleep rapid eye movements: a critical review, and some recommen-
dations. Psychophysiology 23(5):598-611. https://doi.org/10.1111/;.1469-8986.
1986.tb00678.x

[11] British Society of Audiology (2010) Recommended procedure: The caloric test.
URL https://www.thebsa.org.uk/guidance-and-resources/current-guidance/
7subject=balance

[12] British Society of Audiology (2015) Recommended procedure: Vestibular
assessment — eye movement recordings. URL https://www.thebsa.org.uk/
guidance-and-resources/current-guidance/?subject=balance

[13] British Society of Audiology (2016) Recommended procedure: positioning tests.
URL https://www.thebsa.org.uk/guidance-and-resources/current-guidance/
7subject=balance

[14] Bronstein AM (2025) Oxford textbook of vertigo and imbalance.
Oxford University Press, URL https://global.oup.com/academic/product/

20


https://doi.org/10.3233/ves-220004
https://doi.org/10.3233/ves-220004
https://doi.org/10.1016/0025-5564(75)90075-9
https://doi.org/10.1016/0025-5564(75)90075-9
https://doi.org/10.1212/wnl.0b013e318208f4c3
https://doi.org/10.1212/wnl.0b013e318208f4c3
https://doi.org/10.1016/j.visres.2013.02.001
https://doi.org/10.1177/0194599816689667
https://doi.org/10.1212/wnl.0000000000007499
https://doi.org/10.3758/s13428-013-0343-0
https://doi.org/10.3758/s13428-013-0343-0
https://doi.org/10.1111/j.1469-8986.1986.tb00678.x
https://doi.org/10.1111/j.1469-8986.1986.tb00678.x
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://www.thebsa.org.uk/guidance-and-resources/current-guidance/?subject=balance
https://global.oup.com/academic/product/oxford-textbook-of-vertigo-and-imbalance-9780198834380
https://global.oup.com/academic/product/oxford-textbook-of-vertigo-and-imbalance-9780198834380
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

oxford-textbook-of-vertigo-and-imbalance-9780198834380

[15] Capé6-Aponte JE, Urosevich TG, Temme LA, et al (2012) Visual dysfunctions and
symptoms during the subacute stage of blast-induced mild traumatic brain injury.
Military Medicine 177(7):804-813. https://doi.org/10.7205/milmed-d-12-00061

[16] Carrick FR, Azzolino SF, Hunfalvay M, et al (2021) The pupillary light reflex as a
biomarker of concussion. Life 11(10):1104. https://doi.org/10.3390/life11101104

[17] Chao YS, Argdez C (2019) Video-oculography for the diagnosis of ocular myas-
thenia gravis: A review of diagnostic accuracy, cost-effectiveness, and guidelines.
Canadian Agency for Drugs and Technologies in Health. https://www.ncbi.nlm.
nih.gov/books/NBK546244 /

[18] Chovatiya H, Pillai K, Reddy C, et al (2024) Video-oculography for enhancing the
diagnostic accuracy of early oculomotor dysfunction in progressive supranuclear
palsy. Journal of Movement Disorders 18(1):77-86. https://doi.org/10.14802/
jmd.24171

[19] Clark R, Blundell J, Dunn MJ, et al (2019) The potential and value of objective
eye tracking in the ophthalmology clinic. Eye 33(8):1200-1202. https://doi.org/
10.1038/s41433-019-0417-2

[20] Collewijn H, van der Mark F, Jansen TC (1975) Precise recording of
human eye movements. Vision Research 15(3):447-IN5. https://doi.org/10.1016/
0042-6989(75)90098-x

[21] Dalrymple KA, Manner MD, Harmelink KA, et al (2018) An examination of
recording accuracy and precision from eye tracking data from toddlerhood to
adulthood. Frontiers in Psychology 9:348824. https://doi.org/10.3389/fpsyg.2018.
00803

[22] Facchin A, Buonocore J, Crasd M, et al (2024) Systematic assessment of square-
wave jerks in progressive supranuclear palsy: a video-oculographic study. Journal
of Neurology 271(10):6639-6646. https://doi.org/10.1007/s00415-024-12617-5

[23] Fielding J, Clough M, Beh S, et al (2015) Ocular motor signatures of cogni-
tive dysfunction in multiple sclerosis. Nature Reviews Neurology 11(11):637-645.
https://doi.org/10.1038 /nrneurol.2015.174

[24] Gerling A, Leu SY, Echegoyen J, et al (2015) Reliability and application vari-
ability of a commercially available infrared videonystagmography unit. Journal
of Pediatric Ophthalmology and Strabismus 52(2):114. https://doi.org/10.3928/
01913913-20150114-04

[25] Giacomini PS, Voss P, Devonshire V, et al (2026) Eye tracking as a digi-
tal biomarker in neurodegenerative diseases. Journal of Neurology 2026 273:2

21


https://global.oup.com/academic/product/oxford-textbook-of-vertigo-and-imbalance-9780198834380
https://global.oup.com/academic/product/oxford-textbook-of-vertigo-and-imbalance-9780198834380
https://global.oup.com/academic/product/oxford-textbook-of-vertigo-and-imbalance-9780198834380
https://doi.org/10.7205/milmed-d-12-00061
https://doi.org/10.3390/life11101104
https://www.ncbi.nlm.nih.gov/books/NBK546244/
https://www.ncbi.nlm.nih.gov/books/NBK546244/
https://doi.org/10.14802/jmd.24171
https://doi.org/10.14802/jmd.24171
https://doi.org/10.1038/s41433-019-0417-z
https://doi.org/10.1038/s41433-019-0417-z
https://doi.org/10.1016/0042-6989(75)90098-x
https://doi.org/10.1016/0042-6989(75)90098-x
https://doi.org/10.3389/fpsyg.2018.00803
https://doi.org/10.3389/fpsyg.2018.00803
https://doi.org/10.1007/s00415-024-12617-5
https://doi.org/10.1038/nrneurol.2015.174
https://doi.org/10.3928/01913913-20150114-04
https://doi.org/10.3928/01913913-20150114-04
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

273:133—. https://doi.org/10.1007/S00415-026-13666-8

[26] Gibaldi A, Sabatini SP (2020) The saccade main sequence revised: A fast and
repeatable tool for oculomotor analysis. Behavior Research Methods 53(1):167—
187. https://doi.org/10.3758/s13428-020-01388-2

[27] Gongalves DU, Felipe L, Lima TMA (2015) Interpretation and use of caloric
testing. Brazilian Journal of Otorhinolaryngology 74(3):440. https://doi.org/10.
1016/s1808-8694(15)30580-2

[28] Habibi M, Oertel WH, White BJ, et al (2022) Eye tracking identifies biomarkers in
a-synucleinopathies versus progressive supranuclear palsy. Journal of Neurology
269(9):4920-4938. https://doi.org/10.1007/s00415-022-11136-5

[29] Halmagyi GM, Chen L, MacDougall HG, et al (2017) The video head impulse
test. Frontiers in Neurology 8:275214. https://doi.org/10.3389/fneur.2017.00258

[30] Hanuska J, Bonnet C, Rusz J, et al (2015) Fast vergence eye movements are
disrupted in Parkinson’s disease: A video-oculography study. Parkinsonism and
Related Disorders 21(7):797-799. https://doi.org/10.1016/j.parkreldis.2015.04.
014

[31] Haslwanter T, Clarke AH (2010) Eye movement measurement: electro-
oculography and video-oculography. Handbook of Clinical Neurophysiology
9:61-79. https://doi.org/10.1016/s1567-4231(10)09005-2

[32] Herwig A, Agic A, Huppertz HJ, et al (2021) Differentiating progressive supranu-
clear palsy and Parkinson’s disease with head-mounted displays. Frontiers in
Neurology 12:791366. https://doi.org/10.3389/fneur.2021.791366

[33] Holmgqvist K, Nystrom M, Mulvey F (2012) Eye tracker data quality: What it
is and how to measure it. Eye Tracking Research and Applications Symposium
(ETRA) pp 45-52. https://doi.org/10.1145/2168556.2168563

[34] Houben MM, Goumans J, Steen JVD (2006) Recording three-dimensional eye
movements: Scleral search coils versus video oculography. Investigative Ophthal-
mology & Visual Science 47:179-187. https://doi.org/10.1167/I0VS.05-0234

[35] Interacoustics (2023) Caloric test: A deep dive. Available at https:
//www.interacoustics.com/academy /balance-testing-training/caloric-test/
caloric-test-deep-dive (accessed 2025-10-20)

[36] Judge SJ, Richmond BJ, Chu FC (1980) Implantation of magnetic search coils for
measurement of eye position: An improved method. Vision Research 20(6):535-
538. https://doi.org/10.1016/0042-6989(80)90128-5

22


https://doi.org/10.1007/S00415-026-13666-8
https://doi.org/10.3758/s13428-020-01388-2
https://doi.org/10.1016/s1808-8694(15)30580-2
https://doi.org/10.1016/s1808-8694(15)30580-2
https://doi.org/10.1007/s00415-022-11136-5
https://doi.org/10.3389/fneur.2017.00258
https://doi.org/10.1016/j.parkreldis.2015.04.014
https://doi.org/10.1016/j.parkreldis.2015.04.014
https://doi.org/10.1016/s1567-4231(10)09005-2
https://doi.org/10.3389/fneur.2021.791366
https://doi.org/10.1145/2168556.2168563
https://doi.org/10.1167/IOVS.05-0234
https://www.interacoustics.com/academy/balance-testing-training/caloric-test/caloric-test-deep-dive
https://www.interacoustics.com/academy/balance-testing-training/caloric-test/caloric-test-deep-dive
https://www.interacoustics.com/academy/balance-testing-training/caloric-test/caloric-test-deep-dive
https://doi.org/10.1016/0042-6989(80)90128-5
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

[37] Kang JJ, Lee SU, Kim JM, et al (2023) Recording and interpretation of ocu-
lar movements: saccades, smooth pursuit, and optokinetic nystagmus. Annals of
Clinical Neurophysiology 25(2):55-65. https://doi.org/10.14253 /acn.2023.25.2.55

[38] Kassavetis P, Kaski D, Anderson T, et al (2022) Eye movement disorders in
movement disorders. Movement Disorders Clinical Practice 9(3):284-295. https:
//doi.org/10.1002/mdc3.13413

[39] Keehn B, Monahan P, Enneking B, et al (2024) Eye-tracking biomarkers and
autism diagnosis in primary care. JAMA Network Open 7(5):2411190. https:
//doi.org/10.1001/JAMANETWORKOPEN.2024.11190

[40] King J, Friend C, Zhang D, et al (2024) Comparative performance of three eye-
tracking devices in detection of mild traumatic brain injury in acute versus chronic
subject populations. Military Medicine 189(Suppl 3):628-635. https://doi.org/10.
1093 /milmed /usae205

[41] Larrazabal AJ, Garcfa Cena CE, Martinez CE (2019) Video-oculography eye
tracking towards clinical applications: A review. Computers in Biology and
Medicine 108:57-66. https://doi.org/10.1016/j.compbiomed.2019.03.025

[42] Leigh RJ, Zee DS (2015) The Neurology of Eye Movements. Oxford University
Press

[43] Levy DL, Sereno AB, Gooding DC, et al (2010) Eye tracking dysfunction in
schizophrenia: characterization and pathophysiology. Behavioral neurobiology of
schizophrenia and its treatment 4:311-347. https://doi.org/10.1007/7854_2010_60

[44] Li H, Ma W, Li C, et al (2024) Combined diagnosis for Parkinson’s disease via
gait and eye movement disorders. Parkinsonism & Related Disorders 123:106979.
https://doi.org/10.1016/j.parkreldis.2024.106979

[45] Lim JK, Li QX, He Z, et al (2016) The eye as a biomarker for alzheimer’s disease.
Frontiers in Neuroscience 10:536. https://doi.org/10.3389/FNINS.2016.00536,
URL https://pmec.ncbi.nlm.nih.gov/articles/PMC5112261/

[46] Lisk S, Vaswani A, Linetzky M, et al (2020) Systematic review and meta-analysis:
Eye-tracking of attention to threat in child and adolescent anxiety. Journal of
the American Academy of Child and Adolescent Psychiatry 59:88-99.el. https:
//doi.org/10.1016/j.jaac.2019.06.006

[47) Ma XT, Yao LL, Liu SW, et al (2025) The link between eye movements and
cognitive function in mild to moderate Alzheimer’s disease. Experimental Brain
Research 243(1):1-12. https://doi.org/10.1007/s00221-024-06957-x

[48] MacDougall HG, Weber KP, McGarvie LA, et al (2009) The video
head impulse test. Neurology 73(14):1134-1141. https://doi.org/10.1212/wnl.

23


https://doi.org/10.14253/acn.2023.25.2.55
https://doi.org/10.1002/mdc3.13413
https://doi.org/10.1002/mdc3.13413
https://doi.org/10.1001/JAMANETWORKOPEN.2024.11190
https://doi.org/10.1001/JAMANETWORKOPEN.2024.11190
https://doi.org/10.1093/milmed/usae205
https://doi.org/10.1093/milmed/usae205
https://doi.org/10.1016/j.compbiomed.2019.03.025
https://doi.org/10.1007/7854_2010_60
https://doi.org/10.1016/j.parkreldis.2024.106979
https://doi.org/10.3389/FNINS.2016.00536
https://pmc.ncbi.nlm.nih.gov/articles/PMC5112261/
https://doi.org/10.1016/j.jaac.2019.06.006
https://doi.org/10.1016/j.jaac.2019.06.006
https://doi.org/10.1007/s00221-024-06957-x
https://doi.org/10.1212/wnl.0b013e3181bacf85
https://doi.org/10.1212/wnl.0b013e3181bacf85
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

0b013e3181bacf85

[49] Mackenzie SW, Iriving R, Monksfield P, et al (2019) Comparing ocular responses
to caloric irrigation and electrical vestibular stimulation in vestibular schwan-
noma. Frontiers in Neurology 10:1181. https://doi.org/10.3389/fneur.2019.01181

[50] Maruta J, Suh M, Niogi SN, et al (2010) Visual tracking synchronization
as a metric for concussion screening. Journal of Head Trauma Rehabilitation
25(4):293-305. https://doi.org/10.1097 /htr.0b013e3181e67936

[61] Master CL, Podolak OE, Ciuffreda KJ, et al (2020) Utility of pupillary
light reflex metrics as a physiologic biomarker for adolescent sport-related
concussion. JAMA Ophthalmology 138(11):1135-1141. https://doi.org/10.1001/
jamaophthalmol.2020.3466

[62] Mcconkie GW (1981) Evaluating and reporting data quality in eye movement
research. Behavior Research Methods & Instrumentation 13(2):97-106. https://
doi.org/10.3758 /BF03207916

[63] Morita K, Miura K, Kasai K, et al (2019) Eye movement characteristics in
schizophrenia: A recent update with clinical implications. Neuropsychopharma-
cology reports 40:2-9. https://doi.org/10.1002/NPR2.12087

[54] Moustafa RS, Chen S, Nakayama M, et al (2024) A brief introduction to ISCET—
the international society for clinical eye tracking. Eye Tracking Research and
Applications Symposium (ETRA) 1. https://doi.org/10.1145/3649902.3655659

[65] Moustafa RS, Chen S, Nakayama M, et al (2024) Introducing ISCET—the inter-
national society for clinical eye tracking. Eye Tracking Research and Applications
Symposium (ETRA) 1. https://doi.org/10.1145/3649902.3656357

[56] Nerrant E, Tilikete C (2017) Ocular motor manifestations of multiple sclerosis.
Journal of Neuro-Ophthalmology 37(3):332-340. https://doi.org/10.1097/wno.
0000000000000507

[67] Nishikawa N, Tejima S, Kamiyama D, et al (2025) Spontaneous eye blink-based
machine learning for tracking clinical fluctuations in Parkinson’s disease. npj
Parkinson’s Disease 11(1):1-12. https://doi.org/10.1038/s41531-025-01094-w

[58] Omary R, Bockisch CJ, De Vere-Tyndall A, et al (2023) Lesion follows function:
video-oculography compared with MRI to diagnose internuclear ophthalmoplegia
in patients with multiple sclerosis. Journal of Neurology 270(2):917-924. https:
//doi.org/10.1007/300415-022-11428-w

[59] Phillipou A, Rossell SL, Gurvich C, et al (2022) A biomarker and endopheno-
type for anorexia nervosa? Australian and New Zealand Journal of Psychiatry
56(8):985-993. https://doi.org/10.1177,/00048674211047189

24


https://doi.org/10.1212/wnl.0b013e3181bacf85
https://doi.org/10.1212/wnl.0b013e3181bacf85
https://doi.org/10.1212/wnl.0b013e3181bacf85
https://doi.org/10.3389/fneur.2019.01181
https://doi.org/10.1097/htr.0b013e3181e67936
https://doi.org/10.1001/jamaophthalmol.2020.3466
https://doi.org/10.1001/jamaophthalmol.2020.3466
https://doi.org/10.3758/BF03207916
https://doi.org/10.3758/BF03207916
https://doi.org/10.1002/NPR2.12087
https://doi.org/10.1145/3649902.3655659
https://doi.org/10.1145/3649902.3656357
https://doi.org/10.1097/wno.0000000000000507
https://doi.org/10.1097/wno.0000000000000507
https://doi.org/10.1038/s41531-025-01094-w
https://doi.org/10.1007/s00415-022-11428-w
https://doi.org/10.1007/s00415-022-11428-w
https://doi.org/10.1177/00048674211047189
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

[60] Quattrone A, Crasd M, Morelli M, et al (2022) Video-oculographic biomarkers for
evaluating vertical ocular dysfunction in progressive supranuclear palsy. Parkin-
sonism & Related Disorders 99:84-90. https://doi.org/10.1016/j.parkreldis.2022.
05.014

[61] Ranathunga C, Romeo A, Kilbey E, et al (2026) Real-world clinical validation of
brainstem-based ocular biomarkers for adhd classification in children and adults.
Scientific Reports 2026 https://doi.org/10.1038/S41598-026-56036-0

[62] Rane D, Dash DP, Dutt A, et al (2023) Distinctive visual tasks for characterizing
mild cognitive impairment and dementia using oculomotor behavior. Frontiers in
Aging Neuroscience 15:1125651. https://doi.org/10.3389/fnagi.2023.1125651

[63] Reingold EM (2014) Eye tracking research and technology: Towards objective
measurement of data quality. Visual Cognition 22(3):635-652. https://doi.org/
10.1080/13506285.2013.876481

[64] Robinson DA (1963) A method of measuring eye movement using a scleral search
coil in a magnetic field. IEEE Transactions on Bio-medical Electronics 10(4):137—
145. https://doi.org/10.1109/tbmel.1963.4322822

[65] Samadani U, Spinner RJ, Dynkowski G, et al (2022) Eye tracking for classification
of concussion in adults and pediatrics. Frontiers in Neurology 13:1039955. https:
//doi.org/10.3389/fneur.2022.1039955

[66] Shaikh AG, Otero-Millan J, Kumar P, et al (2016) Abnormal fixational eye
movements in amblyopia. PLOS ONE 11(3):e0149953. https://doi.org/10.1371/
journal.pone.0149953

[67] Shic F, Naples AJ, Barney EC, et al (2022) The autism biomarkers consortium
for clinical trials: evaluation of a battery of candidate eye-tracking biomarkers for
use in autism clinical trials. Molecular autism 13(1):15. https://doi.org/10.1186/
S13229-021-00482-2

[68] SR Research (2020) Eyelink 1000 plus setup and usage training videos. Available
at https://www.sr-research.com/support/showthread.php?tid=29

[69] Striteska M, Chovanec M, Steinmetzer T, et al (2023) Binocular video head
impulse test: Normative data study. Frontiers in Neurology 14:1153102. https:
//doi.org/10.3389 /fneur.2023.1153102

[70] Striteska M, Wexler D, Tichacek O, et al (2024) Vestibular asymmetry in caloric
and video head impulse testing: Do we interpret it correctly? Journal of Vestibular
Research https://doi.org/10.1177/09574271251336143

25


https://doi.org/10.1016/j.parkreldis.2022.05.014
https://doi.org/10.1016/j.parkreldis.2022.05.014
https://doi.org/10.1038/S41598-026-56036-0
https://doi.org/10.3389/fnagi.2023.1125651
https://doi.org/10.1080/13506285.2013.876481
https://doi.org/10.1080/13506285.2013.876481
https://doi.org/10.1109/tbmel.1963.4322822
https://doi.org/10.3389/fneur.2022.1039955
https://doi.org/10.3389/fneur.2022.1039955
https://doi.org/10.1371/journal.pone.0149953
https://doi.org/10.1371/journal.pone.0149953
https://doi.org/10.1186/S13229-021-00482-2
https://doi.org/10.1186/S13229-021-00482-2
https://www.sr-research.com/support/showthread.php?tid=29
https://doi.org/10.3389/fneur.2023.1153102
https://doi.org/10.3389/fneur.2023.1153102
https://doi.org/10.1177/09574271251336143
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

[71] Strupp M, Kim JS, Murofushi T, et al (2017) Bilateral vestibulopathy: Diagnostic
criteria consensus document of the classification committee of the barany soci-
ety. Journal of Vestibular Research: Equilibrium and Orientation 27(4):177-189.
https://doi.org/10.3233/ves-170619

[72] Strupp M, Bisdorff A, Furman J, et al (2022) Acute unilateral vestibulopa-
thy /vestibular neuritis: Diagnostic criteria. Journal of Vestibular Research:
Equilibrium and Orientation 32(5):389-406. https://doi.org/10.3233 /ves-220201

[73] Strupp M, Kim JS, Murofushi T, et al (2023) Erratum to: Bilateral vestibulopa-
thy: Diagnostic criteria consensus document of the classification committee of
the Bardny society. Journal of Vestibular Research: Equilibrium and Orientation
33(1):87. https://doi.org/10.3233 /ves-229002

[74] Subramanian V, Jost RM, Birch EE (2013) A quantitative study of fixation stabil-
ity in amblyopia. Investigative Ophthalmology & Visual Science 54(3):1998-2003.
https://doi.org/10.1167 /iovs.12-11054

[75] Sussman ES, Ho AL, Pendharkar AV, et al (2016) Clinical evaluation of concus-
sion: the evolving role of oculomotor assessments. Neurosurgical Focus 40(4):E7.
https://doi.org/10.3171/2016.1.focus15610

[76] tobii (2023) Eye tracker calibration and validation. URL https://connect.tobii.
com/s/article/eye-tracker-calibration?language=en_US

[77] Toghi A, Mohammadzadeh A, Alemi Z, et al (2025) Transdiagnostic eye-tracking
biomarkers of inattention across psychiatric disorders: a systematic review. BMC
Psychiatry 25:1007. https://doi.org/10.1186/S12888-025-07415-W

[78] Traumatic Brain Injury Center of Excellence (2021) DOD clinical recommenda-
tion: Assessment and management of dizziness and visual disturbances following
concussion/mild traumatic brain injury: Guidance for the primary care man-
ager. Clinical recommendation, Defense Health Agency, Silver Spring, MD, URL
https://health.mil

[79] Van Hecke R, Deconinck FJ, Danneels M, et al (2024) A clinical framework for
video head impulse testing and vestibular evoked myogenic potential assessments
in primary school-aged children. Ear and Hearing 45(5):1216-1227. https://doi.
org/10.1097/aud.0000000000001510

[80] Vasudevan V, Salardaine Q, Rivaud-Péchoux S, et al (2025) Revisiting eye blink
in Parkinson’s disease. Scientific Reports 15(1):1-12. https://doi.org/10.1038/
s41598-025-95182-9

[81] Ventura RE, Balcer LJ, Galetta SL, et al (2016) Ocular motor assessment in con-
cussion: Current status and future directions. Journal of the Neurological Sciences
361:79-86. https://doi.org/10.1016/j.jns.2015.12.010

26


https://doi.org/10.3233/ves-170619
https://doi.org/10.3233/ves-220201
https://doi.org/10.3233/ves-229002
https://doi.org/10.1167/iovs.12-11054
https://doi.org/10.3171/2016.1.focus15610
https://connect.tobii.com/s/article/eye-tracker-calibration?language=en_US
https://connect.tobii.com/s/article/eye-tracker-calibration?language=en_US
https://doi.org/10.1186/S12888-025-07415-W
https://health.mil
https://doi.org/10.1097/aud.0000000000001510
https://doi.org/10.1097/aud.0000000000001510
https://doi.org/10.1038/s41598-025-95182-9
https://doi.org/10.1038/s41598-025-95182-9
https://doi.org/10.1016/j.jns.2015.12.010
https://doi.org/10.64898/2026.09.07.26361936

medRXxiv preprint doi: https://doi.org/10.64898/2026.09.07.26361936; this version posted September 8, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
All rights reserved. No reuse allowed without permission.

[82] de Verdal M, Renard D, Castelnovo G (2025) Ocular myasthenia gravis: A diag-
nosis with video oculography. Journal of Neuro-Ophthalmology 45(1):e18—19.
https://doi.org/10.1097 /wno.0000000000002099

[83] Verén GL, Juantorena GE, Keller G, et al (2025) Eye tracking as a diagnostic
tool in alzheimer’s disease, mild cognitive impairment, and related dementias:

a systematic review. Alzheimer’s & dementia (Amsterdam, Netherlands) https:
//doi.org/10.1002/DAD2.70238

[84] Von Brevern M, Bertholon P, Brandt T, et al (2015) Benign paroxysmal posi-
tional vertigo: Diagnostic criteria. Journal of Vestibular Research: Equilibrium
and Orientation 25(3-4):105-117. https://doi.org/10.3233/ves-150553

[85] Wang D, Pelz JB, Mulvey FB (2016) Characterization and reconstruction of
VOG noise with power spectral density analysis. Eye Tracking Research and
Applications Symposium (ETRA) 14:217-220. https://doi.org/10.1145/2857491.
2857516

[86] Wang D, Mulvey FB, Pelz JB, et al (2017) A study of artificial eyes for the
measurement of precision in eye-trackers. Behavior Research Methods 49(3):947—
959. https://doi.org/10.3758 /s13428-016-0755-8

[87) Wang Y, Nilsson M (2025) Microsaccades as indicators for early-stage Parkinson’s
disease: An explainable Al approach. Eye Tracking Research and Applications
Symposium (ETRA) https://doi.org/10.1145/3715669.3723133

[88] Wunderlich J, Behler A, Dreyhaupt J, et al (2021) Diagnostic value of
video-oculography in progressive supranuclear palsy: a controlled study in
100 patients. Journal of Neurology 268(9):3467-3475. https://doi.org/10.1007/
s00415-021-10522-9

[89] Young LR, Sheena D (1975) Survey of eye movement recording methods. Behav-

ior Research Methods & Instrumentation 7(5):397-429. https://doi.org/10.3758/
bf03201553

27


https://doi.org/10.1097/wno.0000000000002099
https://doi.org/10.1002/DAD2.70238
https://doi.org/10.1002/DAD2.70238
https://doi.org/10.3233/ves-150553
https://doi.org/10.1145/2857491.2857516
https://doi.org/10.1145/2857491.2857516
https://doi.org/10.3758/s13428-016-0755-8
https://doi.org/10.1145/3715669.3723133
https://doi.org/10.1007/s00415-021-10522-9
https://doi.org/10.1007/s00415-021-10522-9
https://doi.org/10.3758/bf03201553
https://doi.org/10.3758/bf03201553
https://doi.org/10.64898/2026.09.07.26361936

	Purpose
	Methods
	Results
	Conclusion
	Supplementary information
	Online Resource 1 (ESM_1.pdf): list of organisations contacted.
	Online Resource 2 (ESM_2.pdf): survey questions, as administered.
	Online Resource 3 (ESM_3.pdf): data handling and inclusion criteria.
	Acknowledgements


