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Abstract—This study explores the use of eye-tracking (ET)
technology as an aid tool in the diagnosis of Alzheimer’s disease
(AD). A group of participants, consisting of subjects diagnosed
with AD and healthy controls, performed walking tasks enriched
with auditory and visual stimuli while wearing ET glasses. The
main objective was to assess whether visual behavior data could
be a useful parameter in the diagnosis of the condition. To this
end, the presence of differences between the two groups was
preliminarily analyzed in order to define a solid starting point
for possible diagnostic use. The analysis focused on two main
parameters: elevation and azimuth of gaze. Results showed that
the elevation parameter was particularly effective in detecting
alterations in visual attention associated with AD, while azimuth
proved to be less discriminating. Tasks based on visual stimuli
provided more significant data than acoustic ones, probably due
to the simplicity of the proposed auditory rhythm (60 bpm). In
addition, a correspondence was observed between scores obtained
on the Mini-Mental State Examination (MMSE) and the Short
Physical Performance Battery (SPPB), suggesting a potential
integrated approach for classifying disease severity. Overall, the
results highlight the potential of eye-tracking as an objective
tool to support cognitive and motor assessment in AD diagnostic
protocols.

Index Terms—Alzheimer’s disease, Ocular Movement Mea-
surement, Wearable Devices

I. INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegener-

ative disorder that severely affects cognitive and functional

abilities, posing a growing social and economic burden [1].

Despite extensive research, no definitive pharmacological cure

exists, making early diagnosis crucial for optimizing non-

pharmacological therapies [2]–[4]. Current diagnostic meth-

ods, such as cerebrospinal fluid analysis and PET imaging,

are effective but expensive, invasive, and not widely accessi-

ble. Consequently, cognitive and functional assessment scales

are commonly used to monitor AD progression. The Mini-

Mental State Examination (MMSE) is widely applied to assess
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cognitive impairment and dementia severity [5]. For physical

assessment, no AD-specific tests exist, but the Short Physical

Performance Battery (SPPB) [6] is a validated tool to evaluate

physical condition and fall risk in older adults [7]. Advances

in understanding physiopathological mechanisms, including

neuroplasticity [8], emphasize the need for objective, acces-

sible, and non-invasive diagnostic tools to monitor cognitive

changes over time [9]. Traditional assessment scales often lack

the sensitivity to detect mild impairments early, highlighting

the necessity for specific tests that accurately profile individu-

als [10], [11]. Innovative technologies, such as eye-tracking

(ET), offer precise and quantifiable insights into cognitive

decline [12]. Eye movements serve as sensitive indicators of

cognitive changes, providing a non-invasive and cost-effective

alternative for AD detection [13], [14]. ET technology allows

for the non-invasive recording of eye movements by tracking

the position and motion of the pupil and corneal reflection,

typically using infrared light. Modern ET systems provide

high-resolution data on gaze direction, fixation durations,

saccades, and pupil dynamics in real time.

These metrics provide insights into cognitive domains such

as attention, processing speed, visuospatial awareness, and

executive function. In AD, changes in oculomotor behavior

may reflect cognitive decline and support early diagnosis or

monitoring. ET is a non-invasive technology that captures

eye movements via infrared-based monitoring of pupil po-

sition and corneal reflection. It allows continuous, objective

assessment of visual behavior, including fixation patterns,

gaze duration, and orientation (azimuth and elevation). These

oculomotor parameters are linked to functions often impaired

in AD, such as attention control and executive processing [15],

[16]. Delivering real-time data, ET is a promising tool for

identifying subtle cognitive changes and monitoring disease

progression [17]. This approach deepens understanding of how

AD affects attention, perception, and decision-making, and can

inform targeted therapies. Despite its potential, few studies

have assessed ET in dynamic settings [18], [19].

Traditional assessments are often performed in static or

controlled environments, which may fail to capture the in-
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tricate interactions between cognitive, sensory, and motor

systems that occur in everyday activities. By introducing visual

and auditory stimuli while participants walk, we aimed to

recreate real-world dual-task conditions that require attention,

executive function, and motor coordination. This multimodal

assessment offers a more nuanced understanding of cognitive-

motor interference and provides insights that are not easily de-

tectable through the MMSE or SPPB alone. Particularly, eye-

tracking metrics such as fixation duration and gaze shifts may

indicate underlying deficits in attention allocation, processing

speed, and sensorimotor integration. When these measures are

combined with MMSE and SPPB scores, they could enhance

our ability to differentiate early pathological signs from normal

age-related changes and contribute to the development of more

sensitive tools for early diagnosis and functional assessment

in AD.

In line with our ongoing research aimed at integrating

technological tools into field-based cognitive and functional

assessments, we included eye-tracking in this study to explore

its potential in dynamically monitoring attentional and oculo-

motor behavior during real-life tasks. Given its non-invasive

nature and ability to provide high-resolution, objective data,

we aim to assess whether such tools can enhance the early

detection and monitoring of AD-related traits.

Building on these advancements, the present study investi-

gates how different sensory stimuli influence visual behavior

during walking in patients at various stages of AD. The use

of an eye-tracking-based measurement system allows for the

collection of objective data that inform both motor coordina-

tion and cognitive engagement during movement. Addition-

ally, a possible correlation is hypothesized between clinical

assessment scales and specific oculomotor features extracted

from eye-tracking data. This correlation could support the

estimation of disease severity through objective metrics and

automated decision systems, potentially reducing the burden

on healthcare services.

The paper is organized as follows: Section II describes

the participants involved, the cognitive and physical assess-

ment tests used, the experimental protocol involving walking

tasks with acoustic and visual stimuli, and the eye-tracking

monitoring system employed. Section III presents the results

obtained, focusing on gaze behavior and fixation patterns,

and highlighting differences between healthy participants and

individuals with AD. Section IV discusses the significance of

the obtained findings, comparing them with existing scientific

literature and exploring their implications for neurophysiologi-

cal understanding and clinical practice. Section V provides the

conclusions of the study, emphasizing the relevance of eye-

tracking as an objective diagnostic tool for AD, and suggests

future directions for research and practical applications.

II. MATERIALS AND METHODS

A. Participants

The study involved two distinct groups of participants. The

first group consisted of 17 individuals selected from the users

of a day care center for AD patients (between mild and

moderate pathology degree) located within the territory of

the Azienda Sanitaria Locale (ASL) of Frosinone, in Atina

Inferiore (Italy). Specifically, the study population included 3

men and 14 women (Age 70y ± 3.2), all of them are diagnosed

with dementia of varying degrees. The study involving this

population was approved by Registro Sperimentazioni ASL

(51.24 CET2 aslfr). The second group comprised 6 healthy

subjects (baseline), 3 women and 3 men (Age 35y ± 4.6),

from the University of Cassino and Southern Lazio. The

involvement of the healthy population was approved by the

Institutional Review Board of the University of Cassino and

Southern Lazio (no. 24777.2022.12.12). The informed con-

sent process and the approval regarding benefits and risks

adhered to the principles established by the 1964 Declaration

of Helsinki for research involving human subjects. Selected

participants had to give their consent to use the eye-tracker.

This research started only after obtaining informed consent

from patients and their caregivers, following a comprehensive

explanation of the study protocol to both parties.

Inclusion criteria for AD patients were:

• a degree of dementia ranging from mild to severe (MMSE

≤ 24);

• the ability to perform motor tasks (SPPB ≥ 4);

Exclusion criteria included:

• use of a walking device;

• use of glasses (to avoid problems related to visual im-

pairment and to avoid the risk of falling).

B. Protocol

After the initial cognitive and functional assessment, sub-

jects were asked to walk a short 4 m distance along a corridor

in order to assess eye behavior under dynamic conditions.

The distance of 4 m was chosen to reproduce a task already

provided by the SPPB protocol, to which the patients were

thus accustomed [6]. During this task, subjects wore the eye-

tracker. The tasks included two types of stimulation during the

walk to observe the participants’ response and any changes in

visual behavior.

At the Alzheimer Center, the ambient temperature is con-

sistently maintained at 23°C to ensure optimal comfort for the

patients. Regarding the test duration, participants in the visual

stimulation condition were instructed to walk at a self-selected

comfortable pace to minimize the risk of falls. In contrast,

during the auditory stimulation condition, the duration was

dictated by the tempo of the auditory cues proposed.

Acoustic stimuli were delivered through a metronome set at

60 bpm, providing a consistent acoustic signal corresponding

to a standardized stride cadence of one step per second. This

specific tempo was chosen to improve rhythmic synchroniza-

tion, promote uniform walking speed among participants, and

ensure the reproducibility of stride performance measures.

Visual stimuli were made with colored adhesive strips placed

along a 4 m path according to the SPPB [6] protocol. The

strips were placed 45 cm apart to indicate stride length, a

distance that corresponds to the average stride measurements
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Fig. 1. Description of experimental scenario used during the measurement
protocol.

of the elderly, thus facilitating a standardized and reproducible

assessment of gait in line with the validated protocol (see Fig.

1).

The integrated use of acoustic and visual stimuli ensures

reliable and controlled conditions for gait assessment, mini-

mizing variability and improving the accuracy of performance

assessment. The motor tasks required of the subjects differed

according to the type of stimulus administered. For Acoustic

stimuli, subjects were asked to synchronise their steps with

the sound emitted by the smartphone metronome. In con-

trast, in the case of visual stimuli, the subject was asked

to walk while trying not to step on the tape strips placed

on the floor. The execution of the tests was enhanced by

the collaborative efforts of the center’s staff and the medical

team, ensuring a synergistic approach. The administration of

the motor-cognitive tasks was conducted consistently across

the healthy group. During the walking activity, participants

were wearing the eye tracker Neon Pupil lab Eye-Tracker
glasses (2023, Pupil Labs GmbH, Berlin, Germany), allowing

the precise recording of eye movements and fixation events

during exposure to visual (VS) and acoustic (AS) stimuli.

Data collected from the healthy group were used as baseline

to better analyse gaze behaviour of the first group, serving

as a reference point. To analyse gaze behaviour in relation

to the diagnostic scales, the AD population was characterized

according to the scores obtained on the screening tests, by

setting suitable thresholds by considering the overall ranges

for MMSE and SPPB and dividing participants in two groups

(MILD and MODERATE) according to a threshold placed

at the median point of each scale (15 for MMSE and 6 for

SPPB). Consequently, all participants scoring higher than 15

(6, respectively) were classified as having a MILD pathology,

while those who scored lower or equal to 15 (6, respectively)

were classified as having a MODERATE pathology. Finally,

baseline participants were selected regardless of the considered

scales. The objective of the study was to ascertain the existence

of any specific patterns of eye movement that were associated

with the SPPB and MMSE scores, with the results of the

Healthy Group serving as a reference point. Secondly, the

investigation sought to identify any potential differences based

on the nature of the stimulus.

• The following data were extrapolated from the record-

ings made with the eye-tracker, particularly focusing on

fixation events:

• Fixation per second (Fixps): No.fixations
TotalDuration

• Duration (s): fixation events’ time extension in seconds;

• Fixation Elevation [°]: referring to vertical ocular

movement;

• Fixation Azimuth [°]: referring to lateral ocular move-

ment.

C. Monitoring Instrument

The eye-tracker Neon glasses from Pupil Labs are advanced

devices designed for eye tracking. These glasses are used

in various fields, such as scientific research, psychology,

neuroscience, and virtual reality, to monitor and analyze eye

movements accurately and in real time [20], [21]. Thanks

to its lightweight structure, this device is designed to be

comfortable during prolonged use. The glasses are equipped

with advanced technology, including two high-speed video

cameras for capturing eye movement (with a refresh rate of

200 Hz), a wide-angle camera to record the user’s field of view,

stereo microphones, and IMU sensors. Deep learning-based

algorithms allow an accurate estimation of gaze direction,

pupil diameter measurement, and eye state analysis. The

device is controlled through the Neon Companion App. The

latter allows to calibrate the device before data acquisition

and to manage the communication with the Pupil Cloud.

It processes data in real-time, allowing the visualization of

the environment seen by the subject and the analysis of eye

movements. In Fig. 2, the setup block diagram used during

the experiences was presented.

Neon
Companion

App

Pupil
Cloud

Data
Acquisition

Data Storage

Data Elaboration

Fig. 2. Block Diagram of Neon Eye-Tracker glasses setup

III. RESULTS

A. General Remarks on the obtained results

Table I presents the mean and standard deviations (with

a coverage factor (k) equal to 1) of the aforementioned

data for trials with acoustic and visual stimuli. For acoustic

stimuli the mean number of fixations remains unchanged when

considering the total duration of the test. In particular, both

baseline and Alzheimer’s participants obtain approximately 2

Fixps for MMSE and SPPB, respectively. In the three groups,
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the average duration of fixation events also remained almost

unchanged. In the visual stimuli test the number of Fixps

was different from baseline to Mild and Moderate groups,

particularly for baseline, the participants obtained 4 Fixps,

while the other two groups performed 2 Fixps. Compared to

baseline, the duration of fixation events approximately doubled

in the mild and moderate groups.

TABLE I
MEAN (μ) AND STANDARD DEVIATION (σ) OF FIXATION DATA RECORDED

DURING ACOUSTIC (AS) AND VISUAL (VS) STIMULI ADMINISTRATION.

μ± σ Baseline Mild Moderate

MMSE SPPB MMSE SPPB

Fixation per AS 2.2 ± 1.1 2.0 ± 0.3 2.3 ± 0.4 2.5 ± 0.5 2.1 ± 0.5

second (Fixps) VS 3.9 ± 0.5 2.6 ± 0.5 2.3 ± 0.6 2.3 ± 0.6 2.5 ± 0.7

Duration (s) AS 0.50 ± 0.26 0.50 ± 0.09 0.40 ± 0.10 0.40 ± 0.11 0.40 ± 0.12

VS 0.20 ± 0.03 0.30 ± 0.06 0.40 ± 0.13 0.40 ± 0.14 0.40 ± 0.15

To better describe the ocular orientation, the elevation and

azimuth parameters for each fixation were considered.

TABLE II
MEAN (μ) AND STANDARD DEVIATION (σ) OF ELEVATION AND AZIMUTH

DATA RECORDED DURING ACOUSTIC (AS) AND VISUAL (VS) STIMULI

ADMINISTRATION

μ± σ Baseline Mild Moderate

MMSE SPPB MMSE SPPB

Elevation (°) AS -8.83 ± 1.73 -2.70 ± 2.67 -3.23 ± 3.82 -1.36 ± 4.52 -1.16 ± 1.52

VS -18.68 ± 0.28 -1.56 ± 0.59 -1.78 ± 3.54 -3.66 ± 1.67 -4.96 ± 3.12

Azimuth (°) AS 0.77 ± 1.09 0.65 ± 1.60 1.37 ± 1.92 1.58 ± 1.90 0.62 ± 0.86

VS -0.28 ± 0.66 -0.44 ± 0.24 -0.58 ± 1.01 0.66 ± 1.11 1.67 ± 1.35

Table II shows the mean and standard deviation (with a

coverage factor (k) equal to 1) results for the elevation and

azimuth parameters obtained for both the visual and acoustic

stimuli. The elevation describes a clear difference between the

reference group (baseline) and the two groups representing the

pathological sample, obtaining in both tests an increase of the

mean value with respect to the baseline group. The Azimuth,

on the other hand, did not show any differences among the

three groups studied. Based on these results, it was decided to

focus only on the elevation parameter.

B. Fixation Elevation Related Results

Figs. 3 and 4 show the raw elevation data time series

considering acoustic and visual stimulations, respectively. To

create each figure, one person for each disease condition

has been selected, considering only people whose disease

severity was coherently classified into one group (baseline,

mild, moderate) by both the considered examination scales

(MMSE and SPPB). The data reported in the figures are shown

as examples and should not be considered significant for the

overall analysis.

On the other hand, Figs. 5 and 6 show a comparison of the

mean fixation elevation for each group, taking into account the
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Fig. 3. Examples of Fixation Elevation data under Acoustic Stimulation for
people affected by different Alzheimer’s disease status
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Fig. 4. Examples of Fixation Elevation data under Visual Stimulation for
people affected by different Alzheimer’s disease status

two examination scales. It can be seen that there is an overlap

between the MMSE and SPPB curves for both the acoustic

and the visual stimuli, indicating a good level of agreement

between MMSE and SPPB performed grouping.

Baseline Mild Moderate
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E
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MMSE
SPPB

Fig. 5. Comparison of Fixation Elevation data considering all people involved
in the experimental campaign: inter-group compatibility evaluation - acoustic
stimulation

Conversely, interesting insights can be carried out by consid-

ering the comparison of the obtained elevation values for each

disease condition (baseline, mild, moderate). In particular,

considering the acoustic stimulus (Fig. 5) the measurement

intervals calculated for each group are compatible with each

other, emphasizing that the acoustic exercise did not produce

any differentiation among the three investigated groups.

On the contrary, in the case of the visual stimulus (Fig.

6), the two pathological groups (mild, moderate) are not

compatible with the measurement interval obtained in the
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Fig. 6. Comparison of Fixation Elevation data considering all people involved
in the experimental campaign: inter-group compatibility evaluation - visual
stimulation

baseline case. The exercise with the visual stimulus showed

the difference in test performance among the three groups.

In particular, it was observed that in the baseline group, the

participants kept their gaze low in the direction of the stripes

that identified the path, whereas in the pathological groups, the

gaze was higher on average, with greater variability in terms

of standard deviation.

IV. DISCUSSION

Research in neurophysiology highlights the role of physical

activity in promoting neuroplasticity, even in elderly individ-

uals and those with AD [22]. Similarly, external stimuli such

as acoustic and visual inputs can enhance cognitive and motor

functions by activating neural pathways involved in learning

and adaptation [23]. These mechanisms are consistent with the

concept of neuroplasticity, whereby the brain reorganizes itself

in response to experience and environmental cues [8], [24],

[25]. Cognitive stimulation may also contribute to strength-

ening attention, sensory integration, and motor coordination

[26]. In this context, the present exploratory study aimed to

examine gaze behavior in a walking task involving visual

and acoustic stimuli. While walking is a standard component

in the diagnostic evaluation of neurodegenerative conditions

[27], the integration of external stimuli remains underexplored

[28]. The use of eye-tracker provides a non-invasive means

to collect objective data during motor-cognitive tasks. Some

studies have highlighted the influence of age on cognitive and

oculomotor measures, particularly in terms of visual attention

and gaze behavior [29], [30], a factor that must be considered

as a possible confounding variable in our study. The healthy

control group was included primarily to obtain an initial

characterization of the eye-tracking measures, and not for di-

rect statistical comparison with pathological participants. The

fixation features analyzed revealed some observable trends.

Fixation durations tended to be longer during acoustic stimuli

tasks compared to visual ones (except for the moderate group),

particularly in participants with lower MMSE scores. This

might reflect slower gait and increased visual focus during

task execution in individuals with AD. In contrast, healthy

controls exhibited shorter fixations, likely due to faster walking

speeds. The elevation parameter appeared more informative

than azimuth, especially in visual tasks, where increasing

AD severity seemed associated with impaired downward gaze

control. However, these trends were not tested statistically, and

as such, they should be interpreted as preliminary observations

rather than confirmed findings. In line with the pilot nature of

this research, no formal correlation analysis was performed

between clinical scores and ET data. Although we noted a

pattern of alignment between MMSE and SPPB scores across

participants, we recognize that any suggestion of correlation

requires statistical validation. For this reason, we have avoided

drawing definitive conclusions from these associations. A

future study with a larger sample and appropriate statistical

power will be necessary to assess these relationships quan-

titatively. These preliminary findings support the idea that

eye-tracking can provide meaningful data on motor-cognitive

integration in AD. Nonetheless, further research is needed to

confirm its diagnostic value.

V. CONCLUSIONS

This pilot study suggests that eye-tracking may help identify

visual-motor differences between healthy individuals and those

with AD during walking tasks that involve external stimuli.

Among the parameters analyzed, gaze elevation appeared to

be the most sensitive to group differences, particularly in the

visual stimulus condition. Conversely, azimuth did not show

consistent trends across groups. Although we observed some

alignment between MMSE and SPPB scores, no correlation

analysis was conducted; thus, we refrain from drawing in-

ferential conclusions in this regard. These results should be

considered preliminary and hypothesis-generating rather than

confirmatory. Importantly, this work lays the groundwork for

future developments in protocol design. The integration of ET

technology with standardized clinical tests could improve the

objectivity of field-based assessments, which often rely on

subjective clinical judgment. The addition of complementary

technologies—such as wearable motion sensors—may further

enhance the reliability of motor evaluations in clinical settings.

Future studies with larger and more diverse samples will be

essential to validate these initial findings and to implement

a statistically grounded analysis of the relationship between

gaze metrics and clinical scores.
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