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Abstract — The onset of visual fatigue caused by the
conflict between vergence and accommodation in
stereoscopic augmented reality systems is a factor that
necessitates limiting the duration of use of this
technology. This study investigates the potential to
reduce visual fatigue through exercises targeting
vergence and accommodation after the use of
augmented reality glasses. A survey was conducted to
assess momentary visual fatigue and its subsequent
change, involving male and female participants aged
20-25 years, without ophthalmological conditions and
without the need for vision correction. The study was
based on direct work with augmented reality glasses,
and the results indicate that eye fatigue reported
immediately after use can be reduced in some
participants when specific ophthalmological exercises
are performed. From a practical perspective, the
obtained results outline the exercises as an easily
accessible tool for maintaining visual hygiene,
enhancing visual comfort, and improving the conditions
for the use of Augmented Reality for professional,
educational, and recreational purposes.
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1. Introduction

Augmented Reality (AR) technology unfolds its
potential thanks to the increasing productivity and
variety of technical means. It allows effective
visualization of three-dimensional content in a real
environment and finds application in medicine, trade,
production, education, etc. For this visualization,
stereoscopic glasses (HMD) are required, which differ
in technical terms, price, and quality of the image
presented to the user.

The choice of a suitable type of glasses is critical
not only for the user’s comfort but also for eye fatigue.
It is influenced by the characteristics, the quality of
workmanship, the constructive features of the
augmented reality glasses, individual habits, and the
duration of use.

Along with the technical factors, it is important to
consider different eye exercises that help to reduce the
tension in the eye muscles. The inclusion of such
exercises as part of visual hygiene, especially after the
use of augmented reality glasses, can be used as an
effective approach for maintaining eye health.

This study examines in more detail those technical
features of augmented reality glasses that directly
affect visual load and the subsequent visual fatigue, as
well as the possibilities for reducing this fatigue
through ophthalmological exercises. The expected
results should assist in developing visual hygiene for
users who use augmented reality glasses daily.

2. Literature Review

Visual fatigue is understood as the one in which
visual or ocular symptoms occur due to prolonged use
of digital devices and are characterized by dryness in
the eyes, blurred vision, itching, foreign body
sensation, and headache [1]. Visual fatigue during
visual stimulation in the process of an exercise
requiring a short period of time (5-10 minutes) will
not create obvious problems compared to an exercise
requiring a long period but still, such will exist.
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For this reason, for the healthy condition of the
eyes it is imperative that every Augmented Reality
user has established proper visual hygiene, which
should include both the classical rules for rests,
lighting, ergonomics, movement, and also
undertaking specific measures against visual fatigue.

A typical example is the 20/20/20 rule, which
states that every 20 minutes of screen work, the user
should look at a distance greater than 20 feet for no
less than 20 seconds [2]. Depending on the intensity
of the visual load, the time period can be adapted —
10/10/10 or 7/7/7. Furthermore, the display should be
adapted according to the individual needs of each user
— adjusting contrast and brightness according to the
ambient light is required [3].

Performing ophthalmological exercises is perhaps
another specific way to reduce visual fatigue. It should
be kept in mind that their selection, correct ordering,
and execution are key to their effectiveness.
Furthermore, the exercises “are useful for everyone,
even for those with good vision, for relieving the
visual apparatus and facilitating the work of the eyes”
[4]. The main goal of applying eye exercises is their
training, and through performing such physical
activity their proper functioning is stimulated. The
eyes “are not just muscles that need to be pumped up
and trained”, this is a fine and complex system in
which everything is closely interconnected. And it is
important to know which groups of eye muscles
should be strained, which should be relaxed, in what
sequence, in what amount, and with what intervals
certain exercises should be performed, so as not to
harm yourself and your eyes” [5]. It should be taken
into account that for the present study the selection of
exercises is connected with resting the eyes after the
use of augmented reality glasses, and not with the aim
of improving vision, since it is almost impossible to
follow the principles of systematic and sequential
performance of exercises; regularity; gradual increase
of loads; taking into account individual
characteristics; creative approach [5]. In addition, an
exact diagnosis and proper treatment is made by a
doctor when a disease is detected. However, the
effectiveness of these exercises depends not only on
their execution but also on the understanding of the
primary causes of visual strain generated by the
technology itself.

Factors that significantly influence eye fatigue and
are directly related to the technical characteristics of
the glasses are:

a) Image distortion: It is directly influenced by the
incorrect shape of the lens. If it is not correct, the
light does not focus exactly, which leads to a
blurred image [6].
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In the case of incorrectly applied anti-reflective
coatings on the glass, glare, distortions, and image
scattering can also be observed. Scattering is usually
due to volumetric and surface defects [7]. In addition,
the thickness of the lens and the density of the material
from which it is made also influence the distortion of
the image. The angle of refraction of the light flux
depends on this [8]. The thinner the glass through
which the light beam passes, the less distortion is
observed. By distortion it is meant that the light beam
is shifted only laterally while remaining parallel to
itself [9]. To all this can be added poor maintenance
or scratching by the user.

b) Color and light: The color, brightness, and contrast
must be such that the objects superimposed onto
the real environment are perceived with difficulty
due to the “merging” of the colors. A change in
lighting or the position of the head often leads to
“chromatic distortions and reduced sharpness,
causing discomfort and disrupting the user
experience [10]”. There are AR glasses (Microsoft
HoloLens 2, Apple Vision Pro, Magic Leap 2, etc.)
that adapt to changes in ambient light by changing
the brightness of the screen — the virtual objects
remain visible in darker or brighter rooms. The new
developments focused on the improvement of the
perceived environment adapt the visual content
according to the pupil radius, which reduces
defocusing and eye strain [11]. A possible option
to deal with the problem of defocusing is the use of
free-focus displays, for example retinal displays.
The virtual retinal display “creates images by
scanning low-power laser light directly onto the
retina [12]”.

LED light also influences eye fatigue. Account
must be taken of the fact that in “most LED sources
prevail light in the blue spectrum with a peak at
approximately 450 nm [13]”. Excessive exposure to
this light with energy significantly higher than solar
can cause irreparable damage to the eyes. Although
research is needed regarding the relationships between
screen time — blue light — eye damage, the use of
augmented reality glasses must be strictly regulated.

c) Refresh rate: The refresh rate influences the clarity
of the presented image. It is expressed in fact that
“the lower the refresh rate of the imaging, the
greater the possibility of causing blurring and
dispersion during movement, which will have a
negative impact on the extraction of visual
potentials [14]”. It is “positively related to speed
and inversely proportional to the refresh rate of a
given device [14]”. Consequently, the clarity of the
image during moving objects is a key factor for
visual comfort. If the visual reaction from
movement is influenced by this frequency, and if a
higher one presents the moving object more
clearly, then visual fatigue is reduced on screens
with a higher refresh rate.
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d) The time factor: The use of augmented reality
glasses occurs over a period of time, and
analogously to computer vision syndrome, the
longer they are used, the stronger is their impact on
human vision [15].

e) Blink rate: A specific neurophysiological feature is
that “the brain focuses on receiving information
from the environment or images and tries to
perceive the information better by reducing the
blink rate [16]”. This reduction can lead to
pathological effects, such as conjunctivitis,
discomfort, burning, frequent blinking [17], which
in fact can be described as computer vision
syndrome. This raises the question of whether
augmented reality glasses should be used for a long
period of time, including by underage individuals,
since this may contribute to vision impairment
from an early age.

The vergence-accommodation conflict: Arises
because the eyes focus at a fixed depth (the screen),
but at the same time converge toward virtual objects
at different depths, which leads to visual discomfort,
dizziness, and fatigue [18]. Even with the use of a
varifocal display, a multifocal display, or a display
using light field technology, the conflict between
vergence and accommodation remains a challenge for
the improvement of augmented reality glasses.

Other factors leading to visual fatigue besides
those listed so far are individual differences such as
age, presence of visual anomalies such as astigmatism.
Fatigue is different for each user, and this is due to the
different load on the eye, which for some is smaller,
and for others greater, as a result of wearing/not
wearing glasses, reading in artificial/natural light, etc.
This inequality in eye fatigue certainly leads to
differences in the complaints associated with it. If for
some users of the technology it is burning in the eyes,
for others it is tension, for a third it is something else,
etc.

Regardless of what the complaints are and how
many they are, it is good for every user of augmented
reality glasses to try to build proper visual hygiene.
This should not be neglected, as well as the fact that
ophthalmological exercises have the potential to be
used during prolonged work with digital devices.

3. Methodology

This section presents the research methodology.
Initially, the profile of the participants and the criteria
for forming a homogeneous group are described,
followed by the technical characteristics of the
equipment and software used. The next subsection
presents the requirements for all participants, which
ensure the validity of the results. Furthermore, the
approach for collecting visual fatigue data through
surveys — conducted before, immediately after, and
following the performance of the exercises — is
described.
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Precise descriptions are provided for the practical
execution of the experimental session in a controlled
environment, followed by a description of the
guantitative and qualitative methods for data
processing. Finally, a series of ophthalmological
exercises, which serve as the basis for reducing visual
fatigue, are described.

3.1. Participants

A total of twenty-nine volunteers declared their
participation in the conduct of this experiment. They
are aged between 20 and 25 years and study in a higher
education institution with a pedagogical profile in arts.
In addition, they are informed about the aims of the
experiment, the research methodology, as well as the
potential risks of dizziness, headache, discomfort,
vertigo. A mandatory element is the completion of a
primary questionnaire, which serves to collect
demographic data, information about visual health,
and to establish habits of using electronic devices.
Since the possibility of reducing visual fatigue after
the use of AR glasses is being considered, and in order
to guarantee the reliability and validity of the results,
the following criteria for participant selection are set:

e Lack of diagnosed ophthalmological diseases —
anyone declaring a desire to participate in the study
but with diagnosed vision problems or vision
correction does not participate in the study,
because this may affect the adequacy of the results.

e Approximately equal age — in order to avoid
differences related to physiological changes in the
visual system, it is required that the examined
persons have a maximum age difference of 10
years.

e To possess at least one of the following technical
devices — smartphone, computer, tablet, augmented
or virtual reality glasses. This means that the
examined persons are technically literate with
screen devices.

More than 50% of those who declared willingness
to participate in the study (Figure 1) reported an
established condition - myopia, hyperopia,
astigmatism. Glasses for vision correction were
prescribed to all of them.

m without established disease

29 ® with ophthalmological disease
19 18

9

1

Figure 1. Study participants without/with
ophthalmological disease
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According to these criteria, 11 people (7 women
and 4 men) were approved, none of whom had an
ophthalmological disease or vision correction. All of
them own and use a smartphone, computer, and/or
tablet, but none own AR/VR glasses - the
homogeneity of the studied group is present.

3.2. Equipment and Software

For the purposes of the study, mixed reality glasses

— Meta Quest 3 — are used, with a game with an

augmented reality function — “Tetris” — installed in the

glasses. The glasses are not with transparent glass, but
since it must be determined whether the intended
exercises influence eye fatigue, the adequacy of the
final result of the study should not be changed. In
addition, the glasses have some specifics regarding
their performance, which are related to visual fatigue

[19].

e Display resolution: It is equipped with two
displays, each with high resolution of 2064x2208
pixels per display. This provides the possibility for
clearer visualization.

o Refresh rate — supports from 72 to 120 Hz refresh
rate depending on the device settings.

o *Field of view — offers 110 degrees horizontal and
96 degrees vertical field of view, which creates the
possibility for more natural perception of the
environment and reduced loss of peripheral vision.

o Passthrough functionality — provides the possibility
to mix virtual objects well in the physical space
through the available two front cameras, which
actually is also the potential possibility of these
glasses to be used in the present study. The
disadvantage of this functionality is that distortions
in the image can still be observed, change in the
image resolution, and this leads to eye strain.

e IPD (Interpupillary Distance) adjustment: the
distance between the lenses can be adjusted in the
range from 53 mm to 75 mm, which allows each
participant to adjust the glasses according to their
own interpupillary distance for maximum image
clarity. This gives conditional guarantee that the
fatigue is a result of the accommodation—vergence
conflict, and not from incorrectly adjusted glasses.
For optimal visual clarity the glasses are adjusted
by each participant before the start of the session.

3.3. Participant Preparation

To ensure maximum reliability and validity of the
results, all participants were asked to rest and sleep
actively the evening before the experiment for a
minimum of eight hours in a completely dark room,
and on the day of the experimental study not to use
electronic devices with a display (computer,
smartphone, etc.) except in extreme cases until the
experimental activity takes place.
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The main reason for this is the opinion shared in
the initial questionnaire regarding screen time: five of
them have screen time of more than five hours every
day, one between three and five hours every day, and
five between one and three hours every day. These
preliminary requirements conditionally guarantee that
the participants have minimal visual fatigue.

3.4. Data Collection

The data collection is adapted to the free time of
the examined persons. This takes place in an afternoon
session from 14:00 to 15:30.

3.5. Measurement of Visual Fatigue

Before the experiment: The participants are
randomly assigned, and immediately before using the
AR glasses a questionnaire is completed describing
the current eye fatigue. The aim of the questionnaire
is to obtain an objective and subjective assessment of
their condition. It requires a description of visual
comfort at the moment of completion, evaluation of
eye fatigue, experiencing symptoms indicating the
presence of fatigue such as blurred vision, dry eyes,
pain or pressure in the eyes, lack of focus, headache,
or the absence of any symptoms.

After using the glasses: Immediately after the use
of the augmented reality glasses, a second
questionnaire is completed for the momentary
assessment of eye fatigue. By completing it, potential
symptoms indicating a change in the user’s visual
fatigue are monitored. For the purpose of objectivity,
the questionnaire collects quantitative and qualitative
data regarding the assessment of current eye fatigue,
comparative evaluation of fatigue, identification of
specific symptoms, level of discomfort during the
session, change in the perception of the real
environment, overall assessment of comfort when
using the glasses.

After performing the exercises: After performing
the intended eye exercises, a final third questionnaire
is completed, which aims to determine the fatigue of
the participant in the study. To measure the
effectiveness of the exercises in reducing any
identified discomfort in the eyes, questions are
answered requiring information for a quantitative
assessment of current visual fatigue after the
exercises, subjective evaluation of the change in the
feeling of the eyes after the exercises, sharing of any
residual symptoms indicating the presence of visual
fatigue.
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3.6. Practical Implementation of the Experimental
Session

Since the illumination of the room may affect the
quality of the image perceived in the glasses, the study
was conducted in a small, empty, and well naturally lit
room. The free space is sufficient for active
implementation of the game activity. During the
session, each participant arranges the pieces falling to
the ground in an appropriate sequence within ten
minutes, and at their own will may terminate the
activity if they feel excessive eye fatigue, nausea,
dizziness, or other symptoms indicating severe
discomfort. Such indication serves as an indicator of
critical levels of fatigue.

3.7. Data Analysis

The completed questionnaires from the three
conducted stages are analyzed, with the explicit
condition for each participant being to answer every
guestion. Otherwise, the data are incomplete.

In the statistical processing of the results between
the stages of the experiment, the arithmetic mean
value and standard deviation for fatigue are calculated.

The following formulas are used:

— Mean value (arithmetic mean):

~_ Ix

X = £ (1)

* Y x; is the sum of the values of each individual
fatigue rating on a scale from 1 to 10,

* n is the number of participants,
— Standard deviation (S):

s = 2(xi—x%)? (2)

n-1

* x; IS each individual fatigue rating on the scale
from 1 to 10,

* X is the mean value of all observations,

* 1 is the number of participants in the sample.

The results from the assessment of visual fatigue
undergo quantitative and qualitative analysis.

Quantitative analysis: Based on the numerical data
from the questionnaires, the level of fatigue is
assessed on a scale from 1 to 10, where 1 equals no
fatigue and 10 equals extreme fatigue. Data are also
collected on the existing symptoms indicating
momentary eye fatigue — blurred vision, a feeling of
dryness in the eyes, pain or pressure in the eyes,
increased sensitivity to light, headache, lack of
focus/irritation, no symptoms. An opinion on the
optimal usage time before experiencing severe fatigue
is also required. This enables the derivation of an
indicator for recommended usage duration, which can
serve as a reference for effective operating time with
the technology during the learning process.
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All data are used for subsequent comparative
analysis of fatigue at different stages, in order to
establish possible changes.

Quialitative analysis: It is carried out through an
analysis of the described visual comfort or discomfort,
and the factors contributing to fatigue such as: display
brightness, image quality, inability to focus on objects,
imbalance between virtual and real objects, duration
of use, other. ldentifying these factors allows for a
better understanding of the causes of visual fatigue as
seen through the perspective of the participants in the
experiment.

3.8. Ophthalmological Exercises

Based on the influences of augmented reality
glasses on their user presented so far, exercises
focused on vergence and accommodation have been
selected, through which this influence should be
limited, and the selected exercises aim to reduce eye
fatigue after using augmented reality glasses. These
exercises are performed by the volunteers
participating in this experiment in the order described
below:

3.8.1. Palming

— The palms are rubbed until they warm up, after
which they are cupped and placed on the face so that
the fingers fall on the forehead and the base of the
palms on the cheekbones. The palms must cover the
eyes in such a way that no light penetrates between the
fingers.

— The hands must not press the eyelids, eyebrows,
nose, eyeballs, but must be freely placed so as not to
interfere with the possibility of blinking. The specific
thing is that the hands should not feel tension, but be
as relaxed as possible.

— The position of the body must be such that a
straight line is maintained between the neck, the back
of the head, the upper part of the body, and the elbows
are supported on a table/on one’s own legs in such a
way that they form a V.

— While performing this exercise, music is played,
which can be analyzed, evokes pleasant associations,
etc., with a duration of 1-2 minutes [5].

3.8.2. Finger Rotation

— The palms are brought closer together and the
fingers are spread wide, after which they are brought
closer to the face.

— The head is turned to one side and then to the
other, with the fingers passing by the face. They are
not observed, but the space behind them, which
creates the illusion that they are moving.

— Three rotations with closed eyes or then with
open eyes are alternated. 20-30 rotations are done
[20].
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3.8.3. Following Movement (Ball Game)

— A small ball is taken, which begins to be tossed
and caught with one hand. It can be thrown from hand
to hand.

— It is required to observe the ball without moving
the head.

— The exercise is done within 1-2 minutes [5].

3.8.4. Proper Focusing

— A clear image of an object — a ball, a toy, etc. —
is presented and placed 90 cm in front of the gaze. Its
details such as color, shape, texture must be clearly
distinguished [21].

— It is mentally moved to about 9 meters, and
regardless of the change in size, its details must still
be clearly distinguishable.

— The object is moved to about 150 meters. It must
be carefully looked at with focus on its details and
characteristics.

— Itis moved to a distance of 1.5 km. It is already
seen as a blurred point. After this is done, it returns to
the initial position of 90 cm, while keeping the focus
on how the object looks as it approaches.

Similar to this exercise is looking through the
window at a nearby distance while focusing on an
object, for example a tree branch or a window handle.
After that, one looks into the distance trying to see the
distant object [4].

3.8.5. Letter

The exercise is carried out by writing letters or
words with open eyes, alternating letters of different
sizes. This is done on the opposite wall or at a distance
of not less than 33 cm. The larger the written letters
(eye movements), the better the effect of the exercise
[22].

3.8.6. Eights

— The person who used augmented reality glasses
imagines an inverted eight in the air at a distance of 3
meters.

— With the eyes the shape of the figure is followed
as if it is being traced. This is done for a few minutes
as the gaze moves slowly.

— The same is done in the opposite direction. Then
the eyes are left to relax by doing again the first
exercise.

In the course of the study, the correct performance
of the exercises is monitored in order to ensure that
their application is effective.

The duration of each exercise is planned to be
within 1 to 2 minutes. Performing all the exercises will
take approximately 6 to 12 minutes [5].
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4. Results

This section presents and analyzes the empirical
data obtained during the three stages of the
experimental study. First, the levels of visual fatigue
in the group’s baseline state are analyzed. Next, the
changes in visual comfort are tracked, and finally, the
effect of the applied complex of ophthalmological
exercises is described.

4.1. Assessment of Visual Fatigue Before Using AR
Glasses

The results of the survey before conducting the
experiment show that nine of the eleven participants
shared that they did not feel any fatigue (2), almost no
fatigue (4), or very slight fatigue (3), while two shared
a feeling of slight fatigue. The latter reported
symptoms of dryness in the eyes and blurred vision,
which may mean that in the days preceding the
experiment they overstrained their eyes, for example
by working on a computer for a long period of time, a
lack of hours for active rest, or the presence of
ophthalmological problems not yet established by a
specialist. The rest described a feeling of visual
comfort as “completely comfortable.”

The calculated arithmetic mean value of fatigue of
all participants is 2.45 points, and the standard
deviation is 1.035 points, which reflects relatively
similar initial assessments among the participants.

4.2. Assessment of Visual Fatigue After Using AR
Glasses

Immediately after the planned activities, an
increase in fatigue is reported, but not in all. Seven of
the eleven shared fatigue expressed in a feeling of
dryness in the eyes, increased sensitivity to light, pain
or pressure in the eyes, headache, blurred vision,
difficulty focusing. During the task performance, the
same seven shared a feeling of slight discomfort.
Regardless of whether fatigue is felt or not, all
participants shared that prolonged use is a factor that
mainly affects eye fatigue, and the optimal time of use
until minimal feeling of fatigue is five to ten minutes.
In real conditions, the duration of use may differ from
the opinion of the studied persons, since the time of
using augmented reality glasses depends on the time
required to solve the intended task or perform an
action until reaching a final goal. Each increase in
duration requires additional time for subsequent rest.

The calculated arithmetic mean value of fatigue of
all participants at this second stage is 3.54 points, and
the standard deviation is 1.51 points, which shows an
increase compared to the initial measurements.
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4.3. Results From the Ophthalmological Exercises

The correct performance of the exercises provided
in the study is a key factor for obtaining adequate
results. During the study, the need for correction was
established in two of the participants, expressed as:

1. Palming - the fingers are placed on the eyes, not on
the forehead.

2. Rotation of the fingers — the palms with the spread
fingers are moved in one and then in the other
direction, not the head.

Of all eleven participants, seven reported a
decrease in fatigue immediately after performing the
prescribed exercises (Figure 2). These are the same
seven who recorded an increase in fatigue in the
second stage of the experiment. The remaining four
participants reported no change in their fatigue across
the three stages of the experimental study. It is
possible that in their case a change would be observed
with prolonged use of augmented reality glasses.

mwithout change ®decrease in fatigue

11

L W 0N ©

-1
Figure 2. Reporting fatigue after ophthalmic exercises

The seven participants reporting change felt less or
much less tension in their eyes compared to the initial
stage (before using the glasses). The described
symptoms are fewer compared to those established
after the end of the use of the glasses — blurred vision,
feeling of dryness in the eyes, difficulty focusing,
increased sensitivity to light, pain around the eyes
(Figure 3).
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Figure 3. Eye strain between the stages of the experiment

The smaller number of symptoms may mean that a
decrease is registered, as the calculated arithmetic
mean value of fatigue of all participants is 2.27 points,
and the standard deviation is 1 point. Compared to the
previous two stages of the experiment, here the fatigue
is the lowest (Figure 4) — 0.18 points less than the
initial level.

4 3.54

m Before using

3 2435 5, AR glasses
2 1.51 _
1.03 1 m After using AR
1 i glasses
0 After

Mean value Standard

ophthalmologi
deviation P g

cal exercises

Figure 4. Comparison of eye fatigue across the three
stages of the experiment

The individual reporting of fatigue also shows:

e Four of the seven report fatigue one unit lower
than the initial;

e Two of the seven indicate an increase by one
unit above the initial,

o One reports a value equal to the initial.
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5. Discussion

The results obtained in the initial stage of the study
establish a relatively low level of visual fatigue, which
allows reliable tracking of the effect of using
augmented reality glasses. This creates a stable basis
for conclusions, since the registered increase in fatigue
can be directly linked to the exposure to the device.

The measurements after the use of the glasses show
an increase in visual fatigue — the average level has
risen from 2.45 to 3.45 points (from “almost none” to
“mild” on the self-assessment scale). This is an
indicator of its measurable increase even within a
short period of time. It remains below the average
value of the rating scale (5.0), which is probably due
to the limited duration of the experiment. With more
prolonged use, a tangible increase in fatigue
symptoms can be expected.

The values of the standard deviation, which
increase after the use of the glasses (from 1.035t0 1.51
points), show that the individual characteristics of the
participants influence the level of fatigue. Some
individuals become fatigued more quickly, while
others remain relatively resistant to visual load. This
emphasizes the need for personalized
recommendations for usage time or for setting
indicative time limits for operating with glasses.

The results from the third stage clearly demonstrate
that ophthalmological exercises help reduce visual
fatigue caused by the use of augmented reality glasses
and reach levels of visual comfort close to the baseline
(lower, equal, or slightly higher). In fact, in more than
50% of the participants who experienced fatigue, the
ophthalmological exercises helped to reduce it and
return to levels before the use of Augmented Reality.
The lower values of the standard deviation at this stage
show homogeneity of the results, which is also an
indicator of the effectiveness of the exercises, because
those who were more fatigued and those who were
less fatigued reached an approximately common state
of visual comfort.

The correct performance of the exercises is directly
proportional to their effectiveness. If the exercises are
not performed correctly (improper posture, fast pace,
short duration, etc.), it is possible that their effect will
be reduced or brought down to zero.

6. Conclusion

The study established that the use of augmented
reality glasses leads to an increase in visual fatigue
even during short-term use. At the same time, the
selected ophthalmological exercises reduce fatigue,
which makes them an effective tool for building visual
hygiene.
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This emphasizes the importance of developing
standardized recommendations for visual hygiene
when using augmented reality technology and
improving user safety.

The main contribution of the present study is in
establishing  the  relationship  between  the
characteristics of AR glasses, the duration of their use,
and the resulting visual fatigue, as well as in
highlighting the significance of exercises as part of
visual hygiene. This has practical value for personal,
educational, and professional purposes, in which
Augmented Reality is being used increasingly often.

Several limitations are acknowledged in the present
study:

— The inclusion of participants without visual
impairments shows precisely the effect of the selected
ophthalmological exercises on reducing fatigue, but it
is also a limitation regarding results related to those AR
users who have established visual disorders.

— A major limitation is the small number of
participants. Although the self-assessments of fatigue
are consistent, representative results can be achieved
through conducting a study with a larger sample.

— The participants in this study are approximately
of the same age. In real environments this is not the
case. Therefore, it is advisable to conduct an extended
study including participants from different age groups.

— The detection of visual fatigue in each participant
is carried out through subjective assessment. In the
future, it is recommended to apply mechanisms for
objective evaluation, such as tracking the frequency of
blinking.

In addition to exercises that can be used for
relieving the eyes, it is necessary to adopt a strategy for
integrating  preventive  measures, personalized
solutions, and technological adjustments, since one
cannot rely solely on generalized exercises.
Nevertheless, the proposed exercises may be modified
or supplemented with others, for example based on the
20/20/20 rule. In the future, it is important to study the
optimal intervals, as well as to develop standardized
recommendations for visual hygiene when working
with augmented reality. This will enhance safety and
effectiveness in the use of this technology.

In conclusion, the results show that combining the
use of augmented reality glasses with appropriate
ophthalmological exercises aimed at vergence and
accommodation can reduce fatigue, which may
subsequently serve as a motivation for building visual
hygiene.
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