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Abstract 
Purpose: The purpose of this master’s thesis is to evaluate the efficiency of state-provided eye exams as part of 
regular health check-ups for children aged between 6 and 18. This paper examines how capable these eye exams 
are at detecting reduced visual acuity and other vision related problems. It also investigates whether older 
children are better at noticing vision related problems then their younger peers. The results are obtained by a 
comprehensive questionnaire.  
 
Methods: A questionnaire which included 17 questions was distributed to two classes in the primary school of 

Franja Goloba Prevalje and to one class in the secondary school Gimnazija Ravne na Koroškem. The former two 

classes were first grade, where the children are 6 years old, and eighth grade, where the children are 14 years 

of age. In the latter, pupils aged 18 attending third grade were asked to answer the distributed questionnaires. 

The surveys were delivered by the teachers and professors. After being completed they were collected by the 

author of the thesis in order to be analyzed. All the gathered data from the completed inquiry was first entered 

into the program named SPSS and then exported to Microsoft’s Excel for further analysis. 

Results: One of the main hypotheses this thesis is based on is “Visual acuity testing as part of the state provided 

health check-up is not accurate enough to detect and identify other vision-related problems”. The correlation 

between symptoms being present and the participant being referred to further eye examination is weaker, but 

still present. The analysis of the gathered data confirmed that older children are more likely to notice vision 

problems, compared to younger children. The hypothesis is confirmed on weak correlation. The analysis showed 

that the hypothesis “Children, whose parents are wearing glasses, get eye-exams more often”, cannot be 

confirmed.  

Conclusions: Comprehensive vision exams are important, not just for the development of the visual system, but 

also because of the importance the visual system has on the development of children’s cognitive abilities. The 

standard screening protocol should be extended to include near vision testing as well as distance vision testing, 

it should evaluate binocular vision, depth perception, peripheral vision, eye movements assessment and eye 

health. Examining all the components of an extensive eye exam thoroughly is important for determining the 

development of the child’s visual system. Any problems that are undiagnosed can potentially have very harmful 

consequences for the youngster.   

Keywords: development of vision; vision screening; pediatric eye exam 
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1 INTRODUCTION 
There is a health program in place in Slovenia which provides preventative health care on the primary level. As 

part of this program many different areas of medicine are included, such as: reproductive health care, 

preventative health care for adults on the primary level, health care for athletes, preventative dental care for 

children and adolescents, and preventative health care for children, adolescents and students. As part of this 

program, the exams are provided at different ages in order to evaluate the progress of development and to 

compare it to the corresponding age group. Each area is carefully evaluated, assessed and sent to further 

examination and treatments if necessary. Participation in the program is mandatory and free of costs, covered 

under the health insurance. 

According to research, about 20 % of children are experiencing some sort of vision-related problems. They can 

manifest as not just blurry vision at distance or near, but they can also affect different areas of school and sports, 

which in turn can have an effect on a child’s self-esteem. Despite all of the potential effects and problems it can 

cause, children are rarely able to tell just how much vision-related problems affect them because they have 

nothing to compare it to.  

An early detection of any problem is key to preventing long term damage and lasting effects on a child’s vision. 

Having a healthy and properly functioning vision system allows for successful learning in school. Whenever there 

are vision related problems present, schoolwork and day to day activities can suffer and the child could start 

falling behind his or hers fellow classmates. Not only does this affect the success in school, it also has great 

effects on their self-esteem. Between the age of 6 and 18, most of the child’s time is spent in school. Because of 

this, the teachers have potential to discover any vision related problems much earlier than the affected child.  

They spent most of the day observing their pupils and have potential to point out any concerns that may be 

missed by their parents. When a child starts squinting while looking at the board, looking to the person sitting 

next to them to copy information, when the overall school performance starts to decline, all of these are 

potential warning signs and symptoms of developing problems with the visual system. The teachers are often 

first to notice even the slightest differences in a child’s behavior because they spend most of the day with them.   

In order to provide the child with the best possible opportunities, not just to gain adequate education, but to 

help him thrive in different areas of interests, either art, sports or just their social life, the development of the 

visual system must attain age-appropriate milestones at the appropriate time. Even the slightest change could 

potentially have harmful effects on not just the child’s ocular health, but all other, almost as equally important, 

aspects of a young person’s life.  

Anything that gets missed either in school or at home, the health program is there to provide support and a 

more detailed examination of arising problems. Because of that, attending the health check-ups is mandatory. 

Any deviations from the age-appropriate norms that are detected, are sent for further examination to the 

specific specialist.  

Often, vision-related problems are only detected when a child has an eye exam. In school-aged children, this 

examination is a part of the health program. As part of this, monocular visual acuities are checked. If a child fails 

the test, parents get notified and they are advised to take the child to further eye examinations provided by an 

ophthalmologist or optometrist.  

The present master’s thesis represents a comprehensive survey of how effective the vision exams as part of the 

health initiative really are. Children have the ability to accommodate much more than adults, therefore a proper 

protocol must be followed in order to obtain the correct results, either by cycloplegic refraction or dry 

retinoscopy. Subjective results from monocular visual acuity testing often underestimate the refractive error.  
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The hypotheses of this master thesis are: 

a) Visual acuity testing as part of the state provided health check-up is not accurate enough to detect and 

identify other vision-related problems  

b) Older children, compared to younger children, are more likely to notice vision problems  

c) Children, whose parents are wearing glasses, get eye-exams more often.  
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2 DEVELOPMENT OF THE HUMAN EYE 
The human eye first starts to develop at approximately three weeks into embryonic development and continues 

through the tenth week. This process begins from the ectoderm. The ectoderm is a tissue layer that covers the 

outside of the embryo. Its main function is to form the central nervous system. It also forms the external surfaces 

of the eye – cornea and lens. (1) The retina develops from the optic cup. The inner layer of the optic cup becomes 

the neural retina. The three main cell layers found there are: rods and cones, bipolar cell layer and ganglion cell 

layer. The basement membrane of the optic cup thickens to become the lens capsule. This elastic cellular 

structure is vital in the process of accommodation. The lens begins to develop in the 29th day of gestation.  

In the 8th week of gestation, the thin layers of the retina begin to differentiate, first one to be seen is the retinal 

pigment epithelium. In the 4th month of gestation, the process of the development of the macula begins, 

characterized with localized thickening of the ganglion cells. In 7th month of gestation, these cells start to form 

the foveal pit.  

In the 10th – 12th week of gestation the retina extends about 50-100 nm from the papilla. Pars plana and ora 

serrata are developed in the 6th month. The retina covers about 600 mm at birth and reaches 800 mm in the 

second year of life.  

In the 33rd week of gestation, the retinal endothelium layer begins to develop, in the 49th week the stroma forms. 

Bowman’s layer is developed in the 4th-5th month. Corneal transparency is improving up until birth. The cornea’s 

nervous system starts to develop in the 3rd month and reaches the epithelium in the 5th month of gestation. (2)  

At birth, the child’s eye is approximately 75% of the full-grown size and reaches 96% by the age of three.  

Figure 1: Gestational development of the human eye 

 

Source 1: https://www.ophthalmologyreview.org/articles/embryologic-development-of-the-eye, 17.3.2022 
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 At birth, the color of the sclera varies between smoky white to blue. The sclera is thinner; therefore, the venous 

circulation is more evident, causing the sclera to look blue. The color of the iris changes by the age of 6-9 months. 

The intraocular pressure is lower at birth, rising to the average of 13,0 mmHg until the age of 4-5 years.  

Figure 2: Embryology and eraly development of the eye and adnexa 

 

Source 2: https://entokey.com/embryology-and-early-development-of-the-eye-and-adnexa/, 17.3.2022 

3 VISUAL DEVELOPMENT  
At birth, vision is the least developed of all senses. This is primarily because of the absence of foveal and cortical 

maturation. When a baby is first born, they first begin exploring the environment by the means of touching their 

surroundings and putting things in their mouth. Proprioceptive and kinesthetic inputs are the infant’s main 

guidance about information in the environment. As they grow older, their motor control improves. Information 

is still gathered by the means of touching. First to develop are gross motor skills, with the primary goal being 

mobility, to be able to move their body through space. From that, fine motor skills, like grasping and more closely 

exploring objects and their surroundings, have a chance to progress. Developing gross and fine motor skills is 

especially important as they provide feedback for the developing visual perception. At birth, tactile and 

kinesthetic inputs are the dominant sensory inputs. By approximately the age of 7, they are surpassed by vision, 

closely followed by auditory input.  

Infants ocular motor system, responsible for controlling the muscles of the eye, the eyelid, regulating the 

amount of light entering the eye, is poorly developed.(3) Cortical level and fovea lack maturity and the 

myelination of the visual pathway is not completed until at least 2 years of age. This also limits the functionality 

of binocular system as afferent subsystems are not fully developed yet.  

Although the number of retinal cells is reasonably steady, the area will need to double in size in order to reach 

its full potential. This occurs around the age of 10. The fovea diameter becomes smaller and denser after birth, 
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which allows us to observe the first foveal reflex by approximately 6 months of age. The fovea is fully mature at 

about 4 years of age.  

The purpose of fixation is to keep the image on the fovea from fading, to keep it stable. The accuracy of fixation 

is at first limited by the lack of foveal maturity. Rough central fixation is used in the first couple of months, that 

is why young infants have trouble breaking fixation and fixing their focus on a new target. Fixation rapidly 

improves in the first few months. Saccadic eye movements allow us to swiftly redirect our vision to the object 

of interest. In the first couple of months, infants are required to use a greater number of small saccadic steps, 

rather than smaller number of larger saccades. This ability improves between 6 to 8 months, when infants first 

show the capability of utilizing large single saccade to shift their focus to a newly presented target. At first the 

latency is greater and the accuracy not as precise, this is because the process of myelination is not yet complete 

and the integration between sensory and motor is not yet unified.  

An infant between 1 and 4 weeks can utilize the use of pursuits. These eye movements are used to keep a moving 

target in focus. At first, large latency and velocity lag are observed and the infant uses frequent saccades to 

match the movement of the target. By the age of 4 months, the accuracy is vastly improved and fewer catch-up 

saccades are used. Head movement and control at an early age is still not sufficiently developed, therefore the 

oculomotor system is working to a greater extend in order to compensate. By the age of 6 months, equal head 

and eye movements are proficiently synchronized to allow for accurate pursuit of a moving target. Head vs eye 

movement observations is an important indicator of how a child’s oculomotor system is developed. When a 

child reaches school age, pursuits and saccades should be performed with little to no head movement.  

The eye movements – fixation, saccades and pursuits, begin to present early in the development and continue 

to grow and mature well into the early elementary school years. Clinical picture of slow development is not 

consistent with the basic research data that suggest the presence of normal eye movements by around the age 

of 1 or 2 years. This apparent difference is likely to be related to cognitive and attentional factors affecting eye 

movements trough about age 12. (4)  

Pupillary reflex is present at birth in both premature and full-term infants. Although the pupillary diameter can 

vary and physiological anisocoria is not uncommon, in the absence of pathology the responses to light and 

accommodation are working properly.  

The accommodation system is working imprecisely in newborns. Tonic accommodation, when no stimulus is 

present, tends to be greater in infants, about 0,50 D more than in adults. The response to the presented stimulus 

reaches adult level by age of 3 to 4 months, when a target with large spatial frequency details is used. 

First year of an infant’s life is critical for vision development, including also binocular vision. Nearly all infants 

are born with some basic but incomplete orthotropic alignment. If an intermittent strabismus is present early 

on, considering the visual system is developing normally, the eyes should completely align by age 3 to 4 months.  

Rough convergence responses begin to show between the 3rd  and 4th month (5), adult-like level is reached by 

the 6 month. At about the same time, stereopsis emerges. 

3.1 Perceptual development through Piagets stages of cognitive development  

The development of vision and visual system is deeply integrated with the development of other sensory 

development and motor development. The complexity of sensory integration increases with age and we start 

to notice the development of finer skill. Each developmental stage is more complex as the previous one, and the 

progression is dependent on the base gained in the previous stage. As described in his theory (6), Piaget states 

that cognitive development is central to human organism. The stages, summarized in the table below, follow a 

hierarchy, strongly dependent on the dominant sense at the certain age.  
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Figure 3: Piaget’s stages of Cognitive Development 

 

Source 3: https://www.psychologynoteshq.com/piagetstheory/, 19.3.2022 

Sensory-motor stage is guided by tactile and kinesthetic sense to help explore the world. At around the age of 

6 or 7, tactile and kinesthetic senses should be supplanted by vision and hearing as dominant sensory systems. 

Not much reinforcement from touch should be needed at this point. More complex visual perceptual skills are 

possible as the integration of sensory and motor sensory systems increases with age. 
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Figure 4: Dependency on senses trough age 

 

Source 4 Intro to perceptual development lecture by J.P. Lowery, 19.3.2022 

 

3.2 VISUAL PATHWAY  

In order for the eyes to react to light and convert it into information about the world around us, it is necessary 

for the light to enter the eye, to refract and to then touch the fovea on our retina. Every included structure 

needs to be working perfectly.  

Light entering our eyes is called visible light and it is only a small part of the spectrum of electromagnetic waves.  
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Figure 5:  Visible light on the spectrum of electromagnetic waves 

 

Source 5: 
https://chem.libretexts.org/Courses/City_College_of_San_Francisco/Chemistry_101A_Laboratory_Manual_%282019%29/10%3A_Intro

duction_to_Spectroscopy 21.3.2022 

Electromagnetic waves in the visible specter comprise from the light rays between about 380 nm to 780 nm and 

they are responsible for vision.  

In the eyes, there are complex mechanisms in place that provide us with visual perception. Two groups of 

photoreceptors, rods and cons, are responsible for visual phototransduction – the process where the proton of 

light is changed to an electrical signal. (7) Cones are responsible for scotopic vision, while rods help us see in the 

photopic conditions, and are responsible for discriminating color. Distribution of photoreceptors on the retina 

plays the most important role on how the visible light is perceived. In the fovea the density of cones is the 

greatest. This is where vision under good light conditions and color vision are possible. The blind spot is where 

optic disc leaves the fundus of the eye and it is there that no photoreceptors are found.  

https://chem.libretexts.org/Courses/City_College_of_San_Francisco/Chemistry_101A_Laboratory_Manual_%282019%29/10%3A_Introduction_to_Spectroscopy
https://chem.libretexts.org/Courses/City_College_of_San_Francisco/Chemistry_101A_Laboratory_Manual_%282019%29/10%3A_Introduction_to_Spectroscopy
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Figure 6: Density of photoreceptors 

 

Source 6: https://www.researchgate.net/publication/337530437_Impacts_of_Retina-
Related_Zones_on_Quality_Perception_of_Omnidirectional_Image 22.3.2022 

From the photoreceptors, the light continues through the ten layers of the retina until it reaches the optic nerve. 

From there it passes through the optic chiasm, the optic tract and lateral geniculate body of the thalamus. 

Neurons from the lateral geniculate body send their axons to the optic radiation and terminate in the primary 

visual cortex. There the first analysis of the visual information is performed. Further processing takes places in 

extrastriated visual areas in the occipital, parietal and temporal lobes. (8)  

https://www.researchgate.net/publication/337530437_Impacts_of_Retina-Related_Zones_on_Quality_Perception_of_Omnidirectional_Image
https://www.researchgate.net/publication/337530437_Impacts_of_Retina-Related_Zones_on_Quality_Perception_of_Omnidirectional_Image
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Figure 7: Visual pathway 

 

Source 7: https://www.goconqr.com/mindmap/294065/visual-pathway 22.3.2022 

When the anatomical and physiological segments of the eye are acting in unison and when every part is fully 

and perfectly developed, only then it is possible for us to perceive a single and clear picture of the surrounding 

world. This is not always possible as even the slightest change or anomaly can have great consequences for our 

vision.  

3.3 DEVELOPMENT OF REFRACTIVE ERROR 

Emmetropia in the human eye is dependent upon the optimum correlation between the radii of curvature of 

the cornea and the crystalline lens surfaces, the refractive indices of the ocular media, the anterior and vitreous 

chamber depths and the crystalline lens thickness. As the eye grows, it must, in order to remain emmetropic, 

maintain a coordinated relationship between these components, so that the focal length of the optics is 

conjugate with the axial length of the eye. Any discrepancy between coordination of the ocular components 

https://www.goconqr.com/mindmap/294065/visual-pathway
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results in a refractive error (9). In the emmetropic eye, the focal point of the light rays is on the retina, producing 

a clear and sharp image of the distance object. In hyperopia, the axial length of the eye is too short, so the focal 

point of the light is behind the retina. Objects in the distance appear clear, while objects in the near are blurred. 

On the other hand, myopic eye’s focal length is too long, making the focal point in front of the retina, and 

because of that the distance objects appear blurry, while near objects are clear. The different refractive errors 

are shown in Figure 8.  

Figure 8: 8 (A) Hyperopia, (B) Emmetropia, (C) Myopia 

 

Source 8: https://stringfixer.com/files/75073647.jpg 25.3.2022 

In infancy, the eye is hyperopic, with the degree of hyperopia decreasing gradually during the development. One 

important study carried out by Morgan et al. (10), done on 38 811 children, was trying to answer whether 

emmetropia is the natural end-point of refractive development during childhood. The children aged between 5 

and 15 were cyclopleged and autorefracted. What the authors found out is that mild hyperopia (defined as > + 

0,50 to ≤ 2,00 DSph) was the most prevalent at all ages. Their conclusion was that the mild hyperopia is the 

natural end-point of refractive development during childhood, up to the age 15, and that emmetropia during 

childhood carries a great risk of subsequent progression to myopia.  

Another study (10)  was trying to determine when the refractive development is completed with the method of 

cycloplegic (1% cyclopentolate) autorefraction. The children tested were aged between 5 and 15. Mild 

hyperopia, defined as > +0,50 to ≤ +2,00 D, was the most prevalent category at all ages. Their conclusion was 

that emmetropia is not the end-point during childhood, but hyperopia is.   

McCarthy conducted a study about prevalence of uncorrected refractive error. (11) Based on the literature 

review the study encountered some challenges when researching the percentage of uncorrected refractive 

error. The terminology is not agreed upon, with both ‘uncorrected refractive error’ and ‘undercorrected 

refractive error’ being used. Another troubling revelation was the cut-off point. Researchers are often using the 

visual acuity of 6/12, because most of the time this is the visual acuity required for obtaining a driver’s license, 

while the World Health Organization is using the visual acuity of 6/18. The study found that uncorrected 

refractive error is the primary cause of moderate vision impairment throughout the world. The most common 

reasons for it being the shortage of eye care professionals or lack of access to getting appropriate spectacles, 

even ‘ready-made’ glasses. The Global Cost of Correcting Vision Impairment from Uncorrected Refractive Error 

(12) estimates that even in Europe, where the number of practitioners is adequate, additional 2000 clinical 

refractionists are needed to provide adequate primary eye care to every European.  

One multi country survey (13) assessed the prevalence of refractive error in children aged between 5 and 15 by 

measuring uncorrected and best corrected visual acuity, as well as measuring refractive error under cycloplegia.   

The study first identified problems with available data on the prevalence of refractive error in children. The data 

was up to that point incomplete. The definitions of emmetropia, hyperopia and myopia are not uniform across 

https://stringfixer.com/files/75073647.jpg
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studies, and other important factors, such as variation of refractive error with age, sex, race, and the geographic 

area of where the children are located are really difficult to compare across different studies.  The conditions 

under which the refractive error was measured (with or without cycloplegia) are also often different across the 

studies. 

The authors of the study chose clusters of approximately equal size, one cluster corresponding to about 200 to 

300 children aged between 5 to 15. The sample size was calculated to estimate an anticipated 22% prevalence 

of refractive error in 15-year-olds. The examination protocol included lensometry, VA measurements with 

tumbling E optotypes, ocular motility and alignment, cycloplegic retinoscopy and autorefraction and slit-lamp 

examination of the anterior and posterior segments of the eye.  

Gull et al (14) studied the visual function and wanted to research the prevalence and pattern of refractive errors 

in school-aged children, aged between 5 and 16 years. The study included 45,122 children, who all underwent 

the same examination protocol. The results of the study show that 3,35 % of children failed the visual screening, 

with their VA being <6/12 in either eye. They found that only 0,5 % of examined children actually complained of 

having difficulties seeing the blackboard clearly, while 1,54 % of all examined children genuinely had poor 

distance vision. The result lead to the conclusion that children are often not aware of their visual problems.  

The results also demonstrated a shift in refractive error with hyperopia being more common in younger children, 

while myopia is more prevalent in older children. The authors speculated that this is due to the normal growth 

of the eye and later increased time spent doing near work. The study concluded and confirmed the importance 

of visual screenings and thorough examinations provided to school-aged children. Visual disorders are common 

in children, with refractive error being the main cause of visual impairment. If diagnosed and treated early, even 

amblyopia can be managed. Refractive errors are easily measured and corrected and the benefits to the child’s 

life are tremendous. Uncorrected, they can cause low vision, and have a potential grave effect on their child’s 

everyday life.  

3.3.1 AMBLYOPIA 

Amblyopia is defined (15) as a unilateral or bilateral condition in which the best corrected VA is poorer than 

20/20 or 1,0 in the absence of any obvious structural or pathologic anomalies, but with one or more of the 

following conditions occurring before the age of 6: 

• amblyogenic anisometropia, 

• constant unilateral esotropia or exotropia, 

• amblyogenic bilateral isometropia, 

• amblyogenic unilateral or bilateral astigmatism, 

• image degradation (e.g. ptosis, cataract). 

Two most common diagnosing criteria being used by eye care professionals to diagnose amblyopia are a 

difference in both eyes VA of two lines or more and VA in the amblyopic eye being 6/9 or worse. In order to 

correctly diagnose amblyopia, any possible non-amblyopic cause must be excluded and amblyogenic factor, such 

as strabismus or anisometropia, must be present.   

Amblyopic patients suffer not only from reduced visual acuity of the amblyopic eye, they can potentially have 

problems with stereopsis and contrast sensitivity. Aside from refractive error, amblyopia is the leading cause of 

vision loss in children.  

Although the etiology and mechanism of amblyopia are still not fully researched, what is known is that 

amblyopia is a direct consequence of the difference in the two images our visual system perceived from both 

eyes. In the case of refractive amblyopia, one image, compared to the other, is not equal in size and/or shape. 

These two images do not stimulate the visual system equally, causing the eye with the better image to become 
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dominant, while the image from the worst eye is ignored by the visual system. This is the result of abnormal 

binocular competition (15). This is present during the early visual development. When a condition arises that 

allows an advantage to one eye it causes dramatical changes in the visual pathway of the other eye. The two 

eyes are competing for synaptic space on cortical neurons. The disadvantaged eye’s neurons decrease in number 

and function, therefore causing it to not function as well as the other eye. These changes most likely happen in 

the first 3 years of life, but the visual system is still susceptible to changes, although much less severe, up the 

age 10 years.  

Dobson et.al. (16) showed that even a small difference in refractive error between the eyes reveals a decreased 

stereo acuity, suggesting that the development of SA is closely dependent on the similarity of refractive error 

between eyes.  

Impaired stereoscopic depth perception is the most common deficit associated with amblyopia under ordinary 

(binocular) conditions(17). What the literature suggests is that the stereopsis impairment can have considerable 

effects on visuomotor tasks, like difficulty playing sports or even walking on uneven surfaces or steps. Amblyopic 

patients even have limited career options. Movements take longer and are less accurate under monocular 

viewing conditions, which is essentially what happens when the amblyopic eye is suppressed.  

Children who have a difference in refractive error between the two eyes are known to be at risk of amblyopia. 

Most studies and reports show that the greater the magnitude of anisometropia, the more severe the amblyopia 

tends to be. Anisometropic amblyopia is treatable in childhood, detecting the inequality of refractive error 

should be performed at every eye exam. 

An important study conducted by Xiao et al (18) attempted to show how demographical characteristics (age, 

gender, and ethnicity) affect the presence of amblyopia in a population. The study included 39 321 children from 

the multi-country Refractive Error Study in Children. Amblyopia was defined as best-corrected visual acuity of 

≤20/40 in either eye. They found that amblyopia was not associated with age or gender, ethnicity however 

showed significant variations across ethnic groups. In the Figure below we can see, that amblyopia was least 

prevalent in the population of children of sub-Saharan Africa and most prevalent in children of European origin.  

Figure 9: Prevalence of amblyopia 

 

Source 9 (18)  
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After determining the refractive error of the patient and assessing the visual acuity, Scheimann and Wick (15) 

suggest evaluating whether suppression is present or not with the Worth Four-Dot test. They consider it one of 

the most accurate methods of evaluating suppression. The presence of stereopsis can be tested with Randot 

Stereotest, which subjectively tests the presence and degree of stereopsis at near for both global and local 

targets. If the stereopsis is present at near, it should be present at far as well. If all test procedures are positive 

for amblyopia, treatment protocol should be initiated. Firstly, the refractive error needs to be fully corrected. 

Added lenses or prisms can be added to improve visual axes alignment, if needed. The ‘healthy’ eye should be 

occluded part-time for 2 to 6 hours per day, or penalized with atropine. Apart from passive therapy, active vision 

therapy should be implemented to ensure maximum success. Firstly, monocular acuity needs to improve, and 

later binocular function as well. Active vision therapy increases efficiency of occlusion therapy, reduces 

treatment time, improves visual deficits, and it shows better results with older amblyopes.  

This protocol not only shows improvement and success in younger children (up to the age of 7), but even with 

older patients, well into their adulthood. Several reports even suggest that it may also be possible to recover 

stereopsis, although the treatment is usually more difficult and longer. In youngsters correcting the full amount 

of refractive error and compliance with wearing the needed correction alone leads to great improvements, even 

two lines or more in 77% of children, according to the Amblyopia Treatment Study (19).  

The prognosis of the treatment of amblyopia depends on several factors. Firstly, age of onset is an important 

factor to consider, in general amblyopia that develops later is easier to treat. But on the other hand, the younger 

the patient is when the treatment is initiated, the easier it is to achieve better results. The prognosis is also 

favorable to moderate amblyopies (VA between 20/40 and 20/80) as opposed to high amblyopes.  

 

Figure 10: Visual acuity results in each treatment group for the amblyopic eye at the 5-week, 16-week, and 6-month visits. (A) Mean line 
change from baseline (B) Percentage of patients meeting criteria for successful treatment. 

 

Source 10 (20) 
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3.3.2 IMPORTANCE OF EYE-EXAMS IN CHILDREN WITH ADHD 

ADHD is a neurodevelopmental disorder defined by impairing levels of inattention, disorganization and/or 

hyperactivity impulsivity. Inattention and disorganization include inability to stay on task, seeming not to listen, 

losing materials among other symptoms, all at levels inconsistent with age and developmental level. (21) It is 

considered to be one of the most common psychiatric disorders in children and adolescents. Studies showing 

that it’s affecting as many as 10 % of school aged children. (22) When diagnosed, the child needs either 

pharmacological or behavioral intervention for the treatment of ADHD. 

Often, when a child is unable to concentrate and keep attention on a given subject, the common consensus is 

that the eyes must be involved. But the processing of information is much more complex than that. Other 

systems, such as cognition, word processing and comprehension are also involved. If either of the systems is not 

functioning properly, problems can arise. Lack of focus or keeping attention is one of the most important criteria 

in diagnosing ADHD, making careless mistakes when writing or reading, avoiding near work, among others, are 

also common symptoms related to vision problems. The two articles show the difficulty in correctly diagnosing 

ADHD. DeCarlo et al (23) found that other conditions with similar symptoms may be diagnosed as ADHD, and 

that ‘if visual disorders that are not associated with decreased vision can mimic attention deficit, that vision 

impairment can also mimic attention deficit’, making comprehensive and thorough eye-exams even more 

important. In 2005, Granet et al (24) found a higher incidence of ADHD in convergence insufficiency and a higher 

incidence of convergence insufficiency in those with ADHD. Another study from Borsting et al (25) showed a 

higher frequency of behaviors related to poor school problems and lack of attention in those with symptomatic 

accommodative dysfunction.  

The study concluded, that a comprehensive ocular examination, including accommodation, ocular motility and 

binocular vision assessment, as well as refraction, should be a part of the protocol for diagnosing ADHD, the 

same should apply to those already diagnosed, given the fact that these problems can be directly corrected 

without pharmaceutical agents.   

In another study, DeCarlo et al (26) wanted to ascertain the prevalence of ADHD among children with vision 

impairment. They evaluated the medical records of children between 4 and 17 years of age attending either the 

Alabama School for the Blind or those examined by the University of Alabama at Birmingham University Centre 

for Low Vision Rehabilitation. The national prevalence of children with low vision also diagnosed with ADHD is 

9,5 % in the studied age range, but this study found an incidence of 22,9 %. The study’s findings suggest that 

children with vision impairment could potentially be more likely to be diagnosed with ADHD than children from 

the general population. The most likely reason being the overlapping symptoms between ADHD and 

convergence insufficiency. The children who had total or near vision loss were analyzed separately, as they are 

using nonvisual aids to complete school and everyday tasks. In this group, the prevalence of ADHD was the 

lowest, similar to the US national average (9,5 %), the result suggesting that a child’s behavior and its ability to 

complete everyday tasks is strongly influenced by its poor vision. Again, supporting the previously mentioned 

study’s (27) finding about the importance of thorough eye exams in childhood. 

Fabian et al (28) wanted to see the correlation between ADHD and undiagnosed RE, specifically hyperopia and 

astigmatism, or binocular vision abnormalities. The study included 56 children, mean age 9,5 years, in the 

ADD/ADHD group, and 66 children, mean age 9 years, in the control group. The examiners assessed monocular 

visual acuity for distance and near, non-cycloplegic and cycloplegic refraction, distance and near cover test, 

stereoacuity with Titmus test, heterophoria, near point of convergence, positive and negative fusional reserve 

at distance and near, and ocular motility. The author’s hypothesis that there is a connection between ADD/ADHD 

and undiagnosed RE, either hyperopia or astigmatism, was negated. The results showed no difference between 

the studied subjects and the control group. The only significantly different result comes from the NPC testing, 

where the mean value was 4,1 ± 1,8 cm in the control group and 5,3 ± 2,3 cm in the ADD/ADHD group, but the 
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authors concluded that this difference is clinically insignificant, as both groups showed the mean NPC below 6 

cm, which they defined as the threshold for convergence insufficiency.  

Another study, done by Kim et al (29) in 2013 investigated color vision and self-reported visual function in 

everyday life of 30 young adults with ADHD. 30 controls matched for age and gender also completed the Visual 

Activities Questionnaire, Farnsworth-Munsell 100 Hue Test and A Quick Test of Cognitive Speed. What the study 

concluded, is that the ADHD group reported significantly more problems in 4 out of 8 areas of Visual Activities 

Questionnaire: depth perception, peripheral vision, visual search and visual processing speed. As with previous 

studies, this one also highlighted the importance of a comprehensive eye-exam in order to check for the 

potential impact of these visual problems on the patient’s everyday life.  

4 Suggested pediatric eye exam protocol  
The purpose of the study (30) done by Wood et al, was to determine a pattern of development and change in 

refractive error in the first year of life. 113 infants were examined at 2 weeks of age, 3 months, 6 months, 9 

months and 12 months. Infants’ RE was determined with retinoscopy and cyclopentolate, the preferential 

looking was assessed and an orthoptic examination, which included a cover test, motility test and the infant’s 

ability to overcome a 20 base out prism, was performed. The authors of the study also wanted to determine the 

best age at which the first visual assessment would make the most sense. What the study also found that the 

process of emmetropization is independent from family history of RE, strabismus and amblyopia. The results of 

the study suggest that 12 months of age or later is the most favorable age at which the refractive screening 

should be carried out. 

The importance of visual screenings was highlighted in the Screening for visual and ocular disorders in children, 

evaluation of the system in Sweden study (31), where they researched the efficiency of their visual screening 

system on children ages between 0 and 10. The sensitivity for amblyopia in the Swedish visual screening is 95,6 

%. The limit for referral is reduced VA to 0,8, in some areas 0,65. The screening is done by school nurses who 

have received training in visual acuity testing. The results of the study showed, that prevalence of deep and 

moderate amblyopia was considerably reduced, even though the amblyogenic factors in the population have 

not changed, highlighting the success of the Swedish visual screening system.   

One study (32) tried to identify barriers to follow-up exam for children aged between 3-14 years who failed a 

visual acuity screening. The research included 971 children, out of these 20,5% failed the visual acuity screening, 

meaning that VA was ≤ 20/40 for children aged ≤4 years, VA of ≤ 20/30 for children aged ≤ 5 years, and an 

interocular difference of ≥ 2 lines.  The follow-up survey was completed by 58 (29,1%) of the children’s parents, 

of whom 46,6% presented to the follow-up examination. The authors found that most commonly the reason for 

the children not showing up to their follow-up appointment was parental unawareness of the screening results. 

The follow-up was more frequented by children who had previous eye examinations and for those whose wait 

time was shorter than 2 months. They also found, that sex, ethnicity, socio-economic status, parent’s education 

and employment status, among other factors included, showed no statistical significance.  

The results of this study confirm the importance of patient education. Including some promotional and 

educational material as well as an explanation of the child’s condition might be really helpful in making sure that 

the child attends the follow-up appointments and gets adequate necessary eye care. Providing the parents with 

logistical support. For example: sending reminders, assistance in scheduling appointments in shorter time 

periods (less than 2 months waiting time) were also shown to be helpful in the survey. 

One study (33) researched different screening studies for RE in children aged between 5 and 15 in the developing 

world in order to identify key factors for the continuous benefits of such examinations. The goal of screenings is 

to try to eliminate visual impairment in children due to uncorrected refractive error. The study expresses the 
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importance of such screenings, done even by teachers or other school personnel carries great potential to 

provide a better quality of life and prevent visual or other impairments due to uncorrected refractive errors. The 

authors found that the most common reasons for not providing children with sometimes much needed 

spectacles or other type of correction is cost and lack of education. In the developing countries, any additional 

financial burden on the household has the potential to present families with greater troubles, and additionally, 

due to lack of education, many still believe that spectacle correction can harm children’s eyes. The Global 

magnitude of visual impairment caused by uncorrected refractive errors from 2004 (34) estimates that refractive 

error is the second leading cause of blindness among all age groups after cataract and the leading cause of visual 

impairment in the world.  

One problem the study identified, is that the school-based vision programs focus mainly on detecting 

inadequately corrected RE, however, the child could be suffering from other ocular conditions.  

The study found that while the prevalence of hyperopia was declining, astigmatism stayed constant across the 

age range, only myopia was increasing with age.  

In a screening setting, Snellen VA chart is most commonly used, while clinicians often prefer LogMAR charts.  

The study found that teachers are able to accurately measure VA after they receive satisfactory/suitable training.  

In the Infant Hyperopia study (35), the authors reported that 8 – 9-months old infants who showed 

accommodative lag with a target at 75 cm had a greater tendency for significant hyperopia, although the 

prevalence was only around 5 % and was associated with increased strabismus. Hyperopia was defined as more 

than +3,5 D in one or more meridians. The hyperopes were compared to an emmetropic control group and 

periodically tested through ages 1 and 7. The hyperopes performed poorer than the emmetropes when tested 

on visual perceptive, cognitive, motor and attention tests. Early language and phonological awareness test 

results showed no difference between the two groups. The study concluded, that early screening on infants and 

early detection of RE and correction could benefit not only the development of visual system but also prevent 

potential learning and developmental difficulties. That’s the reason why is important to have regular visual 

screenings from early age.   

5 Law and protocol of state provided eye exams in Slovenia 
Preventative health care for children, adolescents and students, is carried out through the ZDAJ program. 

Acronym ZDAJ stands for Zdravje danes za jutri, which translates to Today’s Health for tomorrow. The purpose 

of the program is to guarantee the fundamental right of children adolescents and students, to have access to 

preventative health care, regulated under the law and the ZDAJ program. The purpose of this is to protect and 

strengthen the health of everyone included in the program, to actively follow the health, to lower mortality, 

illnesses, and disabilities of those at risk of developing complications.    

The program’s goals are to lower risk factors for chronic non-contagious illnesses and to prevent injuries and 

poisonings, early detection of individuals at risk for developing illnesses, to teach every participant about 

different risk factors and living a healthy lifestyle, encouraging health literacy, to give support and help to change 

unhealthy habits and to encourage individuals to take charge of their own health. They are also giving assistance 

networks to kindergartens and schools in order to provide support and help with any individuals or groups that 

need it.  

The program is carried out with the help of strict guidelines provided by NIJZ (Nacionalni inštitut za javno zdravje, 

National institute of public health) and in collaboration with the health professionals.  
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In primary school, regular check-ups are provided in first grade, third grade, sixth grade, and eighth grade, for 

children aged six, eight, eleven, and thirteen, respectively. It’s a preventative health check-up, its purpose being 

detection of disorders, consultancy and health management of physical development, nourishment, advising on 

healthy lifestyle, and mental development. These exams are usually provided by a nurse, who works closely with 

a doctor and other experts in the fields.  

In first grade, the examination includes anamnesis and overview of existing health documentation, 

measurements, clinical assessments and evaluation of development, vaccinations and contraindications for 

vaccinations, individual health education, potential further evaluation or referrals, preventative dentist 

examination, and it includes mandatory vaccinations.  

In eighth grade, the examination looks similar to the examination provided in first grade, with added 

examinations. As part of the evaluation of development, the nurse checks visual acuity with a Snellen card, same 

as in first grade, but for the eighth graders, the eye exams also include evaluating the stereoscopic vision. When 

talking about anamnesis, they focus also on the psychological condition of an individual.  

In secondary school, regular check-ups are provided in first and third grade, for adolescents aged 15 and 18, 

respectively. The examination includes the same components as in the eighth grade of primary school. (36) 

5.1  Eye exams for children and adolescents in Slovenia 

The goal of screening eye exams is to discover any refractive errors as soon as possible to prevent amblyopia. 

The NIJZ is aware that certain complications have potentially big consequences to the visual function of the 

individual, for example, amblyopia, strabismus, different eye diseases, and refraction errors.  

Visual acuity is measured with standard optotypes (symbols, letters, tumbling E). Color vision is assessed with 

the Ishihara chart.  

5.1.1 Screening for amblyopia and strabismus 

Screening tests for amblyopia and strabismus are provided to children up to seven years old. The guidelines from 

NIJZ give providers clear protocols on how to carry out such vision exam. Oculomotor function and convergence 

are tested with the ‘follow the finger’ technique. The cover test is also performed to rule out strabismus.  
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Figure 11 Oculomotor testing in the nine positions of gaze 

 

Source 11 https://hotcore.info/babki/extraocular-eye-movement-test.htm 20.4.2022 

 

5.1.2 Screening tests for detection of visual acuity disorders in schoolchildren 

For children aged six, eight, ten, twelve, fifteen and eighteen, visual acuity tests are performed. Visual acuity is 

only measured at distance. If a child presents with near vision symptoms, such as headaches, difficulties 

performing near tasks, double vision, etc., they are referred to an ophthalmologist. Colour vision is tested only 

in eighth grade, for children aged thirteen, with the help of the Ishihara chart. Stereoscopic vision is not tested.  

https://hotcore.info/babki/extraocular-eye-movement-test.htm
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Figure 12: Visual acuity measurement charts 

 

Source 12 324473453_Simplified_Method_for_Rapid_Field_Assessment_of_Visual_Acuity_by_First_Responders_After_Ocular_Injury 
20.4.2022. 

 

5.1.2.1 Protocol for visual acuity screening 

The following is a directly quoted guideline from the NIJZ ZDAJ program handbook. (37) Testing is carried out by 

a qualified nurse, and a Snellen chart, Landolt C or Tumbling E chart is used. For testing on an instrument, 

Rodenstocks ortorator is recommended.  

The following steps are taken during the exam: 

• Each eye is tested individually. The patient stands or sits 6 meters away from the VA chart. The eye not 

being examined is covered, either with an occluder or with the child’s hand.  

• Children wearing glasses should be tested with glasses. 

• The child must read the smallest line of letters or symbols in order to be classified as having normal 

visual acuity. If he or she cannot read the smallest line, the smallest line still seen is put in the chart.  

•  If a child sees the smallest line from the six-meter distance, the VA is normal, written in the chart as 

6/6 or 1,0. If the smallest line seen is labelled with the number 3, VA is written as 3/6, or 0,5. 

• VA is recorded for each eye individually, the right eye is always first, then the left. If a child wears 

glasses, VA with glasses is recorded. If VA is smaller than 1,0, the screening test is positive.  

• Evaluation of the results is done by a doctor.  

6 MATERIALS AND METHDODS 
In order to study just how effective, the eye exam as part of state provided health exam for schoolchildren really 

is, a questionnaire was made. It was distributed to two classes in primary school Franja Goloba Prevalje and one 

class in secondary school Gimnazija Ravne na Koroškem. The two classes in primary school were first grade, 

where the children are 6 years old, and eighth grade, where the children are 14 years old. In secondary school, 

18-year-olds in third grade got to answer the distributed questionnaires. The questionnaires were delivered by 
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the teachers and professors. Written consent was signed by parents. After being completed they were collected 

by the author of the thesis to be analyzed.  

All the gathered data from the questionnaires was first entered into the program SPSS, then exported to Excel 

for further analysis.  

The study followed the tenets of Helsinki declaration. In the evaluation process, the data was anonymized.  

7  RESULTS 
Altogether, 142 questionnaires were distributed in three grades, and all 142 got filled in and returned to the 

author. Out of the total amount of children participating, 92 of participant identified as women and 1 identified 

as other. The questionnaire was distributed and filled in rather equally, with 37 participants being in first grade 

and 53 participants in eighth grade of primary school, and 52 in third grade of secondary school.  

Out of all 142 included participants, 34 are wearing some type of visual aids – glasses or contact lenses. The 

most, 25 out of 52 children in third grade of secondary school, followed by 6 out of 53 in eighth grade of primary 

school. The least, 3 out of 37 of children are wearing glasses or contact lenses in the first grade. The results are 

show on the figure below.  

Graph 1: Number of participants wearing glasses 

 

38 children answered that they are getting their eyes regularly examined by ophthalmologist or optometrists, 

but only 34 of all participants answered that they are wearing either glasses or contact lenses. Some additional 

explanations were offered by participants in this question, all of them saying the reason for regular eye exams 

is to check and evaluate the progression of present refractive error. The question whether the child is getting 

their eyes regularly examined by an ophthalmologist or optometrist, a total of 139 answers were given. 38 of 

participant answering yes, and the majority, 101, answering no.  
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Graph 2: Number of participants getting eye exams at ophthalmologist or optometrist 

 

The next question asked about the frequency of eye exams, and three possible answers were provided: the eye 

exam is made every year, every two years and more than two years pass between eye exams. All together 42 

participants answered, and most frequently participants were getting their eyes examined every year, followed 

by 13 having their eyes examined every two years and 12 letting more time pass between the exams.  

Graph 3: Frequency of eye exams 
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As shown in Graphs 4 and 5, in the first grade of primary school, most common RE are low myopia and low 

hyperopia, one participant having high myopia of over -11,25 D, astigmatism is present in two eyes between 

1,25 and 2,00 Dcyl. Out of 37 children’s parents, 1 participant has both parents wearing glasses, 13 participants 

answered that only their mother is wearing glasses, all together 20 parents are wearing correction, and 19 have 

no parents wearing correction. 13 out of those parents with correction are hyperopic.  

In the eighth grade of primary school, low myopia is the most present RE, with one participant having hyperopia 

of more than +6,25 D in the left eye and more than +7,25 D in the right eye. 51 participants answered the 

question about parent’s correction, 25 parents have no correction, 10 mothers wear correction, and 9 

participants have both parents wearing correction. Again, most common RE error in parents is hyperopia.  

In the third grade of secondary school, where the RE is more present than in primary school grades, the most 

common one is myopia. Out of 22 answers about RE, 4 participants reported having hyperopia of ranges 

between +0,25 D and up to +3,00 D. Myopia ranges between -0,25 D and more than -12,00 D. 7 people reporting 

astigmatism between 0,25 Dcly and 1,25 Dcyl in the right eye, and 6 people reporting astigmatism between 0,25 

Dcyl and 1,00 Dcyl in the left eye. Here, 26 participants have both parents with glasses, with hyperopia and 

myopia being quite equally divided, 27 and 32 answers respectively. The results are seen in tables 6 and 7.  

Graph 4: Right eye refractive error by grade 
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Graph 5: Left eye refractive error by grade 

 

Graph 6: Right eye astigmatism by grade 
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Graph 7: Left eye astigmatism by grade 
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When asked about the vision trough participants’ glasses, 1 in the first grade is experiencing trouble with their 

correction, 4 out of 6 wearing glasses in the eighth grade are experiencing trouble, in the third grade of 

secondary school 8 out of 25 are experiencing some problems with their correction. When asked about what 

kind of problems they are experiencing, most common answer was reduced VA, one participant complaining of 

dry eye problems.  

The last question of the questionnaire was the COVD quality of life questionnaire. In first grade of primary school 

most of the symptoms listed are never present. 1 participant is reporting frequent blur when looking at near, 

one participant writes up or down hill frequently, two participants are frequently misaligning digits or columns 

of numbers, and one frequently has poorer reading comprehension or avoiding reading at the end of the day. 

One participant is reporting double vision, doubled or overlapping words on the page being always present, one 

participant always has headaches while or after doing near vision work, one always has difficulties copying from 

the board, and one participant is noticing poorer reading comprehension or avoiding reading at the end of the 

day being present always. More detailed results are seen in the table below.  

Table 1: Results of COVD questionnaire in first grade of primary school 

Symptom  Never Seldom Occasionally Frequently Always 

Blur when looking at 
near. 

21 1 0 1 0 

Double vision, 
doubled or 
overlapping words on 
the page. 

22 0 0 0 1 

Headaches while or 
after doing near 
vision work. 

22 0 0 0 1 

Words appear to run 
together when 
reading.  

22 0 1 0 0 

Burning, itching or 
watery eyes. 

20 3 0 0 0 

Falling asleep while 
reading. 

23 0 0 0 0 

Seeing and visual 
work is worse at the 
end of the day. 

23 0 0 0 0 

Skips or repeats lines 
while reading. 

23 0 0 0 0 

Dizziness or nausea 
when doing near 
work. 

21 1 1 0 0 

Difficulties copying 
from the board. 

20 1 1 0 1 

Avoiding doing near 
work (e.g. reading). 

21 1 1 0 0 

Skipping words when 
reading. 

22 0 1 0 0 

Writes up or down 
hill. 

21 0 0 1 0 
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Misaligns digits or 
columns of numbers. 

21 0 0 2 0 

Poorer reading 
comprehension or 
avoiding reading at 
the end of the day.  

21 0 0 1 1 

 

In the eighth grade of primary grade all of the symptoms are present more often than in the first grade. Although 

most of the participant are still never noticing the listed symptoms. On the other hand, what the analysis showed 

is that the participants more often reporting symptoms being present as seldom. More detailed results are listed 

in the table below.   

Table 2: Results of COVD questionnaire in eighth grade of primary school 

Symptom  Never Seldom Occasionally Frequently Always 

Blur when looking at 
near. 

29 6 2 0 1 

Double vision, 
doubled or 
overlapping words on 
the page. 

33 0 2 0 0 

Headaches while or 
after doing near vision 
work. 

29 3 4 1 0 

Words appear to run 
together when 
reading.  

27 6 2 0 0 

Burning, itching or 
watery eyes. 

25 7 1 2 0 

Falling asleep while 
reading. 

30 1 4 0 0 

Seeing and visual 
work is worse at the 
end of the day. 

29 6 0 1 0 

Skips or repeats lines 
while reading. 

26 2 4 3 1 

Dizziness or nausea 
when doing near 
work. 

35 0 0 0 0 

Difficulties copying 
from the board. 

29 1 2 2 1 

Avoiding doing near 
work (e.g. reading). 

29 4 0 1 0 

Skipping words when 
reading. 

28 4 2 2 0 

Writes up or down 
hill. 

31 2 1 1 0 

Misaligns digits or 
columns of numbers. 

31 3 2 0 0 
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Poorer reading 
comprehension or 
avoiding reading at 
the end of the day.  

24 6 3 2 1 

 

In the third grade of secondary school the listed symptoms are in some frequency present seldomly to always. 

Most commonly present symptom is blur when looking at near, headaches while or after doing near vision work, 

words appear to run together when reading, burning, itching or watery eyes, skips or repeats lines while reading. 

It is clearly seen that the older participants are, the more common the symptoms are. More detailed results are 

seen in the table below.  

Table 3: Results of COVD questionnaire in third grade of secondary school 

Symptom  Never Seldom Occasionally Frequently Always 

Blur when looking at 
near. 

35 11 3 0 3 

Double vision, 
doubled or 
overlapping words on 
the page. 

39 8 3 1 0 

Headaches while or 
after doing near 
vision work. 

21 13 11 4 3 

Words appear to run 
together when 
reading.  

34 12 4 1 1 

Burning, itching or 
watery eyes. 

19 13 11 8 0 

Falling asleep while 
reading. 

28 7 8 7 2 

Seeing and visual 
work is worse at the 
end of the day. 

36 9 5 1 1 

Skips or repeats lines 
while reading. 

16 16 8 9 2 

Dizziness or nausea 
when doing near 
work. 

36 15 0 1 0 

Difficulties copying 
from the board. 

22 12 9 8 0 

Avoiding doing near 
work (e.g. reading). 

39 7 3 3 0 

Skipping words when 
reading. 

37 8 5 2 0 

Writes up or down 
hill. 

27 12 5 4 4 

Misaligns digits or 
columns of numbers. 

34 11 3 3 1 
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Poorer reading 
comprehension or 
avoiding reading at 
the end of the day.  

37 5 5 4 0 

 

When analyzing the main hypothesis of this master’s thesis, “Visual acuity testing as part of the state provided 
health check-up is not accurate enough to detect and identify other vision-related problems”, the results were 
obtained from comparing questions 10 and 12 – “Did you notice any vision-related problems listed below before 
your last state provided eye exam? “ and “Were you referred to an ophthalmologist or optometrist during your 
last state provided eye exam?”. The results are seen in Table 4.  
  

Table 4: Symptoms being present, and participants being referred or not referred 

Symptom 
Symptom present, participant 

referred 

Symptom present, participant not 

referred 
Sig. 

Blurry vision 5 8 0,374* 

Double vision 0 2 0,041 

Difficulties doing 

near work 
0 1 0,029 

Headache 1 6 0,057 

Pain in or around the 

eyes 
0 5 0,066 

Red eyes 0 1 0,029 

Dry eyes 0 4 0,059 

Photophobia 0 9 0,091 

Footnote 1: * means significant at level p < 0,05 

In order to confirm or deny the second hypothesis “Older children are more likely to notice vision problems, 

compared to younger children” questions 2 and 10 were analyzed – “Age” and “Did you notice any vision-related 

problems listed below before your last state provided eye exam?”. The results are seen in the table 5.  

Table 5: Symptoms reported by different age groups 

Symptom Age 5-7 Age 12-14 Age 16-18 Sig. 

Blurry vision 0 5 9 0,214 

Double vision 0 0 2 0,153 

Difficulties doing near work 0 0 1 0,108 

Headache 0 4 3 0,158 

Pain in or around the eyes 0 1 5 0,194 
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Red eyes 0 1 0 0,130 

Dry eyes 0 0 8 0,240* 

Photophobia 0 1 8 0,265* 

Footnote 2: * means significant at level p < 0,05 

The third and last hypothesis “Children, whose parents are wearing glasses, get eye-exams more often” was 
analyzed with the questions 8 and 13 – “Are your parents wearing glasses or corrective contact lenses?” And 
“When was your last ophthalmologic/optometric exam?”. The results are seen in Table 6.  

 
Table 6: Frequency of eye exam for children whose parents are wearing glasses 

Parents Eye exam 

this year  

Eye exam 1-2 

years ago 

Eye exam 2-5 

years ago 

Eye exam more than 

5 years age 

Never had an 

eye exam 

Sig 

  

Mom 4 2 0 0 14 0,365 

Dad 4 1 1 0 11 

Both 9 6 0 0 15 

Footnote 3: * means significant at level p < 0,05 

8 DISCUSSION 
The main hypothesis of this master’s thesis, “Visual acuity testing as part of the state provided health check-up 

is not accurate enough to detect and identify other vision-related problems” can be partly confirmed. The results 

showed a correlation between symptoms being present and participants not being referred. Only 5 participants 

reporting blurry vision were sent for further evaluation, while 8 participants experiencing the symptom were 

not. Only this symptom is showing a medium strong correlation, p = 0,05.  Correlation between other symptoms 

listed in the Table 4 being present and participant being referred are weak, but still present.  

The analysis of the gathered data confirmed that older children are more likely to notice vision related problems, 

compared to younger children. The youngest group of participants, aged between 5 and 7 reported no listed 

symptoms, and the oldest group of participants, aged between 16 and 18, reported every symptom listed, 

except red eye. The hypothesis is confirmed on weak correlation. The symptoms listed are blurry vision, double 

vision, difficulties doing near work, headache, pain in or around the eyes, red eyes, dry eyes and photophobia.  

The analysis showed that the hypothesis “Children, whose parents are wearing glasses, get eye-exams more 

often” cannot be confirmed. We can assume that the children, who are getting their eyes regularly examined, 

are doing so because they are already wearing some sort of correction, whether it be glasses or contact lenses, 

or are experiencing some vision related symptoms, and not because their parents are wearing glasses.   

9 CONCLUSION 
Comprehensive vision exams are important, not just for the development of the visual system, but also because 

of the fact how important our visual system is for the development of children’s cognitive abilities. Vision 

screenings, such as those that children attend in primary and secondary school, only evaluates distance vision. 

Color vision is only tested once in eight grade of primary school. A comprehensive eye exam includes near vision 
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testing as well as distance vision testing, it evaluates binocular vision, depth perception, peripheral vision, eye 

movements assessment and eye health evaluation. For children, examining all the components of a 

comprehensive eye exam thoroughly is important for determining the development of the child’s visual system. 

Any problems that are undiagnosed can have potentially very harmful consequences for the child.   

The health program is responsible for the vision screenings as part of the comprehensive examination of a child’s 

development. Any deviations from the age-appropriate norms that are detected, are sent for further 

examination to the specific specialist.  

Because children have a great ability to accommodate and therefore can hide certain amounts of distance 

refractive error, vision related problems are only detected when a child has an eye exam.  

What this master’s thesis confirmed, is that vision screening as part of the state-provided mandatory health 

checkup is not accurate or detailed enough to detect vision-related problems. Albeit the testing sample was 

rather small, the results still showed correlation between the presence of vision-related symptoms and the 

participant experiencing them not being referred to a specialist eye examination.  

Because subjective results obtained from monocular vision acuity testing at distance often underestimate the 

refractive power, especially in younger population due to greater ability to accommodate, a proper protocol 

must be followed in order to obtain the correct results. This can be achieved either by cycloplegic refraction or 

dry retinoscopy. The COVD-QOL questionnaire could be really beneficial in identifying the problem areas and 

make it easier to identify and refer patients that are not showing the typical blurry distance vision problems.  
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Appendix 
The following is the questionnaire used for research in this master’s thesis, translated from Slovenian to English. 

Hello! 
 
My name is Neža Kožar and I am currently finishing master's studies program Vision Science and Business at 
Hochschule Aalen, Germany. In my master's thesis, titled Analyzing the efficacy of state-provided eye exams as 
part of regular health check-ups for children aged 6-18, I will try to determine how capable these eye exams are 
at detecting reduced visual acuity and finding other vision-related problems.  
 
In the questionnaire, some less-known terms are used: 

• Ophthalmologist is an eye doctor, specialized in treatment of eye diseases, detecting eye pathologies, 
prescribing corrective aids and performing different surgeries on the eye.  

• Optometrist is a primary eye-care professional, specialised in discovering irregularities with the patient’s 
vision and correcting them. An optometrist is a qualified professional for finding solutions to vision 
problems – for example with glasses, contact lenses, other therapies.  

• Hyperopia or farsightedness is a condition of the eye, where the light rays are focused behind the retina, 
making objects in the near blurry. 

• Myopia or near-sightedness is a condition of the eye, where the light rays are focused in front of the 
retina, making distant objects blurry.  

• Astigmatism is caused by unequal radii of curvature of the cornea or lens. It causes a refractive error, 
that causes a blurry image.  

 
In order to finish my master's thesis, I need your help and the help of your parents, so I am asking you to fill out 
the questionnaire as accurately and honestly as possible.  
 
Thank you very much for your help! 
For any questions or additional information, I am available at the e-mail address: kozar.neza@gmail.com 
 
The questionnaire is anonymous, solving it takes about 5 minutes.  

 
1. Gender:  

 female    
 male  
 other  

 
2. Age:  

 5-7 years  
 12-14 years  
 16-18 years 

3. Which grade are you attending in the current school year?   
 1. grade of primary school.  
 8. grade of primary school. 
 3. grade of secondary school.  

4. Are you currently wearing prescription glasses or contact lenses?   
 Yes.  
 No.  

5. Are you visiting an ophthalmologist or optometrist regularly?  

mailto:kozar.neza@gmail.com


Neža Kožar, Master’s Thesis 
 
 

ii 
 

 Yes.  
 No.  

 
If »YES«, why? 
__________________________________________________________________________________ 
 
How often?  

 Every year.  
 Every two years.  
 More than two years-   

6. If you wear glasses or contact lenses, what prescription do you have? If you don't know the exact 
prescription, please ask your parents to help you find it. You can ask your optician.  
(mark answers for each eye separately) 

Left eye:  Right eye:  
 more than -12,00  
 between -12,00 and -11,25  
 between -11,00 and -10,25  
 between -10,00 and -9,25  
 between -9,00 and -8,25  
 between -8,00 and -7,25  
 between -7,00 and -6,25  
 between -6.00 and -5,25  
 between -5,00 and -4,25  
 between -4,00 and -3,75  
 between -3,00 and -2, 75  
 between -2,00 and -1,25  
 between -1,00 and -0,25  
 between +0,25 and +1,00  
 between +1,25 and +2,00  
 between +2,25 and +3,00  
 between +3,25 and +4,00  
 between +4,25 and +5,00  
 between +5,25 and +6,00  
 between +6,25 and +7,00  
 between +7,25 and +8,00  
 more than +8,00 

 more than -12,00 
 between -12,00 and -11,25 
 between -11,00 and -10,25  
 between -10,00 and -9,25 
 between -9,00 and -8,25 
 between -8,00 and -7,25 
 between -7,00 and -6,25  
 between -6.00 and -5,25 
 between -5,00 and -4,25 
 between -4,00 and -3,75  
 between -3,00 and -2, 75 
 between -2,00 and -1,25 
 between -1,00 and -0,25 
 between +0,25 and +1,00 
 between +1,25 and +2,00 
 between +2,25 and +3,00 
 between +3,25 and +4,00 
 between +4,25 and +5,00 
 between +5,25 and +6,00 
 between +6,25 and +7,00 
 between +7,25 and +8,00 
 more than +8,00 

 

7. Is there any astigmatism (cylinder) present? If »YES«, how much? (mark answers for each eye separately) 

Left eye Right eye 
 between 0,25 and 1,00  
 between 1,25 and 2,00  
 between 2,25 and 3,00  
 more than 3,00 

 between 0,25 and 1,00 
 between 1,25 and 2,00 
 between 2,25 and 3,00 
 more than 3,00  

  
 

  

8. Are your parents wearing glasses or corrective contact lenses?  
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 Yes, only mother. 
 Yes, only father. 
 Yes, both. 
 No. 

9. If your parents are wearing glasses or corrective contact lenses, are they: (In case both parents are wearing 
glasses or contact lenses, answer for both.) 

Parent 1: Parent 2: 
 

 Farsighted,  
 near-sighted,   
 I don't know. 

 Farsighted,  
 near-sighted,   
 I don't know. 

  
STATE PROVIDED EYE-EXAM  
The next set of questions pertains to the state provided eye-exam. If you hadn't had one in the current school 
year, the answers can apply to the last one you had.   

10. Did you notice any vision-related problems listed below before your last state provided eye exam? (More 
than one answers are possible) 

 Blurry vision,  
 double vision,  
 difficulties doing near work,  
 headache,  
 pain in the eye or around the eye,  
 red eye(s),  
 dry eyes (tearing, feeling of sand in the eye),  
 photophobia,  
 other:  
 I didn't notice any problems.  

 

11. If you didn't notice any vision-related problems before the exam, where they discovered during the 
examination?   

 Yes.  
 No.  

 

If »YES«, which?  
__________________________________________________________________________________ 
 
12. Were you referred to an ophthalmologist or optometrist during your last state provided eye exam?   

 Yes.  
 No.  
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OPHTHALMOLOGIC/OPTOMETRIC EYE EXAM  
The next set of questions pertains to the last ophthalmologic/optometric exam. If you have never had one, you 
can skip this part.  

13. When was your last ophthalmologic/optometric exam?  
 This year,   
 between one and two years ago,   
 two to five years ago,  
 more than five years ago. 

14. Why did you visit the ophthalmologist/optometrist? (More than one answers are possible) 
 Blurry vision,  
 double vision,  
 difficulties doing near work,  
 headache,  
 pain in the eye or around the eye,  
 red eye(s),  
 dry eyes (tearing, feeling of sand in the eye),  
 photophobia,  
 other:  

15. Are you satisfied with your current prescription?   
 Yes.  
 No.  

16. Are you noticing any vision-related problems, regardless of glasses or contact lenses?   
 Yes.  
 No.  

 

If »YES«, which? 

__________________________________________________________________________________ 

  



Neža Kožar, Master’s Thesis 
 
 

v 
 

17. Question. With each answer, mark how often the mentioned symptoms appear.  
(0 = never, 1 = seldom, 2 = occasionally 3 = frequently 4 = always) 

    0  1 2 3 4 

Blur when looking at near.      

Double vision, doubled or overlapping words on the page.      

Headaches while or after doing near vision work.      

Words appear to run together when reading.       

Burning, itching or watery eyes.      

Falling asleep while reading.      

Seeing and visual work is worse at the end of the day.      

Skips or repeats lines while reading.      

Dizziness or nausea when doing near work.      

Difficulties copying from the board.      

Avoiding doing near work (e.g. reading).      

Skipping words when reading.      

Writes up or down hill.      

Misaligns digits or columns of numbers.      

Poorer reading comprehension or avoiding reading at the end of 
the day.  

     

 

 

I sincerely thank you for participating in the survey and helping me write my master’s thesis!  
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