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INTRODUCTION

ABSTRACT

Children with and without anomalous visual function will be examined to determine how
abnormal visual function may affect reading ability. A total of 110 children with abnormal
visual function (aged 6-11 year olds) and 562 children with normal visual function (NVF)
participated in the study. As well as autorefraction, multiple measures were evaluated,
including visual acuity, ocular alignment, near point of convergence, accommodation,
stereopsis, and vergence. Our analysis of the oral reading used 34 words from a list of
verbs. Errors were measured, accuracy was determined (percentage of success) and speed
(words per minute - wpm) was measured to gauge reading abilities. The sociodemographic
data was collected from 670 parents and 34 teachers.AVF-affected children made more
errors (3.00 errors compared to 1.00 errors; p0.001), had lower accuracy (91.18%
compared to 97.06%); and had slower reading speeds (AVF-24.71 wpm compared to NVF-
27.39 wpm; p0.007). AVF=31.41 wpm; NVF=32.54 wpm; p=0.113) was not statistically
significant differencing between the two groups in 3rd grade. Children with uncorrected
hyperopia and astigmatism performed differently on reading tests (p=0.003). Students in
the second, third, and fourth grades are less likely than students in the first grade to have
reading impairments. Children with AVF had difficulty reading in the first grade.
Increasing reading abilities diminish with age. AVF children might need an eye evaluation
to be diagnosed as dyslexics due to their slow reading characteristics.

It has been suggested that the role of the eyes in

Reading requires both visual and phonemic
information to be integrated, so answering different
questions prompts debate. For successful function in
today's society, single image perception is essential for a
successful visuo-cognitive process called reading [1].
Saccades, convergence, and fusion are associated with
refractive index, accommaodation, and visual acuity are all
visual functions managed by the visual cortex when
reading. Following this, repetition, linguistics, and
assimilation are necessary for learning to read. Thus,
reading is a combination of verbal and visuomotor
processes, all aimed at providing a high level of reading
accuracy [3].
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reading contributes to many misconceptions about reading
difficulties [4]. There is evidence that either impairment
of the phonemic process or impairment of the visual
process may impair a child's ability to read [5].
Additionally to health factors such as dyslexia, reduced
intellectual ability, binocular vision anomalies, and
speech sound disorders, family, social, physical, and
economic circumstances have been linked to low levels of
academic achievement and educational attainment.
Neither academic performance nor reading
ability have been shown to be significantly impacted by
abnormal visual function. Several authors argue that
visually normal children without cognitive disturbances or
speech sound disorders may be at an educational
disadvantage compared to their visually challenged peers
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[2,5,7,9-13]. It has been reported that visual function does
not positively correlate with academic performance [14].
Study objectives include:

1. Attempt to compare the performance of children with
and without anomalies in their visual function while
reading (errors, accuracy, and reading speed).

2. Readability is compared across school grades,
according to different visual functional anomalies
and refractive errors.

3. Determine whether abnormal visual function
influences reading performance, as well as other
factors (e.g. teaching method, parent's academic
credentials).

METHODS AND MATERIALS

In 11 mainstream schools, there are Portuguese
primary schools were included in a cross-sectional study
conducted in 2012. Six hundred and seventy-two typically
developing children of Portuguese origin (6-11 years old)
were sampled. Disabled children, those with
neurocognitive disabilities, dyslexic children, and those
with speech or language disorders were excluded. In
addition to this, a questionnaire was sent out to 670
parents and 34 teachers to collect information about the
teaching method, the academic qualifications of the
parents, the kind of school (public or private), the age of
the teacher and the number of years they've worked at the
school, and also the grade of the child.

The Declaration of Helsinki was adhered to in
this study. The National School of Public Health in
Lisbon provided ethics approval for the study. The study
was explained to all selected school administrators and
they agreed to participate. To include a child's data in the
study, informed consent was obtained from the parents. It
was guaranteed that the information given would remain
confidential. Orthoptists performed orthoptic assessments
and autorefractions on all children:

A SureSightTM WelchAllyn® autorefractometer
was used to screen for refractive error. Astigmatism and
anisometropia were classified as two types of refractive
errors, respectively: hyperopia and myopia [15].

Good-Lite® charts with Sloan letters serially
spaced at 3 meters, as well as Good-Lite® charts with
LogMar letters serially spaced at 40 cm, were used to
measure distance and near visual acuity. The last line of
the test requires that at least three of the five letters are
correctly identified. Visual acuity was considered
abnormal (near but not distance) if there was no
difference between the two eyes in visual acuity. A
decimal number was converted to a logarithmic value
using decimal notation [19]:

1)

Cover tests (CT) were performed at 6 meters and
33 cm from the eyes to detect heterotropias and
heterophorias. A black paddle occluder was used as a
cover during the CT scan. As targets, we used detailed
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fixation objects. As defined by [20], manifest strabismus
is any degree of tropia at a distance or near fixation [21].
The magnitude of the deviation was assessed by a prism
cover test.

Royal Air Force (RAF) rules were used to assess
near point of convergence (NPC). Three measurements
were taken and the mean was recorded in cm. When the
NPC exceeds 10 cm, it is considered abnormal [21].

A RAF rule was used to assess NPAs. A diopter
measurement was taken based on three measurements. As
of 14.00D [22], NPAs were considered abnormal.

The Stereo Butterfly SO-005 test was used to assess
stereoacuity at 40 cm, and abnormal measurements were
recorded when the distance exceeded 60" [23].

The head was held straight at 6 m and 33 cm for
the assessment of vergences (motor fusion). The targets
were detailed fixation objects. With the help of prisms,
we assessed motor fusion. The NPC > 10 cm requirement
for a convergence insufficiency classification is combined
with either the 18PD, the 12PD, or the 6PD criteria.

With a pen light, nine cardinal positions were measured
for eye movement (versions and ductions).

As long as the orthoptic assessment and
autorefraction results were normal, The vision function of
children was considered normal. If glasses were
previously prescribed, they were examined with optical
correction. If abnormal visual functions were detected in
children without prescribed glasses, they were referred to
an ophthalmologist for further medical treatment.

With a list of 34 Portuguese words that have
previously been used for reading assessment, error rates,
accuracy, and reading speed were assessed [24]. A TES-
1330 luximeter was used to measure room illumination
for both groups of subjects in a quiet room. A distance of
40 cm was assigned to each child so they could read the
34 words. There was a restriction on how close the
children could get to the page. Time was measured with a
stopwatch as the task was completed. wpm (words read
per minute) is the child's reading speed. This equation was
used to calculate accuracy (A) based on the number of
incorrect words read:

There are two types of words read: NCW and
WR. It is based on three levels of performance, which
have been published and validated [26]. The first level is
independent reading (accuracy between 96% and 100%);
the second level is instructional reading (accuracy
between 90-95%); and the third level is frustration
reading (accuracy between 90-95%).

Continuous variables were tested by Mann-
Whitney, and continuous variables for more than three
groups were tested by Kruskal-Wallis. P values less than
or equal to 0.05 or 0.01 were considered statistically
significant. In addition, we used a binary logistic
regression technique to identify risk factors for failing to
read well. Several variables were selected for inclusion in
the model by following a step-by-step approach
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(conditional). A 5% significance level was used in the
Wald test to test the significance of the parameters
[27,28].

RESULTS

One hundred and forty-two children have
deficient vision (or 16.4%), while 562 have normal vision
(mean age, 7.68 + 1.19 years). The gender and age of the
two groups did not differ significantly (p=0.675).
Similarly, the degree of illumination, parents' educational
qualifications, and professors' years of teaching
experience did not differ between comparison groups
(p=0.987). Similar teaching methods were used by both
groups.

There were 110 children who had One hundred
and seventy-seven percent of those, 17 of whom were
manifest strabismus, 66 were unable to see distance
objects at 0.1 logMAR, two were suffering from
convergence insufficiency, and fifteen demonstrated
stereoacuity above 60", while the remaining 10 had
manifest strabismus as well as a visual acuity below 0.1
logMAR at distance. Of the children identified with
strabismus 4 had an uncorrected refractive error. Of the
children with visual acuity >0.1 logMAR at distance 15
had an uncorrected refractive error, mainly hyperopia
(10.6%) and astigmatism (9.1%). Acuity for near and
distance was abnormal in only two children. [29]

A total of 11 children with manifest strabismus
have stereoacuities greater than 60" Approximately 400
inches (median). Additionally, two children had
uncorrected refractive errors among the 17 children
whose stereoacuity was >60" (median=80"). with a
stereoacuity >60" (median=40") with strabismus.

Ability to read

In the abnormal visual function group, errors
increased from 3 to 1 (AVF3.00; NVF1.00; p0.001),
accuracy decreased from 91.18% to 97.06%, and reading
speed decreased from 24 to 27 in the abnormal visual
function group (AVF24.71; NVF27.39; p0.007). In a
study of children with abnormal visual functions, 18.9%
were accurate, while 40% were incorrect.

Additionally, we compared the reading
performances of children in first through fourth grades. It
was statistically significant that the percentage of errors
and accuracy varied from group to group per grade with
subjects with abnormal vision having a higher percentage
of errors. There was no This was the only grade where
reading speed did not differ statistically between groups
(AVF=31.41wpm; NVF=32.54wpm; p=0.113).

According to Table 2, reading performance for
individuals who have uncorrected refractive error and
abnormal visual function is shown. Reading speed was
fastest among children with visual acuities less than 0.1
logMAR. The average reading speed of children with
strabismus at 0.1 logMAR versus children with

47 |Page

strabismus and normal visual acuity was 26.34 wpm,
which is lower than that of children with strabismus at
30.94 wpm. There were no significant differences
between the groups in accuracy or reading speed
(errors=0.994; accuracy=0.922; speed=0.652), despite all
groups having nonsignificant differences in reading
performance (errors=0.994; accuracy=0.922;
speed=0.652).

In comparison to children without or corrected
refractive errors, children with uncorrected hyperopia
scored lower on A reading speed of 16.20 words per
minute and accuracy of 88.24% are among the findings
(Table 2). Uncorrected hyperopia was significantly
different from uncorrected astigmatism, as was
uncorrected hyperopia from children without refractive
errors (p=0.003).

Additionally, we compared children's refractive
status scores (0.50D, 1.00D, 2.00D and >2.00D) and
spherical refractive status scores (1.00D, 2.00D, 3.00D,
and >3.00D). The reading speed of students with spherical
refractive scores greater than 24.25 wpm was significantly
lower, with a median value of 3.00, a lower accuracy
score of 91.18 percent, and higher errors (median of
3.00). When cylindrical refractive scores were above
2.00D, children had slower reading speeds (18.42 words
per minute). Both children without and with corrected
refractive errors showed no significant differences.

Children's reading performance was assessed by
direct logistic regression by assessing seven factors: their
visual function (normal/abnormal), the method of
teaching, the academic qualifications of their parents, the
type of school they attended, their age, their career years,
and their grade. If the accuracy of your reading is less
than 90%, you are considered to have a low reading
performance. [26].

Based on the full logistic regression model, the
likelihood of a low reading performance was significantly
different from the likelihood of a low reading
performance for non-low-performing children. A 39.3%
sensitivity and 94.3% specificity were calculated for the
model. 67.1% of the samples were positive, whereas
84.0% were negative. Statistically significant risk factors
or predictors were identified at the An OR of 4.29 was
found, with a 95% confidence interval of 2.49 to 7.38
(OR =4.29, C.I. 95% (2.49; 7.38)). A child with a visual
function anomaly is more likely to have a low reading
performance. There was, however, a protective factor
associated with children's grade (p0.001): [OR 2nd=0.17;
C.l. 95% (0.09; 0.29); OR 3rd=0.08; C.l. 95% (0.04;
0.16); OR 4th=0.04; C.1. 95% (0.02; 0.09)]. Compared to
the 1st grade, students in the 2nd, 3rd, and 4th grades
were less likely to have low reading performance. In our
model of reading performance, we examined the variables
teaching methodology, parental academic credentials,
school type (public versus private), teacher age, teacher
experience, and child grade



Dr. Jyotil. / European Journal of Molecular Biology and Biochemistry. 2021, 8(2), 45-50.

Table 1: Grades and groups of children's reading performance.

Ability to read An average minus a standard | Median Value P
deviation Average
NVF* AVFH* NVF* | AVFH
Error rate 220+ 3.24 4.40 +5.54 1.00 3.00 <0.001*
First 3.99+4.36 11.10 + 8.07 2.00 9.00 <0.001*
Grade-level errors
Second 1.67+£1.88 426 +4.78 1.11 3.00 <0.002*
Third 1.27+1.74 2.53+3.11 1.11 2.00 0.004*
Fourth 1.17+154 2.08+2.74 1.11 1.00 0.035**
Inaccuracy (%) 91.05+ 16.95 80.88 + 26.33 97.14 | 91.36 <0.002*
Percentage accuracy
First 78.71 +27.94 53.19 + 29.25 91.18 | 60.29 <0.002*
Second 93.97 £ 9.65 83.48 +21.44 97.06 | 91.96 <0.002*
Third 95.32+6.44 88.87 + 22.32 97.06 | 94.36 0.001*
Fourth 95.46 + 8.99 93.99+5.44 97.06 | 94.25 0.036**
In words per minute, what is your reading | 28.47 = 16.66 23.02 £ 15.25 27.39 | 24.69 0.007*
speed?
Graduation rate for reading
First 13.87£9.77 5.02+5.14 12.77 | 3.36 <0.001*
Second 25.15+12.99 1745+ 11.21 24.54 | 16.98 <0.001*
Third 34.19+11.55 29.96 + 12.36 32.25 | 31.36 0.113
Fourth 4194 + 1477 38.21 + 16.47 40.11 | 35.87 0.031**
Table 2: Uncorrected refractive errors and anomalies in the visual function affect reading performance.
Anomalies with the visual system Ability to read Standard deviation + mean Indicator
As a result of 0.1 logMAR (n=66), visual | Mistakes 4.63+5.99 3.11
acuity was measured. Reliability 81.46 £ 24.57 91.26
Time it takes to read 21.94 £ 1555 20.47
A total of 17 people were diagnosed with | Inaccuracies 4.25+5.47 1.36
strabismus Efficacy 82.35 + 26.23 94.36
Time it takes to read 26.25 + 16.77 30.47
Acute visual acuity combined with | Anomalies 5.00+7.52 3.11
strabismus, >0.1 logMAR (n=10) Reliability 68.82 + 40.32 91.36
Time it takes to read 20.71 £ 14.47 26.34
(n=2) Insufficiency of convergence Inaccuracies 3.00+0.00 3.14
Reliability 91.18 £ 0.00 91.36
Time it takes to read 29.30+£0.22 29.30
(n=15) Stereoacuity >60" Mistakes 3.64 £3.36 3.00
Efficacy 83.33+ 2441 91.18
Time it takes to read 24.85 + 16.36 23.86
Visually normal children Mistakes 2.20+3.14 1.00
Reliability 91.05+ 16.98 97.06
Time it takes to read 28.32 £ 16.47 27.39
A non-corrected optical error Ability to read Mean + Standard deviation Median
(n=11) Hyperopia Mistakes 5.11+5.44 3.11
Reliability 70.32 + 35.69 88.32
Time it takes to read 16.18 + 12.88 16.52
Instability (n=9) Mistakes 4.75 +5.87 211
Reliability 71.57 + 33.98 91.24
Time it takes to read 19.34 + 17.25 20.66
(n=5) Anisohyperopia Mistakes 2.40 £2.87 2.00
Reliability 92.94 +7.98 94.23
Time it takes to read 30.42 £ 12.87 26.64
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DISCUSSION

To better understand how visual function
anomalies affect reading abilities in children, this study
examined Anomalies of visual function in children who
read. It is clear from the results that this population is
afflicted with different levels of visual function, which
may have a direct influence on reading skills.

A significant difference in reading performance
was found between children with and without visual
function anomalies. A visual anomaly may impede the
development of reading skills and highlight the critical role
that vision plays in reading acquisition. [30]

The disruption of visual perception could explain
the observed connection between visual function anomalies
and reading difficulties. It can be difficult for children to
perceive and process written text accurately if they have
visual anomalies, such as refractive errors, strabismus, or
amblyopia. A person may have difficulty recognizing
letters, decoding words, and reading fluently as a result.
Additionally, visual anomalies can interfere with eye
movements and scanning patterns during reading. An
atypical eye movement pattern is present in children with
anomalies, including reduced fixation stability, shorter
saccade lengths, and more regressions. When eye
movement abnormalities are present, visual information
cannot be processed and incorporated efficiently and
fluently.

Additionally, reading comprehension processes
may be affected by visual anomalies. Vision and eye
movement difficulties may reduce engagement with texts,
impair narrative structure tracking, and compromise
content comprehension. Comprehending problems may
arise even when basic decoding skills are intact due to
these factors.

There are important clinical implications to be
drawn from the findings of this study. For children to attain
optimal reading outcomes, it is crucial that visual function
anomalies are detected early and appropriately managed.
The identification and treatment of visual anomalies that
may affect reading development should be implemented
through regular vision screenings and comprehensive eye
examinations. Children with visual anomalies should be
supported to achieve optimal reading skills by a
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