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Abstract 
    Background: To determine visual skills in primary school children with poor performance in reading and writing. 

    Methods: This cross-sectional study was conducted on 28 poor-performances in reading and writing students from 600 schoolchildren, 

based on their teacher's score and 14 control children in second to sixth grade in one of the primary schools of Tehran. Visual acuity, 

refractive error, distance and near horizontal heterophoria, amplitude and facility of accommodation, amplitude and facility of vergence 

were measured in all subjects of both groups. 

    Results: Statistical comparison showed a higher hyperopia (p<0.001) and astigmatism (p<0.05) in the study group. Facility of 

accommodation and vergence showed lower values in the study (p<0.001). The near exophoria was significantly greater in the study 

group (p<0.001).  

    Conclusion: This study indicates that children with poor performance in reading and writing had difficulty in visual skills. 

Management of visual problems in children with poor reading and writing performance should be considered.  
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Introduction 
Various questions are discussed in the process of reading 

because this process requires the integration of both visual 

and audio information (phonemics). Normal reading re-

quires a disease-free retina and optic nerve and coordina-

tion of a number of visual functions including refraction, 

accommodation, convergence, saccade, and fusion to send 

coordinated information for processing to the visual cortex. 

Furthermore, the process of reading is learned through rep-

etition, language, and integration .This process involves 

linguistic processing of words, vision, and motor control of 

the eye aimed to provide the desired reading function [1]. 

Previous findings indicated that the results of visual tests in 

some children with reading difficulties differ from the nor-

mal values [2]. Likewise, poor reading and writing perfor-

mances in school-age children cause poor academic perfor-

mance. Considering the importance of visual function in 

reading ability, evaluation of visual anomalies in school-

age children is of particular importance [3]. 

Reading and writing abilities are critical for an individual 

to success in school, occupation, and other aspects of life. 

Thus early diagnosis of problems in such abilities is neces-

sary to prevent academic failure of children in the future 
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↑What is “already known” in this topic: Sensory – motor evalu-

ation is very critical in primary school. However, different 

screening protocols are conducted in primary schools. 

 
 

→What this article adds: Detailed and precise binocular and 

visual skills performances must be scheduled in poor writing and 

reading students. 
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[4]. Reading and writing disorders in children are seen in 

two forms, specific and non-specific. For the specific type, 

which is the most common type of dyslexia, reduced learn-

ing ability will be considered [5]. However, in the non-spe-

cific type (normal learning ability and intelligence); there 

are problems with reading and writing. Approximately 5% 

of normal school students have poor reading and writing 

skills, which is more common in boys [6]. 

Many studies indicated that little amounts of refractive 

errors, accommodative problems, and non-compensatory 

heterophoria are often not detected and children with poor 

reading and writing performance mistakenly identified as 

dyslexic patients [7]. Although there are controversies 

about the influence of visual skills on reading and writing 

performance, according to the American Ophthalmology 

Academy, 39% of children with reading difficulties have 

vision problems in long-term reading [8]. 

Visual screening tests are done at the time of admission 

to the school, but a significant number of children with vis-

ual deficits are not recognized. In other words, screening 

tests performed by health workers at the time of entering 

school are not sufficiently valid. A recent study in Iran 

showed that more than 60% of first graders who have visual 

acuity equal to or worse than 20/25 is not identified through 

the screening program. This is while their parents will not 

seek vision testing because they are assured that their chil-

dren have already been examined at school [9]. Many of 

these children with binocular vision problems may enter the 

school while these problems cause poor performance in 

reading and writing. Although some of these children 

demonstrate normal visual acuity, there are reports of poor 

reading and writing by their parents or teachers [10].  

In the present study, we examined students who had poor 

performance in reading and writing, with a detailed exami-

nation in binocular vision at the optometry clinic of the 

school of rehabilitation, Iran University of Medical Sci-

ences. 

 

Methods  
Forty two students from a boys' elementary school in 

Tehran including 28 students with reading and writing dis-

order aged 8-12 years old as study group and 14 normal 

students in the same age as control group were enrolled in 

the study. 

In the curriculum of elementary schools in Iran, the score 

for any lesson qualitatively categorized in four levels, 1: 

very good, 2: good, 3: well-accepted, and 4: need to try .
According to the teachers and the parent’s opinion, students 

who were at the level 4 (need to try) and 1 (very good) was 

selected as the study and control groups respectively. 

The examinations included the measurements of uncor-

rected and corrected distance visual acuity, refractive error, 

magnitude of heterophoria, amplitude and facility of ac-

commodation, amplitude and facility of vergence [7] were 

conducted during October 2018 to February 2019 at the op-

tometry clinic of the school of rehabilitation, Iran Univer-

sity of Medical Sciences in Tehran. 

For both controls and study subjects, First uncorrected 

and best corrected visual acuity (UCVA, BCVA  ( was rec-

orded using auto chart projector (HCP-7000; Huvitz, 

Gyeonggi-do, Korea) at a distance of 6 meters, based on the 

Log MAR. 

All students underwent non-cycloplegic refraction with 

the HRK-7000 Auto refractometer (Huvitz, Gyeonggi-do, 

Korea) and the Heine Beta-200 retinoscope (HEINE Op-

totechnic, Hersching, Germany). 

 Amplitude of accommodation was determined binocu-

larly using the push-up technique, so that the subject was 

instructed to fixate and focus on the smallest line of near 

chart, with change of fixation to smaller letters if they be-

came resolvable as target distance was slowly decreased. 

The point of the first slight, sustained blur was recorded. 

The test repeated 3 times, and the mean value determined. 

Facility of accommodation was recorded as cycles per mi-

nute using flipper lenses ±2 diopters (Bernell, USA) at near 

to determine how many times the subject could clear the 

20/20 line of near chart at 40 cm [11, 12]. Binocular meas-

urements were done . 

Distance and near heterophoria were measured using 

cover test and prism bar (Horizontal and Verti-

cal Prism Bar Set, Luneau, France). 

The prism bar was used to measure distance and near hor-

izontal fusional vergence ranges.  The prisms values are 

gradually added before one eye until the subject first re-

ported blur (Blur) and then reported horizontal diplopia 

(Break). Then amount of prism was decreased until the sub-

ject could re-fuse diplopic images (Recovery) [13, 14]. 

Measurement of fusional vergence ranges was started with 

base in ranges, and then continued with base out [15]. 

Facility of vergence (cycles per minute) was measured 

using 12Δ base out / 3Δ base in flipper. Subjects were asked 

to fuse a 20/30 optotype while the optometrist shifted the 

flipper alternately from 12Δ base out to 3Δ base in. The 

number of cycles per minute was recorded [16]. 

Data were analyzed by SPSS software for Windows, ver-

sion 22. The independent t-test was used to compare data 

between the study and control groups. P-value less than 

0.05 were considered significant. 

 

 Results 
28 students with reading and writing problems were 

9.89±1.45 (Mean ±Standard Deviation (SD)) years of old 

(from 8 to 12 years old) and 14 control groups were 

9.93±1.59 (Mean ±SD) years old with the same age range. 

The mean ± SD of uncorrected visual acuity in the study 

group was 0.036±0.084 (Log MAR) and in the control 

group was 0.016±0.040 (Log MAR). Independent t-test 

showed no significant difference between the two groups 

(p=0.144). The mean Log MAR values of best corrected 

visual acuity were 0.005 ± 0.028 for study group and 

0.00±0.001 for control group which were not statistically 

different (P=0.159). 

Table 1 provides a summary of the mean refractive errors 

in two groups. The mean spherical refractive errors in the 

study group was significantly more hyperopic than the con-

trol group (P<0.001) and the mean cylindrical refractive er-

ror was significantly higher in poor readers than controls 

(P<0.05). 

The Mean±SD binocular amplitude of accommodation 

was 11.117±1.516 diopters in the study group and 
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11.873±1.173 diopters in the control group. Statistical anal-

ysis revealed no significant difference between the two 

groups (P=0.111).  
Statistical analysis demonstrated a significant difference 

between the two groups on the binocular facility of accom-

modation test (p<0.001). The Mean±SD for this parameter 

in the study group was 6.678±1.336 cycles per minute 

(cpm) and in the control group was 8.738±1.326 cpm. 

Statistical analysis revealed a significant difference be-

tween the two groups on facility of vergence (P<0.001). Fa-

cility of vergence measurements was lower in the study 

group than in the control group (Table 2). 

Mean distance and near, base-in and base-out values 

were not significantly different in the two groups (P>0.05). 

Only the result of blur base-out at distance showed signifi-

cant difference between the two groups (P=0.001) (Table 

2). 

The Mean±SD near horizontal heterophoria values were 

4.607±1.499 prism diopters (exophoria) in the study group 

and 2.571±1.157 prism diopters (exophoria) in the control 

group. Statistical analysis demonstrated a significant differ-

ence between these two groups (P<0.001). However, 

Mean±SD distance horizontal heterophoria values were 

1.535±1.170 prism diopters (exophoria) in the study group 

and 0.857±1.027 prism diopters (exophoria) in the control 

group. Independent t-test showed no significant difference 

between the two groups (P>0.05). 

 

Discussion 
The results of the present study indicated that some of the 

visual functions in the study group are worse than that in 

the control group. 

There was no significant difference in the mean corrected 

and uncorrected visual acuity between the two groups. The 

possible reason for this issue can be that visual acuity is a 

perceptual occurrence and may not be related to reading 

and writing. Likewise, a good visual acuity is a precondi-

tion for entering the school for students. Many studies 

about this topic are consistent with the findings of the pre-

sent study [17, 18]. A study found that poor readers had 

lower far visual acuity than normal subjects [19].  The pos-

sible reason for this difference can be attributed to different 

measurement method in the present study (auto chart pro-

jector at 6 meters) and that study (Zeiss Polatest at a dis-

tance of 5 meters). 

As shown in Table 1, we found a significantly higher 

amount of hyperopia and astigmatism in the study group. 

Since the measurement of refractive error was not in cyclo-

plegic condition, the measures of hyperopia may be under-

estimated [20]. These findings indicate that poor readers are 

at more risk of refractive anomalies than normal readers. 

Therefore, these children should be regularly evaluated for 

refractive error in screening programs. Some previous stud-

ies reported similar findings to our results [21-23]. Small 

degrees of hyperopia or astigmatism may not cause blurred 

vision. However, since too much accommodative effort 

may be involved, it could cause symptoms such as astheno-

pia, headache, and inattention in some children [24]. 

As indicated in previous studies, hyperopia can be con-

sidered as a negative factor for reading and may impact on 

students' performance in academic education [25]. 

Our results also indicated that amplitude of accommoda-

tion was lower in the study group than in the control group, 

but it was not statistically significant. Although this finding 

is consistent with the results of some studies [26-28], some 

other studies reported contradictory findings [19, 29]. 

Measurements of the amplitude of accommodation in these 

studies were performed monocular, whereas in the present 

study, measurements were performed binocular, which can 

be a reason for this difference. 

Several studies reported that children with reading diffi-

culties have worse facility of accommodation than normal 

Table 1. Means and standard deviations of refractive errors (diopters) 

p Standard deviation Mean Group 

Cylinder Sphere Cylinder Sphere Cylinder Sphere 

       

0.001 <0.001 0.372 0.565 -0.049 0.303 Study group (n=28) 
0.307 0.212 -0.196 -0.035 Control group (n=14) 

 

 

Table 2. Means and standard deviations of facility of vergence (cycles per minute) near and distance horizontal fusional vergence ranges (prism 

diopters) 

p Standard deviation Control group Standard deviation Study group Parameters 

<0.001 0.726 8.714 1.274 6.928 Facility of vergence   

0.422 1.292 7.142 1.483 7.142 B.I*, F*** break 

0.827 1.027 4.875 1.242 4.714 B.I, F recovery 
0.001 2.198 11.714 0.951 10.357 B.O**, F blur 

0.823 2.567 14.857 2.556 15.642 B.O, F break 
0.533 2.075 12.000 2.389 11.678 B.O, F recovery 
0.676 1.728 11.714 1.760 11.714 B.I, N**** blur 

0.940 1.786 16.500 1.771 16.214 B.I, N break 
0.685 1.827 11.428 1.704 11.642 B.I, N recovery 
0.414 1.698 16.500 1.688 15.964 B.O, N blur 

0.185 1.875 20.875 1.693 20.142 B.O, N break 
0.341 3.009 17.142 2.755 15.964 B.O, N recovery 

* Base In, ** Base Out, *** Far, **** Near 
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subjects [18, 30-32]. We found that facility of accommoda-

tion was 2.06 cycles per minute lower in poor readers than 

that obtained from normal readers. One of the reasons that 

can effect on the facility of accommodation values is un-

corrected refractive error. Although the difference of re-

fractive error between the two groups was not large enough 

to affect visual acuity, it may induce a reduction in facility 

of accommodation. Hyperopic eyes require extra accom-

modation during reading at short distances. Inability of the 

eye muscles to cope with this stress results in impairment 

in reading [33]. 

According to the studies conducted to assess near work 

symptoms in poor readers, assessment of facility of accom-

modation is the most useful test for prediction of visual dis-

comfort [18, 34]. Accommodation disorders can also cause 

problems in reading speed and fluency as children develop 

reading and writing skills [35]. The decrease in facility of 

accommodation leads to asthenopia in the near work [36]. 

Some studies have reported contradictory results with the 

present study. This may be related to the different type of 

measuring test used in these studies [37].  

  As shown in Table 2, there is a significant difference in 

the mean of facility of vergence between the two groups. 

Seemingly, the mean of facility of vergence in other studies 

was significantly lower in poor readers too. [19, 29].  Due 

to the fact that reading speed is related to the facility of ver-

gence, the decrease of facility of vergence could be a prob-

able source of weakness in reading performance [22]. 

The mean distance base-out blur value in the study group 

was 1.157Δ lower than those obtained from the control 

group. The cause may be the absence of contributing fac-

tors in the distance, such as accommodative and proximal 

convergence. Palmo reported that mean distance base-in 

break and base-in recovery values were nearly 2Δ lower in 

poor readers than in normal readers [29]. Several studies 

reported decreased near base-out break [27, 31-36]. These 

differences are likely to be due to the fact that measuring of 

fusional vergence in poor cooperative children are not suf-

ficiently stable and repeatable [20]. Appropriate amplitude 

of vergence provides the ability to maintain binocular vi-

sion [38]. Deficiency in vergence system can make the let-

ters or symbols appear floating, moving and sometimes di-

plopia may be present [39]. 

Since near exophoria can cause symptoms such as asthe-

nopia, the near exophoria in poor readers may be a cause of 

their reluctance to do close tasks such as reading and writ-

ing  [40]. In binocular vision conditions should not neglect 

anomalies such as heterophoria, vergence and accommoda-

tion anomalies. If these problems are left to themselves, it 

can lead to difficulties reading and writing [41].  

 

Conclusion 
Although reading is a complex process and may be af-

fected by many factors, it is recommended for poor reader 

children to have a complete visual assessment. 

The present study demonstrated that students with poor 

performance in reading and writing may have problems in 

their refractive status, facility of accommodation, facility of 

vergence, fusional reserves, and binocular balance com-

pared to normal readers. Thus, sensitive detection of these 

problems and appropriate treatment is crucial to future suc-

cess of school age children.  
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 نوشتن خواندن و در یفدر کودکان مقطع دبستان با عملکرد ضع یناییب یهامهارت یبررس

 

  1یمحمد یرضا، عل1یرزاجانیم ی، عل   1*جعفرزاده پور یم، ابراه1یآهنگران یهراض

 

 یرانتهران، ا یران،ا یعلوم پزشک دانشگاه ی،دانشکده علوم توانبخش ،یگروه اپتومتر. 1

 
 دهیچک

 .است شده انجامخواندن و نوشتن  عملکرد یرو بر یینایب یهامهارتارتباط  نییهدف تع با مطالعه نیا :مقدمه

 گروه بعنوان کودک 14 و مطالعهگروه  عنوانه بف در خواندن و نوشتن یکودک با عملکرد ضع 28 یبر رو یمقطع مطالعه نیا :هاروش

 بیع زانیم یبررس ،یینایب حدت یریگبا اندازه نفری 600با جمعیت  تهران 4منطقه  یهادبستان از یکیدوم تا ششم در  هیدر پا کنترل

 .شد انجام یورجنسسهولت  ودامنه  یریگاندازهو  تطابقسهولت  ودامنه  یریگاندازه ک،یدور و نزد یایهترو فور یریگاندازه ،یانکسار

( در گروه مطالعه نسبت به گروه کنترل >05/0p) ( و آستیگماتیسم بالاتر>001/0pهایپروپی بیشتر ) نیانگیم ی،آمار سهیمقا ها:افتهی

 .بود کنترل گروه از کمتر (>001/0p) یمعنادار بطور مطالعه گروه در یورجنس سهولت ی وتطابق سهولت همچنین مقادیر را نشان داد.

میانگین دامنه . (>001/0pمیانگین هتروفوریای افقی نزدیک در گروه مطالعه اگزوفوریای بیشتری را نسبت به گروه کنترل نشان داد )

 .(>05/0p) تر بودی نسبت به گروه کنترل پایینداریبه طور معنمطالعه گروه  دور در Base Outورجنس تاری 

اما یک ارزیابی کامل بینایی به  پیچیده است و ممکن است تحت تاثیر فاکتورهای زیادی باشد،اگرچه خواندن یک فرایند  گیری:نتیجه

 بودند فیضع نوشتن و خواندن در که یآموزان دانشاین مطالعه نشان داد  شود.خواندن ضعیف هستند توصیه می هایی که در عملکردبچه

 در عملکرد دید دوچشمی های فیوژنی وبقی، سهولت تقاربی، ذخیرهعیوب انکساری، سهولت تطا در یمشکلات یدوچشم دید لحاظ از

 بنابراین تشخیص این مشکلات و درمان مناسب آن در موفقیت آینده کودکان سن مدرسه بسیار مهم است. .داشتندبا گروه مطالعه  سهیمقا
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