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Study on stereoacuity and associated factors in school children 
aged 7 to 14 years
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Purpose: The study aimed to estimate the prevalence of subnormal stereoacuity in school children and to 
assess the factors associated with it. Methods: In this  prospective cross‑sectional study, a  total of 2,376 
school children without amblyopia and manifest squint were screened by the titmus fly test, Snellen 
chart, tests for heterophoria, anterior segment examination, and fundoscopy. Children with a manifest 
squint, amblyopia  (best‑corrected visual acuity  [BCVA] <6/18), and history of ocular trauma or surgery, 
and one‑eyed children were excluded. Cycloplegic refraction was done in children with uncorrected or 
undercorrected refractive errors, and stereoacuity was assessed again with spectacle correction. Results: The 
prevalence of normal stereoacuity by titmus fly test was 93.18% with correction of refractive errors. Girls 
had slightly better stereopsis compared with boys. The subnormal stereoacuity was significantly associated 
with refractive error (P < 0.00001, significant at P < 0.05), unilateral refractive error (P < 0.00001, significant 
at P  <  0.05), bilateral refractive error  (P  <  0.00001, significant at P  <  0.05), anisometropia  (P  <  0.00001, 
significant at P < 0.05), ametropia (P < 0.00001, significant at P < 0.05), lower BCVA (P < 0.00001, significant 
at P < 0.05), hyperopia (P < 0.05, significant at P < 0.05), and heterophoria (P = 0.014, significant at P < 0.05). 
The subnormal stereoacuity was positively correlated with the magnitude of refractive error of the eyes. 
Conclusion: This study underlines the significant impact of identification and correction of refractive errors 
and squints in school children. The measurement of stereoacuity will be of immense importance and must 
be included in the screening programs for children.

Key words: Heterophoria, refractive error, school children, stereoacuity, titmus fly test

Dr. Pinnamaneni Siddhartha Institute of Medical Sciences and Research 
Foundation, Gannavaram, Krishna District, Andhra Pradesh, India

Correspondence to: Dr. Ravi K Potluri, Dr. Pinnamaneni Siddhartha 
Institute of Medical Sciences and Research Foundation, Krishna, 
Chinoutpalli, Gannavaram  ‑  521  286, Andhra  Pradesh, India. 
E‑mail: ravikiranpotluri@yahoo.com

Received: 06-Jun-2021	 Revision: 06-Jul-2021
Accepted: 12-Aug-2021	 Published: 23-Dec-2021

Binocular vision is the ability of both eyes to work to maintain 
focus on one point or object at the same time to create a 
single visual image. Binocular vision helps us see in three 
dimensions, judge distance and spatial relationship, and 
refocus our eyes from far to near. Physiologically, a binocular 
vision has three components: fusion, depth perception, and 
stereopsis. Of these, stereopsis is considered the highest form 
of binocular vision.[1,2]

Stereopsis is clinically measured by tests for stereoacuity. 
Stereoacuity requires fine synchronization of optical, neural, and 
motor components of both eyes to achieve normal stereoacuity 
thresholds. It is important for children in learning fine motor 
tasks, in taking part in sports, and in the training of certain 
occupational courses.[3‑5] It is also important in assessing the 
quality of life.[6] Stereoacuity tests are mandatory in screening, 
assessment, and monitoring treatment outcomes of amblyopia 
and its causes, including strabismus and refractive errors.[7,8] 
Stereoacuity is measured in seconds of arc  (1° =60 minutes 
of arc, 1 minute = 60 seconds of arc). The lower the value of 
stereoacuity, the better is the stereopsis. According to the study 

by Cho et al.,[8] normal stereoacuity is 40 to 60 seconds of arc 
by the titmus fly test. Recently, studies testing both near and 
distance stereoacuity have also reported normative values.[7]

Random dot tests  (TNO, Frisby) provide the most 
definitive evidence of high‑grade binocular single vision as 
they use random element patterns. Where this is not feasible, 
contour‑based tests  (e.g.,  titmus fly test) may provide more 
reliable information.[2,8,9] Stereoacuity is subnormal in any 
condition with impaired vision in both eyes to a level less than 
6/18 and impaired binocular vision such as strabismus and 
suppression.[10] Stereoacuity measurements are seldom used in 
the routine screening of school children, the main focus being 
on visual acuity. There is paucity of data on the prevalence of 
normal stereoacuity and the factors associated with subnormal 
stereoacuity among school children in India. This study has 
been undertaken with the objective of estimating the prevalence 
of subnormal stereoacuity in school children and assessing the 
factors associated with it.
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Methods
In this prospective, cross‑sectional study, 2,376 children in the 
age group of 7 to 14 years from five schools (one urban, two 
semiurban, and two rural schools) were screened. The mean age 
of the children was 11.06 years. The study included 1,414 boys 
and 962 girls with mean ages of 11.35 years and 10.63 years, 
respectively. The exclusion criteria were children with a manifest 
squint, amblyopia, or history of ocular trauma or surgery, 
and one‑eyed children. The children with the best‑corrected 
visual acuity (BCVA) less than 6/18 were considered as having 
amblyopia and were excluded from the study. The study was 
approved by the Institutional Ethics Committee and registered 
with the Clinical Trials Registry – India.

After registration of the study, the enrollment of the students 
was started on February 1, 2019. The permission of the school 
administration and written informed consent from the parents 
or guardians of all students were taken prior to enrollment of 
the students for the study. The research procedure and data 
collection were done in compliance with the legal requirements 
and the tenets of the Declaration of Helsinki were adhered 
to. The enrollment of 2,376 eligible students was done until 
January 31, 2020. The target sample size was 2,501, calculated 
at 7% prevalence of subnormal stereoacuity by a pilot study 
done by us. The enrollment was stopped after the first wave 
of the COVID‑19 (coronavirus disease 2019) pandemic started 
and could not be reinitiated after the schools opened during 
the pandemic as it was considered unethical to screen the 
children during the pandemic. So the target sample size was 
reduced to 2,376 and the duration of the trial was extended 
up to April 2021after getting permission from the Institutional 
Ethics Committee.

All the enrolled students were assessed for history of 
previous ocular ailments, injuries, surgeries, and use of 
spectacles. Visual acuity was assessed using Snellen charts. 
Assessment of heterophoria was done by the Hirschberg 
test, cover test, cover–uncover test, alternate cover test, and 
Worth’s four dot test. Stereoacuity was measured using 
titmus fly test at a distance of 40 cm. After wearing polarized 
glasses, the students were asked to grasp the wings of the 
fly. If the student was able to grasp the wings of the fly, they 
were asked to identify the picture that seemed elevated than 
the rest of the pictures in each row. Then they were asked 
to press the button that was elevated out of the four buttons 
in each picture. For the students who could not identify a 
target, the test was repeated to assess correct stereoacuity. 
The students with spectacles wore polarized glasses over their 
spectacles. The students with uncorrected or undercorrected 
refractive errors and subnormal stereoacuity  (>60  seconds 
of arc) were reassessed after cycloplegic refraction with 1% 
cyclopentolate eye drops and refractive correction. Anterior 
segment examination was done with a torchlight. Direct 
ophthalmoscopy was done through undilated pupils in all 
students except those dilated for refraction. The cutoff value 
chosen for myopia was −0.5 D, hyperopia was +2.00 D, and 
astigmatism was  ±  1.00 D. These values were arbitrarily 
chosen. The refractive power of students with a BCVA of 6/6 
was assessed by neutralization of the spectacles worn by them.

Results
Out of the 2,391 students enrolled in the study, 15 students 
were excluded. Manifest squint was seen in six students, and 

nine students had amblyopia with a BCVA less than 6/18. 
There were no one‑eyed children or children with a history 
of trauma or surgery to the eyes. In the present study, 2,376 
students were enrolled. All the calculations on stereoacuity 
were done using logarithms as the stereoacuity levels were 
expressed in geometrical progression and not as arithmetic 
progression.[11] Statistical analysis was done using the Chi‑square 
test, independent t‑test  (standard error of the difference of 
means), and Pearson correlation coefficient  [Tables 1, 2 and 
Fig. 1]. A P value of <0.05 was considered significant.

The mean stereoacuity of all students was 44.01 ± 6.11 seconds 
of arc. The prevalence of normal stereoacuity by titmus fly 
test was 93.18% with correction of refractive errors  [Table 3]. 
The means of stereoacuity in all age groups and genders were 
calculated [Table 1]. The difference in means of boys and girls was 
statistically significant. The difference in means of boys and girls 
was significant at ages of 7, 9, 11, and 12 years of age. Furthermore, 
all the means of stereoacuity at all age groups showed positive 
correlation between the boys and girls by Pearson correlation 
coefficient (R = 0.7499, n = 6, significant at P < 0.05). Overall, girls 
had slightly better stereoacuity than boys (43.32 ± 5.08 seconds 
in girls and 44.49 ± 6.84 seconds in boys).

The mean BCVA of all the children was 6/6.18. There were 
2,292 students with a BCVA of 6/6. The mean stereoacuity 
of students with a BCVA of 6/6 was 43.67 ± 5.6 seconds of 
arc. There were 84 students who had BCVA from 6/9 to 
6/18. All these 84 students had refractive errors. The mean 
stereoacuity of these 84 students was 55.72 ± 22.22 seconds 
of arc. There was a statistically significant difference in 
means of stereoacuity among students with a BCVA of 6/6 
and a BCVA of 6/9 to 6/18  (95% confidence interval  [CI] 
=10.55–13.55, degrees of freedom  [df] =2,374, P  <  0.0001 
significant at P < 0.05). There was no difference in the BCVA 
among students without refractive error, with or without 
normal stereoacuity. There were 72 students with normal 
visual acuity, subnormal stereoacuity, and without any 
refractive error [Table 2].

There were 600 students with refractive errors. Among 
these, 332 were boys with a 23.48% prevalence of refractive 
errors. Out of 332 boys, 276 boys had normal stereoacuity 
and 56 boys had subnormal stereoacuity. There were 268 girls 
with refractive errors with a 27.86% prevalence of refractive 
errors. Out of 268 girls, 235 girls had normal stereoacuity and 
33 girls had subnormal stereoacuity. There was no statistically 
significant difference among boys and girls with refractive 
errors having either normal or subnormal stereoacuity by 
Chi-square test (P = 0.12,not significant at P < 0.05). There were 
516 students with refractive errors who had a BCVA of 6/6 
and a mean stereoacuity of 47.66 ± 11.36 seconds of arc. There 
was a statistically significant difference between means of 
stereoacuity in students with refractive error having a BCVA 
of 6/6 and a BCVA of 6/9 to 6/18 (95% CI = 4.96–11.16; df = 598; 
P < 0.0001, significant at P < 0.05). The Pearson correlation 
coefficient analysis showed statistically significant positive 
correlation between students with refractive error <1 D and >1 
D; r(4) =0.82, significant at P < 0.05 [Fig. 1].

Furthermore, the spherical equivalent was used to categorize 
the students into myopia and hyperopia. The prevalence of 
subnormal stereoacuity in students with myopia was 13.07% 
and that of students with hyperopia was 19.51%. There was a 
statistically significant difference among students with myopia 
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Table 2: Association between refractive error, 
heterophoria, and stereoacuity

Normal  
Stereoacuity

Subnormal  
Stereoacuity

P value of  
Chi‑Square 

Test

No Refractive Error 1704 72

Refractive Error 511 89 <0.00001

Unilateral 
Refractive Error

119 27 <0.00001

Bilateral Refractive 
Error

392 62 <0.00001

Ametropia 213 29 <0.00001

Anisometropia 298 60 <0.00001

Orthophoria 2126 148 P=0.014

Heterophoria 89 13

Myopia 379 57 <0.05
Hyperopia 132 32

Table 1: Age and gender‑wise distribution of stereoacuity

Age in 
Years

Stereoacuity 40 50 60 80 100 140 200 400 800 3,000 Total no. of 
Students

Mean (seconds 
of Arc)

SD P Independent 
t‑test

7 Boys 27 - 2 1 1 - - - - - 31 43.25 5.12 0.0075

Girls 40 2 - - - 1 - - - - 43 40.80 2.40

8 Boys 87 7 3 1 - - 4 - - - 102 44.08 6.07 0.5288

Girls 88 8 6 3 - 1 1 - - - 107 43.58 5.38

9 Boys 148 12 10 4 5 - 4 - - - 183 44.75 7.07 0.0042

Girls 146 8 6 5 1 - 2 - - - 168 42.91 4.49

10 Boys 151 10 5 6 7 1 2 3 1 - 186 46.80 9.01 0.5406

Girls 104 17 3 8 1 1 3 1 - - 138 46.19 8.66

11 Boys 176 7 4 5 3 2 1 1 - - 199 43.31 5.07 0.0492

Girls 154 3 4 4 2 1 1 - - - 169 42.38 3.73

12 Boys 194 9 4 7 5 1 6 1 - - 227 44.91 7.50 <0.0001

Girls 131 2 3 2 1 1 1 - - - 141 41.98 3.19

13 Boys 180 5 4 7 8 1 2 - - - 207 43.93 6.09 0.9107

Girls 99 2 5 5 3 - - 1 - - 115 44.01 6.20

14 Boys 248 4 10 8 2 2 2 2 - 1 279 44.06 6.25 0.3798

Girls 70 3 3 1 3 1 - - - - 81 43.39 5.23

All 
Ages

Boys 1211 54 42 39 31 7 21 7 1 1 1414 44.49 6.84 <0.0001

Girls 832 45 30 28 11 6 8 2 - - 962 43.32 5.08
Total 2043 99 72 67 42 13 29 9 1 1 2376 44.01 6.11

SD=standard deviation

and hyperopia, with subnormal stereoacuity more prevalent 
in hyperopes (significant at P < 0.05) [Table 2].

All the students were stratified into groups based on 
the presence or absence of refractive error, whether their 
refractive error was unilateral or bilateral, and whether their 
stereoacuity was normal or subnormal. This stratification was 
arbitrarily chosen after data collection, as stereoacuity is a 
binocular function. In the Chi‑square analysis, stereoacuity 
was significantly associated with the presence or absence 
of refractive errors  (P  <  0.00001, significant at P  <  0.05). 
On further statistical analysis using  the Chi‑square test, 
the subnormal stereoacuity was significantly associated 
with unilateral refractive error  (P  <  0.00001, significant at 

P < 0.05), bilateral refractive error (P < 0.00001, significant at 
P < 0.05), anisometropia (P < 0.00001, significant at P < 0.05), 
ametropia (P < 0.00001, significant at P < 0.05), hyperopia (P < 0.05, 
significant at P < 0.05), and heterophoria (P = 0.014, significant 
at P < 0.05). In correlation analysis using Pearson correlation 
coefficient, the magnitude of refractive error of the eyes  (<1 
D and  >1 D) was positively correlated with subnormal 
stereoacuity in children with refractive errors, unilateral 
and bilateral refractive errors (R = 0.8184, n = 6, significant at 
P < 0.05) [Table 4 and Fig. 1].

The analysis among urban, semiurban, and rural areas was 
not done as the place of residence was not noted. Heterophoria 
was observed in 102 children, with exophoria in 89 children 
and esophoria in 13 children. Heterophoria was significantly 
associated with subnormal stereoacuity (P = 0.014, significant 
at P < 0.05).

Discussion
In our study, the prevalence of normal stereoacuity in school 
children aged 7 to 14 years by titmus fly test was 93.18% with 
correction of refractive errors. Girls had slightly better stereopsis 
compared with boys. However, the means of stereoacuities 
among both genders were not consistently different at all ages. 
The presence of refractive errors whether unilateral or bilateral, 
ametropia, anisometropia, hyperopia, and heterophoria were 
the important factors significantly associated with subnormal 
stereoacuity as both Chi‑square test and independent t‑test 
results were similar in our study. The subnormal stereoacuity 
was positively correlated with the magnitude of refractive 
error of the eyes  (<1 D and  >1 D) when children were 
wearing corrective glasses. This has a significant value as the 
pharmacological methods to control the progression of myopia 
are gaining more validity and acceptance.
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The presence of subnormal stereoacuity among students 
without refractive errors having normal visual acuity was noted 
In our study (Table 2: 72 students). It is comparable with the 
Shandong Children Eye Study[9] in which 3.9% (245 students) 
did not either complete or give reliable stereoacuity examination 
by titmus fly test. Se‑Youp Lee and Nam‑Kyun Koo,[12] in a 
study on 80 normal individuals aged between 7 and 76 years 
without eye diseases except refractive errors, suggested that 
the reduction of stereopsis was not associated with the decrease 
of visual acuity. However, there was a significant subnormal 
stereoacuity observed in students with refractive errors and 
a BCVA of 6/9 to 6/18. These two observations underline 
the importance of stereoacuity assessment in all children, 
irrespective of their refractive condition.

The prevalence of normal stereoacuity in school children was 
93.18% by titmus fly test with correction of refractive errors in 
our study. This was comparable with 94.6% in the Shandong 
Children Eye Study[9] in which 5,780 children were screened 
and with 87.7% in the study by Joo Yean Lee et al.[13] in which 
162 nonamblyopic children were enrolled. The distribution of 
stereoacuity was also comparable with that of the Shandong 
Children Eye Study.[9] The importance of regular vision 
assessment, including stereoacuity, cycloplegic refraction, and 
prompt correction of refractive errors cannot be overemphasized.

Although girls had a higher prevalence of refractive 
error, there was no statistically significant difference of mean 
stereoacuities when we considered both boys and girls with 
refractive errors. So refractive error might not be the factor 
responsible for the difference in stereoacuity among boys and 
girls. This requires further research to evaluate the factors 
contributing to this difference.

The subnormal stereoacuity in children with refractive 
errors was significantly associated with a BCVA of 6/9 to 
6/18. This is important in prescribing spectacles for children, 
as better BCVA is associated with better stereopsis, which in 
turn influences performance in academics and certain sports 
activities that require good stereopsis.

The subnormal stereoacuity was associated with ametropia, 
anisometropia, unilateral or bilateral refractive errors, lower 
BCVA, hyperopia, and heterophoria. This was similar to 
the Shandong Children Eye Study[9]  (5,780 children) and 
the studies by Weakley  (411 children),[14] Ju‑Wen Yang 
et  al.  (166 myopic and astigmatic children),[15] and Ju‑Wen 
Yang et  al.  (117 hyperopic children).[16] In a study on 117 
children with hyperopia and astigmatism, Ju‑Wen Yang et al.[16] 
reported reduced stereoacuity in the hyperopia group and 
no significant reduced stereoacuity in anisometropia with 
spherical or astigmatic refractive errors. In a study on 166 
children with myopic ametropia that included astigmatism, 
Ju‑Wen Yang et al.[15] reported reduced stereoacuity in spherical 
anisometropia. However, the children in their study were 
tested for stereoacuity without spectacle correction. In our 
study, there was a significant positive correlation between 
the refractive power and stereoacuity. This was similar to 
the findings of multiple studies.[13‑18] The higher prevalence 
of subnormal stereoacuity in students with refractive errors 
highlights the importance of regular periodic refractive 
assessment and prompt correction with subjective acceptance 
guided by stereoacuity assessment as an additional tool. 
Furthermore, the stereoacuity assessment by titmus fly test 
is a simple tool that can pick up the presence of latent squint.

The sample was collected from urban, semiurban, and 
rural schools. This is representative of school‑going children. 
The statistical analysis was performed on logarithmically 
calculated means of stereoacuity.[11,15] The grouping of 
students based on unilateral or bilateral refractive errors, 

Table 4: Number of students, magnitude of refractive 
error, and stereoacuity

<1 D >1 D

Refractive Error + Normal Stereoacuity 189 322

Refractive Error + Subnormal Stereoacuity 39 50

Unilateral Refractive Error + Normal Stereoacuity 92 27

Unilateral Refractive Error + Subnormal Stereoacuity 19 8

Bilateral Refractive Error + Normal Stereoacuity 97 295
Bilateral Refractive Error + Subnormal Stereoacuity 20 42

Figure 1: Pearson correlation coefficient depicting positive correlation 
between number of students with refractive error <1 D and >1 D. r(4) 
=0.82, significant at P < 0.05

Table 3: Distribution of stereoacuity

Stereoacuity 
(Seconds of Arc)

No. of 
students

Percentage Cumulative 
Percentage

40 2,043 85.98 85.98

50 99 4.17 90.15

60 72 3.03 93.18

80 67 2.82 96.00

100 42 1.77 97.77

140 13 0.55 98.32

200 29 1.22 99.54

400 9 0.38 99.92

800 1 0.04 99.96

3,000 (Fly test positive) 1 0.04 100
Total no. of students 2,376
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ametropia, anisometropia, refractive correction magnitude, and 
heterophoria eased the analysis and understanding of the factors 
associated with subnormal stereoacuity of school children. The 
present study was done with school children in the critical age 
group of onset and progression of refractive errors. It highlights 
the importance of regular assessment of children’s vision and 
timely correction of refractive errors and heterophoria through 
mandatory screening prior to admission in each schooling year 
by qualified ophthalmologists and optometrists.

Most of the studies on the stereoacuity in children include 
a selected group of students with a particular eye condition 
such as ametropia, anisometropia, astigmatism, heterophoria, 
or amblyopia.[13‑20] Some more studies used experimentally 
induced refractive conditions to study the relation between 
the refractive errors and stereoacuity.[17,18] Our study was a 
cross‑sectional study of normal school children that included 
all children without amblyopia and manifest squint. The 
refractive errors were corrected and stereoacuity was assessed 
again so that all the children were tested for stereoacuity with 
their BCVA for distance.

Our study has potential limitations. First, our study could 
not recruit the number of target samples. However, the sample 
size of 2,376 school children was adequate enough for assessing 
the prevalence of normal stereoacuity and to analyze the factors 
associated with subnormal stereoacuity. The titmus fly test has 
monocular clues that might enable the participants to identify 
the correct responses.[21] Despite this limitation, the test is easy to 
perform in a large group of subjects. The cooperation of students 
might vary with the examiners’ ability to explain the test. The 
analysis of individual refractive conditions was not done as the 
spectacle power was not assessed by the lensometer. Finally, 
this was a cross‑sectional study and not a longitudinal study.

The presence of subnormal stereoacuity in students 
with normal visual acuity in the absence of any refractive 
errors warrants further investigation and research to 
elucidate its cause. The examination of further tests for 
accommodative‑convergence over accommodation ratio, near 
point of accommodation, and near point of convergence might 
aid in such research.

Conclusion
This study underlines the significant impact of identification 
and correction of refractive errors and squints in school 
children. The measurement of stereoacuity will be of immense 
importance and must be included in the screening programs 
for children.
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