
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tceo20

Clinical and Experimental Optometry

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tceo20

Visual acuity and reading print size requirements
in children with vision impairment

Lynne Loh, Mallika Prem-Senthil & Paul A Constable

To cite this article: Lynne Loh, Mallika Prem-Senthil & Paul A Constable (12 Nov 2023): Visual
acuity and reading print size requirements in children with vision impairment, Clinical and
Experimental Optometry, DOI: 10.1080/08164622.2023.2279190

To link to this article:  https://doi.org/10.1080/08164622.2023.2279190

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

View supplementary material 

Published online: 12 Nov 2023.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tceo20
https://www.tandfonline.com/loi/tceo20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/08164622.2023.2279190
https://doi.org/10.1080/08164622.2023.2279190
https://www.tandfonline.com/doi/suppl/10.1080/08164622.2023.2279190
https://www.tandfonline.com/doi/suppl/10.1080/08164622.2023.2279190
https://www.tandfonline.com/action/authorSubmission?journalCode=tceo20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tceo20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/08164622.2023.2279190
https://www.tandfonline.com/doi/mlt/10.1080/08164622.2023.2279190
http://crossmark.crossref.org/dialog/?doi=10.1080/08164622.2023.2279190&domain=pdf&date_stamp=12 Nov 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/08164622.2023.2279190&domain=pdf&date_stamp=12 Nov 2023


RESEARCH

Visual acuity and reading print size requirements in children with vision 
impairment
Lynne Loh , Mallika Prem-Senthil and Paul A Constable

College of Nursing and Health Sciences, Caring Futures Institute, Flinders University, Bedford Park, South Australia, Australia

ABSTRACT
Clinical Relevance: The support of students with a vision impairment throughout education could 
be enhanced by assessing the functional reading ability of the individual. This visual assessment 
could inform educators of individualised student needs and potentially improve the academic 
achievement for these students.
Background: Support for children with a vision impairment within a classroom is typically based on 
clinical findings of distance visual acuity and visual fields. Therefore, determining optimal print size for 
reading is essential to ensure best academic outcomes. Secondary aims were to investigate the 
possible impact of underlying pathology on reading ability.
Methods: Forty-seven participants were recruited from a state-wide support service for children with 
a vision impairment in South Australia. Three visual acuity groups were formed based on World 
Health Organisation definitions of mild, moderate, and severe vision impairment. Correlation 
between clinical measures of distance visual acuity using the Freiburg Visual Acuity Test, were 
compared with reading acuity and critical print size (smallest font before reading speed reduced) 
using Minnesota low vision reading chart (MNREAD).
Results: No significant correlations were found for mild (0.20–0.49 logMAR) and severe (1.00–1.52 
logMAR) vision impairment groups between distance visual acuity and reading acuity read (p = .64, CI 
[−.585, .395]/p = .82, CI [−.48, .58]) or critical print size (p = .78, CI [−.57, .45]/p = .43, CI [−.34, .68]. 
A significant correlation was found for the moderate vision impairment group: 0.50–0.99 logMAR for 
minimum reading acuity (p < .001, CI [.44, .91]) and critical print size (p = .03, CI [.05, .80]).
Conclusions: Standard clinical measures of distance visual acuity are an unpredictable estimate of 
reading ability in children with mild and severe vision impairment. Additional measures of functional 
near reading ability could provide a more meaningful indicator of reading ability and help provide 
optimum support to students through education.
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Introduction

Blindness and vision impairment can significantly impact the 
social development of a child, academic achievement, and 
self-esteem, particularly in an educational environment.1 The 
global prevalence of childhood vision impairment is esti
mated to be 19 million, with a high proportion (31%) due to 
inherited retinal conditions.2–4 The main causes of childhood 
vision impairment in developed countries are cerebral vision 
impairment, optic nerve anomalies, albinism, and inherited 
retinal dystrophies.2–9

Vision impairment is typically based upon the World Health 
Organization (WHO) definitions, with visual acuity 6/12 to 6/18 
(0.30–0.50 logMAR) defined as mild impairment, 6/18 to 6/60 
(0.50–1.00 logMAR), moderate impairment and 6/60 to 3/60 
(1.00–1.30 logMAR) as severe. Blindness is defined as present
ing visual acuity less than 3/60.10 Vision below the level of 1.00 
logMAR (6/60 or worse) is considered legally blind in many 
countries and qualifies the individual to register for support, 
which currently includes the Blind Pension (Australia), Federal 
and State Benefits (USA) or Disability Living Allowance (UK).

Support for children with a vision impairment, within the 
classroom environment, is typically based upon clinical mea
sures of high contrast distance visual acuity and, where 

possible, a visual field assessment. The assumption being 
that, as with normally functioning eyes, distance visual acuity 
correlates with near visual acuity and subsequently readable 
font size. Consideration of additional factors that can impact 
a paediatric vision assessment include testing methods, envir
onmental conditions, oculomotor control, visual field size and 
childhood behaviours, which may impact distance acuity 
measures.11–13 Reduced contrast sensitivity may also reduce 
reading speed, especially if the print quality is poor.14 Outside 
of a clinical study setting, such as in the classroom, considera
tion of these factors may not be applied consistently and 
reduce the ability for a child to access learning materials.

Near acuity is defined as the reading acuity that can be 
read at the habitual reading distance. Typically, distance and 
near acuity are related so that a distance visual acuity 0.00 
logMAR corresponds to a near reading font size of 3.7-point 
print at 40 cm. However, it is also important to consider 
optimum font size that can be read comfortably, without 
reducing reading speed or causing excessive strain, to ensure 
that students with a vision impairment can sustain reading 
throughout the course of the school day.

Reading and literacy skills have been shown to be a good 
indicator of future academic performance,15,16 and most 
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learning time within a classroom is based around near vision 
tasks, predominantly allocated to reading and writing.17 

Previous studies have highlighted the impact of childhood 
vision impairment on reading speed, with the consensus of 
findings demonstrating a slower reading speed in children 
with a vision impairment compared with age matched normally 
sighted children.18–24 Studies have also investigated the differ
ence in reading characteristics between children with a vision 
impairment and their normally sighted peers, including the role 
of phonology and reading comprehension. These studies found 
that children with a vision impairment employ the same reading 
strategies and have the same comprehension ability – but are 
only limited by the speed at which they read.18,19,23,24

Previous research has also indicated an association between 
low vision and reduced academic performance, based on class
room grades and national testing results.25,26 Therefore, deter
mining the optimum print size for an individual with a vision 
impairment, that can be read at maximum speed, is critical to 
their ability to engage effectively within the classroom learning 
environment and achieve their full academic potential.

Font size and reading speed are intrinsically linked; if font size 
is too large, then reading speed is slower due to a reduced 
number of words on a page and the individual is required to 
scan more.27 As large font size is reduced, reading speed 
increases until the maximum reading speed is achieved, where 
it stays relatively constant across several font sizes. As resolutions 
limits are neared, the reading speed slope drops sharply until 
resolution limits are reached and the individual is unable to 
resolve the smaller font to continue reading. Critical print size 
is used to determine the font size for a child with a vision 
impairment to use within the classroom to achieve optimum 
reading performance.

The main aim of this study was to evaluate the relationship 
between distance visual acuity and print size reading ability in 
children with a vision impairment. Secondary aims were to 
investigate the possible impact of underlying pathology on 
reading ability.

Methods

Participants

Seventy children were recruited from a state-wide support ser
vice for children with a vision impairment South Australia. All 
children had previously been diagnosed, by an ophthalmologist, 
with a pathological vision impairment. Eligible children, in full 
time education, were identified by specialist low vision trained 
state-wide support teachers in South Australia. Since the 
Minnesota low vision reading chart (MNREAD) uses vocabulary 
from high frequency words used in reading material of 8-year- 
old children, students were only included if their teacher 
reported a reading age of eight years and above.

Children were excluded (n = 23) if they had a diagnosis of 
dyslexia, language or communication disorder, intellectual 
disability (IQ < 75) or were unable to read the largest font 
sentences on the MNREAD chart at 10 cm.

Distance visual acuity

Habitual refraction was worn for distance and reading analysis as 
required. Binocular distance visual acuity was measured using 
the Freiburg Visual Acuity Test (FrACT).28 FrACT uses a four- 
alternative forced-choice paradigm using Landolt rings making 

it suitable for young children and can quantify vision at the 
lower end of the visual acuity range which has traditionally 
been given a semi-quantitative value (i.e. hand movements or 
count fingers).29 There is also no clinically significant difference 
between visual acuity measures using FrACT Landolt C and 
ETDRS charts.30

Visual acuity groups

Based on the level of binocular distance visual acuity, partici
pants were grouped into three levels for analysis. The visual 
acuity groups were defined based on the definitions of mild, 
moderate, and severe vision impairment by the WHO.10 Group- 
severe: 1.00–1.52 logMAR (6/60–6/190), group-moderate: 0.50– 
0.99 logMAR (6/19–6/60), and group-mild:0.20–0.49 (6/9–6/18).

The forty-seven eligible participants (28 male and 19 female) 
with age (mean ± SD) 12.2 ± 3.0 (range 5.0–18.0) and school 
grade 6.3 ± 3.1 (Reception to grade 12) underwent clinical mea
sures of distance visual acuity and full reading analysis. 
Pathological causes of vision impairment were predominantly 
inherited retinal dystrophies (34%) or albinism (28%) optic nerve 
disorders, including optic nerve hypoplasia, optic nerve glioma 
and optic neuropathy accounted for 15% of participants. Two 
participants had retinopathy of prematurity and one each had 
aniridia, iris/choroid coloboma, uveitis, retinal detachment, con
genital glaucoma and congenital cataracts. Idiopathic infantile 
nystagmus was present in three participants, with overall pre
sence of nystagmus secondary to primary pathology in 83% of 
the participants (see Figure 1). There were no significant differ
ences (p > .08) between groups for sex, age, academic year, or 
nystagmus present (See Table 1). An analysis of pathology by 
each visual acuity group is included in supplementary material.

Reading performance

Reading analysis was performed using the MNREAD31 on an 
iPad7, iOS version 14.4.1. MNREAD was used to assess reading 
acuity read (the smallest print size that can be read without 
significant errors) and critical print size (the smallest font size 
read at maximum reading speed).32 The iPad was mounted in 
landscape mode and the reading distance constantly mon
itored by a fixed ruler. Reading distance was fixed at 40 cm 
unless the student was unable to read the largest font at this 
distance, whereby the reading distance was halved. Sentence 
presentation was initiated and stopped by the examiner to 
control the accuracy of timing. Reading tests were performed 
with different sentence sets to avoid memorisation and an 
average of results taken. Room illumination was kept at 
a constant classroom level of between 450–500 Lux.

For comfortable, sustained reading performance, the mea
surement of reading acuity is not as important as the critical 
print size,20,27,33 which is the smallest font size before reading 
speed begins to decrease. It is defined as the print size at 
which subsequent smaller print sizes were read at 1.96 stan
dard deviations slower than the mean of the preceding print 
sizes.31 For further details on the MNREAD, see supplemen
tary material.

Statistics

Relationships between distance visual acuity and reading 
performance (reading acuity and critical print size) were eval
uated using Pearson’s correlation coefficient. All analyses 
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were performed using IBM SPSS version 28. A p-value of < .05 
was taken as significant. Non-parametric tests (Chi-Squared 
Test of Independence, Kruskal-Wallis Test) were used as 
appropriate to compare parameters between the three acuity 
groups. All values are reported as mean ± standard deviation 
(SD) unless otherwise specified.

Ethical approval

This study was approved by the Women’s and Children’s 
Health Network, Human Research Ethics Committee, South 
Australia, and the South Australian Department of Education. 
All children and parents gave informed written informed 
consent prior to participation.

Figure 1. Distribution of the primary cause of vision impairment in the study population with the majority being due to either an inherited retinal dystrophy or 
albinism.

Table 1. Characteristics of the vision impairment study population by visual acuity group. All values are mean ± SD. CS Contrast Sensitivity, 
M = male, F = female.

All 
(n = 47)

Group-severe 
(n = 16)

Group-moderate 
(n = 17)

Group-mild 
(n = 14) p

Sex (M:F) 28:19 12:4 11:6 5:9 .08
Age (years) 12.2 ± 3.0 12.5 ± 2.9 11.9 ± 3.0 12.5 ± 3.2 .97
Academic Year 6.3 ± 3.1 6.7 ± 2.9 6.0 ± 3.3 6.4 ± 3.2 .42
Nystagmus Present % 83 70 94 86 .15
Log CS Threshold 1.25 ± 0.45 1.02 ± 0.36 1.21 ± 0.41 1.56 ± .43 .006

Figure 2. Relationship between reading acuity (circles), critical print size (crosses) and distance visual acuity for n = 16 subjects in group-severe. Each colour 
represents an individual subject. No significant correlations were found in the acuity range 0.20–0.49 LogMAR for minimum reading acuity (p < .82) or critical print 
size (p < .43). With regression lines for reading acuity (solid line) and critical print size (dotted line).
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Results

Distance visual acuity and reading performance

Group-severe participants demonstrated no significant corre
lation between binocular distance visual acuity and reading 
acuity (p = .64, r2 = 02, CI [−.59, .40]) or critical print size 
(p = .78, r2 = .006, CI [−.57, .45]) (Figure 2). The participants 
within group-mild, with the highest level of visual acuity, also 
demonstrated no significant correlation between distance 
visual acuity and reading acuity (p = .82, r2 = .005, CI [−.48, 
.58]) or critical print size (p = .43, r2 = .05, CI [−.34, .68]) 
(Figure 4).

Participants in group-moderate demonstrated a significant 
correlation of distance visual acuity to reading acuity (p < .001, 
r2 = .58, CI [.44, .91]) and critical print size (p = .03, r2 = .27, CI [.05, 
.80]). See Figure 3 and Table 2. Significant correlations were 
demonstrated between reading acuity and critical print size in 

group-severe and group-moderate (p < .001/p = .04). There was 
non-correlation between reading acuity and critical print size in 
group-mild (p = .06).

Pathology and reading performance

The relationship between distance visual acuity and reading 
prints size requirements was analysed based on pathology 
(see Table 3). There was a significant correlation between 
visual acuity and reading acuity and critical print size in the 
students with retinal dystrophies (p < .001) and optic nerve 
disorders (p = .05/p = .01).

Within visual acuity groups, group-moderate (n = 17), 
which was comprised predominantly of individuals with an 
inherited retinal dystrophy (n = 10), there was a significant 
correlation between distance visual acuity and reading acuity 
(p = .008, r2 = .61, CI [.30, .95]) but not critical print size 

Figure 3. Relationship between reading acuity (circles), critical print size (crosses) and distance visual acuity for n = 17 subjects in Group-moderate. Each colour 
represents an individual subject. Significant correlations were found in the acuity range 0.50-0.99 logMAR for minimum reading acuity (p < .001) or critical print 
size (p < .03). With regression lines for reading acuity (solid line) and critical print size (dotted line).

Figure 4. Relationship between reading acuity (circles), critical print size (crosses) and distance visual acuity for n = 14 subjects in Group-mild. Each colour 
represents an individual subject. No significant correlations were found in the acuity range 0.20-0.49 LogMAR for minimum reading acuity (p = .82) or critical print 
size (p = .43). With regression lines for reading acuity (solid line) and critical print size (dotted line).

4 L. LOH ET AL.



(p = .07, r2 = .35, CI [−.07, .89]) of the individuals with an 
inherited retinal dystrophy.

In contrast, for group-mild (n = 14), which was comprised 
predominantly of individuals with albinism (n = 9), there were 
no significant correlations between distance visual acuity and 
reading acuity (p = .84, r2 = .006, CI [−.71, .62]) or critical print 
size (p = .99, r2 < .001, CI [−.67, .67]) of individuals with 
albinism. Group-severe contained a large variation of pathol
ogies and so no direct comparisons could be made between 
acuity measures and the main pathology.

Discussion

The main findings of this study were no significant correla
tions between binocular distance visual acuity and reading 
acuity or critical print size (p > .47) for children whose vision 
impairment is classified as being mild or severe. Therefore, 
distance visual acuity is not a good predictor of reading ability 
for children whose distance acuity lies between the ranges of 
1.00–1.52 logMAR (group-severe) and 0.20–0.49 logMAR 
(group-mild). Within group-severe, a non-significant relation
ship was not unexpected given the lower levels of distance 
visual acuity for this group. For these individuals, it is impor
tant to evaluate their reading font size to determine the 
optimum accessibility materials for learning. While some of 
these participants can adequately access print materials in 
enlarged format, this study indicated that due to the variation 
in print sizes that are read, some students with similar visual 
acuities may require a larger font size and therefore a more 
efficient way to access learning materials in the classroom.

For group-mild individuals, the findings also support a lack 
of correlation between distance acuity and reading perfor
mance and may also require the reading performance mea
sures to be used as a more reliable indicator of classroom 
performance for reading tasks, despite their ‘relatively’ good 
distance acuity.

In contrast, group-moderate participants, with moderate 
vision impairment, did show a significant correlation between 
binocular distance visual acuity measures and font size 
requirements for reading (critical print size p = .03 and read
ing acuity p < .001). The reasons for this are uncertain given 
that between the groups there was no significant differences 
in nystagmus, age, sex, or academic year levels.

One possible explanation may be that in the group with 
moderate vision impairment, the participants still maintained 
adequate oculomotor control and functional visual field, so 

that distance and near acuity measures were still correlated. 
These findings suggest that the underlying pathology may be 
an important factor that influences reading performance, and 
that reading performance may be more related to the extent 
of oculomotor control (nystagmus), the functional field of 
vision, room luminance and the amount of glare. For exam
ple, the group with mild vision impairment was dominated by 
children with albinism (63%) compared to group with 
a severe (13%) and moderate (18%) vision impairment, 
whose visual performance would be more likely to be 
affected by glare and their oculomotor control.

Previous studies have shown that albinism is 
a contributing factor in decreased reading performance and 
is thought to be due to nystagmus and foveal hypoplasia with 
consequent reductions in oculomotor control and suscept
ibility to glare.34,35 Although there were no significant group 
differences between children with and without nystagmus, 
the severity of the nystagmus was not assessed and may have 
increased with high room luminance and/or stress during 
testing,36 thus negatively impacting reading performance.

Variations observed between groups therefore may be 
due to interactions of additional factors that can affect read
ing ability, such as convergence ability, crowding intensity, 
scanning ability, contrast sensitivity and the extent of the 
functional field of vision that have all been implicated in 
reading ability,21,37,38 These findings suggest that a single 
measure of distance or near acuity cannot accurately predict 
the reading performance of every individual child and there
fore an assessment of functional reading ability should be 
a part of the clinical assessment for children with a vision 
impairment. This would help guide educators to ensure the 
optimal print size was used to maximise reading speed with
out a loss of comprehension.

Previous studies have found that reading speed is slower 
in children with a vision impairment18–24; however, this study 
has also demonstrated that font size requirements are vari
able and cannot be predicted from standard measures of 
distance acuity. It highlights the importance of determining 
critical print size for these individuals, which is the optimal 
font size that can be read at maximum reading speed. 
Lighting and glare levels also play a large factor in visual 
performance, particularly in people with low vision, and 
a recent case report has highlighted that for a child with 
a cone dystrophy, reading speed can be improved by rever
sing the polarity to white text on a black background on 
electronic displays.39

Table 2. Correlation coefficients and significance levels for distance and near measures of acuity and reading. Significant 
correlations between distance visual acuity and reading performance for group-moderate (moderate vision impairment) only.

Group-severe Group-moderate Group-mild
Distance Visual Acuity and Reading Acuity r2 = .02 

p = .64
r2 = .58 
p < .001

r2 = .006 
p = .82

Distance Visual Acuity and Critical Print Size r2 = .006 
p = .78

r2 = .27 
p = .03

r2 = .05 
p = .43

Table 3. Correlation coefficients and significance levels for distance and near measures of acuity and reading based on pathology. Significant correlations 
between distance visual acuity and reading performance for optic nerve disorders and retinal dystrophies.

Optic Nerve disorders (n = 7)
Albinism 
(n = 13) Retinal Dystrophies (n = 16)

Distance Visual Acuity and Reading Acuity r2 = .58 
p = .05

r2 = .01 
p = .50

r2 = .86 
p < .001

Distance Visual Acuity and Critical Print Size r2 = .45 
p = .01

r2 = .21 
p = .11

r2 = .65 
p < .001
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The visual performance of a student in a classroom may be 
dramatically changed by lighting levels, which can reduce the 
symptoms of visual fatigue.40 A student with cone dystrophy 
or albinism may be negatively impacted by a bright well-lit 
classroom, as opposed to a student with optic nerve hypo
plasia who may need extra light to help differentiate detail. 
This difference in visual ability, dependent on pathology, may 
have contributed to the variation in reading results obtained 
within the groups – as luminance levels can impact reading 
ability and should also be considered when determining the 
optimal conditions for a student to read in the classroom.

Therefore, to better classify children according to their 
vision impairment it is recommended that several factors be 
considered when evaluating students for support within 
a classroom, such as their underlying pathology, luminance, 
contrast of the text, their functional visual field and ocular 
motor control. By adopting an integrated approach, children 
with a vision impairment would be better supported in the 
classroom by ensuring font was at least as large as the critical 
print size. Contrast (polarity) and room luminance should be 
optimal, so that visual fatigue and an inability to engage with 
learning materials appropriately is avoided.

Visual fatigue can be a significant issue for students with low 
vision, particularly at the end of a school day, which can impact 
self-esteem and quality of life.1,40 Strategies that may help to 
reduce the impact of visual fatigue, such as increasing working 
distance, regular breaks from visually demanding tasks, encoura
ging an increase in outdoor play and the use of adaptive tech
nology, may help the child perform more comfortably within the 
classroom. The use of relaxation techniques to cope with visual 
fatigue, such a listening to music and napping, may also provide 
additional methods to support these children.40 The use of 
electronic devices that can easily enlarge font to a comfortable 
size and change contrast or reverse the polarity of text to white 
on black, can help to improve accessibility to reading materials.

These findings have highlighted that distance visual acuity 
does not always correlate with the optimal print size require
ments and depends upon, in part, the cause of the underlying 
vision impairment. Thus, the standard clinical measure of 
distance visual acuity may not always be adequate to deter
mine the font size requirements for children with a vision 
impairment. Additional measures of near reading ability 
could assist educators to provide appropriate modifications 
to text size and contrast to fully support the child.

Considering the range of other factors that affect reading 
performance, such as pathology, contrast sensitivity, crowd
ing intensity, scanning ability, impact of lighting levels and 
the presence of nystagmus, is important to optimise environ
mental conditions so that a student can work in a classroom 
at their optimum capacity. Further work will be needed to 
determine whether educational outcomes can be improved 
by adopting a more individual and holistic approach to assess 
reading performance in children with vision impairment. 
Investigating print size requirements in adults with a vision 
impairment resulting from glaucoma or macular degenera
tion would also be beneficial to help adults optimise their 
work productivity and improve their quality of life.
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