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Background: The quality of vision function of low vision (LV) children determines their ease
and success in performing activities of daily living including academic activities undertaken

whilst at school.

Aim: The aim of this study was to determine the vision function of LV learners attending
inclusive schools in Kakamega County, Kenya.

Setting: This study was designed at public primary inclusive schools in Kakamega County,
with LV placements by the County Educational Assessment and Resource Center.

Methods: This was a school-based cross-sectional study. A census survey identified 21 LV
learners, who met the World Health Organization (WHO) classification of LV and had
been assessed and placed in 11 public primary inclusive schools in Kakamega County.
Participants underwent standard LV assessment tests. Data were entered into Statistical
Package for the Social Sciences (SPSS) version 25 software and analysed using descriptive
and inferential statistics. Data were summarised and presented using tables, figures and
percentages.

Results: Out of the 21 LV learners who were selected, 19 (90.5%) were assessed. The best
recorded visual acuity (VA) was 0.33 decimal notation at far and 0.02 and 0.01 in the right eye
and the left eye, respectively, at near. The vast majority, 94.7%, had reduction in stereopsis,
whilst 42.1% had defects in colour vision, 20.0% reduced contrast sensitivity (CS) and 15.8%
had visual field impairment within the central 20 degrees.

Conclusion: There is an overall decrease in vision function amongst LV learners attending
inclusive schools in Kakamega County. The most affected parts of vision function are VA and
stereopsis.

Keywords: visual function; low vision; visual acuity; contrast sensitivity; stereopsis; colour
vision; visual field.

Introduction

Approximately 36 million people suffer from blindness whilst 216.6 million are visually impaired
worldwide.! In Africa, the prevalence of moderate to severe visual impairment was estimated to
be 16.8 million in the year 2010 and was higher in females than males.? Vision loss is caused by a
number of factors, including age, glaucoma, cataracts and age-related macular degeneration
(AMD).* The burden of visual impairment is high in developing countries and considerably
higher in children (42.14%).* Most of the causes of visual impairment amongst school-aged
children are avoidable.®

Low vision (LV) forms part of visual impairment and is defined as patients who have a visual
acuity (VA) of less than 6/18 to 3/60 in the better eye or a visual field of less than 10 degrees from
the point of fixation after best correction with spectacles or medication.® Low vision has a negative
impact not only on the lives of the visually impaired people but also on their family and society
at large. Furthermore, studies have shown that LV lowers the quality of life of the affected
patients.”

Vision function comprises of five aspects: VA, visual field, colour vision, contrast sensitivity
(CS) and stereopsis.® These aspects of vision determine the ability of an individual to engage
in tasks and activities of daily living. The visual ability must be measured against the value
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of independent living of LV patients,” and VA is defined as
the resolving power of the eye. Better results on VA
measurement are obtained on the Early Treatment Diabetic
Retinopathy Study (ETDRS) chart as compared with the
Snellen’s chart especially with decreasing vision.” The
distance and near LogMAR charts show high repeatability
on high contrast for letters presented both horizontally and
vertically."! This therefore makes the LogMAR chart most
suitable for assessing VA because VA is assessed at 100%
contrast. However, variability between the distance and
near VA increases with decreasing contrast. Some of the
leading causes of decrease in VA in children in Malawi
were amblyopia and refractive errors.’? Children with better
VA express better motor skills than LV children.”

Another important aspect of visual function is CS. Defective CS
is seen in many cases of cortical visual impairment, which is the
leading cause of visual impairment amongst children in the
western countries.' Contrast sensitivity is expected to mature to
adult threshold between the age of 8 and 13 years.” Many
paediatric conditions such as congenital glaucoma, myopia and
optic pathway gliomas can affect CS despite normal VA.'
Despite all this, reliable assessment of paediatric CS is limited.'¢

Another aspect of vision function is colour vision, which
affects approximately 8% of the male population.”” Colour
vision defects occur when there is a mutation or rearrangement
in the genes that encode the short, middle and long
wavelengths of light.”® In southern California, colour vision
deficiency amongst boys was 1.4% in black people and 3.1%
in Asians, whilst the prevalence in girls was considerably
lower at 0.0% — 0.5% for all ethnicities.” A study conducted
amongst primary school going children in Ethiopia revealed
that the prevalence of colour vision deficiency was 1.6% and
was higher in boys than girls.?* Similarly, a study carried out
in Iran reported that prevalence of colour vision deficiency
was higher in males than females.?'

Stereopsis, the ability to visualise objects in three dimensions,
increases rapidly from the age of 4-7 years.”? Severe visual
impairment in children worsens their stereo acuity more
than mild visual impairment.” In addition, good stereopsis
is important for engaging in certain careers such as
dentistry or other occupations where detection of fine
changes in depth is needed.* Stereopsis is significantly
affected in children who are amblyopic and myopic.”® For
the measurement of stereopsis, the Random Dot (Randot)
Stereo Acuity Chart has been widely used to assess stereopsis
in children aged from three years through into their teen
years because of its high validity.*® The distance Randot
stereo acuity test also shows high test-retest reliability when
measuring binocular sensory function.”

Normal visual fields are another important aspect of
visual function. Central vision is more stable and useful in
scene recognition as compared with peripheral vision.?
Constrictions in visual field can be as a result of side effects
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of medication such as vigabatrin.”’ Central visual loss leads
to cortical thinning, whereas visual loss at the periphery
leads to cortical thickening.*® Many LV patients who have
central vision deficits are flexible enough to adjust to
eccentric fixation after undergoing training.”® The visually
impaired youths and adults have been proved to have
reduced dynamic stability compared with their normal
sighted peers.” This highlights the great need to address the
challenges encountered by LV learners by assessing their
visual field and thereafter making proper interventions.

The inclusive learning system in the Kenyan context is a
system of education in which physically impaired learners
share the same classroom as other learners according to the
Special Needs Education Policy.* The government’s aim of
introducing an inclusive learning school system was to
enable LV learners to get the classroom experience as their
normal sighted peers. Full inclusion of an individual into
mainstream schools is crucial because it enables them to
participate in other function systems such as politics, science,
economy and art* Implementation of inclusive school
system in Kenya continues to face many challenges, which
include inadequately trained teachers, inaccessibility to
required training resources, increased demand for early
intervention and assessment services.** Whilst many factors
were identified as hindering placement of disabled learners
including visually impaired learners into mainstream
schools, the visual performance aspect of it had been
underexplored.

Although vision function affects academic performance,”
it is unclear how the visual functions of LV patients
influence their participation in activities of daily living
in inclusive schools. This is part of what informs their
comfortability in the inclusive school’s environment.
Therefore, the assessment of these visual functions is a very
important consideration to be made when learners with LV
are being placed into the mainstream schools. The aim of
this student was hence to determine the vision function
of LV learners attending inclusive schools in Kakamega
County, Kenya.

Methods
Study design

This study employed a school-based cross-sectional descriptive
study design.

Setting and study population

The study was conducted in public primary inclusive
schools, which host LV learners in Kakamega County,
Kenya. Most LV learners attend special schools for the
visually impaired and all the LV learners in inclusive schools
in Kakamega County, aged 10-21 years, formed the study
population for this research (VA of less than 6/18 in the
better eye up to 3/60 or a visual field of less than 10 degrees
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from the point of fixation after best correction). Out of the
76 inclusive schools in which visually impaired learners are
hosted in Kakamega County, there are 11 schools in which
typical LV learners are placed by the County Educational
Assessment and Resource Center.

Learners with multiple disabilities were excluded from the
study. This is because some disabilities such as autism
affect the learners’ cognitive reasoning and independent
response and could affect how they respond to the
Functional Vision Assessment Questionnaire. Low vision
learners below 10 years were also excluded from this study
because they would not be able to respond effectively to
the questionnaire. Furthermore, learners whose parents
did not give their assent or consent and learners with
incompletely filled out questionnaires were excluded from
this study.

Data collection

Prior to the collection of data, permission was sought from
the heads of the schools in which the study was conducted.
An informed consent form was administered to the LV
learners who were above 18 years old prior to data
collection. Similarly, guardians of learners who were below
18 years of age were given the same forms to sign on their
behalf. Medical records of the participants were retrieved
from the administration and used to elicit the diagnosis
and VA of each participant at the time of admission. Data
collection involved the procedures described as follows.

A chain of clinical tests relevant to visual function were
conducted with the learners. The first test was assessment of
VA at far point, which was conducted monocularly using
Snellen’s chart. Low vision learners were requested to read
from the chart whilst standing 6 m away. The best VA for
each eye was recorded. Visual acuity at near point was also
recorded binocularly using the Near LogMAR chart.
Participants were requested to read from the chart at a
distance from 25 cm to 40 cm. Their best vision attained was
recorded in LogMAR values.

The second test was visual field assessment. This was conducted
binocularly. It was important to assess the LV learners’ visual
field because this would enable the researcher to determine
how much the field of view had constricted and hence deduce
the likely effect on the learners” activities of daily living and
their ability to read. Visual acuity was assessed for the central
20 degrees using the Amsler grid.

The third test was the assessment of colour vision using the
Hardy-Rand Rittler (HRR) isochromatic plates chart. This
test was carried out binocularly. This chart was most
appropriate for testing colour vision because it enabled the
examiner to assess learners who might suffer from both
red-green and blue-yellow colour defects. Moreover, it
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would make it possible to classify the colour defect as
mild, moderate or severe with HRR.

The fourth was the CS test, which was conducted binocularly
using the 10M Lea symbol CS chart where the reciprocal of
the lowest contrast threshold recorded would give the CS
value. The chart was presented to the participants, who were
expected to correctly identify the optotypes on each page as
the contrast reduced gradually.

The fifth assessment was the stereopsis test conducted binocularly
using the Random Dot stereo acuity test (Randot). The random
dot test was conducted with learners wearing polarising lenses
and reading symbols that are of different depths. The stereopsis
test was key in this study because stereopsis plays a major role
in task performance such as orientation and mobility. Low
vision patients with poor stereo acuity are unable to clearly
visualise objects in three dimensions. As a result, they are to
prone to accidents when walking around.

Finally, there was an assessment of general ocular health to
elicit any undiagnosed ocular condition that the learners may
be having. This included anterior eye examination using a
trans-illuminator and posterior eye examination using a
direct ophthalmoscope. Learners who were diagnosed with
any other ocular condition were referred to the academic
vision centre at Masinde Muliro University for management.
Those who needed surgery were referred to Sabatia Eye
Hospital for review by an ophthalmologist.

Data analysis

The data collected in the research were entered into Microsoft
Excel, edited, coded and thereafter the cleaned and verified
data were transferred into the Statistical Package for the
Social Sciences (SPSS) (version 25) software. Dependent and
independent variables were derived, and data were analysed
using descriptive statistics whilst values and percentages
were presented using bar graphs and charts.

Ethical considerations

Ethical approval to conduct the research was obtained from
the Institutional Review and Ethics Committee (IREC) of
Masinde Muliro University of Science and Technology
(MMUST/IERC/113/2020). Furthermore, a research permit
was obtained from the National Commission of Science and
Technology (NACOSTI) (Reference number: 523567). The
researcher adhered to all the ethical protocols established
by the institution and all data obtained and captured
electronically were protected on a password-controlled
computer so that only the researcher would have access to
it. Data were stored as per the university archiving policy.

Results
Distribution of low vision learners

There were 12 male (68.4%) and six female (31.6%) LV
learners, indicating an unequal gender distribution of LV
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learners attending Kakamega County inclusive schools. The
age of the LV learners ranged from 10 to 21 years old. The
highest number of learners was in the 13 year age group,
whilst the mean age was 14.47 years with a standard deviation
of 3.04 years. The results show a normal distribution curve
across age where the least numbers were recorded at the tail
ends of 10 and 21 years of age. The highest number of LV
learners, six (31.6%), were in Grade 8, whilst the lowest
number recorded one each (5.3%) were in Grades 1 and 2. All
grades from 2 to 8 were represented in this study. More than
half of the learners (57.9%) were not sure of the duration for
which they had been LV patients, whilst the rest of the
learners (42.1%) recorded a period of 5-16 years of visual
impairment.

Distance visual acuity of the right eye recorded
in decimal notation

The highest number of learners had a VA of 0.33 (42.1%)
recorded for the right eye, whilst the lowest had 0.01 (5.3%).
The VA for all the learners fell below the normal value of
1.0 decimal notation, which is equivalent to 6/6 on the
Snellen’s chart. This shows that most of the learners had
moderate vision loss in the right eye, whilst a few had
severe impairment in their right eyes. Visual acuity was not
the same in both eyes.

Distance visual acuity of the left eye
recorded in decimal notation

Again, the highest number of learners had a VA of 0.33 (42.1%)
recorded for the left eye, whilst the lowest VA recorded
was 0.02 in 10.5% of the learners. The lowest number of
participants was with a VA of 0.1 (5.3%). Similar to the right
eye, the VA in the left eye showed moderate-to-severe
impairment with all the values falling below the normal
expected threshold (Figure 2).

Near visual acuity recorded in LogMAR
amongst learners

The near VA values ranged from 0.05 LogMAR (highest) to
1.0 LogMAR (lowest). This implies that all the values were
below the expected VA for normal sighted individuals, that
is, 0.0 LogMAR. The highest percentage of learners had a
VA of 0.06 (15.8%), whilst the lowest percentage (5.3%) was
recorded against visual acuities of 0.05, 0.1, 0.13, 0.32, 0.4 and
1.0 LogMAR. There was a fair distribution of learners across
the different levels of visual impairment at near point.

Contrast sensitivity recorded as an inverse of
the contrast threshold (conducted binocularly)

Almost half of the learners (47.40%) had good CS scored at
80.00%, whilst 31.60% scored 40.00%, 5.30% scored 20.00%,
5.30% scored 10.00% and 10.50% had the lowest CS score of
4.00%. Findings of this study indicated that CS might not
be a major concern for the LV learners in inclusive schools
in Kakamega County because only very few were affected
by significantly poor contrast.
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Stereopsis (conducted binocularly)

More than a third (36.8%) of learners had very poor
stereopsis of 400 s of arc, whilst 15.8% had no stereopsis at
all. The rest of the learners recorded 200 s of arc (26.3%) and
100 s of arc (15.8%). Only 5.3% had normal stereopsis but all
the rest had some form of stereopsis impairment. Values for
normal stereopsis are 40 arcsec or less and only one learner
scored within what is prescribed as normal stereopsis
(Figure 5).

Visual field using the Amsler grid
(conducted binocularly)

The majority of learners had normal central visual fields
(84.2%), whilst only 15.8% had scotomas in one or all the
quadrants. Of the learners who presented with impaired
central visual field, 5.3% reported lower quadrant scotomas,
5.3% had scotomas in all quadrants and another 5.3% had
missing lines along the diagonal line direction. Therefore, visual
fields of LV learners attending inclusive schools in Kakamega
County were mostly intact except for a few who had scotomas
in one or several quadrants of their visual fields (Figure 6).

Colour vision using the Hardy-Rand Rittler chart
(conducted binocularly)

More than half of the learners (57.9%) had normal colour
vision, but 36.8% had a mild red-green colour vision defect
whilst one learner appeared to have both mild red—green and
blue-yellow colour defect. Red-green colour defect was
recorded as the most common colour vision defect amongst
the LV learners in these inclusive schools whilst blue—yellow
colour vision defect was less prevalent (Figure 7).

Discussion
Demographics of low vision learners

There were more male than female LV learners attending
the inclusive schools in Kakamega County (Table 1). This is
contrary to a study that was done in Asia, Africa and Latin
America which showed that LV was higher in girls than in
boys.* There were also more LV learners in grade eight, the
highest grade in Kenyan Primary school system, as
compared with the lower grades. Studies have not identified
the relationship between LV and grade or level of education.
This could possibly be attributed to the challenges with
inclusive learning in Kenya, which may have led to a
decrease in the admission of LV learners into mainstream
schools down the years. The majority of the LV learners
were unaware of when they became visually impaired, but
42.1% indicated that they had been impaired for a period of
between 5 and 16 years. This corresponds with the findings
of a study by Khan et al.* that identified lack of awareness
as a barrier to the provision and uptake of LV services.

Visual function of low vision learners

The distance VA ranged between 0.33 and 0.01 (in decimal
notation) for the right eye (Figure 1) and 0.33 and 0.02 for the
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TABLE 1: The demographics of children with low vision in inclusive schools.
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Variables Number (n) %

Gender

Male 13 68.4
Female 6 31.6
Age

10 1 53
11 2 10.5
12 1 53
13 6 316
14 2 10.5
15 1 53
16 1 53
18 3 15.8
19 1 53
21 1 53
Grade

2 1 5.3

) 1 5.3

4 2 10.5
5 3 15.8
6 2 10.5
7 4 21.1
8 6 31.6
Duration of impairment

(years)

11 1 53

13 2 10.5
14 1 5.3

15 1 53

16 1 53

5 1 5.3

6 1 53

Not sure 11 57.9

left eye (Figure 2), whilst the near VA (both eyes) ranged
from 0.05 LogMAR (highest) to 1.0 LogMAR (lowest)
(Figure 3). The VA with the highest number of learners was
0.06. The expected value for normal VA in LogMAR is 0.0,
which implies that the closer a value is to zero, the better the
vision is. Whilst good vision performance is associated with
good academic performance,” it is clear that all the LV
learners in Kakamega County had poor vision and this is
likely to affect their academic performance at school. A
study in Singapore conducted amongst children, however,
established that distance VA does not affect the academic
performance of children aged 9-10 years,* but it is unclear
whether impaired near vision would significantly affect
academic performance.

The study found out that 47.4% of LV learners attending the
inclusive school system in Kakamega County had normal CS,
whilst only a few LV learners (21.2%) exhibited some level of
deficiency in CS; a value below 40% (Figure 4). This is
comparable to the recent findings of Chung and Legge,* a
study which established that CS values in LV persons were
comparable with those of normal sighted individuals.
Contrast sensitivity is expected to have matured to adult-like
performance between the ages of 8 and 19 years."” This could
be the reason why most of the learners in this study had
normal CS because they were all above the minimum age

http://www.avehjournal.org . Open Access

Percentage (%)

0.01 0.05 0.08 0.10 0.16 0.20 0.33

Distance VA right eye

VA, visual acuity.

FIGURE 1: Distance visual acuity of the right eye recorded in decimal
notation.
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FIGURE 2: Distance visual acuity of the left eye recorded in decimal
notation.

12 A 10.5

10.5 10.5 10.5 10.5

Frequency (%)
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Near VA (LogMAR)

VA, visual acuity.
FIGURE 3: Near visual acuity recorded in LogMAR.

from which CS starts maturing to adulthood threshold. A
few learners, however, still fell below the expected threshold.

Measurement of stereopsis revealed that only 5.3% of LV
learners in the inclusive schools have normal stereopsis of
below 40 s of arc (Figure 5). In as much as stereopsis, unlike
other aspects of visual function, varies from person to
person,* findings of this study clearly show that most
learners fall way below the normal expected values of
stereopsis. This shows that LV could be linked to poor
stereopsis amongst the LV learners and is a major concern.
Whilst there is a study whose findings indicate that the
children with severe visual impairment demonstrate
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M 1. Contrast sensitivity of 4% (10.50%)
M 2. Contrast sensitivity of 10% (5.30%)
[ 3. Contrast sensitivity of 20% (5.30%)
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FIGURE 4: Contrast sensitivity recorded as an inverse of the contrast threshold.
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FIGURE 5: Stereopsis findings.

significantly lower stereopsis than those with milder visual
impairment,® this study reported a decrease in stereopsis
more remarkably amongst learners with significant loss in
one eye. This could be because stereopsis is a function of
binocular vision, hence severe impairment of one eye
deprives one from being able to exhibit the functions of
binocular vision. Good stereopsis leads to good performance
in motor skills.* The poor stereopsis recorded amongst LV
learners in this study is, therefore, likely to result in poor
performance of activities of daily living and in the school
environment.

The measurement of central visual fields revealed that the
majority of the LV learners had normal visual fields (both
eyes), whilst only a few had some form of scotomas in one or
more quadrants (Figure 6). This could mean that central
visual field loss is not amongst the aspects of visual function
that are severely affected amongst LV learners. It may also be
indicative of the types of ocular diseases that may cause VIin
young people as opposed to older age who may have long
established glaucoma or AMD. Furthermore, a previous
study® showed that many LV patients who have central
vision deficits are flexible enough to adjust to eccentric
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FIGURE 6: Visual field using the Amsler grid.
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FIGURE 7: Colour vision using the Hardy-Rand Rittler chart.

fixation after undergoing training. This could imply that
even if central vision was affected, the learners would
probably make use of eccentric fixation when performing
tasks like reading. It is important, however, to address any
deficit in central vision because central vision loss causes
greater instability when a LV patient is presented with
secondary tasks.®®

The assessment of colour vision, conducted binocularly,
revealed that 57.9% of LV learners in inclusive schools in
Kakamega County had normal colour vision (Figure 7). Of
the LV learners who had defective colour vision, there were
more learners with red—green colour vision defect than blue—
yellow colour vision defect. This is similar to previous
findings from a study by Graham et al., 1996,* which showed
that red-green colour vision defect is more prevalent than
blue-yellow colour vision defect. This also supports the
findings of a study by Rushton, which showed that most
persons who have defective colour vision are still able to
identify colour along the blue-yellow axis.*” Findings of this
study in Kakamega County recorded a case of the same
learner experiencing an apparent blue-yellow and red—green
colour vision defect. This could be because of the fact that
red-green defects majorly occur in diseases of the inner
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retina whilst blue—yellow defects are mainly seen in the outer
retina and long standing pathologies of the inner retina may
result in changes in the outer retina,*® hence make it possible
for an individual to exhibit both defects. The prevalence of
colour vision appeared to be much higher amongst the LV
children as compared with their normal sighted peers as
reflected in a previous study conducted amongst normal
sighted school children by Aprioku and Awoyesuku.” As
colour vision may be affected by diseases affecting the retinal
receptors and visual pathways, it is therefore not unexpected
that colour defects would be more common in those with LV
caused by these conditions.

Conclusion

The findings of this study have revealed that there is an overall
decrease in vision function amongst LV learners attending
inclusive schools in Kakamega County. The most affected
parts of vision function are VA and stereopsis where 94.7% of
the LV learners had poor or no stereopsis at all. Issues
concerning vision function of LV learners need to be addressed
so that there may be an improvement in their ability to perform
activities of daily living in an inclusive school environment.
The researcher recommends that assessment of vision function
should be conducted during placement of LV learners into the
inclusive school system and thereafter on a regular basis in
order to detect and address the visual challenges that these
learners are likely to face as they progress with their academic
development. This ought to be followed by provision of the
necessary optical and non-optical devices and the specialised
training in the use of these devices in order to improve
performance of daily activities both academically and socially.
The limiting factor in this study was that there were only a
small number of LV learners attending inclusive schools in
Kakamega County; most of the learners are preferably taken to
special schools for the visually impaired.
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